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Invited Speakers

Inv001
Bases of gene therapy in leukemias
C. Bonini

Experimental Hematology Unit, Division of Regenerative Medicine,
Gene Therapy and Stem Cells, Program of Immunology, Gene Therapy
and Bio-Immunotherapy of Cancer, Leukemia Unit, San Raffaele
Scientific Institute, Milan, Italy

Hematopoietic stem cell transplantation from a healthy
donor (allo-HSCT) represents the most potent form of cellular
adoptive immunotherapy to treat leukemias. During the past
decades, allo-HSCT has developed from being an experimental
therapy offered to patients with end-stage leukemia into a well-
established therapeutic option for patients affected by several
hematological malignancies. In allo-HSCT, donor T cells are
double edge-swords, highly potent against residual tumor cells,
but potentially highly toxic, and responsible of the graft versus
host disease (GVHD), a major clinical complication of trans-
plantation. Gene transfer technologies can improve the safety
(ie: use of suicide genes), and the efficacy (ie: TCR gene transfer,
TCR gene editing, CAR gene transfer) of adoptive T-cell therapy
in the context of allo-HSCT. The encouraging preclinical and
clinical results obtained in these years with genetically en-
gineered T lymphocytes in the treatment of leukemias will be
discussed.

Inv002
Recent developments in gene therapy of solid tumors
R. Hernandez

Division of Gene Therapy and Hepatology, Universidad de Navarra,
Madrid, Spain

Treatment of cancer has been one of the earliest and most
frequent applications of gene therapy in experimental medicine.
However, this indication entails unique difficulties, especially in
the case of solid tumors. Pioneering strategies were aimed to
reverse the malignant phenotype or to induce the death of
cancer cells by transferring tumor-suppressor genes, inhibiting
oncogenes or selectively expressing toxic genes. Proof of prin-
ciple has been generated in abundant pre-clinical models and in
humans. However, clinical efficacy is hampered by the diffi-
culty in delivering therapeutic genes to a significant proportion
of cancer cells in solid tumors using the currently available
vectors. Therefore, current work aims to extend the effect to
non-transduced cancer cells. This can be achieved by local or
systemic expression of secreted proteins with the ability to block
key pathways involved in angiogenesis, cell proliferation and
invasion. Recent advances in gene therapy vectors allow sus-
tained expression of transgenes and make these strategies fea-
sible in the clinic. Another attractive option is the stimulation
of immune reactions against cancer cells using gene transfer.
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In this case the therapeutic genes are antigens, cytokines or
proteins capable of blocking the immunosuppressive micro-
environment of tumors. Adaptation of replication-competent
(oncolytic) viruses as vectors for these genes combines the in-
trinsic immunogenicity of viruses, their capacity to amplify
gene expression and their direct lytic effect on cancer cells. In
general, the “immunogene therapy” strategies offer the oppor-
tunity to destroy primary and distant lesions, especially if they
are combined with other treatments that reduce tumor burden.
More importantly, vaccination against cancer cells could pre-
vent cancer relapse. Finally, gene and cell therapies are joining
forces to improve the efficacy of adoptive cell therapy. Ex vivo
gene transfer of natural or chimeric tumor-specific receptors in
T lymphocytes enhances the cytotoxic potency of the cells and is
expanding the applicability of this promising approach to dif-
ferent tumor types.

Inv003
Neural Stem Cells
J. Canals

Inv004
Hepatic progenitor cells in liver regeneration
S.J. Forbes

MRC Centre for Regenerative Medicine, The University of Edinburgh,
Edinburgh, Scotland, UK

Following acute liver injury or partial hepatectomy the liver
rapidly regenerates through the proliferation of normally qui-
escent hepatocytes. However, during chronic injury hepatocyte
regeneration becomes impaired and a population of bipotential
hepatic progenitor cells (HPCs) become activated to regenerate
both cholangiocytes and hepatocytes, although their functional
significance is not well defined. We have analysed their function
in an inducible genetic model of liver injury: p450 dependent
MDM2 deletion from differentiated hepatocytes which induces
hepatocyte senescence and death. This results in massive HPC
activation; these HPCs are genetically normal, bipotential, re-
populate the liver and are transplantable making them a suit-
able therapeutic target. Understand the controls of HPC
mediated regeneration are therefore important. In human dis-
eased liver and mouse models Notch and Wnt pathways are
activated in biliary and hepatocellular injury respectively.
Macrophages activate HPCs in a TWEAK/fnl4 dependent
manner and promote their hepatocyte differentiation. When
macrophages phagocytose hepatocyte debris they upregulate
Wnt secretion at the HPC niche. In models of chronic liver injury
macrophage injections result in hepatic chemokine up-regulation,
recruitment of endogenous macrophages, increased MMP -13
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and -9 expression in the liver, reducing fibrosis and improving
liver function. We are therefore developing autologous macro-
phage therapy in man for the treatment of liver cirrhosis using
apharesis of peripheral monocytes from patients with cirrhosis as
a source of cells that are differentiated ex vivo into “regenerative
macrophages”.

Inv005
Planning an academic trial - the sponsor’s perspective
K.M. Champion

University College, London, UK

By sponsorsing a Clinical Trial (CT) the sponsor becomes
responsible for ensuring the trial complies with national legis-
lation and Good Clinical Practice (GCP). This requires im-
plementation of an effective quality system to provide oversight
of the sponsorship functions and ensures arrangements are in
place for adequate management, monitoring and reporting to
required standards. Although any or all of the sponsor’s func-
tions may be formally delegated to an individual, a company or
an institution, the sponsor ultimately remains responsible. A
risk assessment should be undertaken at the protocol develop-
ment stage to help inform the sponsor’s decision whether to
proceed or not with sponsorship and to help identify and mit-
igate against potential risks associated with the CT. Potential
risks to be considered include: knowledge and experience with
the investigational medicinal product (IMP) in the target pop-
ulation, risks from other interventions in the trial and the fi-
nancial and legal risks to the sponsor. The design of early-phase
CTs of cell and gene therapy products often involves aspects of
clinical safety issues, manufacturing, product characteristics,
complex administration procedures and/or logistical issues
that are encountered less commonly or not at all in the devel-
opment of other pharmaceuticals. A feasibility assessment must
take place to ensure the CT only takes place in appropriate
clinical facilities and is conducted by investigators and support
staff who are suitably trained and have the necessary expertise
and experience to perform their delegated responsibilites. The
safety of the subject participating in the trial is the paramount
consideration. There should be a specific plan to monitor and
manage anticipated or unexpected adverse events and adverse
reactions. The protocol should describe procedures and re-
sponsibilities for safety reporting and for modifying or stopping
the trial, if necessary. The duration of monitoring for adverse
events is generally calculated to cover the time during which the
product is reasonably thought to present safety concerns. All
sponsors, whether academic or commercial, work under the
same legal framework. However, CTs with Advanced Thera-
pies, as defined in Regulation 1394/2007, must consider also the
additional regulatory requirements and GCP guidelines sup-
plementing those set out in Directives 2001/20/EC and 2005/
28/EC.

Inv006

Production of vector and genetically modified stem cells
A. Galy and E. de Barbeyrac

Genethon, 1 bis rue de I'Internationale, F91002 Evry, France

Hematopoietic gene therapy is currently used to treat a va-
riety of genetic disorders of the blood and immune systems, or
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metabolic diseases, with promising results. The approach cur-
rently relies on the infusion of patient-autologous hematopoi-
etic stem cells that have been subjected to gene-transfer ex vivo
with a viral vector of clinical grade, during a short period of
culture. The manufacture of such advanced therapy medicinal
products for clinical trials should comply with the clinical trials
EC directive. Requirements for gene and cell-based medicinal
products both apply, therefore a high level of complexity is
involved in the development of such products. Hematopoietic
cell and gene therapy has many potential indications based on
encouraging preclinical and early-phase clinical results. How-
ever, somatic cell and gene therapy medicinal products are still
in early phases of development and no such product has been
registered yet. The standardization of the manufacturing pro-
cess and characterization of the drug product (i.e. genetically-
modified cells) are important but present challenges. Many
aspects, and in particular limited available patient material,
complicate a precise characterization of the drug product. On
the other hand, clinical-grade gene transfer retroviral vectors
are well-characterized starting materials that are described in a
pharmacopeia monograph and can be robustly manufactured in
successive campaigns of production under GMP conditions.
Examples obtained in preclinical and ongoing clinical studies to
treat Wiskott Aldrich Syndrome illustrate the vast differences in
the level of characterization between the viral vector starting
material and the drug product used in hematopoietic gene
therapy. Characterization of the products and standardization/
validation of the manufacturing process are the next challenges
in the field.

Inv007
The role of the QP in assessing ATMPs
E. Berrie

Clinical BioManufacturing Facility, University of Oxford,
Oxford, UK

In this presentation, I will briefly look at the requirements for
QP certification of investigational medicinal products, as referred
to in Directive 2003/94/EC, i.e. GMP Certification / Statement of
EU GMP Compliance and QP batch certification, i.e. the Trial
Specific Certification as referred to in Art. 13(3) of Directive 2001/
20/EC. I will be making specific reference to Advanced Therapy
Medicinal Products (ATMPs).

I will discuss the specifics of manufacturing ATMPs, starting
materials, the Product Specification File, written manufacturing
instructions, labelling and certification. I will briefly look at QP
importation of IMPs manufactured outside of the EU and what a
QP looks for before completing the QP Declaration and subse-
quent QP Certification.

Inv008
AAV gene therapy for haemophilia
A. Nathwani

Inv009
Lentiviral vector GT for beta-thalassemia

G. Ferrari
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Inv010

Gammaretro and lentiviral vectors for the gene therapy
of X-linked chronic Granulomatous disease

M. Grez

Institute for Biomedical Research, Georg-Speyer-Haus, Frankfurt,
Germany

Gene therapy of inherited diseases has provided convincing
evidence of therapeutic benefits for many treated patients. In
particular, treatment of primary severe congenital immuno-
deficiencies by gene transfer into hematopoietic stem cells (HSCs)
has proven in some cases to be as beneficial as allogeneic stem
cell transplantation, the treatment of choice for these diseases if
HLA-matched donors are available. We conducted a Phase I
clinical trial aimed at the correction of X-CGD, a rare inherited
immunodeficiency characterized by severe and life threatening
bacterial and fungal infections as well as widespread tissue
granuloma formation. Phagocytic cells of CGD patients fail to
kill ingested microbes due to a defect in the nicotinamide di-
nucleotide phosphate (NADPH) oxidase complex resulting in
compromised antimicrobial activity. In this clinical trial we
used a gammaretroviral vector with strong enhancer-promoter
sequences in the long terminal repeats (LTRs) to genetically
modify CD34" cells in two X-CGD patients. After successful
reconstitution of phagocytic functions, both patients experi-
enced a clonal outgrowth of gene marked cells caused by
vector-mediated insertional activation of proto-oncogenes
leading to the development of myeloid malignancies. More-
over, functional correction of gene transduced cells decreased
with time, due to epigenetic inactivation of the vector pro-
moter within the LTR, resulting in the accumulation of non-
functional gene transduced cells. The understanding of the
molecular basis of insertional mutagenesis has motivated the
development of advanced integrating vectors with equal
therapeutic potency but reduced genotoxicity. In particular,
the deletion of the enhancer elements within the viral LTR U3
regions has significantly contributed to the reduction of gen-
otoxic effects associated with LTR-driven gammaretroviral
vectors. Moreover, the use of tissue specific promoters, which
are inactive in stem/progenitor cells but active in terminally
differentiated cells, should further increase the safety level of
SIN vectors. Based on the aforementioned advancements, we
developed SIN gammaretroviral and lentiviral vectors for the
safe and effective gene therapy of X-linked CGD. We combined
the SIN configuration with an internal promoter, with prefer-
ential expression in myeloid cells. However, the introduction
of a new vector into the clinic demands a series of sophisticated
pre-clinical studies, which are quite challenging in particular
within an academic environment. In this presentation we will
report on the comprehensive and thorough preclinical efficacy
and safety testing of both SIN vectors assessing dosage re-
quirements, therapeutic efficacy, resistance to transgene si-
lencing and genotoxic potential.

Inv011

Translational research in the ex vivo gene therapy of
monogenic diseases

B. Gaspar

Professor of Paediatrics and Immunology, Centre for
Immunodeficiency, UCL Institute of Child Health/Great Ormond
Street NHS Trust, London, UK
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Primary immunodeficiencies have played a major role in the
development of gene therapy for monogenic diseases of the bone
marrow. The last decade has seen convincing evidence of long
term disease correction as a result of ex vivo viral vector mediated
gene transfer into autologous haematopoietic stem cells. The
success of these early studies has been balanced by the devel-
opment of vector related insertional mutagenic events. More re-
cently the use of alternative vector designs with self inactivating
(SIN) designs which have an improved safety profile has led to
the initiation of a wave of new studies which are showing early
signs of efficacy. These studies in SCID-X1, ADA-SCID, Wiskott-
Aldrich syndrome and Chronic Granulomatous disease are all
multi-centre studies using lentiviral vectors and have the po-
tential to recruit patients rapidly and to show efficacy and safety.
The ongoing development of safer vector platforms and gene
editing technologies together with improvements in cell trans-
duction techniques and optimised conditioning regimes is likely
to make gene therapy amenable for a greater number of PIDs. If
long term efficacy and safety are shown, gene therapy will be-
come a standard treatment option for specific forms of PID. These
technologies may also be important for other monogenic disor-
ders of the haematopoietic system including metabolic diseases
and haemoglobinopathies.

Inv012

Progress and challenges of in vivo gene transfer with AAV
vectors

F. Mingozzi'?

'Genethon, Evry, France; *University Pierre and Marie Curie, Paris,
France

In vivo gene replacement for the treatment of an inherited dis-
ease is one of the most compelling concepts in modern medicine.
Adeno-associated virus (AAV) vectors have been extensively used
for this purpose and have shown therapeutic efficacy in a range of
animal models. The translation of preclinical results to the clinic
was initially slow, but early studies in humans helped defining the
roadblocks to successful therapeutic gene transfer in vivo, which
are highly depending on the target tissue, the route of vector de-
livery, and the specific disease. The development of strategies to
overcome these limitations allowed achieving long-term expres-
sion of donated genes at therapeutic levels in patients with in-
herited retinal disorders, hemophilia B and other diseases. The
recent market approval of Glybera, an AAV vector-based gene
therapy product for lipoprotein lipase deficiency, further con-
firmed the potential of AAV vectors as a therapeutic platform,
raising hopes for the development of in vivo gene transfer treat-
ments for many additional inherited and acquired diseases.

Inv013
Clinical trials with mesenchymal stem cells in wound healing
D. Garcia-Olmo

Professor of Surgery, Director of Cell Therapy Unit and Head of
Colorectal Surgery Unit, La Paz University Hospital,
Universidad Auténoma de Madrid, Spain

Mesenchymal stem cell (MSC) research has developed rapidly
during the last decade and the promising results obtained from
in vitro and in vivo studies have generated growing optimism.
Although bone marrow is the most often used source, MSCs with
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similar biological properties have also been isolated from other
tissues including adipose tissue, skeletal muscle and cord blood.
Of special interest is adipose tissue since it represents an abun-
dant and accessible source of MSCs. These cells are denominated
adipose-derived stem cells (ASCs) and have been widely studied
since they were first described in 2001. In recent years, substantial
knowledge of ASCs interaction with the immune system has
been acquired. The mechanisms underlying the immunosup-
pressive effects of ASCs have not been clearly defined but it
seems that ASC modulate the function of different cells involved
in the immune response. Recent studies address the potential
benefit of application of MSCs in systemic acute inflammatory
response in septic shock. However, little is known of the impact
these cells on the local acute inflammation. In this first line of
defence, the immune response is nonspecific and characterized
by changes in microcirculation: exudation of fluid and migration
of leukocytes from blood vessels to the area of injury. Neu-
trophils are the main effectors and the most predominant cell
type during the first 24 hours. Macrophages migrate to the
damaged tissues after the arrival of neutrophils and their number
slowly increases facilitating the elimination of dead material after
2-3 days of neutrophil activity. Other cell types (lymphocytes,
plasma cells, etc) are also involved in the initial inflammatory
reaction and, together with the increasing number of macro-
phages, represent the most prominent cells in chronic inflam-
mation. The acute inflammatory reaction is a double-edged
sword. It plays a key role in the initial host defence response,
particularly against many infections, but its aim is imprecise and,
as a consequence, when it is drawn into battle, it can cause col-
lateral damage in tissues and impair wound healing. Healing is
the basis of Surgery and then, we hypothesized that some of the
above mentioned properties of ASCs could be involved in the
earlier stages of the immune response and modulate the local
acute inflammation and hence could improve healing. In order to
probe this hypothesis we used an animal model of colon anas-
tomosis, and compared the application of biosutures (sutures
enriched with ASCs) with conventional sutures. Also we have
performed several experiments in Colorectal Diseases. Colorectal
tracts are not a sterile medium and are exposed to external en-
vironment aggressions. As a result its diseases are complex and
encompass a broad spectrum of pathogenic mechanisms and
their treatment is often challenging and frequently incurable or
chronicity-tending processes are found. In this scenario, stem
cells with their potential and encouraging properties could be
helpful. Nowadays stem cells have yielded promising results in
preclinical studies, some approaches have started clinical devel-
opment and registered clinical trials are exponentially increasing
every year from 2001. In 2013, the most advanced programmes,
involving Crohn’s disease and fistulous disease, have reached
phase III of development. Other tested diseases include ulcera-
tive colitis or faecal incontinence. If the preliminary results are
confirmed, we think that this therapy may become a clinical re-
ality for surgeons in the near future.

Inv014
Ethic issues in cell and gene therapy

O. Cohen-Haguenauer

Inv015
EU regulations for ATMP and clinical trials
L. D’Apote
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Inv016
Ensuring GCP compliance, patient safety and data integrity
K.M. Champion

University College London, UK

Clinical trials with investigational medicinal products must
be conducted to Good Clinical Practice (GCP) standards. GCP is
a set of ethical and scientific quality standards for designing,
conducting, recording and reporting clinical trials. Complying
with these standards and its 13 core principles provides assur-
ance that the rights, safety and wellbeing of trial subjects are
protected and that the CT data are credible. The Commission
Directives 2001/20/EC and 2005/28/EC provide the legal
framework for GCP, which EU member states have im-
plemented into national regulations and against which the
National Competent Authorities perform inspections. Every
party involved in a clinical trial has a responsibility to comply
with GCP, including sponsors, investigators and site staff,
contract research organisations, ethics committees and regula-
tory authorities. As such, each individual involved in a trial
should be qualified by education, training and experience to
perform their respective task(s). The sponsor’s responsibilities
include implementing quality systems and arrangements to
ensure the trial and related documents and procedures follow
and adhere to the principles of GCP. All clinical trial information
should be recorded, handled, and stored in a way that allows
its accurate reporting, interpretation and verification. To ensure
data integrity investigator sites must ensure the data reported
are complete, accurate and verifiable from source documents
which have not been altered or falsified. In a clinical trial patient
safety is always the priority. Pharmacovigilance, the collection,
detection, assessment, monitoring and prevention of adverse
effects with investigational medicinal products (IMP) is therefore
of foremost importance. Identifying hazards associated with
IMPs and minimising the risk of any harm that may come to
trial subjects is an important principle of GCP and the backbone
of optimising and promoting safe development and use of
medicinal products.

Inv017

Glybera® approval: a road map for advanced therapies in the
orphan space

H. Petry

uniQure, Amsterdam, Netherlands

Glybera®, is a gene therapy product based on the use of re-
combinant adeno-associated virus for gene delivery. It is de-
signed for patients with Lipoprotein Lipase Deficiency (LPLD).
On November 2, 2012, the European Commission approved the
marketing authorisation for Glybera® as a treatment for LPLD,
under exceptional circumstances, in all 27 EU member states.
Glybera® is intended to treat patients with lipoprotein lipase
deficiency. LPLD is caused by errors in the gene that codes for
the protein lipoprotein lipase (LPL). LPL has a central role in fat
metabolism. Non-functional LPL can lead to pancreatitis at-
tacks, the most sever phenotype of this disease. The presenta-
tion will cover a summary of the clinical development, as well as
a summary of the regulatory process. In addition post approval
commitments will be discussed and their importance to follow
up on the long term safety and efficacy of the this gene therapy
product.
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Phase Ib/IIa, escalating dose, single blind, clinical trial to
assess the safety of the intravenous administration of
expanded allogeneic adipose-derived mesenchymal stem
cells (eASCs) to refractory rheumatoid arthritis (RA) patients

L. Dorrego
Tigenix, Madrid, Spain

Advanced therapies are emerging and fast-growing biotech-
nology sector paves the way for new, highly promising treatment
opportunities for European patients.

TiGenix is a leading European cell therapy company a mar-
keted product for cartilage repair, and a strong pipeline with
advanced clinical stage allogeneic adult stem cell programs for
the treatment of autoimmune and inflammatory diseases.

TiGenix has developed an innovative trial design in the stem
cell area for treating refractory rheumatoid arthritis (RA) using
expanded allogeneic adipose-derived mesenchymal stem cells
(eASCS). The multicenter, randomized, double blind, placebo-
controlled Phase Ila trial enrolled 53 patients with active refrac-
tory rheumatoid arthritis (mean time since diagnosis 15 years),
who failed to respond to at least two biologics (mean previous
treatment with 3 or more disease-modifying antirheumatic drugs
and 3 or more biologics). The study design was based on a three-
cohort dose-escalating protocol. For both the low and medium
dose regimens 20 patients received active treatment versus 3
patients on placebo; for the high dose regimen 6 patients received
active treatment versus 1 on placebo. Patients were dosed at day
1, 8, and 15 and were followed up monthly over a six-month
period. Follow-up consisted of a detailed monthly workup of all
patients measuring all pre-defined parameters. The aim was to
evaluate the safety, tolerability and optimal dosing over the full
6 months of the trial, as well as exploring therapeutic activity.

Twenty five Spanish sites participated in this clinical trial.
Coordinating Investigator: Dr. José Maria Alvaro-Gracia

Inv019

Regulatory challenges in development of lentiviral ex vivo
gene therapy products

A-V. Eggimann
Bluebird Bio, Inc., Cambridge, United States

Developing autologous ex vivo gene therapy products in a
GMP, GLP and GCP environment faces significant challenges.
These challenges include the design of the appropriate toxicology
studies, the scale up of manufacturing processes and having
appropriately located drug product manufacturing facilities, and
the conduct of clinical studies that must take into account GMP
constraints and traceability requirements in addition to GCP.
Additional hurdles to obtain clinical trial approval from the
regulatory perspective come from the Genetically Modified Or-
ganisms (GMOs) specific regulations in the EU and the overall
inadequacy of the CTD for gene therapy products. Expected
changes in the EU regulatory landscape for gene therapy will be
discussed briefly (revision of Directive 2001/20/EC, adaptive
licensing pilot EMA program and how it could apply to gene
therapy), as well as the anticipated value of certification proce-
dures at EMA. Differences between the EU approach and the US
will be discussed. Case studies will be used to illustrate the main
points. Beyond the appeal of gene therapy’s “cutting edge”, there
is a real need to understand the underlying science to drive the
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development of these products. Close collaboration between
scientists and development teams should be encouraged to in-
crease the quality of these products and of their development
ultimately leading to approvals - as seen recently in the EU.
Regular and pro-active communication with the regulators is
advisable and will be illustrated with examples, as well as rec-
ommendations for improving the regulatory paradigm for gene
therapy products, including increasing regulatory interactions,
creating customized application requirements, increasing har-
monization within the EU and between the EU and the US, and
clarifying expectations for approval.

Topics to be covered:

Update ICH CTD with specific to gene therapy products infor-
mation and guidance

Description/definition of Drug Substance and Drug Product;
Product Definition; EU vs US

- CMC: Harmonization of titer assays, development of new RCL
assay suitable for Phase 3 and registration with attenuated control
Harmonization of expectations for nonclinical toxicology studies;
positive control, DART, biodistribution

CTAs vs INDs; content and contrasts

Pediatric Investigational Plan (PIP)

New trends in regulatory that are likely to impact gene therapy
products (in the EU pilot adoptive licensing program, revision of
clinical trial Directive 2001/20/EC to shorten timelines to CTA
approvals, in the US Breakthrough therapy designation and recent
FDA nonclinical and clinical guidelines) — unclear impact of joint
regulatory/health technology assessments meetings
Recommendation to develop vector specific guidelines

Increase intra-industry communication

Inv020

ATMP in the EU: the long and winding road

S. Ruiz, M. Timén, P. de Felipe, S. Rojo, S. Moreno
Spanish Medicines Agency (AEMPS) Madrid, Spain

Advanced therapy medicinal products (ATMP) in the European
Union (EU) include those based on gene therapy, somatic cell
therapy and tissue engineering. European legislation requires a
centralized marketing authorization procedure for ATMP (al-
though exceptions are allowed). In accordance with the regulation,
anew and multidisciplinary committee (Committee for Advanced
Therapies, CAT) was established in January 2009 within the Eu-
ropean Medicines Agency (EMA). The main responsibility of the
CAT is to prepare a draft opinion on each ATMP application
submitted to the EMA, before the Committee for Medicinal Pro-
ducts for Human Use (CHMP) adopts a final opinion. So far, four
different ATMP have received approval for marketing authoriza-
tion through the centralized procedure; three somatic cell therapy
products: ChondroCelect, MACI, and Provenge and one gene
therapy medicinal product, Glybera. Due to the peculiarities of
these products, the evaluation process and final opinion has been
controversial. Several other applications for ATMP have been
presented but either received a negative opinion or were with-
drawn by the applicant before a negative opinion by the CHMP
was given. Some of these products were already on the market in
some EU countries but quality and/or clinical studies were not
considered to meet the current standards or provide enough re-
assurance for a positive benefit/risk ratio. Details on the evalua-
tion process, challenges, and conclusions for the four approved
ATMP will be provided during the presentation.
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Inv021
J. Samulski

Inv022
Induction of multi-, pluri- and totipotency
H.R. Scholer

Department Cell and Developmental Biology, Max Planck Institute
for Molecular Biomedicine, Muenster, 48149, Germany

The pluripotent and multipotent states of stem cells are gov-
erned by the expression of few, specific transcription factors
forming a highly interconnected regulatory network with more
numerous, widely expressed transcription factors. When the set
of master transcription factors comprising Oct4, Sox2, Klf4, and
Myc is expressed ectopically in somatic cells, this network or-
ganizes itself to support a pluripotent cell state. But when Oct4 is
replaced by Brn4, another POU transcription factor, fibroblasts
are converted into multipotent neural stem cells. These two
transcription factors appear to play distinct but interdependent
roles in remodelling gene expression by influencing the local
chromatin status during reprogramming. Furthermore, struc-
tural analysis of Oct4 bound to DNA shows that the Oct4
linker—a region connecting the two POU domains of Oct4—is
exposed to the surface, and we therefore postulate that it recruits
key epigenetic players onto Oct4 target genes during repro-
gramming. The role of Oct4 in defining totipotency and inducing
pluripotency during embryonic development remains unclear,
however. We genetically eliminated maternal Oct4 using a Cre/
lox approach and found no effect on the establishment of toti-
potency, as shown by the generation of live pups. After complete
inactivation of both maternal and zygotic Oct4 expression, the
embryos still formed Oct4-GFP- and Nanog—expressing inner
cell masses, albeit nonpluripotent, indicating that Oct4 is not a
determinant for the pluripotent cell lineage separation. Interest-
ingly, Oct4-deficient oocytes were able to reprogram fibroblasts
into pluripotent cells. Our results indicate that, in contrast to its
crucial role in the maintenance of pluripotency, maternal Oct4 is
crucial for neither the establishment of totipotency in embryos,
nor the induction of pluripotency in somatic cells using oocytes.

Inv023

Reprogramming in vivo is possible and generates
a new type of iPS

M. Serrano

Spanish National Cancer Research Center (CNIO), Madrid, Spain

Reprogramming into induced pluripotent stem cells (iPSCs)
has opened new therapeutic opportunities, however, little is
known about the possibility of in vivo reprogramming within
tissues. We have generated transgenic mice with inducible ex-
pression of the four Yamanaka factors. Interestingly, transitory
induction of the reprogramming factors results in teratomas
emerging from multiple organs, thereby, implying that full re-
programming can occur in vivo. Analyses of the stomach, intes-
tine, pancreas and kidney reveal groups of dedifferentiated cells
that express the pluripotency marker NANOG, indicative of
in situ reprogramming. Also, by bone marrow transplantation,
we demonstrate that hematopoietic cells can also be repro-
grammed in vivo. Remarkably, induced reprogrammable mice
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also present circulating iPSCs in the blood. These in vivo-gener-
ated iPSCs can be purified and grown (in the absence of further
induction of the reprogramming factors). Strikingly, at the tran-
scriptome level, the in vivo-generated iPSCs are closer to em-
bryonic stem cells (ESCs) than to standard in vitro-generated
iPSCs. Moreover, in vivo-iPSCs efficiently contribute to the tro-
phectoderm lineage, suggesting that they achieve a more plastic
or primitive state than ESCs. Finally, in vivo-iPSCs show an un-
precedented capacity to form embryo-like structures upon in-
traperitoneal injection, including the three germ layers of the
proper embryo and extraembryonic tissues, such as extraem-
bryonic ectoderm and yolk sac-like with associated embryonic
erythropoiesis. These capacities are absent in ESCs or in standard
in vitro-iPSCs. In summary, in vivo-iPSCs represent a more
primitive or plastic state than ESCs or in vitro-iPSCs. These dis-
coveries could be relevant for future applications of reprogram-
ming in regenerative medicine.

Inv024
Sleeping Beauty transpsons for molecular medicine
J.C. Izpisua Belmonte

Salk Institute for Biological Studies, La Jolla, CA, USA

The development of gene-editing technologies in combination
with the generation of patient-specific induced pluripotent stem
cells (iPSCs) represents the merge of both the stem cell and gene
therapy fields. Novel gene-editing technologies in combination
with iPSCs derivation methodologies open the possibility not
only for direct gene therapy but also for the replenishment of loss
and/or defective cell populations with gene-corrected cells. We
will present recent examples developed in our laboratory to il-
lustrate some of the different approaches being undertaken in
these fields.

Inv025

The Sleeping Beauty transposon system for molecular
medicine

Z. Ivics

Paul Ehrlich Institute, Langen, Germany

Non-viral gene transfer approaches typically result in only
short-lived transgene expression in primary cells, due to the
lack of nuclear maintenance of the vector over time and cell
division. The development of efficient and safe non-viral vec-
tors armed with an integrating feature would thus greatly fa-
cilitate clinical gene therapy studies. The latest generation
transposon technology based on the Sleeping Beauty (SB)
transposon may potentially overcome some of these limitations.
SB was recently shown to provide efficient stable gene transfer
and sustained transgene expression in primary cell types, in-
cluding human hematopoietic progenitors, mesenchymal stem
cells, muscle stem/progenitor cells (myoblasts), iPSCs and T
cells. The first-in-man clinical trial has been launched to use
redirected T cells engineered with SB for gene therapy of B cell
lymphoma. In addition, an EU FP7 project was recently initiated
with the aim of replacing degenerated retinal pigment epithelial
cells with cells that have been genetically modified by SB gene
vectors ex vivo to produce an anti-angiogenic and neuropro-
tective factor for the potential treatment of patients suffering
from age-related macular degeneration. I discuss aspects of
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cellular delivery of the SB transposon system, transgene ex-
pression provided by integrated transposon vectors, and target
site selection of the transposon vectors.

Inv026

Non-viral CFTR gene delivery to the lungs of Cystic Fibrosis
patients

S.C. Hyde

UK Cystic Fibrosis Gene Therapy Consortium and Gene Medicine
Research Group, University of Oxford, Oxford, UK

Cystic fibrosis (CF) is the most common lethal inherited dis-
ease of Caucasian populations, affecting ~80,000 individuals
worldwide. CF individuals, homozygous for mutations in the
CFTR gene, suffer from repeated bacterial infections of the con-
ducting airways that ultimately lead to lung failure and death.
The UK Cystic Fibrosis Gene Therapy Consortium (UKCFGTC)
have previously demonstrated proof-of-principle for CFTR gene
replacement therapy-correcting the CF chloride channel defect
for ~1 week in patients receiving non-viral vectors. Our most
advanced vector system is a non-viral gene transfer vector
termed pGM169/GL67A. This system comprises an entirely CG
dinucleotide-free plasmid DNA (pGM169) that directs sustained
CFTR lung expression in animal models, and a cationic liposome
mixture (GL67A) the most effective non-viral lung gene transfer
agent we identified from a large in vivo screen. Following suc-
cessful nonclinical toxicology studies, two clinical studies have
been initiated. In an open-label Phase I/Ila study we have shown
that a single dose to the nose and lungs of CF patients was safe
and corrected the CF chloride channel defect for up to 3 months.
We have subsequently initiated a double-blinded, placebo con-
trolled, Phase IIb study enrolling 130 CF patients, randomised 1:1
active:placebo, in which pGM169/GL67A is repeatedly (once a
month for 1 year) delivered by aerosol to the lungs of CF patients.

Inv027

Clinical application of Sleeping Beauty system to engineer
T-cell specificity

L. Cooper
MD Anderson Cancer Center, Houston, TX, USA

T cells can be genetically modified to prevent and treat ma-
lignancies. However, immune tolerance typically prevents the
identification and thus human application of unmanipulated
autologous T cells with desired specificity and potency for de-
sired tumor-associated antigens (TAAs). The enforced expression
of TAA-specific immunoreceptors can redirect the specificity of
T cells and early-phase human trials have demonstrated the
safety, feasibility, and anti-tumor activity of these adoptively-
transferred biological products. These human trials are sup-
ported by several clinically-appealing approaches to genetically
modify T cells using viral- and nonviral-based technologies. Re-
garding the latter, we have recently adapted DNA vectors de-
rived from the Sleeping Beauty (SB) system for human application.
The electro-transfer of DNA plasmids coding for SB transposase
and transposon can stably insert desired transgenes, such as a
chimeric antigen receptor (CAR), to redirect T-cell specificity
independent of human leukocyte antigen. Following electro-
poration, clinical-grade T cells expressing 2" generation CAR
(designated CD19RCD28 that activates via CD3z/CD28) can be
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retrieved and numerically expanded on designer artificial anti-
gen presenting cells (aAPC) derived from K-562 (clone #4). The
dual platforms of electroporation of DNA plasmids and aAPC-
mediated propagation are undertaken in compliance with
current good manufacturing practice to support ongoing trials
infusing of CD19-specific CAR " T cells after hematopoietic stem-
cell transplantation (HSCT). To date we have enrolled and
manufactured product for 25 patients with multiply-relapsed
ALL (n=12) or B-cell lymphoma (n=13) on three investigator-
initiated trials at MD Anderson Cancer Center (MDACC) to
administer thawed patient- and donor-derived CD19-specific
T cells as planned infusions in the adjuvant setting after autolo-
gous (n=7), allogeneic adult (n=14) or umbilical cord (n=4)
HSCT. Each clinical-grade T-cell product was subjected to a
battery of in-process testing to complement release testing under
CLIA. The clinical data will be updated at the meeting. Next-
generation trials are being planned based on refining the CAR
design, CAR-dependent targeting ROR1 on malignant B cells to
spare concomitant damage to human immune system, infusing
CAR" T cells that recognize carbohydrate antigens, and under-
taking infusion of CAR™ T cells to as investigational treatment of
solid tumors. In addition, we have combined the insertion of
CAR with the elimination of endogenous genes using artificial
nucleases to further broaden the adoptive transfer of genetically
modified T cells. This was achieved by the electro-transfer of
in vitro-transcribed mRNA species coding for engineered zinc
finger nucleases to preclude expression of the T-cell receptor
(TCR). This results in the generation of 3™ party “universal”
T cells that lack endogenous expression and specificity defined
by TCR, but have desired specificity for TAA through an intro-
duced CAR. We plan (currently under federal review) a clinical
trial administering CD19-specific universal T cells as an approach
to “off-the-shelf” immunotherapy so that one donor’s T cells can
be pre-prepared and immediately infused on demand into mul-
tiple recipients. In summary, the SB system is a nimble and cost-
effective approach to manufacturing that as combined with
aAPC (and artificial nucleases) can be employed to improve the
availability, persistence, and therapeutic potential of genetically
modified clinical-grade T cells.

Inv028
Stemness control by cell cycle regulators
1. Farifias

Departamento de Biologia Celular and CIBERNED, Universidad de
Valencia, Spain

Relative quiescence and self-renewal are defining features of
adult stem cells, but their potential coordination remains unclear.
Cells initiate progression through the cell-division cycle in re-
sponse to growth-promoting signals when a threshold of cyclin-
dependent kinase (CDK) activity is reached during the G1 phase.
In turn, reversible or permanent growth arrests are maintained
by CDK inhibitors (CKI) which regulate or prevent progression
into the S-phase through inhibition of G1-specific CDKs. Sub-
ependymal neural stem cells (NSC) lacking the CKI p21VAF!/<ip1
exhibit rapid expansion that is followed by their permanent loss
later in life. Because p21 appears to be required for both stem cell
maintenance and quiescence, it constitutes a promising candidate
to explain how the loss of a proliferation break leads to exhaus-
tion of stem cell potential in endogenous adult niches. We will
present data indicating that p21 can act as a transcriptional
negative regulator in a cell cycle-independent manner and that
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p21 action at specific promoters underlies its essential role in the
maintenance of NSCs in the adult brain. Specifically, p21 is re-
quired in NSCs to repress both Bmp2 and Sox2 genes: BMP2
repression is essential to maintain stemness/undifferentiation
and can be modulated by Noggin, whereas Sox2 acts as an on-
cogene, generating replicative senescence and cell cycle with-
drawal independently of Noggin. This dual function provides a
physiological example of combined cell autonomous and non-
autonomous functions of p21 with implications in self-renewal,
linking relative quiescence of adult stem cells to their longevity
and potentiality.

Inv029

X-reactivation impacts human iPSC differentiation potential
towards blood

N-B. Woods

Lund’s Stem Cell Center, Lund University, Sweden

To determine novel key regulators that direct ES/iPS cell
differentiation to hematopoietic lineages, we compared the gene
expression profiles of multiple iPS cell lines with differential
blood forming capacity. We generated multiple iPS cell lines
from amniotic fluid derived mesenchymal stromal cells (AF-
iPS) which differentiated towards hematopoietic lineages using
our standardized and highly reproducible differentiation pro-
tocol. Of the 9 AF-iPS cell lines derived from an individual fe-
male patient, the average efficiency of CD45+ hematopoietic
cells was 14.2 + /- 9% (range 1.6 to 26.3%). To elucidate the
possible reasons for this diversity in efficiency, we grouped the
AF-iPS cell lines on the basis of lowest and highest blood dif-
ferentiation capacity and compared their gene expression pro-
files by microarray. We found very few changes above 1.5-fold,
but interestingly, among the 11 genes that were over-expressed
in the AF-iPSC lines with poor blood differentiation efficiency,
10 were located on X chromosome, and the remaining one re-
ported to be involved in Notch signalling. A combination of
cumulative sum analysis and the location of differentially ex-
pressed genes on the X chromosome identified putative regions
of reactivation at multiple, but distinct locations. The possibility
of X-reactivation in these female lines was reinforced further
where lower levels of XIST were seen in AF-iPSC lines shown to
have low blood forming potential, however only half of the iPS
cell lines with high blood differentiation capacity showed nor-
mal XIST expression when compared to the amniotic fluid
mesenchymal starting cell material. To determine whether the
block in differentiation was tissue specific we tested the differ-
entiation capacity of the AF-iPSC lines towards neuronal line-
ages. Intriguingly, we found neural cell differentiation was
not hampered within all lines with poor blood potential sug-
gesting that the over-expression of genes as a consequence of
X-reactivation can impart a specific negative effect on differ-
entiation towards the blood lineages from pluripotency stage,
while not having an effect on neuronal cell development. To
further define the source of this block, we have begun working
knocking down the overexpressed genes on X chromosome in
lines with poor blood differentiation potential to determine
whether the efficiency can be increased (or fully rescued) with
one, or a combination of these 11 candidate genes. These results
have implications for the identification and selection of female
iPS lines suitable for therapeutic purposes. I will also discuss the
identification of three new factors for improving blood lineage
potential of iPS cells lines.
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DLL4/Notch1 signaling is required for endothelial-to-
hematopoietic transition in a hESC model of human
embryonic hematopoiesis

V. Ayllon!, V. Ramos-Mejfa’, P.J. Real', O. Navarro-Montero',
T. Romero’, C. Bueno'?, P. Menendez'*>

'GENyO, Centre for Genomics & Oncological Research: Pfizer/
University of Granada / Andalusian Government, Granada, Spain;
*Josep Carreras Leukemia Research Institute and Cell Therapy
Program of University of Barcelona, Barcelona, Spain; *ICREA:
Institucié Catalana de Reserca i Estudis Avangats, Catalunya
Government, Spain

Notch signaling is essential for definitive embryonic hemato-
poiesis, but little is known on how Notch regulates hematopoiesis
in early human embryonic development. Here we analyzed the
contribution of Notch signaling to human embryonic hematopoi-
etic differentiation using hESCs. We determined the expression of
Notch receptors and ligands during hematopoietic differentiation
of hESCs and found that expression of the Notch ligand DLL4
strongly parallels the emergence of bipotent hematoendothelial
progenitors (HEPs). Co-cultures of hESCs with OP9-DLLA4 cells
demonstrated that DLL4 has a dual role in hematopoietic differ-
entiation: during HEPs specification untimely DLL4-mediated
Notch activation is detrimental for HEPs generation; however,
once HEPs are specified, activation of Notch by DLL4 enhances
hematopoietic commitment of these HEPs. We determined by
flow cytometry that in hESCs differentiation, DLL4 is only ex-
pressed in a subpopulation of HEPs. Gene expression profiling of
DLLAM8" and DLLA'"/~ HEPs showed that these two subpopu-
lations already exhibit a distinct transcriptome program which
determines their differentiation commitment: DLLA™8" HEPs are
highly enriched in endothelial genes, while DLL4"°Y/- HEPs dis-
play a clear hematopoietic transcriptional signature. Single cell
cloning analysis of these two populations confirmed that DLL4"&"
HEPs are enriched in committed endothelial precursors, while
DLL4""/" HEPs contain committed hematopoietic progenitors.
Confocal microscopy analysis of whole embryoid bodies revealed
that DLLA™E" HEPs are located in close proximity to DLL4"/-
HEPs, and at the base of clusters of CD45+ cells forming struc-
tures that resemble AGM hematopoietic clusters found in mouse
embryos. Moreover, we found active Notchl in clusters of
emerging CD45+ cells. Overall, our data indicate that DLL4 reg-
ulates blood formation from hESCs, with DLL4"®" HEPs enriched
in endothelial potential, whereas DLL4""/- HEPs are transcrip-
tional and functionally committed to hematopoietic development.
We propose a model for human embryonic hematopoiesis in
which DLL4'"/~ HEPs receive a signal from DLL4"8" HEPs to
activate Notchl, to undergo an endothelial-to-hematopoietic
transition and differentiate into CD45+ hematopoietic cells, re-
sembling what occurs in mouse AGM hematopoietic clusters.

Inv031

Immune responses to AAV vectors in human trials

F. Mingozzi'?

1Genethon, Evry, France; 2 University Pierre and Marie Curie, Paris,

France

Several gene therapeutics based on the adeno-associated viral
(AAV) vector platform for in vivo gene transfer are currently
being tested in the clinic for a variety of indications. The recent
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market approval by the European Medicine Agency of an
AAV-based gene therapy for the treatment of lipoprotein lipase
deficiency further confirms the trend of the gene therapy field
towards the clinic. Because AAV vectors are administered
directly to patients, they interact with the host immune response
at many levels, as shown in preclinical and clinical studies. In
particular, immunomonitoring studies in human gene transfer
trials showed that immune responses to the virus capsid, or to the
transgene product encoded by the vector, can result in lack or
loss of therapeutic efficacy. Studies conducted so far enabled
investigators to monitor these responses and to develop strat-
egies to manage them to achieve long-term expression of the
donated gene. However, a comprehensive understanding of
the determinants of immunogenicity of AAV vectors, and of
potential associated toxicities, is still lacking. Careful im-
munosurveillance conducted as part of ongoing clinical studies,
together with the use of animal models predictive of the outcome
of gene transfer in humans, will be crucial to the development of
safe and effective in vivo gene therapies for genetic diseases.

Inv032

In vitro and in vivo use of lentiviral vectors to induce
Ag-specific immune tolerance

M.G. Roncarolo

San Raffaele Telethon Institute for Gene Therapy (HSR-TIGET),
Milan, Italy

Establishing immune tolerance is critical to prevent clear-
ance of gene corrected cells and to develop successful im-
munotherapies for immune-mediated disorders. Regulatory
T cells (Tregs) play a pivotal role in promoting and maintaining
tolerance. Several types of Tregs have been identified including
the CD4" Foxp3™ Tregs and the CD4" IL-10-producing type 1
regulatory T (Tr1) cells. Much effort has been dedicated to de-
velop suitable methods for the induction/expansion of Foxp3™*
Tregs and Tr1 cells in vivo or in vitro for Treg-based cell therapy.
We developed protocols to transduce polyclonal and Ag-
specific CD4" T cells with lentiviral vectors (LVs) encoding for
IL-10 or Foxp3 genes. Enforced LV-mediated IL-10 expression
confers Tr1 cell phenotype and functions to CD4* T cells. IL-10
engineered CD4™ T cells efficiently suppress in vitro and in vivo
in a model of xenogeneic graft-versus-host-disease. In addition,
LV-mediated gene transfer of Foxp3 in CD4" T cells converts
effector T cells into CD4* FOXP3™ Tregs (CD4"°*"?) in normal
donors and in IPEX patients. Patients-derived CD4"*X" cells
expressed Treg markers, were anergic, and displayed potent
suppressive activity, both in vitro and in vivo. We recently de-
veloped a lentiviral vector platform, using microRNA142-
regulated (miR142T) LV, which selectively targets expression of
the transgene in hepatocytes in vivo inducing tolerance to self or
exogenous Ag. A single systemic administration of LV.miR142T
encoding for the gene of interest leads to the induction of Ag-
specific Foxp3™ Tregs, which mediates Ag-specific tolerance
in several preclinical models of immune mediated pathology.
In Hemophilia B mice gene therapy with FIX-encoding
LV.miR142T efficiently provides therapeutic FIX levels and in-
duces FIX-specific tolerance in both naive mice and in mice with
pre-existing neutralizing response to FIX. In Type 1 diabetes
(T1D) models a single insulinB9-23-encoding LV.miR142T in-
jection in 10 weeks old NOD mice protected from T1D devel-
opment, maintaining normal blood glucose levels. These
findings prove the efficacy of adoptive immune therapy with
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regulatory T cells generated in vitro by LV-10 or LV-Foxp3 gene
transfer and of the LV.miR142T platform to mediate and restore
immune tolerance to transgenes.

Inv033
Detection of nucleic acids by the innate immune system
V. Hornung

Institut fiir Klinische Chemie und Pharmakologie,
Universititsklinikum Bonn, Germany

A central function of our innate immune system is to sense
microbial pathogens by the presence of their nucleic acid ge-
nomes or their transcriptional or replicative activity. In mam-
mals, a receptor-based system is mainly responsible for the
detection of “non-self” nucleic acids. In the past years tremen-
dous progress has been made to identify host constituents that
are required for this intricate task. With regard to the detection of
RNA species, a picture is emerging that certain families of the toll-
like receptor family (TLR-7, —8 and —13) and the RIG-I like heli-
cases (RIG-I and MDAD) respond to microbial RNA molecules.
Moreover, TLR9 detects microbial DNA within the endolysosomal
compartment. At the same time, a cytosolic surveillance system
detects the presence of cytoplasmic DNA. This system relies on
the recently discovered nucleotidyltransferase cGAS, which upon
DNA sensing, produces the second messenger cGAMP(2'-5') that
binds to and activates the ER-resident protein STING. Activation
of these nucleic acid sensing pathways can lead to potent innate
immune responses, e.g. the induction of antiviral immunity. Of
note, all of these sensing pathways can also be activated in
response to DNA or RNA based vector systems and as such in-
terfere with the outcome of the primary objective (e.g., transgene
expression). In this talk an overview will be given of nucleic
acid sensing pathways with a special focus on intracellular DNA
recognition.

Inv034
Multi-modal imaging of gene expression in vivo

A.H. Jacobs, S. Schifers, I. Fricke, B. Zinnhard, S. Rapic,
P. Monfared, T. Viel

European Institute for Molecular Imaging (EIMI) at the Westfalian
Wilhelms University (WWU), Miinster, Germany

For gene and cell-based therapies, it is important (i) to un-
derstand the molecular changes within the diseased target tissue
and (ii) to follow the effects of transduced gene and transplanted
cell activity in vivo. In the past years we have extensively worked
on herpes- and lenti-viral based vector systems to follow gene
expression in vivo. We have used various imaging technologies
including positron emission tomography (PET), magnetic reso-
nance imaging (MRI), and optical imaging (OI) to follow gene
expression with relation to the induced therapeutic effect. Most
of the work was performed in animal models of gliomas, how-
ever, recent work also concentrates on model systems for neu-
rodegenerative diseases, such as Alzheimer’s and Parkinson’s
disease.

The presentation will give an overview of how modern mo-
lecular imaging technologies can be implemented in modern
gene and cell therapy based approaches to enhance our
knowledge of the efficiencies of these therapies in the in vivo
setting.
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Developement of non viral gene delivery vectors through
SPECT/CT imaging

G. Vassaux

Inv036
Clinical applications of reporter gene technology imaging
I. Peniuelas

Universidad de Navarra, Department of Nuclear Medicine, Spain

Real-time imaging of gene expression in living subjects at high
spatial resolutions has long been pursued in biomedical research.
Molecular imaging has increasingly been used to successfully
image gene expression in living animals, thus making significant
contributions to the field of gene and cellular gene therapy.
However, there has been slow progress in translating these
technologies into clinical application, even though there is a real
need to develop, test, and validate sensitive and reproducible
noninvasive imaging methods that could be repeatedly and
safely performed in patients undergoing gene therapy.

If adequate techniques were available, both endogenous and
exogenous gene expressions could be studied in live animals and
potentially in the clinical arena. In this sense, molecular imaging
has emerged as a non-invasive technology for in vivo mapping of
gene expression and provides promising tools for rational
progress of molecular medicine and gene therapy.

The uncertainties in clinical gene therapy are related not only
to problems of gene delivery and gene expression but also to the
lack of objective clinical endpoints to evaluate therapy response.
In many cases the clinical benefit of the therapeutic procedure is
hardly measurable or requires complex invasive procedures that
give only a partial picture of the situation, as it is mostly based on
molecular and histopathological analysis of biopsies. Hence,
there is a real need for a technology that allows routine clinical
use for a quantitative, whole-body spatiotemporal evaluation of
gene delivery and expression as a way to determine and even
predict the clinical outcome.

Noninvasive molecular imaging in gene therapy can be used
in several different ways. These technologies can be used to
monitor gene expression both locally and for the whole-body,
evaluate the treatment by imaging the functional effects of gene
therapy at the biochemical level and determine prognosis. Fur-
thermore, they would help to improve the design of more effi-
cient, specific and safer vectors, and to determine the appropriate
dose to be used in each case and in consequence facilitate their
approval for human use, thus speeding up all the process.

Similar principles to those developed for gene therapy imag-
ing can also be applied to cell-based therapies. Monitoring of cell
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trafficking with genetically modified cells will permit grafting
experiments and long-term follow-up of the cell fate. For imaging
of cell trafficking using reporter genes one must keep in mind the
minimum number of cells that need to accumulate at one site to
be detectable as well as the possibility that the cells may shut
down the expression of the reporter gene.

The use of multimodality imaging would undoubtedly facili-
tate translational research by illuminating with different strate-
gies the underlying molecular events. It is evident that no single
technique alone will provide the full spectrum of specifications
needed to image all aspects of gene therapy from basic research
to clinical application. Developing a molecular imaging para-
digm for a particular disease requires finding a molecular target
relevant to the disease and finding a high-affinity ligand for such
a target. If this basic principle is possible, a molecular imaging
agent has to be found that can be used to detect the target in vivo.
Unfortunately, in many cases such molecules might not be
amenable for use in humans.

In the case of reporter gene imaging, multimodality imaging
vectors would probably be the best way to validate a procedure
and even get different molecular information from different im-
aging technologies. For example, a vector comprising a triple-
fusion imaging reporter gene amenable for bioluminescence,
fluorescence, and PET imaging would have many advantages.
Bioluminescence imaging would permit fast and affordable testing
of the construct in laboratory animals with high throughput but
would lack tomographic information. The use of fluorescence,
although less sensitive than bioluminescence for most applica-
tions, might permit fast kinetic analysis not possible with biolu-
minescence and would enable not only in vivo imaging in animals
but also detailed histological examination of explanted tissues if
required. However, none of the above technologies could be used
in humans in vivo, but the radionuclide-based or MRI reporter
might permit tomographic transgene expression imaging in small
animals and definitely transgene expression monitoring in
humans in the clinical setting.

Future studies will be influenced by the development of im-
proved gene therapy vectors with higher transduction or trans-
fection efficiencies and specificities. Development of new tracers
with higher affinities for reporter proteins (enzymes, receptors or
transporters) will improve the sensitivity of imaging.
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Neural crest contributions to the haematopoietic stem-cell
niche

S. Méndez-Ferrer

Department of Cardiovascular Development and Repair, National
Cardiovascular Research Center (CNIC), Madrid 28029, Spain

Stem cell niches in adult tissues share some similarities, in-
cluding a physical and functional association with blood vessels.
However, the structural organization of these niches remains
largely unknown. We have shown that perivascular mesenchy-
mal stem cells (MSCs) are required to maintain haematopoietic
stem cells (HSCs) in the bone marrow. Adult MSCs express
nestin and regulate HSC traffic in and out the bone marrow. We
have shown that the brain can control HSC migration through
sympathetic regulation of nestin+ MSCs, directly innervated by
sympathetic nerve fibres in the bone marrow. Other groups have
shown that Schwann cells covering these sympathetic axons
regulate HSC proliferation. Like peripheral sympathetic neurons,
Schwann cells derive from the neural crest, but their ontogenic
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relationships to other cells in the bone marrow microenviron-
ment remain unknown. I will discuss the contributions of the
neural crest to the establishment, maintenance and regulation of
HSCs in the bone marrow, as well as the potential implications of
this regulatory network in pathophysiology.

Inv038
Hematopoiesis under the stress
T. Suda

Department of Cell Differentiation, The Sakaguchi Laboratory of
Developmental Biology, School of Medicine, Keio University, Toyko,
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Hematopoietic stem cells (HSCs) are sustained in a specific mi-
croenvironment known as the stem cell niche. Adult HSCs are kept
quiescent during the cell cycle in the endosteal niche of the bone
marrow (BM). The quiescent state is thought to be a characteristic
property for the maintenance of HSCs. Normal HSCs maintain
intracellular hypoxia, stabilize the hypoxia-inducible factor-la
(HIF-1a) protein and generate ATP by anaerobic metabolism. In
HIF-1o-deficiency, HSCs become metabolically aerobic, lose cell
cycle quiescence, and are finally exhausted. An increased dose of
HIF-1o protein in VHL mutated HSCs and their progenitors in-
duced cell cycle quiescence and accumulation of HSCs in the BM.
Restored glycolysis by pyruvate dehydrogenase kinases (PDK)
ameliorated cell cycle quiescence and stem cell capacity. Taken
together, HSCs directly utilize the hypoxic microenvironment to
maintain their cell cycle by HIF-1a-dependent metabolism.

On the basis of the physiological nature of HSCs, I would like
to discuss the abnormal HSCs and niches under the stress such as
inflammation and hematological malignancies such as chronic
myelogenous leukemia (CML). Comparison between normal and
abnormal HSCs and niches will be important to development of
the new treatment for diseases.
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Regulation of normal and leukemic human stem cells:
dynamic stem cell interactions with the bone marrow
microenvironment

T. Lapidot

Dept. of Immunology, Weizmann Institute of Science, Rehovot, Israel

Hematopoietic stem cells (HSC) mostly reside in the bone
marrow in a quiescent, non-motile mode via adhesion interactions
with stromal cells and macrophages. Bone marrow (BM) endo-
thelial cells (BMECs) serve as ‘niche’ cells for both hematopoietic
and mesenchymal stem and progenitor cells (HSPC/MSPC). Yet
BMECs control of HSPC bi-directional trafficking between the BM
and peripheral blood (PB) through the blood-bone marrow-barrier
(BBMB) is poorly understood. In vivo treatment with the angio-
genic cytokine FGF-2 resulted in increased BM HSPC/MSPC
numbers and repopulation potential, while reducing peripheral
blood (PB) HSPC numbers and repopulation potential. FGF-2
treated mice had reduced BBMB permeability evaluated by
dye penetration and incorporation, and reduced HSPC BM
homing. We have generated endothelial specific inducible
FGF receptor knock-out (eFGFR1/2 KO), using VE-Cadherin-
CREERT2 and FGFR1flx/flx/FGFR2flx/flx transgenic mice).
Importantly, eFGFR1/2 KO mice exhibited reduced BM stem cell
levels. FGF-2 treatment was able to increase stem cell levels only
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in WT BM, but not in the BM of eFGFR1/2 KO mice. FGF-2
treated eFGFR1/2 KO mice failed to exhibit increased HSPC re-
tention and reduced BM homing like in WT treated mice. These
results suggest that endothelial specific activation of FGF sig-
naling regulates the BBMB control of HSPC bi-directional traf-
ficking. Thus, hampering endothelial FGF signaling interferes
with stem cell maintenance and expansion, while increasing
BBMB permeability. In addition, we have observed Nestin-GFP +
BMEC expressed by non-permeable arteriolar blood vessels,
suggesting that these vessels serve as stem cell maintenance and
expansion sites. Mechanistically, FGF-2 treatment resulted in
decreased BM MMP-9 activity combined with upregulated Timp-
1 (MMP-9 inhibitor) mRNA levels. Furthermore, FGF-2 treatment
activated AKT, and reduced NO and ROS content in BMEC.
Importantly, permeability regulating endothelial junction mole-
cules such as VE-Cadherin and ZO-1 were upregulated following
FGF-2 treatment. Administration of neutralizing VE-Cadherin
antibodies or the mobilizing agent AMD3100, efficiently in-
creased HSPC egress by increasing BBMB permeability. These
results suggest that interfering with endothelial adhesion interac-
tions alone, or CXCR4 activation, increase HSPC trafficking. Ex-
amination of eNOS KO and Timp-1 KO mice revealed that HSPC
bi-directional trafficking was decreased in eNOS KO mice and in-
creased in Timp-1 KO mice. In the BM, primitive, repopulating
HSPC numbers were increased in eNOS KO mice and decreased in
Timp-1 KO mice. Of interest, we observed that chimeric immune-
deficient mice transplanted with malignant human pre-B ALL cells,
exhibited reduction in BBMB permeability. We suggest that leu-
kemic cells stimulate BMEC via FGF-2 secretion, in order to support
their own maintenance, expansion and chemoresistance by reduc-
ing BBMB permeability, and CXCL12 while increasing membrane
bound SCF levels. This suggests that human leukemias can modify
the BBMB to a malignant-supportive microenvironment and that
BBMB targeting could hamper leukemia expansion and protection,
to improve clinical chemotherapeutic protocols. In conclusion, our
findings reveal that normal and malignant stem cell migration and
development are dynamically regulated by BMEC. We suggest that
BMEC balance their dual roles as stem cell niches, and as an ana-
tomical barrier synchronizing HSPC bi-directional trafficking.
Thus, unbalanced BBMB function towards either stem cell traf-
ficking or maintenance will come at the expense of the other. The
role of the coagulation system in regulation of stem cell migration
and development via thrombin/PAR-1 and EPCR shedding, or in
maintaining stem cell adhesion to BM stromal cells via APC/EPCR
and PAR-1 will also be presented. Finally we will also present
preliminary results with the bioactive lipid S1P which regulates an
inverse HSPC and MSPC metabolic state during quiescence and
proliferation via ROS transfer between the two populations.
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Preclinical and early clinical development of an encolytic
group B adenovirus, ColoAd1

Y. Di', J. Beadle?, K. Fisher'? and L.W. Seyrnour1

"Dept. Oncology, University of Oxford, Oxford, UK; *PsiOxus
Therapeutics Ltd, Unit 154B, Milton Park, Abingdon, Oxfordshire,
UK

ColoAd1 is a chimeric Ad11p/Ad3 group B adenovirus, dis-
covered by bio-selection from a library of chimeric adenoviruses
for the ability to replicate and exit rapidly from human colorectal
carcinoma cells (Kuhn, Harden ef al. 2008). The virus replicates
rapidly within and kills carcinoma cells derived from many
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different tissue types, whilst sparing normal cells. It also mediates
good anticancer efficacy when administered i.v. to mice bearing
metastatic HT29 tumours. ColoAd1 kills cells more quickly than
Ad5 and Ad11p, and the death pathway is independent of P53 and
caspases. Matched chemo-sensitive and -resistant cells were killed
with equal efficiency, compatible with an apoptosis-independent
death pathway. Whereas Ad5-based adenoviruses are effi-
ciently neutralised upon coming into contact with human blood,
ColoAd1 shows good blood stability and can infect tumour cells
in the presence of whole human blood. This makes it an attractive
candidate for intravenous delivery in the clinic. The EVOLVE
study is an international, multi-centre i.v. phase I/II clinical
study of ColoAd1. The study design allows for an initial dose
escalation stage, followed by a dose expansion stage and ulti-
mately a phase II randomized stage. Preliminary pharmacoki-
netics and safety data from this ongoing trial will be discussed.
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Parvovirus infections: prospects for cancer treatment
J. Rommelaere

German Cancer Research Center (DKFZ); Heidelberg, Germany

Rodent parvoviruses (PV) are recognized for their intrinsic
oncotropism and oncolytic activity. These features contribute to
the natural capacity of PV for tumor suppression, for which
human cancer cells can be targets in animal models. Although PV
uptake occurs in most host cells, some of the subsequent steps
leading to expression and amplification of the viral genome and
production of progeny particles are upregulated in malignantly
transformed cells. By usurping cellular processes such as DNA
replication, DNA damage response, and gene expression, and/or
by interfering with cellular signaling cascades involved in cyto-
skeleton dynamics and cell integrity, PVs can induce cytostasis
and cytotoxicity. Furthermore, there is growing evidence that
parvoviral oncosuppression involves an immune component.
Besides exerting direct oncolytic effects, PV can indeed serve as
adjuvants to hand further tumor destruction to the immune
system in animal models. Current and planned parvovirotherapy
clinical trials should indicate whether PV oncolysis can be
translated into long-term protection by the immune system with
improved tumor destruction and patient survival.
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Telomerase-targeting oncolytic adenovirus as a thetherapeutic
and diagnostic agent

S. Kagawa, H. Tazawa, K. Shigeyasu, H. Kishimoto, S. Kuroda,
T. Fujiwara

Department of Gastroenterological Surgery, Dentistry and
Pharmaceutical Sciences, Okayama University Graduate School of
Medicine
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Telomelysin is a genetically engineered adenovirus to se-
lectively replicate in malignant cells, by replacing adenoviral
El gene promoter with hTERT promoter. Preclinical studies
demonstrated that Telomelysin has anticancer activity in vari-
ous cancer cell lines either singly or in combination with che-
motherapy and radiotherapy. A phase I study of Telomelysin
conducted in the US confirmed the safety, tolerability and
feasibility of this agent. Then, we have planned a Phase I/1I
study to assess the safety of intratumoral injection in combi-
nation with local ionizing radiation for head and neck and
thoracic malignant tumors, and are now recruiting patients in
Japan. We further developed TelomeScan by inserting the
green fluorescent protein (GFP) gene into the E3 region of the
Telomelysin genome, which allows cancer specific GFP ex-
pression. TelomeScan is applicable to detect circulating tumor
cells (CTC) in the peripheral blood and to visualize metastatic
or disseminated tumors in vivo. We hope that these therapeutic
and diagnostic applications of Telomerase-targeting adenovi-
rus will aid treatment strategies in clinical practice in near
future.
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Lentiviral gene therapy for primary immune deficiencies:
preclinical evaluation of efficacy, safety and conditioning
modalities

G. Wagemaker

Stem Cell Gene Therapy section, Dept. Hematology, Erasmus
University Medical Center, Rotterdam, The Netherlands

In this review, a comparative efficacy and safety analysis is
provided for self-inactivating lentiviral (SIN-LV) hematopoietic
stem cell (HSC) gene therapy using codon-optimized human
therapeutic transgenes driven by either viral or cellular pro-
moters in mouse models for recombination activating gene 1
(RAG1) and 2 (RAG2) deficiencies and X-linked SCID (Ierg’/ :
mice). The methodology, including an efficient overnight
transduction protocol, proved highly efficacious with restora-
tion of immune functions for RAG2 deficiency and X-linked
SCID using cellular promoters at a relatively low vector copy
number per cell and pre-transplant low-dose cytoreductive
conditioning by sublethal total body irradiation (TBI). How-
ever, in RAG1 deficiency, only the strong spleen focus forming
virus (SF) promoter yielded some efficacy, while a vast number
of treated mice displayed an Omenn-like syndrome, under-
lining that further development is required for improved ex-
pression to successfully treat RAG1 patients. As cytoreductive
conditioning of SCID patients is undesirable, in [12rg”" mice the
effect of pre-transplant G-CSF mobilization of stem cells to
create open bone marrow niches was investigated. The results
demonstrated efficacy similar to low-dose TBI, encouraging
further development with (combinations) of other mobilizing
agents, in progress. Safety evaluation demonstrated, as ex-
pected, no propensity of cellular promoters for integration near
proto-oncogenes. In Ierg'/' mice, leukemia occurred in 14 of
212 mice monitored. Similar leukemia frequencies were seen in
mice given IL2RG vectors, control green florescent protein
(GFP) vectors or untransduced cells and no increased risk was
apparent for the SF promoter relative to eukaryotic promoters.
Considering the tumor-prone background of the II2rg-/- mice
used, these observations indicate that the insertional onco-
genesis risk when using SIN-LV HSC gene therapy is very low
and clinically acceptable.
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Thymic stromal pathologies: A target for gene replacement
therapy?

G. Hollander

Developmental Immunology, Weatherall Institute of Molecular
Medicine, University of Oxford; and Department of Biomedicine,
University of Basel, Switzerland

The thymic microenvironment is unique in its ability to pro-
mote the development of naive T cells with a repertoire purged of
vital “Self” specificities and poised to react to injurious “Non-
Self”. Thymic epithelial cells (TECs) constitute the major com-
ponent of the thymic stroma and can be categorized into separate
cortical (c) and medullary (m) lineages based on their specific
molecular, structural and functional characteristics. cTEC induce
the commitment of blood-borne precursor cells to a T cell fate,
foster the subsequent maturation and control the positive selec-
tion of antigen receptor bearing thymocytes. In contrast, mTEC
promote the terminal differentiation of thymocytes, which in-
cludes the establishment of immunological tolerance to self-
antigens via a deletional mechanism and the generation of
natural regulatory T cells. In this way, mTEC generate the self-
tolerant T cell repertoire in a direct instructive fashion. This
essential capacity depends on the mTEC’s promiscuous expres-
sion of a large programme of transcripts that encode proteins
which are normally only detected in differentiated organs re-
siding in the periphery (a.k.a. tissue restricted self antigens).
Several primary immunopathologies have been identified at the
molecular level that affect thymic epithelial cell differentiation
and, consequently, the maturation of functionally competent
T cells with a regular antigen receptor repertoire. These pathol-
ogies are discussed and the suitability for therapeutic gene
correction will be examined.
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Current status and perspectives from international trials of
gene therapy for primary immune deficiencies

A. Galy

Genethon, Inserm U951, 1 bis rue de I'Internationale F91002 Evry,
France

A multi-center international strategy was developed to rap-
idly assess the safety and efficacy of gene therapy in very rare
primary immune deficiencies such as Wiskott Aldrich Syn-
drome (WAS) or X-linked chronic granulomatous disease (each
with an estimated incidence of 4 to 10 cases per million live
births). In the case of WAS, 3 clinical centers are open in Europe
and in the US. In the case of X-CGD, 1 center is open and 6
additional centers are scheduled to open in the next year in
Europe and in the US. All of these protocols concern severely-
affected patients lacking a matched bone marrow donor.
Patients are transplanted with gene-modified autologous he-
matopoietic stem cells following disease-adapted conditioning
regimens. Gene transfer vectors used in these studies are SIN
lentiviral vectors (LV) that express the therapeutic cDNA at
physiological levels in target cells. Robust manufacturing ca-
pacity of clinical-grade LV at Genethon (50 L per batch) enables
the supply of multiple clinical centers with high titer purified
vector lots in quantities sufficient to treat infants and young
adults. Encouraging results have been obtained in the WAS
trials as 7 patients have now been treated without safety issues.
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Ongoing efforts will help to establish models to expedite the
development of new treatments for primary immune deficits or
blood disorders.
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Forelimb treatment in a large cohort of dystrophic dogs
supports delivery of a recombinant AAV for exon skipping
in Duchenne patients
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T. Voit* and the U7 network®
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University of Florida, Gainesville, Florida, USA; "These authors
contributed equally to this work as first authors; *The “U7 network”
gathers more than 35 people through the AFM-supported Biotherapy
Institute for Rare Diseases — B.LR.D.

Duchenne Muscular Dystrophy (DMD) is the most frequent
muscular dystrophy caused by mutations in the dystrophin
gene No curative treatment is yet available. We evaluated a
gene therapy product using a recombinant adeno-associated
virus vector from serotype 8 (rAAVS) carrying a modified
U7snRNA sequence promoting exon skipping to restore a
shorter albeit functional dystrophin transcript. For the trans-
duction of large muscular territories, the mode of delivery in-
tended for the first time in patients is the locoregional
transvenous perfusion of the forearm. Using the Golden Re-
triever Muscular Dystrophy (GRMD) dog, we established the
safety profile and the therapeutic index of the recombinant
vector after we had validated functional read-outs, including
electrophysiology and Nuclear Magnetic Resonance (NMR)
imaging and spectroscopy. Eighteen GRMD dogs received in-
creasing doses of a GMP-like rAAV8-U7snRNA vector ranging
from 2.5E12 to 2.5E13vg/kg. In all cases, the treatment was well
tolerated and no acute or delayed adverse effects including
systemic and immune toxicity were detected. There was a dose
relationship with the amount of skipping with up to 80% of
myofibers expressing dystrophin at the highest dose and ~35%
and ~10% in animals receiving the intermediate and the low
doses, respectively. Similarly, histological and NMR patholog-
ical indices responded in a dose dependant manner. Im-
portantly, strength was improved in muscles with more than
40% dystrophin expression. Altogether, the reassuring safety
and biodistribution/shedding profiles combined with robust
clinical efficacy in juvenile dystrophic dogs support the concept
of a Phase I/1I trial of locoregional delivery into upper limbs of
non-ambulatory patients.
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Optimised AAV-microdystrophin gene therapy for Duchenne
muscular dystrophy

G. Dickson

Royal Holloway University of London, London, UK

Muscular dystrophies refer to a group of inherited disorders
characterized by progressive muscle weakness, wasting and
degeneration. So far, there are no strongly effective treatments
but new gene-based therapies are currently being developed
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with particular advances in using exon skipping and other
RNA-based approaches, conventional gene replacement strat-
egies, and cell-based gene therapy. In the case of DMD, putting
aside exon skipping therapy, a number of groups are testing
gene therapy with adeno-associated virus vectors expressing
engineered micro-dystrophins (AAV-MDs). In our hands,
highly sequenced optimised AAV-MDs are available for use in
mouse, dog and ultimately humans, expressed using a strong
synthetic promoter specific for skeletal and cardiac muscle cells
have been tested in detail in mdx mice, and in the GRMD dog.
Our studies strongly supports the hypothesis that the current
optimised microdystrophins are highly functional, not only in
mice, but also in a large animal model, and that AAV2/8 vector
delivery results in sustained expression of microdystrophin
without adverse immune responses. The current optimised
AAV-microdystrophin configuration thus lays a sound basis
for a translation programme towards clinical trials in DMD
patients.
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Gene therapy of myotubular myopathy
F. Mavilio

Généthon, Evry, France

Loss-of-function mutations in the myotubularin gene (MTM1)
cause X-linked myotubular myopathy (XLMTM), a severe con-
genital disease that affects the entire skeletal musculature.
Previous local studies in Mtml-mutant mice demonstrated
potential efficacy of gene therapy to treat the disease. Here we
report long-term survival data in mice and dogs following in-
travenous delivery of recombinant adeno-associated virus se-
rotype 8 (AAVS8) vectors expressing myotubularin under the
muscle-specific desmin promoter. Injection of an AAV8-Mtm1
vector into the tail vein of myotubularin knockout mice at the
onset or at late stages of the disease resulted in robust im-
provement in muscle strength, corrected the pathology and
prolonged survival up to the end of a 6-month study. In ad-
dition, intravascular delivery of an AAVS vector carrying the
canine MTM1 ¢cDNA in XLMTM dogs ameliorated motor and
respiratory functions, and prolonged lifespan to more than one
year in the absence of immune response against the transgene.
Altogether, our results demonstrate that intravenous AAVS-
mediated gene therapy leads to long term systemic correction
of myotubular myopathy in small and large animal models and
pave the way to a clinical trial in patients.

Inv050

Production of lentiviral vectors by transfection of suspension
cells in single use systems

M. Hebben

Généthon, France

Genethon develops gene therapies based on lentiviral and
adeno-associated viral vectors for neuromuscular, blood, eye
and metabolic genetic diseases. The production of lentivirus
vectors relies on the simultaneous expression of viral proteins
gag, pol, rev, a pseudotyped envelop protein and the transgene
RNA to be packaged into the vector particles. The most com-
monly used manufacturing process consists of transfecting 4
plasmids in adherent cells grown in cell factories using calcium
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phosphate. However, this method is cumbersome, prone to
variability and shows limited scalability. To address those
drawbacks, we have developed a transfection process in sus-
pension cells in disposable bioreactors. Today, the efficiency of
the process has been demonstrated up to 50 L scale using stirred
tanks as well as wave technology. The cell culture is performed
in chemically defined media to eliminate the potential vari-
ability and virus/TSE risks associated with bovine serum.
Finally, a downstream process was designed to eliminate effi-
ciently the culture derived impurities. The full process is al-
ready a robust alternative to the cell factory system and will be
scaled up to 200 L scale soon.
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Bioengineering approaches for up- and down-stream
processing of human stem cells for clinical application

M. Serra'?, P.G. Alves!?, C. Correia'?, M. Sousa'??, C. Peixoto'?,
C. Brito?, M.J.T. Carrondo®?, P.M. Alves'?
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Stem cell (SC) transplantation has emerged as an exciting
treatment for patients with acute myocardial infarction. The
major challenges in this field are lack of expertise in product
characterization and specialized cell biomanufacturing which
are imperative to bring SC-based products to clinic!'!. Our work
has been focused on production and characterization of chal-
lenging SC-based products: cardiomyocytes derived from in-
duced pluripotent SC (iPSC), which are capable to regenerate
myocardium!®, and adult SC (human mesenchymal and cardiac
SC- hMSC and hCSC), which trigger paracrine mechanisms that
activate endogenous SC to promote regeneration!®. Our strat-
egy for iPSC-derived cardiomyocytes production consisted in
designing an integrated bioprocess by combining expansion,
differentiation and purification steps in environmentally con-
trolled bioreactors operating in perfusion. iPSC were cultivated
as aggregates and the impact of different bioprocessing pa-
rameters on differentiation/purification efficiency was evalu-
ated. By optimizing dissolved oxygen and agitation type we
were able to improve by 1000-fold the final yields of functional
cardiomyocytes with high purity (>98%). Regarding hMSC and
hCSC biomanufacturing, an efficient protocol for cell cultivation
using microcarrier-based stirred culture systems was im-
plemented. For cell purification, our strategy was focused in the
establishment of a continuous downstream approach using
membrane technology and chromatographic tools. Moreover,
novel mass spectrometry methodologies have been applied to
obtain a complete characterization of the Secretome and Re-
ceptome of SC. From hCSC Receptome analysis, more than 2000
proteins were identified, including 100 receptors. The knowl-
edge generated from our study will establish a new way to
streamline the design and biomanufacturing of novel cell-based
therapies.
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Challenges in vector and cell manufacturing for gene therapy
G-P. Rizzardi

MolMed, Milan, Italy

Gene therapy is significantly advancing and manufacturing to
meet expected demands and quality-control standards are great
challenges, especially for more prevalent disease, such as he-
mophilia. A GMP process for lentiviral vector (LV) production
and purification has been developed in collaboration with HSR-
TIGET and Généthon and is currently used for LV manufacturing
for ex vivo gene therapy clinical trials. Besides the manufacturing
process, which has been further improved in terms of both yield
and reduction of contaminants, a quality control strategy has
been defined and appropriate analytical methods have been de-
veloped and validated, leading to manufacturing of high quality
purified vectors and testing methods largely applicable to 3rd
generation LV carrying different transgenes. Improved yields
allow the transduction of a larger number of patients’ cells with
the same vector lot, and GMP transduction processes guarantee
the overall quality of products. Nevertheless, efforts to develop
stable LV systems to face more prevalent diseases are warranted.
We will discuss the current status of the proprietary RD-MolPack
packaging system for the stable production of both Tat-depen-
dent, Tat-independent, LTR-driven and self-inactivating (SIN)
LV. In contrast to most similar available technologies, which
usually rest on the regulated expression of the VSV-G envelope,
RD-MolPack is ground on the constitutive expression of LV
thanks to pseudotyping with the non-toxic and CD34 +-selective
RD114-TR envelope. Another unique feature of MolMed devel-
oped technology consists in the insertion of the viral genes into
HEK-293T cells by integrating vectors such as the chimeric
baculo-AAV vector and SIN-LV. By comparing equal amount of
physical particles of VSV-G-LV, produced transiently by current
method, and RD114-TR-LV, produced by RD-MolPack system,
we demonstrated similar transduction efficiency and vector copy
number (VCN) integration in human CD34 + cells by using 2-log
less RD114-TR-LV. This mark and the safety of the system make
this technology a valid option to current large scale LV
manufacturing for clinical applications.
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MuStem cells: a therapeutic candidate for cell-based therapy
of Duchenne Muscular Dystrophy

Y. Cherel & K. Rouger

UMR 703 INRA / Oniris, Nantes-Atlantic College of Veterinary
Medicine, Food Science and Engineering, Nantes, France

Duchenne Muscular Dystrophy (DMD) is a genetic muscle
disease resulting from the dystrophin lack and without effective
treatment. Based on delayed adhesion properties, we isolated
adult stem cells from healthy dog skeletal muscle, characterized
them and investigated their therapeutic potential after systemic
delivery in immunosuppressed dystrophic dog, the clinically
relevant DMD animal model. These cells, named cMuStem cells,
display a high proliferation rate and a multi-lineage differentia-
tion potential even though they appeared to be committed to the
myogenic lineage. Intra-arterial administration resulted in dys-
trophin expression, muscle damage course limitation and a long-
term stabilization of the transplanted dog’s clinical status. We
isolated human cells (hMuStem) from healthy muscle biopsies
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and initiated their characterization. They are defined by a clo-
nogenic potential and a large in vitro expansion capacity. Myo-
genicity was demonstrated by Myf5 expression and in vitro
myogenic differentiation. Also, fusion ability with host fibers was
observed after implantation into scid mice muscle. hMuStem
cells are positive for several perivascular cell and mesenchymal
markers that could suggest a common filiation. The translational
findings demonstrate that MuStem cells provide an attractive
therapeutic avenue for DMD patients.
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A clonal strategy for ex vivo gene therapy of epidermis
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Self-renewal and the capacity to generate a tissue for an ex-
tended period of time (theoretically a lifetime) are fundamental
properties of adult tissue stem cells. Indeed, long-term recon-
struction of bone marrow and skin (epidermis and hair follicles)
from a single tissue stem cell has been experimentally demon-
strated in animal models. Safety is critical when it comes to
ex vivo autologous gene therapy but current stem cell technology
makes it difficult to thoroughly investigate the properties of stem
cells stably transduced by means of viral vectors. Hence, we have
taken advantage of the unique capabilities of human epidermal
stem cells (holoclones) to demonstrate the feasibility of a single
cell approach for ex vivo gene therapy of skin using recessive
dystrophic epidermolysis bullosa (RDEB) as a model system. A
clonal strategy permits to thoroughly evaluate the properties of
the genetically corrected stem cells (proviral insertion, absence of
tumorogenicity and dissemination) before the patient is trans-
planted and brings safety to a level that is difficult to achieve
otherwise.
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Systemic cell therapy for epidermolysis bullosa:
repair of skin extracellular matrix
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RDEB results from deficiency of type VII collagen (C7), which
results in lack of attachment between the epidermis and dermis,
severe blistering, and a poor quality of life. Between 2007 and
2012, 18 individuals (0.7-20y) with life-threatening, severe gen-
eralized RDEB have undergone allogeneic hematopoietic cell
transplantation at the University of Minnesota. Of these, 13 were
treated with a myeloablative (MA) conditioning (busulfan, flu-
darabine [FLU], and cyclophosphamide [CY]) and 5 were treated
with non-MA conditioning (CY, FLU, anti-thymocyte globulin,
and total body irradiation). RDEB individuals were transplanted
with bone marrow (BM) from an HLA-matched sibling (n=10),
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an HLA-matched unrelated donor (n=3), or a partially matched
umbilical cord blood (UCB, n=5). Importantly, non-MA condi-
tioning was well tolerated with a marked reduction in risk of
infection and pulmonary or renal toxicity. For the entire cohort
thus far, the overall probability of survival is 73% (95% CI, 49—
96%) with 11 demonstrating partial to marked biochemical and
clinical improvement in mucocutaneous disease on the basis
of C7 expression, body surface area affected, and resistance to
blistering. We conclude that BM is the preferred graft (alive
and engrafted: 11 of 13 [85%]) versus UCB (1 of 5 [20%])
(p-value=0.02) and that early results with the non-MA condi-
tioning are promising in terms of toxicity profile and engraft-
ment. Overall, HCT has the potential of being a durable, systemic
therapy for many people with different forms and severities of
EB, and sets the stage for using BM cells in the treatment of a
broad spectrum of extracellular matrix disorders.
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Modeling neurodegenerative disease through iPS cell
technology

Angel Raya
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A critical step in the development of effective therapeutics to
treat neurodegenerative diseases is the identification of molecu-
lar pathogenic mechanisms underlying chronically progressive
neurodegeneration in patients. While animal models have pro-
vided valuable information about the molecular basis of several
diseases, the lack of faithful cellular and animal models that re-
capitulate human pathophysiology is delaying the development
of new therapeutics in other diseases such as Parkinson’s disease
(PD). The reprogramming of somatic cells to induced pluripotent
stem cells (iPSC) using defined combinations of transcription
factors is a groundbreaking discovery that opens great oppor-
tunities for modeling human diseases, including PD, since iPSC
can be generated from patients and differentiated into disease-
relevant cell types, which would capture the patients’ genetic
complexity. Furthermore, human iPSC-derived neuronal models
offer unprecedented access to early stages of the disease, allow-
ing the investigation of the events that initiate the pathologic
process in PD. Recently, human iPSC-derived neurons from pa-
tients with familial and sporadic PD have been generated and
shown to recapitulate some PD-related cell phenotypes, includ-
ing abnormal a-synuclein accumulation in vitro, and alterations
in the autophagy machinery. I will present the current status of
iPSC-based models for understanding PD pathogenesis and
discuss the potential future research directions of this field.

Inv057

Transdifferentiation of human adult cells into endocrine
pancreatic cells; cell replacement therapy for diabetic patients

D. Bernman-Zeituni, I. Meivar-Levy, E. Chernichovski,
H. Barash, K. Ron, K. Molakandov and S. Ferber
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Medicine. Sheba Medical Ctr. Tel-Hashomer and the Dept. for Human
Genetics, Tel-Aviv University, Israel

Cellular differentiation and lineage commitment were con-
sidered irreversible processes. However, recent reports have in-
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dicated that differentiated adult cells can be reprogrammed to an
embryonic like pluripotent state and in some cases, directly to
alternate committed lineages. Dominant instructive roles for
transcription factors in reprogramming somatic cells have been
suggested. However, while numerous somatic cell sources give
rise to pluripotent cells, it is believed that committed lineages are
generated either in developmentally related tissues or by the
differentiation of pluripotent cells. Here we challenge this view
and suggest that adult cell reprogramming along alternate
committed lineages can be a direct process, which crosses the
boundaries of the distinct developmental germ layers, without
the need for pre-induced pluripotency. We demonstrate that the
endoderm derived pancreatic lineage and f-cell-like function are
induced in adult cells which are derived from all three germ
layers, by ectopic expression of non-integrating pancreatic dif-
ferentiation factors. The direct reprogramming process along
the alternate committed lineage is fast, specific and relatively
abundant, compared to reprogramming pluripotent cells. The
temporal control of transdifferentiation and the role of Epithelial-
Mesenchyme transitions in the process will be discussed. Direct
reprogramming of somatic cells carries important implications in
developing patient specific regenerative medicine approaches
which may prove safer than using ESC or iPS cells as progenitors.
The generation of insulin producing cells by adult cells repro-
gramming allows the diabetic patient to serve also as the donor of
his own therapeutic tissue.
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AAV-mediated gene targeting approaches for the derivation of
histocompatible pluripotent stem cells

D.W. Russell

University of Washington, Division of Hematology, Seattle, US

The clinical use of human pluripotent stem cells and their de-
rivatives is limited by the rejection of transplanted cells due to
differences in their HLA genes. This has led to the proposed use of
histocompatible, patient-specific stem cells, however the prepa-
ration of many different stem cell lines for clinical use is a daunting
task. In this presentation I will discuss genetic engineering ap-
proaches that address this problem and allow the engraftment of
allogeneic cells in multiple recipients. These approaches include
the derivation of HLA-homozygous stem cells with common
haplotypes that would match a significant proportion of the
population, the creation of HLA class I-negative “universal donor”
cells by targeted disruption of the B2M genes, and the expression
of single chain HLA fusion proteins in otherwise class I-negative
cells to prevent lysis by NK cells and enable the presentation of
specific, HLA-restricted antigens. In each strategy, we used adeno-
associated virus vectors for efficient gene targeting in the absence
of potentially genotoxic nucleases.
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Immunoregulation without immunossupression:
the promise of low-dose IL-2
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The immune system is composed of numerous interacting
cell populations with distinct functions. As for any system, it is
(it has to be) tightly regulated. Failure of regulation leads no-
tably to inflammatory and autoimmune diseases. A simplistic
paradigm is that the balance between effector and regulatory T
cells (Teff and Treg) plays a major role in dosing/regulating the
immune response. Likewise, autoimmune diseases are caused
by an imbalance that favors the effector arm of the immune
response, whether caused by an increase in Teff or a defect in
Tregs numbers/functions. While blocking Teff with immuno-
suppressant has long been the only therapeutic option to correct
this imbalance, it now appears that activating/expanding Tregs
may achieve the same purpose without the toxicity and side
effects of immunosuppression. We recently reported that in-
terleukin-2 (IL-2), which has so far been used at high-dose and
with high toxicity to stimulate Teffs in cancer, could be used at
well tolerated low-doses to stimulate Tregs in vivo in humans'?.
We now report that IL-2 can be given chronically without im-
munosuppression in mice. This opens broad applications for
treatment of a wide range of chronic diseases, from inflamma-
tory to autoimmune diseases, and more broadly for tolerance
induction. The concepts and tools of cell and gene therapy will
be useful for these developments, and conversely IL-2 induced
immunoregulation may help control adverse immune reactions
in cell and gene therapy.

!Saadoun et al., Regulatory T-cell responses to low-dose inter-
leukin-2 in HCV-induced vasculitis. N Engl | Med 365, 2067
(Dec 1, 2011).

*Hartemann et al., Low-dose Interleukin-2 induces regulatory T
cells and is well tolerated in patients with type-1 diabetes:
results of a phase I/II randomized, double-blind, placebo-
controlled trial. The Lancet Diabetes & Endocrinology, in press
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MSCs generate a CD4*CD25"FOXP3 ™ regulatory T cell
population
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Background: The potential of MSCs to modulate the host
immune response, mainly by inhibiting the proliferation of T
lymphocytes, introduced the possibility that they might be ef-
fective in inflammatory arthritis where the T cell response is
prominent. Studies using the collagen-induced arthritis (CIA)
experimental mouse model reported improvement of clinical and
biological scores after injection of MSCs derived from bone
marrow or adipose tissue. We also showed that therapeutic effect
of MSCs was observed during a narrow window of MSC appli-
cation suggesting that discrepancy between studies may be re-
lated to the time of injection and/or the immune status of
animals at that time. Indeed, it has been well described that MSCs
are able to suppress T lymphocyte proliferation through several
mechanisms including their ability to generated FoxP3™ regula-
tory T-cells in vitro and in vivo. However, the effect of MSCs on T
cells induced to differentiate into pro-inflammatory Th1 or Th17
cells and on the resulting mature cells still remains to determine.

Objective: The aim of this study was to determine whether
MSCs are able to generate CD4"CD25"Foxp3™ regulatory T-
cells during the differentiation process of naive T cells towards
Thl and Th17 cells and in the mature T cells.
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Methods: Murine MSCs were obtained from bone marrow and
characterized according to their surface antigen expression and
multilineage differentiation potential. Murine CD4™* T cells isolated
from spleens were induced to differentiate into Th1 or Th17 cells. At
DO, D2 and D4 of the differentiation process, T cells were activated
with anti-CD3/CD28 beads and co-cultured with MSCs. After 6
days of co-culture, the expression of CD25 and Foxp3 was assessed
by flow cytometry. For functional assays, the “conditioned” sub-
population generated in the presence of MSCs was cultured with
Concanavalin A-activated CD4* T cells labeled with CFSE. After 48
hours, proliferation was measured by flow cytometry.

Results: We demonstrated that the co-cultures of MSCs and
CD4* T cells, induced to differentiate into either Th1l or Th17
cells, resulted in an inhibition of T cell proliferation and the
generation of CD4*CD25 *Foxp3™ T cells (Th1: 1.25% to 25% and
Th17 2% to 20% among CD4*CD25* T cells; p<0,05). This was
observed both during the differentiation process of naive T cells
and on mature Thl and Thl7 cells. In vitro, we showed that
CD4"CD25 *Foxp3 ™" T-cells generated in the co-cultures signifi-
cantly suppress T cell proliferation (from 45% to 21%; p <0,05).
This functional suppressive effect was associated with a signifi-
cant increase of IL-10 production in the co-culture supernatants.

Conclusion: This study demonstrates that MSCs contribute to
the generation of an immunosuppressive environment via the
induction of T cells with a regulatory phenotype and the inhi-
bition of activated T cells. This suppressive effect was associated
with the up-regulation of IL-10. This may have important clinical
implications for inflammatory and autoimmune diseases.
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Stem cell therapy for RA
W. Dalemans

Tigenix, The Netherlands

Rheumatoid Arthritis (RA) is the most common inflammatory
arthritis, affecting 0.5% to 1% of the general population world-
wide. The current pharmacological management of RA relies on
intervention with synthetic or biological disease modifying anti-
rheumatic drugs. However, RA remains as an unmet clinical need
since a substantial number of patients do not have an adequate
response to the current treatments, which are moreover also as-
sociated with a series of safety concerns. Human adult mesen-
chymal stem cells (MSCs) are considered a promising tool for cell
therapy in regenerative medicine as well as for treating inflam-
matory and autoimmune diseases. This is based on the stem cells
capacities to differentiate into more specialized cells, to release
trophic factors with anti-fibrotic, anti-apoptotic or pro-angiogenic
properties, and on their capacity to modulate the immune re-
sponse. MSCs have been shown to exert immunomodulating
properties and to regulate the function of a broad number of im-
mune cells including B lymphocytes, T lymphocytes, macrophages
and NK cells. As such, MSCs can control excessive inflammation
and support the body to regain homeastasis. Such therapeutic
benefit has already been reported in a number of experimental
models of inflammatory diseases such as allograft rejection, graft-
versus-host disease, experimental autoimmune encephalomyelitis,
collagen-induced arthritis, colitis, or sepsis. MSC therefore present
a new potential therapeutic approach for treating RA in humans.
We have used allogenic mesenchymal adult stem cells (eASC)
extracted and expanded from adipose tissue to explore their ca-
pacity in treating RA. This eASC based product (Cx611) has been
tested in a phase Ib/Ila clinical trial in order to evaluate the safety,
tolerability, and optimal dosing, as well as exploring therapeutic
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activity upon intravenous administration of eASCS in patients
with RA. The Cx611 trial was a multicenter, randomized, single-
blind, placebo-controlled with 53 patients having active refractory
rheumatoid arthritis. At 6 months, the study met all of its safety
endpoints and demonstrated a good safety profile. Moreover,
preliminary results suggest Cx611 has the potential to positively
impact disease in refractory patients, showing a clear improvement
over placebo over three months and a sustained benefit over six
months.

The research leading to these results has received funding
from the European Union Seventh Framework Programme (FP7/
2007-2013) under the grant agreement n° 279174 to TiGenix
(REGENER-AR project).
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Dyskeratosis congenita and related syndromes
I. Dokal

Blizard Institute, Barts and The London School of Medicine and
Dentistry, Queen Mary University of London, London, UK

Dyskeratosis Congenita (DC) is a heterogeneous multi-system
syndrome exhibiting marked clinical and genetic heterogeneity. In
its classical form it is characterised by mucocutaneous abnormal-
ities, bone marrow (BM) failure and a predisposition to cancer. BM
failure is the principal cause of mortality and patients display
features of premature aging. Studies over the last 15 years have led
to significant advances with ten DC genes (DKC1, TERC, TERT,
NOP10, NHP2, TINF2, Cl16orf57 /USB1, TCAB1, CTC1 and RTELI)
having been characterized. Nine of these are important in telomere
maintenance. DC is therefore principally a disease of defective
telomere maintenance and patients usually have very short telo-
meres. These genetic advances have led to the unification of DC
with a number of other disorders. This includes the severe multi-
system disorders Hoyeraal-Hreidarsson and Revesz syndromes as
well as a subset of patients with aplastic anaemia, myelodysplasia,
leukaemia, liver disease and idiopathic pulmonary fibrosis. This
wide spectrum of diseases ranging from classical DC to aplastic
anaemia can be regarded as disorders of defective telomere
maintenance - “the telomereopathies”. These advances have in-
creased our understanding of several human diseases and high-
lighted the importance of telomere maintenance in human
biology. They are also facilitating diagnosis (especially when
presentation is atypical) and management.

Inv063
Telomeres as therapeutic targets for cancer and aging
M.A. Blasco

Molecular Oncology Program, Spanish National Cancer Research
Centre (CNIO), Madrid, Spain

Recently, our laboratory has continued to dissect the role of
telomerase and telomere length as key molecular pathways un-
derlying cancer and aging, as well as addressing the potential use
of telomerase activation as a therapeutic strategy for telomere
syndromes and age-related diseases (Blasco et al., Cell, 1997;
Tomés-Loba, Cell, 2008). More recently, we have developed a
telomerase-based gene therapy strategy that allows telomerase
activation in adult organisms and this has shown beneficial effects
in a variety of age-related pathologies in mice (Bernardes de Jesus
et al., EMBO Molecular Medicine, 2012). I will present recent find-
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ings, showing the efficacy of this telomerase gene therapy in mouse
models of disease. Finally, I will discuss recent findings from our
group in collaboration with the Spanish node of the International
Cancer Genome Consortium showing the involvement of com-
ponents of the telomere protection complex, also known as shel-
terin, in human cancer (Ramsay et al., Nature Genetics, 2013).
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Towards the gene therapy of fanconi anemia with lentiviral
vectors

J.A. Bueren
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Centro de Investigacion en Red de Enfermedades Raras (CIEMAT/
CIBERER), Madrid, Spain

Fanconi anemia (FA) is a complex genetic disease associated
with congenital abnormalities, bone marrow failure (BMF) and
cancer predisposition. Allogeneic transplantation constitutes the
preferential treatment of the BMF that takes place in most FA
patients. We have recently proposed a gene therapy approach of
FA-A patients with lentiviral vectors. In a first step, a therapeutic
lentiviral vector expressing FANCA under the regulation of the
PGK promoter was generated (PGK-FANCA-WPre* LV). The
short incubation (<36 h) of purified CD34™ cells from FA-A pa-
tients with a pre-GMP FA-LV produced by Genethon facilitated
the transduction of 32-85% of these progenitor cells, and effi-
ciently reverted their characteristic hypersensitivity to DNA
cross-linking drugs. To test the safety of this vector, Lin" BMCs
from Fanca” mice were transduced overnight with the FA-LV
and transplanted into irradiated Fanca” recipients. Insertion site
analyses showed a safe and policlonal pattern of hematopoietic
repopulation both in primary and secondary recipients, consis-
tent with the absence of any myelodisplasia or leukemia pro-
duced by insertional oncogenesis. To facilitate the collection of a
significant number of CD34 ™ cells in the clinical trial, FA patients
will be treated both with G-SCF and with an antagonist of the
CXCR4 receptor, plerixafor. Mobilized CD34* cells will then be
cryopreserved until the development of the BMF in the patient, or
directly transduced and re-infused in FA patients with BMF
signs. A European Consortium (EUROFANCOLEN) has been
recently created to demonstrate the safety and the efficacy of the
proposed gene therapy approach in FA-A patients.
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Approaches to the study of reprogramming-induced
genomic instability in Fanconi anemia (FA) cells and the role
of the FA pathway in early hematopoietic commitment

S. Guda, A. Devine, A. Schambach, T. Moritz,
T. Schlaeger and D. Williams

Boston Children’s Hospital and Dana-Farber Cancer Institute,
Harvard Medical School and Harvard Stem Cell Institute, Boston,
MA, Us

Fanconi anemia (FA) is a recessive syndrome characterized by
progressive fatal BM failure and chromosomal instability. FA
cells have inactivating mutations in a signaling pathway that is
critical for maintaining genomic integrity and protecting cells from
the DNA damage caused by cross-linking agents. Our previous
studies have demonstrated that somatic cell reprogramming leads
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to activation of the FA pathway, increased DNA double-strand
breaks, and senescence of resulting induced pluripotent stem cells
(iPS). We also demonstrate that defects in the FA DNA-repair
pathway decrease the reprogramming efficiency of murine and
human primary cells. To determine the extent to which integrating
reprogramming vectors contribute to DNA damage and for the
purpose of developing isogenic (corrected and uncorrected) iPS
lines, we first corrected Fanconi anemia (FA) human fibroblasts by
transducing with a FANCA correction vector containing LoxP
sites and generated iPS lines from these corrected cells with non-
integrating episomes that express reprogramming factors. We
have selected multiple clones by screening for vector integration
by PCR and exogenous FANCA expression by western blot. These
clones were transduced with a non integrating Cre-expressing
vector to delete the correction vector. We are currently analyzing
clones for fidelity of deletion of correcting FANCA vector se-
quences and analysis of chromosomal abnormalities.
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TCR gene editing for thetreatment of hematological
malignancies
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Salute San Raffaele University, Milan, Ttaly; *Sangamo BioSciences
Inc., Richmond, California, USA; 5Hematology Clinical Unit, Division
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The use of Zinc Finger Nucleases (ZFN) designed to perma-
nently disrupt a predefined gene, coupled to lentiviral-mediated
gene transfer, enables the precise substitution of a biological
function in primary cells. We exploited this technology to com-
pletely and permanently redirect T cell specificities toward tumor
antigens through editing of the TCR in primary human T cells.
This approach is based on the transient transfer of ZFNs designed
to target the constant regions of the endogenous TCR « and/or 8
chain genes, followed by the lentiviral-mediated transfer of a
tumor-specific TCR. By disrupting a single TCR chain gene (TCR
single editing), we completely eliminate the entire endogenous
TCR repertoire, thus allowing maximal expression of the tumor-
specific TCR. The elimination of the endogenous repertoire is
particularly relevant in the allogeneic setting where unmodified
T cells would be expected to mediate GvHD. Furthermore, by
disrupting both the « and f TCR chain genes (TCR complete
editing), we completely and permanently eliminate the risk of
TCR mispairing (Provasi et al., Nat. Med. 2012). Here, using a
tumor-specific TCR targeting NY-ESO-1, a cancer-testis antigen
expressed by solid tumors and hematological malignancies, we
observed that both single and complete edited T cells express
higher levels of the NY-ESO-1 specific TCR than unedited T cells.
Single and complete edited T cells were also more efficient than
unedited-TCR transferred T cells in killing NY-ESO-1-pulsed cell
lines and NY-ESO-1 /HLA-A2 myeloma cell lines. Importantly,
the TCR edited cells displayed no activity against non-NY-ESO-1
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expressing targets. These data suggest that the combination of
TCR editing and lentiviral gene transfer of NY-ESO-1 specific
TCRs may generate a superior targeted cellular immunotherapy
with the potential to be deployed in the allogeneic setting.

Inv067
Progress in gene therapy clinical trials

M. Cavazzana

Inv068
Gene therapy for primary immunodeficiencies
A.J Thrasher

University College London

At the start of the 1990s, the first clinical trials of gene therapy
were attempted for an inherited severe combined immunodefi-
ciency (SCID) caused by deficiency of the intracellular enzyme,
adenosine deaminase. In the absence of definitive treatment, SCID
of any molecular type is usually fatal within the first year of life,
although patients with ADA deficiency can be supported by ad-
ministration of exogenous enzyme replacement. Even so, this is
often only partially effective, and is extremely expensive. The ra-
tionale for the development of gene therapy for SCID therefore
derives from the severity of the illness, the inadequacy of con-
ventional therapy, and the considerable morbidity and mortality
associated with stem-cell transplantation, particularly from a
mismatched donor. Over the last decade gene transfer technology
and cell handling protocols have been refined sufficiently to pro-
duce real clinical benefit not only in SCID but also in other im-
munodeficiencies including Wiskott-Aldrich Syndrome and
Chronic Granulomatous Disease. Bearing in mind the outcome
and adverse effects of conventional therapy, these are remarkable
results and the first clear indication that gene therapy can offer a
cure for some human diseases. In a few patients, the treatment has
failed, indicating that there is more to learn about the effective
dose of corrected cells and the potential for host factors to influ-
ence immune cell development. Although retroviruses are highly
effective for gene transfer to haematopoietic cells, their depen-
dence on chromosomal integration brings with it, the risk of in-
advertent gene activation or inactivation. Having initially
achieved successful immunological reconstitution, several patients
treated using LTR-intact gammaretroviral vectors have developed
malignant disease. Recent modifications to vector design includ-
ing use of SIN-configurations of both gammaretroviral and lenti-
viral vectors, and more physiological regulatory elements are now
in clinical trials for a number of PIDs. Although follow up is rel-
atively short, these studies and trials are showing excellent effi-
cacy, without toxicity or evidence for clonal outgrowth to date.
The latest results from some of these trials will be discussed.
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Phase I/II clinical trial of HSC gene therapy for the treatment
of metachromatic leukodystrophy

A. Biffi
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Hematopoietic stem cell gene therapy with lentiviral vector
in 4 patients with cerebral X-linked adrenoleukodystrophy:
long-term outcome and comparison of efficacy with allogeneic
hematopoietic stem cell transplantation
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The most severe form of X-linked adrenoleukodystrophy (ALD)
is characterized by rapidly progressive and lethal cerebral demy-
elination in childhood. The progression of cerebral demyelination
of ALD can be arrested by allogeneic hematopoietic stem cell (HSC)
transplantation (HCT), provided the procedure is performed at an
early stage of the disease. The long term beneficial effects of HCT in
ALD are likely due to the progressive replacement of brain mi-
croglia that are derived from early myeloid progenitors or HSCs.
Despite the increased availability of cord blood, not all boys with
cerebral ALD who are candidate for allogeneic HCT have a suitable
HLA-matched donor. In addition, allogeneic HCT remains asso-
ciated with significant mortality and morbidity risks. Herein we
report the long-term efficacy of HSC gene therapy with lentiviral
vectors in 4 boys with cerebral ALD. Clinical efficacy as well as
serious adverse events of gene therapy will be compared to that
observed in a serie of 33 ALD boys with cerebral ALD who had
been transplanted since 2000 with the same inclusion criteria as for
the the 4 ALD boys treated with gene therapy. Data on hemato-
poiesis clonality and gene marking in long-term will be presented.

Inv072
Gene therapy for thalassemia: the challenge of a new cure
G. Ferrari

San Raffaele-Telethon Institute for Gene Therapy (TIGET), San
Raffaele Scientific Institute and “Vita-Salute” San Raffaele University
Medical School, Milan, Italy

Beta-thalassemia is a severe congenital anemia caused by re-
duced or absent beta-globin chain production of the adult hemo-
globin tetramer. More than 300 mutations leading to the disease
have been described, affecting all the steps related to the expression
of the f-globin gene. It represents the most common autosomal
recessive syndrome to cause a major health problem worldwide
with an estimated annual birth incidence of 40.000/year. Profound
anemia, rapid expansion of erythroid bone marrow mass and
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secondary organ damage due to iron overload are the most fre-
quent clinical manifestation of the severe form of beta-thalassemia
major. Treatment of beta-thalassemia is essentially supportive.
Patients require a lifelong transfusion regimen combined with iron
chelation therapy to reduce hemosiderosis that is ultimately fatal, if
not continuously treated. At present, the only curative approach is
represented by allogeneic hematopoietic stem cell transplantation
(HSCT), however this is limited by HLA compatibility and toxicity,
due to graft versus host disease, graft rejection and immunosup-
pressive regimens required. Medical management and HSCT are
both therapeutic options that could improve the quality of life and
survival of thalassemic patients. Nevertheless, they are both bur-
dened by complications and limitations, outlining the need for
testing innovative curative approaches. For these reasons, beta-
thalassemia has been the first candidate disease for treatment by
gene therapy. However, only the development of lentiviral vectors
(LV) and the optimization of hematopoietic stem/progenitor cells
(HSPC) transduction have progressed in pioneering the treatment
on the first patient in France, who will benefit from the production
of hemoglobin, partially contributed by the vector. Our studies are
aimed to the clinical development of an innovative and safe gene
therapy approach, relying on high-titer globin vectors, new sources
of HSPCs and a transplantation regimen favouring efficient en-
graftment of genetically modified cells in the absence of toxicity.
Our major contributions to the field, from development and pro-
duction of beta-globin vectors to disease correction and proof of
safety in preclinical models, will be presented. Recently, results
from the molecular and functional characterization of a new source
of mobilized HSPCs, which are efficiently transduced by globin
LV, shows that these cells are endowed with a primitive phenotype
and very high in vivo reconstitution potential, representing the
optimal target for gene transfer. Overall, these results provide the
fundamental basis to the proposal of our clinical trial for beta-
thalassemia.
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Advanced therapies for the treatment of erythroid metabolic
diseases: The pyruvate kinase deficiency
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Pyruvate Kinase Deficiency (PKD) is a monogenic metabolic
disease caused by mutations in the PKLR gene that impairs
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energetic balance in erythrocytes causing hemolytic anemia in a
very variable range and can be even fatal during neonatal period.
PKD recessive inheritance trait and its curative treatment by allo-
geneic bone marrow transplantation, provide an ideal scenario for
developing gene therapy approaches. With this aim, we have de-
signed a preclinical protocol based on hematopoietic stem cell
(HSC) genetic modification and transplantation into PKD mice. The
therapeutic lentiviral vector developed included the hPGK eu-
karyotic promoter driving the expression of the PKLR c¢DNA,
achieving clinically relevant levels of the protein and an efficient
and safe correction of PKD phenotype. Although successful addi-
tion gene therapy trials are currently being applied in the clinics,
ideal gene therapy will be based on gene correction strategies based
on homologous recombination (HR). Induced pluripotent stem
cells (hiPSC) were first generated from peripheral blood mononu-
clear cells (PB-MNC) of PKD patients (PKDiPSCs) using Sendai
vectors. Thereafter, the genetic defect of these cells was corrected by
TALENTM mediated HR in the PKLR locus. As deduced from the
normal erythroid maturation profile of corrected PKDiPSCs, the
compromised erythroid differentiation of these cells was restored.
All together we have developed advanced tools for the gene cor-
rection of PKD that could be used in the near future either for
addition gene therapy or in the long term for site specific gene
therapy, serving as model for other erythroid metabolic diseases.

Inv074
Gene therapy for sickle cell disease
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Sickle cell disease (SCD) is the first human disease to be defined
at the molecular level. The canonical E6V mutation in the beta-
globin chain of adult hemoglobin leads to polymerization of the
HbS under low oxygen conditions, causing RBC deformation and
rigidity; the clinical complications that result include severe vaso-
occlusive episodes and hemolytic anemia, with chronic progres-
sive organ damage. SCD can be improved by transplantation of
normal hematopoietic stem cells (HSC) from a well-matched
donor, but most patients do not have a suitable donor. Trans-
plantation of autologous HSC that have been gene-engineered to
prevent sickling of the RBC they produce could provide similar
clinical benefits to a wider range of patients, without the immu-
nological complications of allogeneic HSC transplantation. Under
a CIRM Disease Team Award (DR1-01452), we have performed
pre-clinical studies on the activity and safety of a lentiviral vector
with a modified human beta-globin gene (Lent/ BASEB) to
transduce HSC from SCD patients and prevent RBC sickling.
These studies demonstrate sufficient gene transfer and expression
of the "% -globin gene to prevent sickling in RBC produced
in vitro from CD34+ cells from the bone marrow of SCD donors. A
clinical trial is planned to evaluate the safety and efficacy of this
approach. An alternative approach involves direct correction of
the E6V f°-globin mutation in HSC by site-directed gene modifi-
cation. We have used zinc finger nucleases targeted to the region
of the sickle mutation to augment homologous recombination-
mediated gene repair. Using electroporation of in vitro transcribed
mRNA encoding the ZEN pair and co-delivery of corrective donor
constructs by either integration-defective lentiviral vectors or as an
oligonucleotide, we can routinely specifically reverse the sickle

INVITED SPEAKERS

mutation in 5-10% of primary human bone marrow CD34+ cells.
Scale-up studies are underway to translate this approach to the
clinic. These new methods of gene addition and gene correction
may provide novel, safe and effective approaches to treating SCD
by autologous stem cell gene therapy.
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VEGEF gene therapy in ischemic myocardium
Seppo Yla-Herttuala
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Therapeutic angiogenesis is a potentially useful treatment
strategy for ischemic heart disease and peripheral arterial occlu-
sive disease. Arteriogenesis is a process caused by increased sheer
stress at the arteriolar level resulting in the formation of large
conduit vessels from preexisting small vessels. Angiogenesis in-
volves growth and sprouting of capillaries and smaller vessels in
ischemic tissues. Most commonly used growth factors for thera-
peutic angiogenesis are vascular endothelial growth factors
(VEGF) and fibroblast growth factors (FGF). Some other cytokines
and growth factors may also have angiogenic effects in vivo. Im-
proved perfusion can be achieved by angiogenesis and arter-
iogenesis. However, best delivery methods and growth factors
causing potentially useful effects in man remain to be determined.
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Myocardial infarction is the leading cause of death worldwide.
Since classical therapies produce more palliative than regenera-
tive effects, extensive research has been performed to find an
effective cure. New therapies, like growth factor and cell thera-
pies, are arousing great interest. However, the clinical trials
performed until now have demonstrated that although they are
promising, their efficiency is limited due to some drawbacks,
such as protein short half-life or low cell survival rate. With a
view to reducing or eliminating their limitations, the interest in
combining these therapies with drug delivery systems (DDS) has
increased over the last few decades. The development of new
materials have facilitated a number of studies over the last ten
years using DDS in animal models of myocardial infarction
suggesting that some of the current limitations may be overcome.
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In my presentation I will review some of the current results we
have obtained using PLGA particles loaded with different
growth factors in small and large animal models of myocardial
infarction in order to assess the possible benefits produced by the
combination of DDS with protein and/or cell therapies in re-
generation after myocardial infarction.
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Adult cardiac stem cells in mammalian heart homeostasis
and repair are defined by Bmil expression
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The mammalian adult heart has a limited capacity to respond
to acute damage, but accumulated evidence nonetheless indi-
cates a continuous low-rate turnover throughout life. This turn-
over is thought to reflect mainly the activity of a reservoir of
cardiac stem cells (CSCs), although recently, it has been also
proposed the contribution of adult cardiomyocytes to adult heart
homeostasis in mouse. One of the main gaps in CSCs field has
been the absence of conclusive lineage tracing analyses that
would define the localization and evolution of adult CSCs and
trace their progeny. The Polycomb member Bmil has been es-
tablished as a key transcription factor to identify and define adult
stem cell compartments in some tissues, being a master regulator
of the self-renewal of hematopoietic and neural systems, among
others. Therefore, we have developed, for the first time, a lineage
tracing strategy taking advantage of the BmillresCreER/
Rosa26YFP mice model. The adult mouse heart contains a resi-
dent stem cell population associated by the expression of Bmil
(B-CSCs). B-CSCs constitute a subpopulation of the Sca-1+ frac-
tion and are negative for the expression of the hematopoietic
marker CD45 and c-Kit. The study of the whole transcriptome of
B-CSCs revealed the expression of multipotent genes such as Oct-
4, CD133 and Suzl2 as well as transcripts related to the three
lineages of the heart, supporting their tripotency. In vivo, B-CSCs
are detected at low levels, localized in cramped cell structures
(niche-like) spread throughout the heart. We have also traced
them in homeostasis and demonstrated that B-CSCs contribute to
the formation of new cardiomyocytes (YFP+), whose proportion
increases along lifespan (2% at two months after the tamoxifen
induction and up to 10% after two years). Furthermore, B-CSCs
activate after an experimental myocardial infarction and respond
to injury contributing to the creation of the novo cardiomyocytes
rising up to 21% four months after the infarction. The new cardi-
omyocytes are fully differentiated; they beat and exhibit the same
calcium transient profile that the YFP- cardiomyocytes. In con-
clusion, B-CSC cells represent an undifferentiated resident sub-
population capable to contribute to the main heart cellular
lineages, in vitro and in vivo. B-CSCs also respond to an acute
injury, and their progeny contribute to the repair tissue. All these
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features make B-CSCs a strong candidate to contain the stem
reservoir in the adult heart.
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GDNF-based cell therapy in Parkinson’s Disease
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The Glial cell line-Derived Neurotrophic Factor (GDNF) exerts
a powerful neuroprotective effect on dopaminergic (DA) nigros-
triatal neurons both in vitro and in vivo. We have investigated
whether intrastriatal grafting of GDNF-producing cells has bene-
ficial effects on preclinical and clinical models of Parkinson’s dis-
ease (PD). We used cells from the carotid body (CB), a bilateral
arterial chemoreceptor located in the bifurcation of the carotid
artery, which contains cells that are highly dopaminergic and se-
crete large amounts of GDNF. Intrastriatal transplantation of CB
tissue had clear beneficial effects on rodent and monkey models of
PD. Autotransplantation of CB cell aggregates has also proved to
be a safe and efficacious procedure in PD patients, although it
showed large variability among the cases studied. As the amount
of GDNF-producing cells provided by a single CB is probably too
small, we have explored the possibility of expanding the CB tissue
in vitro prior transplantation. We have identified a population of
adult neural crest-derived stem cells in the rodent CB that sustains
the growth of this organ during acclimatization to chronic hyp-
oxia. In floating cultures, CB stem cells can form clonal colonies
consisting of a core of neural progenitors and peripheral blebs of
differentiated dopamine- and GDNF-producing neuron-like glo-
mus cells. Intrastriatal grafting of CB-derived neurospheres in-
duces amelioration of parkinsonian rodents. CB cells from human
donors have the same physiological and neurochemical properties
as CB from rodents. The potential therapeutic use of human CB-
derived neurospheres is currently under evaluation.
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Intra cerebral administration of AAVrh.10 carrying human
SGSH and SUMF1 cDNAs in children with MPSIIIA disease:
result of a phase I/II trial
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Mucopolysaccharidosis type IIIA is a severe degenerative
disease due to an autosomal recessive genetic defect in the gene
coding for the lysosomal N-sulfoglycosamine sulfohydrolase
(SGSH) whose catalytic site is activated by a sulfatase modifying
factor (SUMF1). Four children (patient 1-3 close to 6 years of age,
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patient 4 was 2ye8m) received intra-cerebral injection of an AAV-
2/1h.10-SGSH-IRES-SUMF1 vector in a phase I/1I clinical trial.
All children were ambulatory but had already decreased cogni-
tive abilities (marked in P1-3, moderate in P4) and for P1-3, brain
atrophy detectable on MRIs. The therapeutic vector was deliv-
ered ata dose of 7.2 x 10" viral genomes/patient in 12 preplaned
simultaneous frameless stereotaxic deposits (60ul) in 2 hours,
bilaterally within white matter anterior, medial and posterior to
basal ganglia. In order to prevent elimination of transduced cells,
an immunosuppressive treatment (Mycophenolate mofetil, Ta-
crolimus) was initiated 15 days before surgery and maintained
either 8 weeks (Mycophenolate-mofetil) or throughout the
follow-up (Tacrolimus, with progressive dose reduction). Safety
data collected from inclusion, during the neurosurgery period
and over the year of follow-up showed a good tolerance, a lack of
adverse events related to AAV vector, no increase of infectious
events and no biological sign of toxicity related to immunosup-
pressive drugs. Efficacy analysis can only be preliminary in a
Phase I/1I trial on 4 children and in absence of validated surro-
gate markers. However, neuropsychological evaluation sug-
gested a possible improvement of behaviour, attention and sleep
in P1-3 who showed cognitive decline before treatment. Neuro-
cognitive benefit (motricity, language) was more likely present in
the youngest patient.
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Reduction sensitive nanogels from side chain functional
polyglycidols as non-viral transfection systems
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Designing gold nanoparticles for in vivo gene silencing as a
new therapeutic tool
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Small interfering-RNAs (siRNA) show significant potential in
new molecular approaches to down-regulate gene expression in
cancerous cells. However, there are still significant obstacles to be
overcome such as its short half-lives and degradation by RNases.
We have developed effective conjugation strategies to combine
biomolecules to the surface of AuNPs with specific functions such
as cell penetrating peptides to overcome the cellular membrane
barrier, quaternary ammonium to introduce stable positively
charged in AuNPs surface, tumoral markers and siRNA comple-
mentary to a master regulator gene, the proto-oncogene c-Myc.
Two approaches were designed for the binding of all these mol-
ecules to the nanoparticles, the use of a thiolated siRNA for
binding covalently to the surface of the nanoparticles; and by ionic
interactions incorporation positive charge to the nanoparticles.
These library of novel gold nanoparticles have been tested using a
hierarchical approach including three biologcial systems of in-
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creasing complexity: in vitro cultured human cells, in vivo inver-
tebrate (freshwater polyp, Hydra) and in vivo vertebrate (mouse)
model. Selection of the most active functionalities was assisted
step by step through functional testing adopting this hierarchical
strategy. Merging these chemical and biological approaches lead
to a siRNA/RGD gold nanoparticle capable of targeting tumor
cells in lung cancer xenograft mouse model, resulting in successful
and significant c-myc oncogene downregulation followed by tu-
mor growth inhibition and prolonged survival of the animals.

This work has been funded by ERANET project NANO-
TRUCK.
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Advanced technologies for engineering functional cardiac
tissues

T. Dvir
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The heart is a non-regenerating organ. Consequently, the loss of
cardiac cells and formation of scar tissue after extensive myocar-
dial infarction frequently leads to congestive heart failure. Given
the scarcity of cardiac donors, a potential approach to treat the
infarcted heart is to repopulate the ‘dead zone” with cells capable
of spontaneous contraction. Cellular therapy evolved to introduce
cells into diseased areas and regain function. However, two main
drawbacks of this approach are the lack of control of cell accu-
mulation site after injection, and cell death before forming cell-cell
or cell-matrix interactions. These shortfalls motivated the devel-
opment of the tissue engineering concept, where 3-dimensional
(3D) biomaterials serve as extracellular matrix-like scaffolds to the
cells, enabling the cells to assemble into effective tissue substitutes,
that may restore tissue or organ function. After transplantation the
scaffolds either degrade or metabolize, eventually leaving a vital
tissue instead of the defected tissue. In this talk I will describe
cutting-edge technologies for engineering functional cardiac tis-
sues, focusing on synthetic and natural biomaterials and the use of
inorganic nanostructures for improving tissue function. In addi-
tion, I will present our engineered cyborg tissues, involving fusion
of digital world with biomaterials and cells for controlling and
monitoring the performances of engineered tissues.
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Engineered T cells for cancer therapy
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Pennsylvania, Philadelphia, USA

Adoptive T cell transfer for cancer and chronic infection is an
emerging field that shows promise in recent trials. Synthetic-
biology-based engineering of T lymphocytes to express high-
affinity antigen receptors can overcome immune tolerance,
which has been a major limitation of immunotherapy-based
strategies. Advances in cell engineering and culture approaches
to enable efficient gene transfer and ex vivo cell expansion have
facilitated broader evaluation of this technology, moving adop-
tive transfer from a “boutique” application to the cusp of a
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mainstream technology. Recent observations from ongoing clin-
ical trials in patients with leukemia and carcinomas will be dis-
cussed. As the field of adoptive transfer technology matures, the
major engineering challenge is the development of automated
cell culture systems, so that the approach can extend beyond
specialized academic centers and become widely available.
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Of CARs and TRUCKSs: Chimeric antigen receptor (CAR)
redirected T cells with inducible IL-12

M. Chmielewski, A.A. Hombach and H. Abken
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Adoptive therapy with antigen-specific T cells is achieving
impressive efficacy in early phase trials, in particular in hemato-
logic malignancies, strongly supporting the notion that the im-
mune system can control cancer. A current strategy of favor is
based on ex vivo engineered T cells which are redirected by a
chimeric antigen receptor (CAR) and recognize target cells in a
pre-defined fashion by an antibody-derived binding domain. Such
CAR T cells can substantially reduce the tumor burden as long as
the targeted antigen is present on the cancer cells, however the loss
of MHC or immunogenic antigens make them invisible to cyto-
toxic T cells and may contribute to deadly tumor relapses. We
present an effective cell-based strategy to attack antigen-loss can-
cer cell variants by combining antigen-directed T cell therapy with
the inducible release of a cytokine. Cytotoxic T cells were en-
gineered to release inducible IL-12 upon CAR engagement in the
targeted tumor lesion, which in turn attracts an innate immune cell
response towards those cancer cells that are invisible to CAR T
cells. Such TRUCKSs, T cells redirected for universal cytokine-
mediated killing, exhibited remarkable efficacy against solid
tumors with diverse cancer cell phenotypes. CAR IL-12 T cells
produced accumulation of activated macrophages in the targeted
lesion that was critical to the anti-tumor response. Inducible cy-
tokine supplementation by CAR redirected T cells allows to target
otherwise inaccessible tumor lesions, in a manner associated with
reduced systemic cytokine toxicity, by recruiting and activating
innate immune cells for a pro-inflammatory response.
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Adoptive immunotherapy with CAR-modified T cells
G. Dotti

Baylor College of Medicine, Houston, Texas, USA

Chimeric antigen receptors (CARs) combine the antigen
binding property of monoclonal antibodies with the cytolytic
capacity of T-lymphocytes. There has been interest in generating
T cells expressing CARs targeting antigens expressed in a broad
array of hematological malignancies and solid tumors. Anti-
tumor activity of redirected T cells both in vitro and in vivo are
independent of MHC restriction and can be increased by co-
expression of different costimulatory molecules within the CAR
or by expressing CARs on T cells with a well defined antigen
specificity, such as Epstein-Barr specific cytotoxic T cells (CTLs)
or CMV-specific CTLs. Dr Dotti will report some of the preclin-
ical and clinical results of CAR-based T cell therapies currently
ongoing at Baylor College of Medicine.
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A Phase I safety study in subjects with severe hemophilia B
using a single-stranded AAVS vector to deliver the gene for
factor IX
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J. Wellman, A. Lange, V. Arruda, X. Anguela, F. Wright,
B. Hauck, E. Basner-Tschkarajan
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Previous work has shown the safety and efficacy of infusion of
an AAVS vector carrying a self-complementary construct en-
coding human Factor IX in men with severe hemophilia B, with
long-term expression of Factor IX levels in the range of 5%, suf-
ficient to convert severe hemophilia to mild disease. We wish to
determine whether the self-complementary conformation is
critical to the success of the approach, or whether a single-
stranded construct could also drive long-term expression at
therapeutic levels. The rationale for this study is that production
of single-stranded AAV (ssAAV) vectors in our manufacturing
process is more efficient, with yields typically 2—4 times higher
than similar self-complementary constructs. In addition, Martino
and colleagues (Blood 2011) have presented evidence in mouse
models that self-complementary constructs increase TLR-9-
dependent innate immune responses in the liver compared to
ssAAV. We constructed a single-stranded codon-optimized
Factor IX construct under the control of a liver-specific promoter,
and produced vector in an AAV8 capsid. Direct comparison of
this vector to a self-complementary F.IX-encoding vector in an
AAVS capsid in mice suggested similar levels of efficacy in this
species. Based on studies in mice and non-human primates
(Mingozzi et al., Science Translational Medicine 2013), we also
added empty capsids in a defined ratio to the final formulation of
the clinical grade vector, to act as decoys to adsorb circulating
antibodies to AAV. We screened subjects with severe hemophilia
B and identified two subjects with low-titer antibodies to AAVS.
After informed consent, infusion of AAV8-ssFIX at a dose of
1x10" vg/kg occurred uneventfully. Kinetics of gene expres-
sion and immune responses will be discussed.
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We have previously reported the preliminary safety and effi-
cacy data of our novel gene transfer approach in six subjects with
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severe haemophilia B (Nathwani et al, NEJM 365:2357-65, 2011). In
brief, this entailed peripheral vein infusion of a serotype-8 pseu-
dotyped self-complementary adeno-associated viral (scAAV)
vector expressing a codon-optimised coagulation factor IX (FIX)
transgene (scAAV2/8-LP1-hFIXco) at one of three vector doses:
2x10" (low); 6x10™ (intermediate) and 2x10' (high) vector
genomes (vg)/kg. A dose dependent increase in AAV-mediated
expression of FIX at 1-6% of normal was observed in these indi-
viduals over an initial follow-up of between 6-14 months. Ex-
tended follow-up of these individuals shows that FIX levels have
remained stable in each of the initial participants over a period
which is now greater than 2% years following vector infusion. In
the subsequent phase of this study, we recruited 4 additional se-
vere haemophilia B subjects to the high dose cohort in order to
better understand the safety and efficacy profile of scAAV2/8-
LP1-hFIXco. As before, scAAV2/8-LP1-hFIXco was administered
without upfront immunosuppression at the time of vector ad-
ministration. The infusion of vector was well tolerated with no
acute toxicity. Peak FIX activity in all four participants was >5%,
which is in keeping with what was observed in two subjects
previously recruited at this dose level. The mean steady state level
for the entire high dose cohort (N =6) is 5% of normal levels, which
is sufficient to convert the bleeding phenotype from severe to mild.
Consistent with this, 5/6 subjects treated at the high dose level
have not reported spontaneous bleeding episodes despite not
being on regular FIX prophylaxis. Transient asymptomatic in-
crease in alanine transaminase over baseline values was observed
in two of the four subjects recruited, occurring during weeks 7-9
post infusion. The transaminitis resolved promptly and com-
pletely in both cases in response to a short course of oral pred-
nisolone while FIX expression was maintained. Thus, these results
demonstrate that FIX expression is stably maintained at thera-
peutic levels for at least 2.5 years following AAV-mediated gene
transfer to the liver. Inmune-mediated destruction of transduced
hepatocytes appears to have occurred between 7-9 weeks after
gene transfer in approximately two-thirds of the patients recruited
at the high dose but was controlled with transient immunosup-
pressive treatment with oral prednisolone. These data are highly
encouraging and suggest that AAV mediated gene transfer has the
potential to change a severe bleeding phenotype of haemophilia B
into a milder form for a prolonged period of time.
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The advancement in gene transfer technologies has greatly
benefited the field of gene therapy of hemophilia. The main
challenges associated with the development of an effective and
safe gene therapy for hemophilia relates to (i) obtaining high and
sustained clotting factor expression and (ii) minimizing immune
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responses to the clotting factors and/or the gene-modified cells.
To improve FVIII and FIX expression for liver-directed gene
therapy, we validated a data-mining algorithm that led to the
identification of combinations of regulatory elements, associated
with high tissue-specific expression. Incorporation of these
de novo designed, synthetic regulatory elements in viral and non-
viral vectors enhanced FVIII and FIX expression at the tran-
scriptional level in liver. Moreover, vector performance could be
further enhanced by using synthetic codon-optimized and/or
hyperactive transgenes that outperformed their wild-type coun-
terparts. This was validated in normal or hemophilic mouse
models using AAV, integration-competent LV, integration-
defective LV and hyperactive transposons. The hepatocyte-
restricted expression contributed to the induction of immune tol-
erance against the wild-type or hyperactive clotting factors. We
extended some of these studies in rhesus monkeys and showed that
therapeutic human FIX levels (up to 30%) could be obtained with
no adverse side effects. One of the main limitations of using AAV-
based vectors is that they can evoke an AAV capsid-specific, T cell-
mediated immune response that eliminate transduced hepatocytes
and curtail gene expression. To reduce the risk of T cell-mediated
immune rejection of AAV-transduced cells, we have now gener-
ated and characterized a novel “immune stealth” AAV that was
specifically designed to inhibit antigen presentation. We demon-
strated that T-cell activation and T-cell mediated recognition of
liver cells transduced with the AAV2 “immune stealth” vector was
substantially reduced, while preserving transduction efficiency
in vivo. This novel AAV platform may have broad implications for
AAV-based gene therapy in general beyond hemophilia per se.

Supported by grants from FWO, EHA, Bayer, INT, VUB GOA,
STK, EU FP6 INTHER, EU FP6 CLINIGENE, EU FP7 PERSIST.
We want to thank all our collaborators and team.
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Mesenchymal stem cells (MSC) are used for human cellular
therapies. Local infusion is unsatisfactory in systemic diseases
and intravenous administration fails because few cells reach the
target organ due to poor homing capacity. Osteoporosis is a
major cause of morbidity and mortality. MSC can differentiate
into osteoblasts and, therefore, could positively alter the equi-
librium of bone formation/destruction.

We hypothesized that adding a fucose residue in «1-3 position
of the MSC CD44 antigen using fucosyltransferase VI would
yield HCELL, a potent E-selectin ligand that programs homing to
bone marrow, thus driving osteotropism of intravenously in-
fused MSC. We assessed the safety and efficacy of human fuco-
sylated MSC (fMSC) in NOD/SCID mice, comparing 3 groups of
21, 6, and 4 mice receiving 1x 10° fMSC, 1x10° MSC, or saline
intravenously. Acute and chronic toxicities were evaluated by
clinical and histological examination. Efficacy was assessed by
immunohistochemistry using anti-human osteocalcin in sections
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of calvarium and femur. There was no deaths or acute toxicity.
One mouse in the saline arm had mild chronic toxicity (piloer-
ection, hunched hair, moderate behavior changes and partial
alopecia). The histology of heart, liver, kidney, spleen, gonads,
brain and bone marrow was normal. There were localized areas
of inflammation in the lung of 41%, 17% and 25% of fMSC, MSC,
and saline groups respectively (p=0,44). Osteocalcin-positive
osteoblasts were observed in femur and calvaria of all mice in-
fused with fMSC, in 3 of 6 infused with MSC, and none in the
saline group (p =0,004). The fMSC were detected inside the bone
from the 2nd to the 12th week post-infusion. Our results show
that the systemic infusion of human fMSC is safe and effective in
guiding the cells to bone with the potential to increase bone de-
position. These results form the basis for an ongoing human
clinical trial of fMSC in patients with osteoporosis.
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Engineering of hydrogel-based bioinks for the fabrication of
cell-laden 3D constructs
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With advances in tissue engineering, the possibility of re-
generating injured tissue or failing organs has become a realistic
prospect for the first time in medical history. Tissue engineering —
the combination of bioactive materials with cells to generate en-
gineered constructs that functionally replace lost tissue — is a major
strategy to achieve this goal. One facet of tissue engineering is
biofabrication, where three-dimensional tissue-like structures
composed of materials and cells in a single manufacturing proce-
dure are generated. Cell-laden hydrogels are commonly used in
biofabrication and are termed “bioinks”. Hydrogels are particu-
larly attractive for biofabrication as they recapitulate several
features of the natural extracellular matrix and allow cell encap-
sulation in a highly hydrated mechanically supportive three-
dimensional environment. Additionally, they allow for efficient
and homogeneous cell seeding, can provide biologically-relevant
chemical and physical signals and can be formed in various shapes
and biomechanical characteristics. However, while advances in
modifying hydrogels for enhanced bioactivation, cell survival and
tissue formation, little attention has so far been paid to optimize
hydrogels for the physico-chemical demands of the biofabrication
process. The resulting lack of hydrogel bioinks have been identi-
fied as one major hurdle for a more rapid progress of the field. The
successful development of a “printable” hydrogel that support cell
adhesion, migration and differentiation will significantly advance
this exciting and promising approach for tissue regeneration.
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Bone regeneration based on tissue engineering conceptions —
A 21st century perspective

D. Hutmacher
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The role of bone tissue engineering in the field of regenerative
medicine has been the topic of substantial research over the past
two decades. Technological advances have improved orthopaedic
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implants and surgical techniques for bone reconstruction. How-
ever, improvements in surgical techniques to reconstruct bone
have been limited by the paucity of autologous materials available
and donor site morbidity. Recent advances in the development of
biomaterials have provided attractive alternatives to bone grafting
expanding the surgical options for restoring the form and function
of injured bone. Specifically, novel bioactive (second generation)
biomaterials have been developed that are characterised by con-
trolled action and reaction to the host tissue environment, whilst
exhibiting controlled chemical breakdown and resorption with an
ultimate replacement by regenerating tissue. Future generations of
biomaterials (third generation) are designed to be not only osteo-
conductive but also osteoinductive, i.e. to stimulate regeneration
of host tissues by combining tissue engineering and in situ tissue
regeneration methods with a focus on novel applications. These
techniques will lead to novel possibilities for tissue regeneration
and repair. At present, tissue engineered constructs that may find
future use as bone grafts for complex skeletal defects, whether
from post-traumatic, degenerative, neoplastic or congenital/
developmental “origin” require osseous reconstruction to ensure
structural and functional integrity. Engineering functional bone
using combinations of cells, scaffolds and bioactive factors is a
promising strategy and a particular feature for future develop-
ment in the area of hybrid materials which are able to exhibit
suitable biomimetic and mechanical properties. This review will
discuss the state of the art in this field and what we can expect
from future generations of bone regeneration concepts.
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Genome editing with zinc finger nucleases
M.C. Holmes

Sangamo BioSciences, Inc., Richmond, CA, USA

The ability to engineer the precise genetic modifications of
human primary cells would both accelerate research and extend
the range of their potential therapeutic application. This possibility
is now being realized via the use of zinc finger nucleases (ZFNs).
ZFNs are customizable, sequence-specific endonucleases that can
be designed to introduce a discrete cleavage event at any user-
chosen location within the genome. By adjusting conditions under
which the cleavage event is subsequently repaired, one may effi-
ciently and precisely disrupt or edit the targeted locus, or integrate
a larger, gene-sized DNA fragment. This talk will describe our
recent work on developing novel cell-based therapies for treating
HIV, including preclinical proof-of-concept studies towards the
development of autologous, CCR5-disrupted CD34+ hemato-
poietic stem cells as a treatment for HIV. Data from Phase I studies
evaluating infusion of an autologous CCR5-modified T-cell
product (SB-728-T) in HIV-infected subjects will also be presented.
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Targeted Transgene Integration in Human Hematopoietic
Stem Cells and Induced Pluripotent Stem Cells from Normal
Donors and SCID-X1 Patients

A. Lombardo
Telethon Institute for Gene Therapy (TIGET), San Raffaele Scientific
Institute, IRCCS Ospedale San Raffaele, Milan, Italy

Gene targeting by homologous recombination holds great
promise for gene therapy, as it may overcome the risks of
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insertional mutagenesis and uncontrolled transgene expression
associated with the use of conventional gene transfer vectors. The
development of artificial nucleases, such as Zinc Finger Nu-
cleases (ZFNs), has brought the possibility of targeted integration
and gene correction within the reach of gene therapy. We have
previously shown that a ZFN-induced DNA double strand break
at a predetermined site of the genome can trigger homology-
directed repair (HDR), a pathway that can be exploited to insert
new sequences with high efficiency and specificity into the ZFN
target site. Here we extended these studies to correct mutations
in Hematopoietic Stem/Progenitor Cells (HSPC) and induced
Pluripotent Stem Cells (iPSC) from normal donors and X-linked
Severe Combined Immunodeficiency (SCID-X1) patients, re-
spectively. This disease, which is caused by mutations in the
Interleukin-2 Receptor Common Gamma Chain (IL2RG) gene, is
an ideal candidate for ZFN-driven gene editing, as HSPC-based
gene therapy trials performed with randomly integrating vectors
showed clinical benefits but also a high rate of leukemia due to
insertional mutagenesis and uncontrolled transgene expression.
To achieve ZFN-mediated targeted insertion in HSPC, we de-
veloped a combined gene delivery protocol based on integrase-
defective lentiviral vectors to deliver a donor template DNA for
HDR and mRNA nucleofection to drive a short but robust period
of ZFN expression. By using this protocol we inserted a correc-
tive IL2RG ¢cDNA downstream of its own endogenous promoter
with high efficiency and specificity in HSPC. Importantly, gene
edited HSPCs sustained long-term, multilineage repopulation in
transplanted mice, and gave rise to functional lymphoid cells
endowed with selective growth advantage over those carrying
disruptive mutations of the IL2RG gene. In parallel, we have
explored the use of patient-derived iPSC as a potentially unlim-
ited source of gene-corrected HSPC. Using the ZFN technology
we inserted the corrective IL2RG ¢DNA in fibroblasts from
SCID-X1 patients. Since fibroblasts do not express IL2RG, we
included downstream of the corrective cDNA a loxP-flanked
drug-selection cassette, and efficiently reprogrammed the selected
cells to iPSC by using a single-copy, Cre-excisable Lentiviral
Vector (LV) expressing the reprogramming factors. Finally, we
showed that only the gene-corrected SCID-X1 iPSCs were capable
of differentiating into T-lymphocytes in vitro. Overall, these stud-
ies demonstrate the successful application of ZFN-mediated gene
targeting and correction in normal donors and patient-derived
HSPC and iPSC, and provide a path to the development of a more
precise and safer genetic therapy for SCID-X1 and conceivably,
several other diseases.

Inv095
Gene editing
T. Cathomen

Institute for Cell and Gene Therapy & Center for Chronic
Immunodeficiency, University Medical Center Freiburg, Germany

Designer nucleases, such as zinc-finger nucleases (ZFNs) and
transcription activator-like effector nucleases (TALENS), are
powerful tools to edit the human genome in a targeted fashion.
Designer nuclease technology has experienced a remarkable de-
velopment in the last few years with regard to both platforms to
generate these nucleases and ways to apply them in vivo and
ex vivo. As a result, ZFNs and TALENs have been successfully
employed to knockout or correct disease-related genes in a va-
riety of primary human cells, including T cells, hematopoietic
stem cells, and induced pluripotent stem cells (iPSC). In my talk, I
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will provide an overview of ongoing research in my lab, in-
cluding a side-by-side comparison between ZFN and TALEN
technologies as well as our efforts to apply designer nucleases in
iPSC to model and treat chronic immune deficiencies.

Inv096
Protein, cell and gene therapies for rare skin disorders
M. Del Rio

CIEMAT and Department of Bioengineering, Universidad Carlos 111
de Madrid (UC3M), Madrid, Spain

Currently the vast majority of hereditary skin diseases (gen-
odermatosis) have no cure. However, significant efforts are being
made to develop effective therapeutic strategies that include
gene, cell and protein therapies. Evaluating the efficacy and
safety of these new approaches requires clinically relevant
models. Although transgenic mouse models (including knock
out/knock in mice) are valuable tools for understanding the
molecular mechanisms of the disease, they generally are not
faithful substitutes of the human condition in particular in the
case of the skin. In fact, histological differences between murine
and human skin often leads to lack of significant therapeutic
responses in mouse models of skin disease. Thus, humanized
models represent a much more reliable system. Using optimized
bioengineering and grafting methods our group has been able to
model various genodermatoses, including blistering diseases.
Currently, we are also focusing on disorders of epidermal dif-
ferentiation. Based on an strategy of disease deconstruction-
reconstruction we have been able to establish models for
Pachyonychia Congenita (Garcia M., ] Invest Dermatol., 2011,
131 (5): 1053-60), Netherton syndrome (Di et al. Mol Ther. 2011,
19: 408-16) and Lamellar Ichthyosis (Aufenvenne et al., ] Invest
Dermatol. 2012, 132:1918-21). All these human skin regenerated
models present reliable hallmarks of the disease. More remark-
able, they proved suitable to demonstrate the effectiveness of
advanced therapies such as gene therapy in Syndrome Netherton
by SPINKS gene addition to keratinocytes, protein replacement
by topical treatment with liposomes containing the transgluta-
minase in the case of Lamellar Ichthyosis (Aufenvenne et al., Am.
J. Hum Gen in press) and “natural gene therapy” by engraftment
of revertant epidermal stem cells for Juntional Epidermolysis
Bullosa (JEB) (Gostynski et al. ] Invest Dermatol 2013 in press).
The successful results obtained with our models open the way for
relevant clinical trials in patients soon.
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Gene therapy for Recessive Dystrophic Epidermolysis
Bullosa: the GENEGRAFT European project and beyond

A. Hovnanian'?*? and GENEGRAFT partners*

TINSERM U781, Paris, France; 2Depari,‘ment of Genetics, Necker
hospital, Paris, France; 3University Paris Descartes-Sorbonne Cite,
Imagine Institute, Paris, France

Recessive Dystrophic Epidermolysis Bullosa (RDEB) is a
devastating genetic skin disease caused by loss-of-function mu-
tations within COL7A1 encoding type VII collagen, a key com-
ponent of anchoring fibrils which secure attachment of the
epidermis to the dermis. Individuals with RDEB suffer from skin
and mucosal blistering of variable extend, leading to local and
systemic complications, with a drastically increased risk of skin
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cancer. Several therapeutic approaches for RDEB have been de-
veloped aiming at restoring type VII collagen expression through
gene, cell and protein therapies. Cell therapy using local injection
of allogenic fibroblasts or bone marrow transplantation have
shown a therapeutic benefit in RDEB patients. Protein replace-
ment through local or systemic delivery of recombinant human
type VII collagen has also a therapeutic potential. With regards to
gene therapy approaches, following the successful treatment of
junctional epidermolysis bullosa by transplantation of geneti-
cally corrected epithelia by Prof. Michele De Luca’s group, we
have developed an ex vivo gene therapy approach using the
transplantation of genetically corrected skin equivalents using a
safe SIN retroviral vector expressing COL7A1 cDNA under the
EFlalpha promoter. Pre-clinical studies have shown complete
phenotype correction with functional anchoring fibrils formation
and restoration of dermal-epidermal adherence in an in vivo
murine model. The current European GENEGRAFT clinical trial
aims at treating a limited number of moderate to severe RDEB
patients with genetically corrected autologous skin equivalents,
in which both keratinocytes and fibroblasts have been genetically
corrected. Patients are currently being recruited in the UK and in
France for pre-selection and selection. The immune status of pre-
selected patients towards type VII collagen and the proliferative
capacities of patient keratinocytes will guide patient selection.
Skin equivalents will be prepared in GMP facilities certified for
skin gene therapy and will be transplanted onto blistered and
unblistered skin. In parallel to this approach, alternative thera-
peutic stategies for RDEB developed in our laboratory include
homologous recombination and exon skipping.

*GENEGRAFT partners include: Matthias Titeux and Soélie
Charbonnier (Inserm U781, Paris), Prof John McGrath and Dr Alya
Abdul-Wahab (London), Prof. Michele De Luca and Dr Graziella
Pellegrini (UNIMORE, Modena), Prof. Christine Bodemer, Dr Sonia
Gaucher and Dr Stéphane Guéro (APHP), Klaus Kiihlcke and Rainer
Low (EUFETS), Patricia Joseph Matthieu (Inserm-transfert), Dom-
itille D’Alangon (Inserm, promoter), Didier Caizergues and Ger-
aldine Honnet (AFM-Genethon), Clare Robinson (DEBRA UK).
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In vivo mobilization of bone marrow mesenchymal stem cells
accelerates cutaneous regeneration in epidermolysis bullosa

K. Tamai' and Y. Kaneda?

IStem Cell Therapy Science, Osaka University Graduate School of
Medicine, Suita, Osaka, Japan; 2Gene Therapy Science, Osaka
University Graduate School of Medicine, Suita, Osaka, Japan

Recently, bone marrow transplantation (BMT) was shown to
ameliorate pathological conditions of recessive dystrophic epi-
dermolysis bullosa (RDEB) of a patient’s skin, which genetically
lacks functional type VII collagen (Col7) securing the epidermis
to the underlying dermis. However, precise mechanism of BMT
for improving RDEB skin phenotypes has not been fully eluci-
dated. We previously reported that BMT in fetal circulation
provide bone marrow-derived fibroblasts expressing Col7 in the
RDEB mouse skin after the delivery. In our succeeding studies for
the mechanism of RDEB mouse skin regeneration after BMT, we
further clarified that platelet-derived growth factor receptor o
(PDGFRa)-positive mesenchymal stem cells (MSCs) in bone
marrow sense elevated serum level of high mobility group box 1
(HMGB1) derived from necrotic RDEB epithelia to move out of
the marrow into the circulation. The HMGB1-mobilized MSCs in
circulation then specifically target the lesional vasculatures ex-
pressing SDF-1u to migrate into the RDEB skin, and differentiate
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into both mesenchymal fibroblasts and epithelial keratinocytes
expressing functional Col7. With these backgrounds, we are now
setting a clinical trial of allogeneic mesenchymal stem cell
transplantation for RDEB patients. HMGBI is ubiquitously ex-
pressed in non-histone nuclear protein, which regulate chromatin
structure and gene expression. Recent studies, however, showed
inflammatory cytokine activity of HMGB1, which is released out
from necrotic/inflamed cells, to activate macrophages and neu-
trophils via TLR-mediated NF«B activation. Our study may re-
new a current view of HMGBI for activating not only innate
immunity but also mesenchymal stem/progenitor cells to
maintain tissue homeostasis in patients with severe injury, such
as RDEB.
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Towards a Gene Therapy for Neurological and Somatic
MPSIIIA

F. Bosch1'2, S. Marcé™?, A. Ribera?, M. Garcia1’2,

P. Villacampal’z, S. Motasl’z, C. Rocal'z, E. Ayusol’z,
L. Maggionil’z, S. Afior’, A. Andaluz?, J. Ruberte!?,
M. Pumarola'*, F. Mingozzi]’m, and V. Haurigo’c]’2

ICenter of Animal Biotechnology and Gene Therapy and Departments
of; 2Biochemistry and Molecular Biology; *Animal Medicine and
Surgery and; *Animal Health and Anatomy, School of Veterinary
Medicine, Universitat Autonoma de Barcelona, Bellaterra, 08193,
Spain; SGenethon, Evry, France

Mucopolysaccharidosis Type IIIA (MPSIIIA) is an autosomic
recessive neurodegenerative metabolic disease caused by the
deficiency of sulfamidase, a sulfatase involved in the stepwise
degradation of the glycosaminoglycan (GAG) heparan sulfate.
MPSIIIA represents an unmet medical need. MPSIIIA shares
with many other Lysosomal Storage Disorders (LSD), the char-
acteristic of being a severe neurodegenerative disease accompa-
nied by mild somatic affectation. Thus, the main target organ for
the development of new treatments is the Central Nervous Sys-
tem (CNS), but overall clinical efficacy would be greatly in-
cremented by simultaneous correction of the peripheral disease.
We have recently developed a novel treatment for MPSIITA
based on delivery to the cerebrospinal fluid of serotype 9 adeno-
associated virus (AAV9)-derived vectors. This gene therapy
strategy corrected both CNS and somatic pathology in animal
models through widespread transduction of CNS, peripheral
nervous system (PNS) and liver. Our study sets the grounds for
the clinical translation of the approach to treat MPSIIIA in hu-
mans. Considerations that further support the applicability of
this treatment to MPSIIIA and other LSD with CNS and somatic
involvement will also be discussed.
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AIPGENE: Augmenting PBGD expression in the liver as a
novel gene therapy for acute intermittent porphyria

Gloria Gonzalez-Aseguinolaza; AIPGENE Consortium
CIMA, Gene Therapy and Hepatology, Pamplona, Spain

Acute Intermittent Porphyria (AIP) is a rare genetic disease in
which mutations in the porphobilinogen deaminase (PBGD) gene
produce insufficient production of a protein necessary for heme
synthesis. This leads to an accumulation of toxic intermediates,
resulting in a wide variety of problems including acute, severe
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abdominal pain, psychiatric and neurological disorders, and mus-
cular weakness. Acute porphyric attacks can be life-threatening
and the long-term consequences include irreversible nerve
damage, liver cancer and kidney failure. It is estimated that about
1 in 10,000 Europeans or people of European ancestry carries a
mutation in one of the genes for acute porphyria. The therapies
currently available do not prevent the symptoms or conse-
quences of acute porphyric attacks. The only curative therapy is
liver transplantation and thus, new curative options are clearly
needed. In 2009, the European Medicines Agency granted Or-
phan Drug Designation to AAV5-AAT-PBGD for the treatment
of AIP. AAV is a replication-incompetent virus that has been
modified to deliver genes or genetic material into human tissues
or cells. AAV5-AAT-PBGD acts by delivering the PBGD ex-
pression cassette directly into hepatocytes, in an animal model
for AIP intravenous administration of AAV5-AAT-PBGD. In
heterozygous AIP patient that show 50% of the normal activity
the additional PBGD activity will be sufficient to prevent the
accumulation of toxic metabolites and thus, to prevent porphyric
attacks. The aim of this project is the clinical development of the
orphan drug AAV-AAT-PBGD for use to treat AIP. The project
was performed in two different phases. In the first phase, a GMP-
compliant process to produce sufficient AAV5-AAT-PBGD for
clinical trials has been developed, and AIP patients have been
followed up for a minimum of 6 months before entering the
clinical trial. In the second phase, the safety of AAV5-AAT-PBGD
is being explored in a dose escalation.

Inv101
Gene therapy of mucopolysaccharidosis VI
A. Auricchio

Telethon Institute of Genetics and Medicine (TIGEM), Naples, Italy;
“Medical Genetics, Dept. of Translational Medicine, “Federico II”
University, Naples, Italy

Mucopolysaccaridosis VI (MPS VI) is a rare lysosomal storage
disorder caused by deficient arylsulfatase B (ARSB) activity,
which results in widespread lysosomal storage of glycosamino-
glycans (GAGs). MPS VI is characterized by dysostosis multi-
plex, organomegaly, corneal clouding and heart valve thickening
without central nervous system involvement. The current
standard-of-care for MPS VI is enzyme replacement therapy
(ERT) that relies on the ability of ARSB to be taken-up by most
cells via the mannose-6-phosphate receptor pathway. However,
ERT is associated with inconvenient weekly infusions of costly
recombinant enzyme and shows limited efficacy on MPS VI
cardiac, ocular and skeletal abnormalities features. Alternative
strategies with similar or better therapeutic outcome and in-
creased patient compliance to treatment are desirable. Gene
transfer to a factory organ like liver may provide a life-time
source of secreted ARSB. To this end, adeno-associated viral
(AAV) vectors with serotype 8 capsids (AAV2/8) represent a
valuable tool for efficient liver gene transfer. We show that in-
travascular administration of adeno-associated viral vectors
AAV2/8 in MPS VI cats results in multi-year ARSB expression
and: i) clearance of GAG storage ii) improvement of long bone
length iii) reduction of heart valve thickness and iv) improve-
ment in spontaneous mobility. Using a humanized murine model
of MPS VI, we additionally show that a single administration of
AAV2/8 is, at least as effective, as multiple recombinant enzyme
infusions. Our results bode well for further development of
AAV2/8-mediated liver gene transfer for MPS VI patients.
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Effective transplantation of photoreceptors derived from
three-dimensional cultures of embryonic stem cells

RR. Ali
UCL Institute of Ophthalmology, London, UK

Irreversible blindness caused by loss of photoreceptors may be
amenable to cell therapy. We have previously demonstrated
retinal repair' and restoration of vision through transplantation
of photoreceptor precursors obtained from postnatal retinas into
visually impaired adult mice>”. Considerable progress has been
made in differentiating embryonic stem cells (ESCs) in vitro to-
ward photoreceptor lineages*. However, the capability of ESC-
derived photoreceptors to integrate after transplantation has not
been demonstrated unequivocally. In order to isolate photore-
ceptor precursors fit for transplantation, we have adapted a re-
cently reported three-dimensional (3D) differentiation protocol
that generates neuroretina from mouse ESCs®. We have now
shown for the first time that ESCs can provide a source of pho-
toreceptors for retinal cell transplantation”.
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Eye diseases

J. Flannary

University of California, Berkeley, USA

Adeno-associated virus mediated gene transfer to the retina
has been useful for studying retinal structure and function and
treating blinding diseases. A major limitation to the broad use of
AAV vectors is that gene delivery to photoreceptors and retinal
interneurons is inefficient and difficult to target to specific func-
tional subclasses of retinal cells. None of the natural AAV sero-
types can transduce the ONL and INL from the vitreous, only a
few can infect the inner retina, and these transduce only the fovea
of the primate retina when delivered from the vitreous. Gen-
erating retinal cell specificity is difficult to achieve by the use of
cell specific promoters alone, due to AAV’s 4.7kB packaging
limit which limits inclusion of large promoters. One approach to
generate specificity is to direct vector tropism at the initial in-
fection step, engineering the virus capsid to recognize rare or
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specific cell surface receptors. To overcome shortcomings that
limit AAV use, vectors can be engineered at the molecular level.
Unfortunately, there is insufficient knowledge of virus structure-
function relationships to enable rational design to improve vector
function. We have developed approaches to engineer new
vectors by a process of “directed evolution”, in which a large,
diverse pool of mutants is iteratively generated and screened/
selected for improved function, and multiple rounds of this
genetic diversification and selection yield variants with pro-
gressively improved function. We have evolved AAV variants
capable of enhanced gene delivery to cones, Miiller glia, on-
bipolar cells and subsets of ganglion cells. Because Miiller cells
both contact the vitreous and span all retinal layers, vitreal
transduction of these cells enabled the secretion of molecules
throughout the retina. Recently, we have implemented di-
rected evolution to create a novel AAV variant capable of
direct gene delivery to photoreceptors after injection into the
vitreous. We extended this approach to dog and primate; as
there are differences in the viral tropism to retinal cells in other
species. Having successfully engineered new AAV variants for
gene delivery to the murine retina, we are using the directed
evolution strategy to engineer novel AAV vectors with the
capacity to mediate enhanced gene delivery to the dog and
macaque retina. In preliminary studies, we have generated
vectors that expand AAV tropism to numerous cell popula-
tions in the retina.
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Transposon-Based, Targeted Ex Vivo Gene Therapy to Treat
Age-related Macular Degeneration

Gabriele Thumann on behalf of the entire TargetAMD
Consortium'

"Département des neurosciences cliniques, Service d’ophtalmologie,
Hopitaux Universitaires de Geneve, 1211 Geneve, Suisse

Neovascular age-related macular degeneration (AMD), a
major cause of blindness in the elderly, results from over-
expression of vascular endothelial growth factor (VEGF) and
decreased expression of pigment epithelium-derived factor
(PEDF). The current treatment of repeated life-long intravitreal
injections of anti-VEGF antibodies may have significant side-
effects. A more effective and less costly treatment would be the
subretinal transplantation of autologous genetically modified
pigment epithelial cells overexpressing PEDF. This gene thera-
peutic approach, designated TargetAMD, funded within the EU
7™ framework program, comprises 13 partners from 3 universi-
ties, 2 hospitals, 3 research institutes and 5 industrial partners
from 7 countries, who together will develop protocols, reagents
and technologies to successfully complete two phase Ib/Ila
clinical trials for the treatment of neovascular AMD by collecting
and transfecting autologous pigment epithelial cells with the
PEDF gene using the SB100X transposon system and trans-
planting the transfected cells to the subretinal space of patients
within one surgical session.

Using the SB100X transposon system we have transfected as
few as 10,000 pigment cells, a number that can be obtained from a
peripheral retina or iris biopsy, with the PEDF gene. The trans-
fected cells, with efficiencies from 20-55%, have been in culture
for longer than one year and expressed and secreted rPEDF
continuously. Preliminary results using the safer SB100X mRNA
and pFAR4-plasmids (free of antibiotic resistance) have shown
similar efficiencies and rPEDF expression. During the first 6
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months, the consortium’s work has shown that all partners work
well together and that deliverables can be accomplished in a
timely manner.
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High-throughput isolation of antigen-specific T cell receptor
genes by TCR gene capture
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Netherlands Cancer Institute, Amsterdam, The Netherlands;
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Moscow, Russia; *Max-Delbriick-Center for Molecular Medicine,
Berlin, Germany; °Department of Cell Biology and Histology,
Academic Medical Center of the University of Amsterdam (AMC-
UvA), Center for Immunology Amsterdam (CIA), Amsterdam, The
Netherlands; ®Laboratory of Experimental Hematology, Department of
Hematology, Leiden University Medical Center, Leiden, The
Netherlands; "Center for Cancer Immune Therapy (CCIT), Herlev
Hospital, Copenhagen, Denmark

The transfer of T cell receptor (TCR) genes into patient T cells is
a promising approach for the treatment of both viral infections
and cancer. While efficient methods exist to identify antibodies
for the treatment of these diseases, comparable strategies for
TCRs have thus far been lacking. To address this issue we have
developed a high-throughput DNA-based TCR gene capture
approach for the identification of TCR gene sequences of interest.
The approach that we have developed involves the capture and
sequencing of genomic DNA fragments encoding the TCRaf; gene-
loci. The quantitative nature of the resulting next-generation-
sequencing data reveals relative frequency of all TCR%f and f
sequences and, because of this, TCRxf pairs can be directly de-
termined within oligoclonal T cell populations, through ‘frequency-
based matching’. We have exemplified the potential of TCR gene
capture in two different applications. First, we demonstrate the
possibility to rapidly assemble TCRof gene libraries against anti-
gens of interest, in our case the Cancer/Germline (C/G) antigens
that are frequently expressed in human tumors. Second, we dem-
onstrate the ability to analyze TCR repertoires of intratumoral T cell
subsets without knowledge of their antigen-specificity, and show
that TCR gene capture can be used to identify dominant tumor-
reactive TCRof; pairs within such populations. Taken together, our
data shows that TCR gene capture can be used to describe the TCR
repertoire in diverse types of biological samples and to create large
collections of TCR genes for genetic engineering of T cell immunity
by TCR gene therapy.

Inv106
Immunotherapy of cancer and infectious diseases
R. Stripecke

Hannover Medical School, Germany

Dendritic cells (DC) as professional antigen presenting cells
are pivotal for stimulation of adaptive B and T cell responses and
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have vast potential as adjuvant for immunotherapeutic applica-
tions in cancer and infectious diseases. The frequency of dendritic
cells in peripheral blood mononuclear is less than 1% and several
types of protocols have been established for their ex vivo pro-
duction. However, ex vivo generated DC administered subcuta-
neously have very limited viability in trafficking from injection
sites to lymph nodes (LN). In addition, complex manufacturing
may limit their clinical development. We demonstrate in human
and mouse systems, that ex vivo gene transfer into DC precur-
sors with integrase-defective lentiviral vectors (ID-LV) for the
combined production of cytokines and antigens, induced self-
differentiation of DC in vitro and in vivo. These highly viable
“induced DC” (iDC) effectively stimulated antigen-specific cy-
totoxic T cell responses against melanoma and leukemia. Human
monocytes transduced with ID-LV co-expressing GM-CSF/IFN-
a resulted in iDC with potent adaptive immune functions in
humanized mice. Here, we address the challenges in the field and
new creations of genetically programmed iDC as an advanced
cell therapy to accelerate immune reconstitution after allogeneic
stem cell transplantation to lower the risks of viral infections and
leukemia relapse.
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Adeno-Associated Virus (AAV) vectorology on the move
H. Biining

Center for Molecular Medicine Cologne, University of Cologne,
Germany

Since the first cloning of Adeno-Associated Virus (AAV) more
than 30 years ago, recombinant AAV vectors have emerged as
one of the most popular gene delivery tools in Gene Therapy.
Following local as well as systemic application of AAV vectors,
clinical success has been reported for a variety of diseases and an
AAV vector encoding for a hyperactive lipoprotein lipase has
become the first gene based drug receiving marketing authori-
zation in the European Union. Instrumental for this success was
the continuous improvement of the vector system. In particular,
genetic engineering of the highly structured, non-enveloped viral
capsid has emerged as powerful strategy to improve transduc-
tion efficiency, to expanded or re-directed vector tropism and to
develop a novel class of AAV-based vaccines. However, anti-
AAV immune responses as well as post-entry barriers still pose
important challenges. Key to tackle these obstacles is a better
understanding of the host-vector interaction. As an example,
novel findings concerning intracellular factors influencing AAV-
mediated liver-directed gene transfer will be presented.
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Improved retroviral vector design for gene therapy
and regenerative medicine

Julia D Suerth!, Johannes Kuehle!, Juliane Schott?,

Soeren Turan!, Tobias Maetzigl, Melanie Galla', Verena Thies!,
Dirk Hoffmann', Jirgen Bode!, Christopher Baum!, and

Axel Schambach'?

Institute of Experimental Hematology, Hannover Medical School,
Hannover, Germany; *Division of Hematology / Oncology, Boston
Children’s Hospital, Harvard Medical School, Boston, USA

Retroviral vectors have demonstrated a promising track re-
cord for genetic modifications in experimental systems and more
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importantly in clinical studies. However, unfortunately also side
effects related to the integrating nature of retroviral vectors were
observed. This has been attributed to the integration preference
of the underlying retrovirus family member - a feature of the
retroviral integrase together with cellular tethering factors - as
well as the load of regulatory elements, e.g. promoter/enhancer
sequences. Generally, vector design can anticipate some of these
issues.

In this talk, we will address three principles describing how
the risk-benefit assessment of retroviral vectors can be poten-
tially improved: (I) Towards a more neutral integration: Al-
pharetroviral SIN vectors, which have a more random
integration pattern compared to currently used gammare-
troviral and lentiviral vectors. As proof-of-principle, their utility
and performance in hematopoietic cells will be shown. (II)
“Recycling” of integration sites: We will exemplify this in a
clonal setting, which requires multiple genetic interventions,
such as the generation and correction of induced pluripotent
stem cells (iPSC). Here we re-used the integrated reprogram-
ming vector footprint to insert another expression unit of choice
at the same genomic spot. (III) Non-integrating retroviral de-
livery: Intermediates of the retroviral life cycle can be exploited
for transient genetic modifications, e.g. to influence cell fate.
This will be demonstrated for the delivery of a key transcription
factor during reprogramming.

In summary, rational changes in vector design can help and
contribute to improve the risk-benefit assessment of retroviral
vectors and to develop useful tools for applications in gene
therapy and regenerative medicine.

Inv109
Herpesviral vectors for the gene therapy of Friedreich’s Ataxia
J. Diaz-Nido

Centro de Biologia Molecular Severo Ochoa, Madrid, Spain (UAM-
CSIC); Universidad Auténoma de Madrid, Spain; CIBER of Rare
Diseases, Valencia, Spain (CIBERER)

Replication-incompetent helper-dependent vectors derived
from herpes simplex virus type 1 (HSV-1) have several advan-
tages for the gene therapy of neurological diseases: (1) minimal
toxicity, as they do not encode any virus proteins and elicit low
levels of adaptive immune responses; (2) extensive transgene
capacity to carry up to 150-kb of foreign DNA, which allows for
the delivery of entire genes with regulatory sequences; (3)
widespread cellular tropism, though naturally the virus infects
mainly neurons and epithelial cells; (4) since the viral genome
does not integrate into cellular chromosomes there is a very low
probability to induce insertional mutagenesis. Friedreich’s Ataxia
(FA) is the most common form of hereditary ataxia among the
Caucasian population and is caused by recessive mutations in the
FRDA (FXN) gene which encodes for a protein referred to as
frataxin. FA is a mainly neurodegenerative disease affecting
primarily the dorsal root ganglia, spinal cord, brainstem and
cerebellum. Our group is using HSV-1 vectors containing the
entire 135 Kb FXN genomic locus as gene-delivery vehicles ca-
pable of ensuring physiologically-regulated and long-term per-
sistence of FXN gene expression as well as the correct expression
of all frataxin isoforms which are generated by alternative
splicing. Additionally we are also using HSV-1 vectors encoding
for Brain-Derived Neurotrophic Factor which can rescue the
degeneration of frataxin-deficient neurons. Major challenges for
the clinical translation of these herpesviral vectors are the
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optimization of vector delivery (to transduce a significant num-
ber of neurons in all the affected regions of the nervous system)
and the improvement of vector production.

Inv110

The T-Body/CAR Approach: A long trip to the clinic with
challenges yet to be met; the chronicle of an outstanding
achievement

Z. Eshhar

Department of Immunology, The Weizmann Institute of Science,
Rehovot, and Chair of Immunology Research, Tel Aviv Sourasky
Medical Center, Israel

It started 25 years ago, right after the structure and compo-
sition of the TCR complex became apparent, that we set forward
to study the molecular mechanism underlying the MHC re-
striction and dependency of TCR mediated T cell activation.
Having TCR « and f chain genes cloned from an antigen specific
T cell hybridoma, we switched the V-regions of these chains
with the V-regions of an anti-TNP mAb, expressed the double
chain chimeric antibody-based chains in T cells and found that
the double-chain chimeric antibody-based receptor (CAR)
modified T cells specifically recognized and underwent stimu-
lation by TNP modified target cells, as well as plate-bound TNP
in an MHC un-restricted and independent manner. We nick-
named these CAR modified T cells T-bodies. Next, in order to
simplify the transduction we developed the single chain design
of CAR by linking a scFv of a specific antibody to an activating
molecules such as CD3p or FcRf and demonstrated that this so-
called “1% generation MHC restriction” was functional. While
the double chain CAR required the expression of the CD3
complex to function, the scFv-based CAR was functionally in-
dependent of it's modular allowing engineering, and into its
cytoplasmic region additional domains derived from co-stim-
ulatory receptors (e.g. CD28) (known as 2" generation CAR),
they yielded flexibility in the CAR design and improved its
activity. The major function of T-bodies or CAR T cells right
from its outset has been to redirect T cells to reject cancers. In
this regard, the principle advantage of the CAR over the TCR is
that a single CAR with a given specificity could be used against
a given tumor associated antigen (or a group of tumors sharing
this antigen) independently of their individual HLA. In the last
20 years, following our pioneering studies many CARs were
prepared for a variety of human cancers. Coming from a basic
research academic discipline, our lab focused on using different
configurations of CAR specific to various anti-cancer antigens
and tested their antitumor reactivity in different animal models
mimicking clinical treatment modalities. Amongst the practical
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lessons learnt are: 1. For optimal antitumor activity the affinity
of the scFv should be in the range of medium-high. 2. For sus-
tained antitumor activity, persistence of the T-bodies in the re-
cipient is crucial. This can be preset and controlled by selection
of the subpopulation of cells to be traduced, expended into the
modified cells with certain cytokines, administration of multiple
infusions of cells. 3. Careful preconditioning using lymphode-
pletive protocols before T-body administration. 4. When ac-
cessible, primary tumors can be directly infused with T-bodies.
5. Cancer stem cells are the preferred targets for T-body treat-
ment. 6. Allogeneic or haplo-identical donor T-bodies in com-
bination with immunosuppression can be affective against
systemic tumors and metastases.

In the last few years, after sporadic preliminary trials, we have
seen a few dramatic results in pilot trials in several centers, cul-
minating in complete remissions in an end-stage B cell malig-
nancies and neuroblastoma patients. These cases demonstrate the
strength of the T-body approach. These trials should be carefully
extended; side effects and failures should be analyzed. The im-
mediate challenge is to make the treatment more accessible and
affordable; the largest future challenge is to apply the T-body
treatment to solid cancers.

Invl1l

Distinct bone marrow niches for distinct hematopoietic stem
and progenitor cells

D. Scadden

Department of Stem Cell and Regenerative Biology, Harvard Stem
Cell Institute Director, MGH Center for Regenerative Medicine,
Harvard, MA, USA

Hematopoietic stem and progenitor cells interact with heter-
ologous cells in the bone marrow influencing hematopoietic cell
differentiation and production. The mesenchymal cells influ-
encing hematopoiesis can be resolved by differential gene ex-
pression and appear to have distinctive roles in regulating the
parenchymal cells of hematopoiesis by creating pair-wise ‘niches’
or regulatory units. We have used selective cell depletion to ex-
amine these relationships and found that a specific subset of os-
teolineage mesenchymal cells has unanticipated effects on thymic
emigrants, thereby altering T lymphopoiesis. Further, using a
method for defining regulatory cells by virtue of anatomic prox-
imity, mesenchymal cells regulating myeloid progenitors can be
defined. Therefore, the bone marrow microenvironment provides
multiple functionally distinct mesenchymal-parenchymal pair-
ings to accomplish hematopoiesis. These units provide opportu-
nities for modulating cell production to the organism that may be
amenable to manipulation.
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Collagen VII gene delivery via Sleeping Beauty transposon in
COL7A1-deficient keratinocytes from epidermolysis bullosa
patients

M.C. Latella', F. Cocchiarella', G. Turchiano®, M. Gongalvesz,
F. Larcher®, F. Mavilio*, Z. Izsvak®, Z. Ivics®, and A. Recchia®

!Center for Regenerative Medicine, University of Modena and Reggio
Emilia, Modena, Italy; *Department of Molecular Cell Biology, Leiden
University Medical Center, Leiden, The Netherlands; 3Cutaneous
Regenerative Medicine Unit, Epithelial Biomedicine Division,
CIEMAT, Madrid, Spain; *Genethon, Evry, France; >Max Delbruck
Center for Molecular Medicine, Berlin, Germany; °Paul Ehrlich
Institute, Langen, Germany

Autosomal Recessive Epidermolysis Bullosa (RDEB) is a ge-
netic skin adhesion defect caused by mutations in the type VII
collagen gene (COL7A1). Although full-length type-VII collagen
can be successfully produced in human keratinocytes following
retroviral vector transduction, genetic instability due to the large
size (9kb) and highly repetitive nature of the gene sequence re-
mains problematic. The Sleeping Beauty (SB) transposon-based
integration system can potentially overcome these issues by
taking advantage of the hyperactive SB100X transposase in
combination with the pT2 transposon. We constructed the pT2
transposon carrying the COL7Al ¢cDNA driven by the PGK
promoter. By co-transfecting the SB100X transposase together
with the pT2.Col7 transposon, we observed that there was up to
40% transposition efficiency of the collagen VII expression cas-
sette in immortalized keratinocytes from RDEB patients. Clonal
analysis demonstrated that the transposition events occurred in
the absence of rearrangements, with the average copy number of
1.5 copies/cell. Despite its enormous potential, the plasmid
transfection procedure of the transposon/transposase integrat-
ing system in RDEB cells remains an obstacle to its practical
application in gene therapy. To overcome this limitation we in-
corporated the SB100X transposase/T2.Col7 transposon system
into first-generation (Ad) and helper-dependent adenoviral vec-
tors (HD), respectively. Furthermore, since the transposition
from an adenoviral template required circularization of the vec-
tor genome, we incorporated the FRT sites into HD.T2.Col7
vector, providing the Flp recombinase into the integrated defec-
tive lentiviral vector. We observed a stable collagen VII expres-
sion in RDEB immortalized keratinocytes upon co-infection of
transposon, transposase and Flp vectors. Encouraging results
lead us to test this approach on primary keratinocytes from
RDEB patient.

Or002

An E3-14.7K peptide that promotes microtubules-mediated
transportation of plasmid DNA, also increases polyplexes
transfection efficiency

L. Pigeon, C. Gongalves, P. Baril, C. Pichon, and P. Midoux
Centre de Biophysique Moléculaire, CNRS UPR4301, Inserm and

University of Orléans, Orléans cedex 02, France

Cationic polymers and lipids are promising chemical vectors
for gene therapy. However, the limited cytosolic diffusion of

plasmid DNA (pDNA) impairs its delivery to the nucleus. To
improve its intracellular trafficking to the nucleus of the cell,
one strategy is to make a pDNA able to interact with cyto-
skeleton motors, as most viruses do. We have identified a 20
amino-acids peptide (P79-98) of the E3-14.7K early adenoviral
protein interacting with the Dynein light chain TCTEL1 via FIP-
1. Videomicroscopy and Single Particle Tracking clearly dem-
onstrate that a P79-98/pDNA conjugate exhibits a linear
transport with large amplitude along microtubules upon 2h
polyfection, whereas pDNA conjugated with a control peptide
exhibits short non-directional movements in the cytosol. Re-
markably, the number of transfected cells is enhanced by a
factor 2.5 - up to 76% - upon in vitro polyfection with P79-98/
peGFP. No improvement was observed with a peptide that
interacts directly to dynein. In vivo P79-98/pLuc clearly show a
3- to 5-fold transgene expression in skeletal muscles and liver
after intramuscular and tail vein hydrodynamic injection in
mice, respectively. Comparatively, P79-98/peGFP lipofection
do not improve transfection suggesting that the peptide is
hidden after the multilamellar assembly of lipoplexes. Our re-
sults demonstrate for the first time that in vitro and in vivo non
viral gene transfer can be drastically increased when pDNA is
conjugated with a FIP-1 interacting sequence, allowing its mi-
gration on microtubules. This is a real breakthrough in the non
viral gene delivery field that opens hope to build artificial
viruses.

Or003

Non viral gene therapy clinical trial for the
pancreatic cancer

L. Buscail”*®, B. Bournet*®, F. Vernejoul4, G. Cambois®,

H. Lulka'®, N. Hanoun'®, A. Meulle'”, A. Vignolle-Vidoniz'5,
O. Barbey2’3’5, F. Gross>*® R. Guimbaud??, P. Otal*®, G. Tiraby4,
and P. Cordelier'”

TINSERM U1037, France; >CHU, Toulouse, France; 3CIC Biotherapy
CHU, Toulouse, France; *Cayla-INVIVOGEN, Toulouse, France;
SUniv Paul Sabatier, Toulouse, France

To date, Pancreatic Adenocarcinoma (PDAC) can’t be diag-
nosed early. Consequently, a majority of patient (80%) display
an advanced disease that results in a low resection rate leading
to a dismal overall median survival of 4 to 6 months. We ex-
tensively demonstrated that delivering SSTR2, DCK and UMK
genes using non viral vectors strongly inhibit tumor progres-
sion and dissemination in relevant experimental models of
PDAC. Consequently, we designed a GMP-grade gene therapy
product, CYL-02, encoding for the above mentioned thera-
peutic proteins, delivered by a non-viral vector for the man-
agement of patients diagnosed with advanced PDAC. In this
phase I clinical trial, gene therapy was administered to 22 pa-
tients using endoscopic ultrasound, in dose-escalation in the
tumors. Patients received gemcitabine during this protocol. We
demonstrate herein that the intratumoral injection of the gene
therapy product was safe, feasible and resulted in the presence
and the expression of CYL-02 in the tumors. As a consequence,
tumor progression was inhibited during the course of the
protocol. In patients with locally advanced PDAC at the time of
diagnosis, serum levels of CA 19-9 significantly decreased
following gene therapy, regardless of the previous lines of
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treatment and median progression free survival and median
overall survival reached 6.4 and 11.4 months respectively (5
out of 13 patients are still alive). Based on these preliminary,
yet very encouraging results, we propose that patients with
locally advanced PDAC at the time of diagnosis may clinically
benefit from this approach.

Or004

Improved manipulation of hematopoietic stem and progenitor
cells (HSPC) for ex vivo gene therapy

E. Zonari', F. Boccalatte!, T. Plati', G. Escobar’, A. Ranghettil,
B. Gentner!, and L. Naldini®

'S. Raffacle Telethon Institute for Gene Therapy (TIGET), Milan,
Italy

The latest lentiviral (LV)-based HSPC gene therapy trials
have demonstrated their therapeutic potential in curing genetic
diseases. We set out to optimize different steps of ex vivo HSPC
manipulation. First, we tested the dynamic change of surface
markers on CD34 BM and CB HSPC during in vitro culture in
serum-free maintenance conditions. While positive HSPC
markers such as CD34 and CD90 were detectable on a pro-
gressively decreasing cell fraction (CD34hi90: 1.9 /-0.6% and
0.5 /—0.09% after 1 and 2 weeks, respectively), negative HSPC
markers like CD38 rapidly lost their informative value. Strik-
ingly, after 1 and 2 weeks of culture, >90% of NSG mouse
repopulating capacity of BM and CB, respectively, was con-
tained in the CD34hiCD90 fraction, as shown by competitive
repopulation assays, and the culture in the presence of an AHR
antagonist (SR1) significantly improved the ex vivo mainte-
nance of CD34hiCD90 cells. Next, adding dmPGE2 to the cul-
ture at the time of thawing, increased CD34 cell recovery by
25-50%, and augmented LV transduction by 30-60%, an effect
that was maintained in vivo. Several advantages are associated
to the use of more highly enriched HSC populations for gene
therapy, including the downscaling of culture volumes and
vector dose, better maintenance of stem cell properties in pure
HSC cultures, and reduced integration load infused into the
patient. In respect to the CD34 cell fraction currently used as
the standard for HSC gene therapy protocols, we are testing
innovative selection strategies to obtain HSPC populations,
with a 5-10 fold higher long-term engrafting cell content. In
summary, the proposed protocol modifications could sub-
stantially improve the efficacy, safety and feasibility of future
ex vivo gene therapy studies.

Or005

Transient manipulation of haematopoietic stem cells with
integrative deficient lentiviral vectors for improved cell
expansion, survival and engraftment

M.E. Alonso-Ferrerol, K. Bartolovicz, C. Kirmonl, M. MataS,
M.D. Milsom*, N.P. vanTil®, and SJ. Howe!

"Molecular Immunology Unit, UCL Institute of Child Health,
London, UK; *Weatherall Institute of Molecular Medicine,
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IST — Taguspark, Porto Salvo, Portugal; 4Experimental hematology
group, H-STEM GmbH, Heidelberg, Germany; °*Department of
Hematology, Erasmus University Medical Center, Rotterdam,

The Netherlands
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Haematopoietic Stem Cells (HSCs) are successfully used to
treat many blood disorders but the inability to expand limited
sources is restrictive. HSCs progenitor populations can be ex-
panded in vitro with cytokines but this normally leads to partial
differentiation, reducing self-renewal potential, homing and
engraftment into the bone marrow space. To improve the sur-
vival and expansion of progenitors in vitro and hence increase
the percentage of chimaerism in vivo after transplantation, we
designed integration-deficient lentiviral vectors (IDLV) to ex-
press genes involved in HSC self-renewal, proliferation and
maintenance of multipotency. As IDLV-delivered genes do not
integrate into target-cell chromosomes, they dilute out the di-
viding populations. Expression is transient and could produce
short-term biological changes, whilst avoiding insertional mu-
tagenesis and undesirable constitutive over-expression of the
transgene. IDLV were used to deliver two genes, HOXB4 and
ANGPTL3 into Lin-, Scal, c-Kit (LSK) mouse bone marrow
haematopoietic progenitor cells. These genes are involved in
HSC growth and homeostasis and the effect of short-term ex-
pression in LSK cellular self-renewal, proliferation, survival and
engraftment were measured. Expression levels of HOXB4 and
ANGPTL3 from IDLV are lower than from integrating vectors
but optimisation of the system produces dose-dependent, bio-
logically relevant effects. We demonstrate that transient trans-
duction of these genes in LSK cells enables expansion and
maintenance of progenitors in in vitro clonogenic assays and
improved engraftment during competitive repopulation assays
in vivo. IDLV are a useful tool to transiently deliver controlled
levels of gene expression, suitable for studying biological sys-
tems or potentially clinical application.

Or006

Selective regulation of hematopoietic progenitors by estrogens
as a basis for anti-leukemic strategies

A. Sénchez—Aguileral, L. Arranz!, D. Martin-Pérez!,
A. Garcia-Garcia?, J. Isern?, V. Stavropoulouz,

S. Martin-Salamanca®, P. Lundbergz, R. C. Skoda?,
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Although steroid hormones, such as estrogens, may affect
the hematopoietic microenvironment (e.g. through their ana-
bolic effect on bone), their role in the regulation of hemato-
poietic stem cells (HSCs) remains largely unknown. Here we
show differential expression and functions of estrogen recep-
tors (ERs) in primitive hematopoietic cells. Activation of ERs in
short-term HSCs and multipotent progenitors directly reduced
their numbers by apoptosis, and ER-o was required for com-
plete short-term reconstitution after bone marrow trans-
plantation. In contrast, the selective ER modulator (SERM)
tamoxifen did not cause apoptosis but instead, induced cell
cycle entry of quiescent long-term HSCs, altered the HSC
transcriptome (with repression of self-renewal signatures and
activation of the Myc transcriptional program), and compro-
mised hematopoietic reconstitution activity following myelo-
ablation. These effects suggested a novel therapeutic use of
SERMs in the treatment of hematological malignancies
through a dual mechanism: by compromising self-renewal and
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sensitizing quiescent leukemia stem cells to chemotherapy, and
by limiting the leukemic burden through a proapoptotic action
on mature leukemic progenitors. Indeed, tamoxifen induced
apoptosis of MLL-AF9 blasts in vitro and enhanced the effect of
chemotherapy on MLL-AF9-induced acute myeloid leukemia
in vivo. In addition, treatment with tamoxifen alone blocked
JAK2V617F-induced myeloproliferative neoplasia in mice,
abolishing the neutrophilia, thrombocytosis, erythrocytosis and
splenomegaly associated with the disease. Tamoxifen inhibited
the expansion of JAK2V617F-expressing HSCs and progenitors
by counteracting their increased survival signalling and restor-
ing normal levels of apoptosis. These results uncover specific
regulation of primitive hematopoietic cells by estrogens, and
demonstrate anti-leukemic properties of a SERM already avail-
able for clinical use.
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Accurate measurement of NAD status against AAV vector
capsids and an approach toward managing its inhibitory effect

H. Mizukami, J. Mimuro!, S. Hishikawa®, T. Ikemoto’,
R. Uchibori!, T. Tsukahara®, M. Urabe!, A. Kume!, A. Sakata®,
T. Ohmori', S. Madoiwa', Y. Sakata!, and K. Ozawa'

ichi Medical University

Adeno-Associated Virus (AAV) vectors are suitable in gene
therapy approaches targeting various organs. For liver-mediated
transduction, IV injection of AAVS vector seems most practical.
On the other hand, inhibitory actions of pre-existing neutral-
izing the antibody (NAb) against vector capsid, demonstrated
even at marginal levels, suggests the necessity of more sensi-
tive assay for NADb detection. To solve this issue, we have
improved NADb detection system against AAV capsids with
higher sensitivity. As a result, all of the 9 monkeys judged as
NADb negative by this method showed transgene expression at
the expected levels. The remaining challenge is whether AAV-
mediated gene therapy is available to the subjects with positive
NAD status. For this purpose, we tested the efficacy of intra-
vascular saline flushing before and after vector injection in
order to avoid contact of vectors with neutralizing anti-
bodies. Direct injection of the AAV8 vector carrying the factor
IX (FIX) gene into the portal vein of macaques using saline
flushing, achieved transgene-derived FIX expression (4.7+2.1
~10.1£5.5% of normal human FIX concentration) in the pres-
ence of neutralizing antibodies. This was as efficient in ma-
caques lacking neutralizing antibodies at the same vector dose
(5.4£2.6 ~ 12.7+4.8%). Next, we tested the efficacy of saline
flushing using a balloon catheter-guided injection, which is less
invasive and thus more clinically relevant. This approach also
resulted in efficient expression of transgene-derived FIX
(2.5+1.1 ~ 9.0+2.4%) in the presence of neutralizing antibodies
(x14 ~ x56 dilutions). Neutralizing antibodies at this range of
titers reduced the efficiency of transduction in the macaque
liver by 100-fold when the same vector was injected into
mesenteric veins without balloon catheters. No apparent tox-
icity was observed, except the transient increase in serum
transaminase levels. Our results suggest that the portal vein-
directed vector delivery strategies using saline flushing are
efficacious to overcome inhibitory effect of AAV antibodies.
This study was performed in collaboration with Tsukuba
Primate Research Center, National Institute for Biomedical
Innovation, and The Corporation for Production and Research
of Laboratory Primates, Japan.
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Uncovering long-term survival and activity in vivo in humans
of genetically engineered T memory stem cells by retroviral
tagging
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The development of efficacious and safe T-cell based therapies
is strictly dependent on our understanding of T cell clonal dy-
namics i1 vivo in humans. Gene therapy of adenosine deaminase
(ADA) deficient-SCID patients is based on ex vivo retroviral gene
transfer into Hematopoietic Stem Cells (HSC-GT) or Mature
Lymphocytes (PBL-GT). These unique clinical settings allow
studying the molecular and functional profile of engineered T-cell
subtypes at clonal level in humans. We found that vector-positive
phenotypically naive T cells (CD45RA /CD62L) survived in PBL-
GT patients up to 10 years after last infusion maintaining their
plasticity in vivo, as testified by the highest percentage of identical
insertions shared with other T-cell subtypes (41.2%), without signs
of aberrant expansions. A novel T-cell type (T memory stem cell,
TSCM) has been recently identified carrying a long-term survival
capacity and naive-like plasticity. By CD95/IL7Ra/IL2Rf phe-
notyping we found that 92.5% of CD45RA /CD62L cells from
PBL-GT patients were actually TSCM differently from HSC-GT
(37.2%) and healthy individuals (10%). IFNg production and dif-
ferentiation potential in vitro confirmed that TSCM isolated from
GT patients were functionally active and distinct from naive and
memory counterparts. Additional in vitro data suggest that TSCM
were already enriched in PBL-GT patients’ lymphocytes prior to
infusion, due to PHA /IL2 stimulation and expansion. Overall, our
data show that genetically engineered TSCM can survive for
several years in patients retaining their activity and plasticity
without showing any vector-related genotoxicity. These results
have crucial implications for the development of novel T-cell
based therapies for hematological diseases and tumors.

Or009

Small peptides blocking SR-A and SREC-I increase HDAd-
mediated liver transduction through inhibition of Kupffer and
liver sinusoidal endothelial cell uptake

P. Piccolo!, P. Mithbaokar!, and N. Brunetti-Pierri'?

ITelethon Institute of Genetics and Medicine, Naples, Italy;
2Department of Translational Medicine, Federico Il University of
Naples, Italy

Kupffer cells (KC) and sinusoidal endothelial cells (LSEC) of
the liver are a major barrier to efficient hepatocyte gene delivery
by helper-dependent adenoviral (HDAd) vectors. We have previ-
ously shown that scavenger receptor type A (SR-A) and scavenger
receptor expressed on endothelial cells I (SREC-I) play a crucial role
in adenoviral (Ad) vector uptake by these cells and thus, they affect
hepatocyte transduction. In the present study, to prevent vector
uptake by KC and LSEC, we used small synthetic peptides (PP1
and PP2) designed by phage display to block SR-A and SREC-I
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with the goal of increasing hepatocyte transduction efficiency. Pre-
incubation of J774.1 macrophages with PP1 or PP2 prior to HDAd
infection significantly reduced viral vector uptake. Pre-treatment of
C57BL/6 wild-type mice with intravenous injections of PP1 and
PP2 peptides prior to HDAd injection resulted in a significant 3.7-
fold and 2.9-fold increase of hepatocyte transduction efficiency,
respectively. Fluorochrome conjugated PP1 was found to co-local-
ize with both CD68 and CD31 thus suggesting that PP1-mediated
increase of hepatocyte transduction was dependent upon SR-A
blocking on both KC and LSEC. Serum IL-6 was increased in mice
injected with PP1 and HDAd achieved higher levels of transduction
compared to mice receiving vector alone. In contrast, mice injected
with PP2 and HDAd showed no significant increase in serum IL-6,
despite the increase in hepatocyte transduction. In conclusion, we
show that SR-specific inhibition by small inhibitory peptides re-
sulted in increased hepatic transduction and is a promising strategy
to improve the therapeutic index of HDAd vectors.

Or010

Somatotransgenic bioimaging: a novel biosensing platform for
in vivo bioimaging

S.M.K. Buckleyl, J. Delhove?, R. Karda®, S.N. Waddingtonl, and
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Animal models of disease have been invaluable in elucidating
the molecular origins of pathogenesis, progression of disease,
and the development of therapeutic interventions. Ultimately,
the quantitation of disease biomarkers often requires terminal
end-point analysis. The advent of light-emitting transgenics that
contain a luciferase reporter gene conditionally activated by an
endogenous promoter, or serial transcription factor binding ele-
ments controlling a minimal promoter, provide quantitative light
emission in response to in vivo intracellular signalling. However,
transgenesis results in the insertion of the luciferase expression
cassette into every cell of the body, which can result in substantial
off-target or non-specific activity. Here, we describe a novel
technology whereby lentiviral-mediated delivery of a luciferase
reporter construct into neonatal mice offers targeted, long-term
expression of the transgene in a fraction of the time and cost
required for the development of a germ-line transgenic. We have
designed, generated and validated in vitro a bespoke library of 15
lentiviral vectors that are activated by transcription factors im-
plicated in inflammation, fibrosis and cancer as well as in other
diseases. As proof of concept, we show the utility of somato-
transgenic bioimaging in vivo using NF-«B signalling as a model
of inflammation in several organs, both in rats and mice. Fur-
thermore, we present evidence that this is an effective platform
for testing drug efficacy in vivo by showing depletion of a me-
diated LPS-induced NF-xB response by co-administration of
dexamethasone. Other vectors currently being validated include
those involved in TGF-f, BMP, WNT, Hedgehog, STAT3 sig-
nalling and antioxidant, hypoxic and xenobiotic responses.
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In vivo imaging of mesenchymal stem cell recruitment into
the tumor stroma of Hepatocellular Carcinoma (HCC) using a
HIF-1a-specific sodium iodide symporter gene system

K. Knoopl, AM. Mueller!, K.A. Schmohl', N. Schwenk!,
J. Carlsen?, M. Hacker?, B. Goeke!, E. WagnerS,
P. J. Nelson*, and C. Spitzweg'
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The tumor-homing property of mesenchymal stem cells
(MSCs) has lead to their use as delivery vehicles for therapeutic
genes. The application of the sodium iodide symporter (NIS) as
reporter and therapy gene allows non-invasive imaging of MSC
biodistribution and functional transgene expression by '*I-
scintigraphy or PET-imaging, as well as therapeutic application
of "*'I. Hypoxia-inducible factor 1 (HIF-1) is a key mediator of the
cellular response to hypoxia and therefore is highly expressed in
solid malignancies. Placing NIS under the control of the HIF-1o-
promoter should consequently allow tumor-specific NIS ex-
pression after MSC-mediated delivery. We stably transfected
human MSCs with NIS driven by the HIF-1« promoter (HIF-1o-
NIS-MSCs) and analyzed functional NIS expression by iodide
uptake assay, Western blot and FACS analyses. In a HCC xe-
nograft model, we further investigated distribution and tumor
recruitment of HIF1a-NIS-MSCs by 'Zl-scintigraphy. After
hypoxia was simulated in vitro by treatment of HIF1o-NIS-MSCs
with 300 uM of the hypoxia mimetic agent CoCl,, a 48-fold in-
crease in perchlorate-sensitive iodide uptake was observed
compared to HIF1a-NIS-MSCs under normal conditions. Wes-
tern blot and FACS analyses confirmed CoCl,-induced NIS
expression in HIF1a-NIS-MSCs. After establishment of subcuta-
neous HCC xenografts in nude mice, HIF1¢-NIS-MSCs were
injected intravenously and MSC distribution was analyzed by
J-camera imaging. Injection of 18.5 MBq '*I resulted in a tumor-
selective iodide accumulation showing active MSC recruitment
and tumor-specific promoter activation. Our results demonstrate
selective recruitment of HIF1a-NIS-MSCs into HCC tumors
resulting in tumor-specific iodide accumulation, opening the
exciting prospect of NIS-mediated radionuclide therapy of
extrathyroidal tumors after MSC-mediated gene delivery.
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Thy1.1, p75~"® or CAR receptor targeting by lentiviral vectors
leads to retrograde transport and transduction of spinal motor
neurons following peripheral delivery

L. Eleftheriadou®, A. Trabalza', S.M.A Ellison!, K. Gharun!, and
N.D. Mazarakis’

'Gene Therapy, Centre for Neuroinflammation & Neurodegeneration,
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To understand how receptors are involved in neuronal traf-
ficking and to be able to utilise them for specific targeting via the
peripheral route would be of great benefit. Here we describe the
generation of novel HIV-1 targeted lentiviral vectors with tro-
pism to motor neurons (MNs) that were made by co-expressing
onto the lentiviral surface of a fusogenic glycoprotein (mutated
sindbis G) and an antibody against a cell surface receptor found
on the presynatpic neuromuscular junction terminal (Thy1.1 or
low-affinity neurotrophin receptor p75™'® or coxsackievirus and
adenovirus receptor CAR). These vectors exhibit binding speci-
ficity and transduction of receptor positive cell lines and primary
motor neurons in vitro. Following application of the targeted
vectors on the axonal compartment of microfluidic MN cultures,
retrograde axonal transport and transduction of cell bodies on
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the somatic compartment were demonstrated. Inn vivo delivery of
the CAR targeted vectors in leg muscles of mice resulted in
predicted patterns of MN labelling in the lumbar spinal cord as
demonstrated by bioluminescence whole body luciferase imaging
and EGFP immunofluorescence. In vivo transduction efficiency
was in part dependent on transgene promoter strength. Rabies
virus glycoprotein pseudotyped HIV-1 vectors tested in parallel
were found to be transported in a retrograde direction, yet failed
to transduce MNs either in vitro or in vivo. The potential of these
targeted vectors for minimally invasive administration of CNS
therapeutics is being currently tested in models of MN diseases.
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ColoAd1 a group B oncolytic adenovirus: pre-clinical
characterisation and development of ‘armed’ variants
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J. Bhatia®, A. Patel?, J. Beadle?, L. Seymourz, and K. Fisher'?
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ColoAd1 is a chimeric Ad11p/Ad3 adenovirus, developed by
bio-selection from a library of chimeric adenoviruses for the
ability to replicate and exit rapidly from tumour cells. The virus is
active against a broad range of cancer cell lines demonstrating a
shorter time-to-lysis than either wild type Ad11p, Ad3 or Ad5. In
normal cells, ColoAd1 is attenuated and shows little or no ac-
tivity by either cytotoxicity or by quantitative PCR. The mecha-
nism of tumour cell lysis is independent of apoptosis pathways
and ColoAd1 readily kills drug resistant cells. In vivo, ColoAd1
shows efficacy in a range of subcutaneous and orthotopic meta-
static tumour models following intra-tumoral, intravenous and
intra-peritoneal injection. When subpopulations of cells are iso-
lated from tumour samples, sphere forming cells (with a self-
renewing phenotype) were shown to be disproportionately killed
by ColoAd1. The virus capsid is entirely derived from Ad11p for
which there are limited circulating levels of neutralising anti-
bodies in the general population. ColoAd1 associates with blood
cells reversibly and unlike group C based oncolytic viruses, can
efficiently kill tumour cells under clinically relevant conditions in
undiluted human blood. Replication and lysis has been demon-
strated in primary patient samples and efficacy has been dem-
onstrated in metastatic orthotopic models. A full panel of safety
studies has now been completed and a phase I clinical trial is on-
going. ColoAd1 virus variants which can be ‘armed’ for thera-
peutic gene delivery in order to enhance ColoAd1 anti-tumour
activity, are now under development.
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Results of a trial of compassionate use of Celyvir in children
with metastatic and refractory solid tumors
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Celyvir consists of autologous mesenchymal stem cells
(MSCs) carrying an oncolytic adenovirus. We published an initial
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study on the use of Celyvir in 4 children with metastatic neuro-
blastoma (Cancer Gene Therapy, 2010, 17: 476) and now present
the extended clinical experience of this program of compassion-
ate use of Celyvir in 17 new patients. Diagnoses were neuro-
blastoma (15), rhabdomyosarcoma (1) and ovarian tumor (1). All
patients had failed to at least 3 lines of therapy, and presented a
metastatic disease. The children received multidoses of Celyvir in
a weekly basis (minimum 4, maximum 70, total 229) with no
concomitant treatments. Total cells (min. 70x10°, max.
2640x10°) and viral particles (min. 1,8x10'?, max. 528 x10'%)
varied among patients. Hematological and biochemical controls
were done in blood samples at the time of each infusion. The
tolerance was excellent, with very mild and autolimited viral-
related toxicities. Peripheral blood lymphocytes raised and the
profile of tumor infiltrating lymphocytes (whenever a biopsy was
available) changed after Celyvir therapy. Clinical outcomes were
progression (13), stable disease (1), partial remission (3) and
complete remission (1). The patient with a complete response
relapsed after 6 months and received a second round of Celyvir,
achieving a partial remission. MSC cultures presented differences
in the expression levels of adhesion molecules (CCR9, b;integrin,
CD44 and VCAM) and immune molecules (HLADR, BH7 fami-
ly), suggesting interpatient differences in the homing and im-
mune modulation capacities of the therapy administered. In
conclusion, Celyvir is a safe therapy that should be explored
further in patients with advanced cancers.
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Pancreatic tumor targeting with cell type-specific
miRNA-regulated oncolytic adenoviruses reduces local
and systemic toxicity
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Oncolytic virotherapy is an emerging treatment that uses
replication-competent viruses to eliminate cancer cells. A major
concern is raised to confer viral tumor targeting in order to
minimize undesirable side effects. In the current work, we ex-
plored to engineer replication-competent adenoviruses contain-
ing binding sites recognizing robust hallmark microRNAs with
pancreatic tumor-selectivity (Ad-miRT). Candidate microRNAs
were selected and their expression was validated in a set of pri-
mary tumors and non-tumor tissue from patients diagnosed with
pancreatic ductal adenocarcinoma. We show that viral E1A-
miRT expression and Ad-miRT viral propagation were efficiently
controlled in vitro and in vivo according to miRNAs content. A
miRNA-dependent cytotoxic effect on tumoral cells was detected
and strong antitumor responses were recorded in Ad-miRT
treated mice. We present in vivo evidences of Ad-miRT attenua-
tion in liver and pancreas, both in the exocrine fraction and the
Langerhans islets. Consequently, Ad-miRT infected mice pre-
sented with reduced pancreatic and hepatic damage. Remarkable
safety was also observed at higher Ad-miRT injected doses. Fine
analysis of the endogenous levels of miRNAs and their targets
showed no perturbation derived from the microRNA-binding
sites on Ad-miRT infected tissues, highlighting the absence of
associated-toxicity to the strategy. Taken together, our study
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provides compelling preclinical evidences for the usage of can-
didate microRNAs binding-sites to confer adenoviral selectivity,
improving the safety profile of adenoviral-based therapies while
retaining full lytic capacity when administered locally to the
pancreas or systemically. Moreover the well-tolerated systemic
delivery of elevated viral doses may allow for increasing thera-
peutic concentrations, leading to improved anticancer efficacy.
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Development of new lentiviral vectors for the gene therapy
of LAD-I
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Leukocyte Adhesion Deficiency Type I(LAD-I) is a primary
immunodeficiency characterized by recurrent and life-threatening
bacterial infections. It is caused by mutations in the ITGB2 gene,
encoding the integrin f2 common subunit (CD18). Most of these
mutations lead to a defective or absent expression of 2 integrins
in the leukocytes surface, which implies that leukocytes are un-
able to firmly adhere to the endothelium and extravasate to in-
fection sites. As other monogenic immunodeficiencies, LAD-Iis a
good candidate for ex vivo gene therapy. Therefore, we have
developed four different lentiviral vectors, expressing human
CD18 cDNA from ubiquitous (PGK and UCOE) or myeloid-
specific (Chim and MIM) promoters. All four CD18-LVs were
able to restore the expression of CD18 and CD11a both in a LAD-I
patient-derived lymphoblastoid cell line and in cells from a CD18
hypomorphic mice that resemble the moderate form of human
LAD-I, including leukocytosis, reduced f2 integrin expression
and impaired neutrophil migration. To correct the genetic defect
of mCD18 defective cells, lineage negative BM cells were trans-
duced with CD18-LVs and transplanted into irradiated CD18-
hypomorphic recipients. As a result of this ex vivo gene therapy
approach, hCD18 could be detected in PB lymphoid and myeloid
cells, and increased levels of CD11a expression and normaliza-
tion of the white blood cell counts were observed. All these
results allow us to propose new CD18-LVs that could be good
candidates for future clinical applications for LAD-I patients.
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Efficient site-specific integration and in situ gene correction
of human long-term repopulating hematopoietic stem cells
by zinc finger nucleases
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The development of ZFN technology enables targeted rather
than random integration, and gene correction rather than replace-
ment, as new paradigms for gene therapy. Whereas high levels of
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targeted gene modification has been reported in some clinically
relevant primary cells, the demonstration of highly efficient tar-
geted integration (TI) in human Hematopoietic Stem/Progenitor
Cells (HSPC) remains challenging. Here, we combined Integrase
Defective Lentiviral Vectors (IDLV) to deliver a donor template
for homology-driven repair and mRNA transfection to drive a
spike of ZFN expression in the treated HSPC. Optimization of
this protocol facilitated TI of transgene expression cassettes into
the AAVSI “safe harbor” site or of a corrective cDNA into a
mutational hotspot of the IL2RG gene of HSPCs with high effi-
ciency and reproducibility (average 6%, n=25 cord-blood do-
nors). Upon xeno-transplantation in NSG mice we observed
gene-targeted cells in both myeloid and lymphoid lineages as
well as in the early progenitors’ compartment of the bone mar-
row for several months post-transplant across multiple inde-
pendent mice, indicating successful targeting of long-term
repopulating stem cells. Importantly, HSPC targeted with the
corrective IL2RG ¢cDNA were capable of generating lymphoid
cells that express the IL2RG protein and are dependent on its
signalling. These lymphoid cells expanded in the mice upon
challenge with a tumor cell line that expresses human IL7 and
IL15, proving that the corrective cDNA was able to functionally
restore the gamma-chain coupled receptors. Overall these studies
demonstrate that ZFN-mediated TI of a transgene can be ob-
tained in human HSPC with efficiencies compatible with clinical
translation.
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Accumulation of proto-oncogene integrations triggering
lymphoid as well as myeloid leukemia in WAS gamma-
retroviral gene therapy
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The German WAS clinical gene therapy trial showed efficient
correction in 9/10 patients and until now more than 120,000
unique integration sites (IS) could be detected. A comparative
analysis between the patients revealed a striking high-level
clustering of IS in sub-gene regions comprising only 100-300 kb.
The most affected gene loci are represented by proto-oncogenes
(MDS1-EVI1, PRDM16, LMO2 and CCND2) which have been
involved in clonal expansions during other gene therapy trials.
5 patients developed T-ALL, each associated with an LMO2
integration site, triggering the up-regulation of this proto-
oncogene and the development of leukemia. Overall, a rapid
and abrupt increase of the leukemic clone from less than 0.6% to
more than 60% could be observed. 3 patients developed AML
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and in contrast to the T-ALL patients, the relative contribution
of the leukemic clone increased steadily over time, finally
leading to the development of myeloid leukemia. IS analysis
revealed that the occurrence of AML was associated with inte-
grations within the myeloid proto-oncogene MDS1. Whole ge-
nome sequencing of the leukemias allowed for detection of
some large aberrations such as TCR translocations, LOH af-
fecting the tumour-suppressor genes CDKN2a/b as well as
large deletions in a Mb range. Further analysis of the data is
currently ongoing to comprehensively dissect the lymphoid and
myeloid leukemias and to identify possible genetic commonal-
ities between the patients.
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MicroRNA-regulated cassettes aimed at preventing cardiac
toxicity of CAPN3 gene transfer
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Limb-Girdle Muscular Dystrophy type 2A (LGMD2A) is due
to mutations in the CAPN3 gene. This disease affects predomi-
nantly the skeletal muscles of the proximal limbs. There is no
treatment for this disease to date. We showed previously that
intramuscular or loco-regional administration of a CAPN3
transgene, carried by a recombinant Adeno-Associated Virus
(rAAV) vector, resulted in restoration calpain 3 expression in a
murine model for LGMD2A. The long term expression of cal-
pain 3 in skeletal muscles resulted in the correction of the
pathological signs of the disease. However, systemic adminis-
tration of the same vector led to cardiac toxicity caused by un-
regulated proteolytic activity of calpain 3 in the heart. To avoid
CAPNS3 transgene cardiac expression, we developed a vector
regulated by microRNA. We introduced the target sequence of
the cardiac specific microRNA-208a downstream of CAPN3
c¢DNA and demonstrated in cellulo its capacity to down-regulate
the expression of the carrier messenger in presence of miR-208a.
In order to restrain the expression of CAPN3 transgene to the
skeletal muscle, we also cloned and characterized in cellulo the
muscle-specific promoters of CAPN3 and miR-206. The valida-
tion of these regulatory elements in vivo, using rAAV vectors,
resulted in the abolition of CAPN3 transgene toxicity in the
heart.
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Gene transfer of TCIRG1 driven by clinically relevant
promoters restores osteoclast function in Infantile
Malignant Osteopetrosis
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Infantile Malignant Osteopetrosis (IMO) is a rare, lethal, au-
tosomal recessive disorder characterized by nonfunctional oste-
oclasts. More than 50% of the patients have mutations in the
TCIRG1 gene, encoding for a subunit of the osteoclast proton
pump. Gene therapy could be an alternative treatment to allo-
geneic stem cell transplantation for IMO patients.
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We have previously shown that the phenotype of IMO osteo-
clasts can be rescued by lentiviral mediated gene transfer of the
TCIRG1 cDNA under the SFFV promoter. The aim of this study is
to test two more clinically relevant promotors: Elongation factor 1o
short (EFS) and a chimeric myeloid promoter (ChimP; Grez et al.,
2011). CD34 cells from peripheral blood of 3 IMO patients were
transduced and cultured with M-CSF, GM-CSF, IL-6, SCF and
FIt3L for 2 weeks. Transduction efficiency was evaluated and cells
were differentiated to mature osteoclasts on bone slices with M-
CSF and RANKL. gPCR analysis and western blot revealed in-
creased mRNA and protein levels of Tcirgl compared to controls.
Vector corrected IMO osteoclasts generated increased Ca” release
and bone degradation products such as CTX-1 into the media,
while non-corrected IMO osteoclasts failed to resorb bone. The
vector with SFFV promoter gave rise to the highest rescue levels
(resorption approximately 80% of controls), followed closely by
the EFS promoter (70%) and the ChimP promoter (50%). In con-
clusion we provide evidence for rescue of the IMO osteoclasts with
a human promoter and with a tissue specific promoter, supporting
the clinical development of gene therapy of IMO.
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Insight into molecular events associated with partial
restriction of Adeno-Associated Vector genome
expression in dystrophic muscles
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Improving the efficacy of recombinant Adeno-Associated
Viruses (rAAV)-mediated gene transfer is a mandatory step
toward successful translation to the clinic. To this end, the molec-
ular mechanisms underlying stability or transcriptional regulation
of TAAV episomal genomes must be explored, particularly in
pathological tissues often affected by metabolic perturbations. In
this study, the molecular behavior of rAAV genomes was evalu-
ated in dystrophin-deficient mice, whose muscle is severely dis-
turbed by oxidative stress compared to healthy tissue. Common to
both models, in situ chromatin immunoprecipitation analyses
showed a robust enrichment in a repressive histone post-transla-
tional modification (H3K9me3) despite a histone density compa-
rable to that of endogenous chromatin domains. However, several
differences were highlighted between the two tissue contexts: (i)
quantitative PCR indicated that rAAV genomes are not only less
stable in dystrophic muscles but are also less transcriptionally ac-
tive; (ii) while DNA methylation along rAAV genomes was hardly
detectable in healthy muscles, we noticed a limited and time-de-
pendent enrichment in dystrophic muscles; (iii) several members of
the DNA damage response (Mrell, Rad50, Nbs1, Atm, Atr) were
found overexpressed in dystrophic muscles, which in turn may
also participate inrAAV genome silencing. A better understanding
of these molecular mechanisms is likely to allow the design of
dedicated methods to improve the tissue environment and in
turn the safety and efficiency of rAAV-mediated gene therapy for
muscular dystrophies.
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Development of the manufacturing process for the ex vivo
gene therapy for ADA-SCID (GSK2696273)
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GSK2696273 is a novel medicinal product which contains ge-
netically modified cells. It has been developed for the treatment of
severe combined immunodeficiency (SCID) due to adenosine de-
aminase (ADA) deficiency. GSK2696273 contains autologous
CD34 cells transduced ex vivo with a replication deficient retroviral
vector containing the human adenosine deaminase (ADA) cDNA
sequence. The product has been administered to 18 paediatric
patients, aged approximately 6 months to 6 years, 12 of which
were enrolled in the pivotal clinical study. With the exception of
the very first patient, all vector, drug substance and drug product
has been manufactured at MolMed, Milan, and all patients have
been treated at Hospital San Raffaele, Milan. A summary from a
systematic review of the data from the manufacturing campaigns
of vector produced to date and the 12 batches of drug product
produced for the pivotal clinical study, as well as links between the
manufacturing process, batch properties and clinical safety and
efficacy will be presented. In addition, efforts to further develop
the manufacturing process to ensure security of supply and de-
livery of a safe and efficacious product whilst minimising changes
to reduce the comparability risk will be presented. More specifi-
cally, changes to the vector process, the key starting material, will
be presented. These changes will be implemented to reduce vari-
ability between batches and increase scale. For the cell process
minimal changes will be implemented, with the main aim being
aseptic risk reduction.
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Glybera (alipogene tiparvovec) is an AAV-1 based gene therapy
medicinal product developed by UniQure (Amsterdam Molecular
Therapeutics) for long term correction of lipoprotein lipase defi-
ciency (LPLD), a seriously debilitating inherited lipid metabolism
disorder. Glybera is the first AAV-based gene therapy medicinal
product admitted by the European Commission for Market Au-
thorization in 2012. The environmental risk assessment (ERA)
formed an important part of the submission dossier. For the pur-
pose of this ERA, we screened the non-clinical and clinical studies
to select data that could be used as a basis for risk assessment
considerations. This data was supplemented with use scenarios
from clinical trials and literature on the biology of wild-type AAV
and modified AAV-based gene therapy vectors, to assess magni-
tude and likelihood of potential adverse events. The clinical vector
shedding from different excreta was the most critical element in
the assessment. This data allowed estimating the fraction of the
dose excreted after Glybera administration. A thorough descrip-
tion of the characteristics of the recombinant AAV-vector, such as
replication deficiency, low infectivity and non-pathogenicity were
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pivotal in assessing the hazard of the shed vector in absence of
specific environmental data. The process and data will be pre-
sented that led us to conclude that the overall assessed risk of
Glybera for people and the environment was negligible.
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AAV vectors are attractive for many reasons, including the op-
tion to engineer the viral capsid to expand its tropism to cells that are
refractory to natural AAVs. One potent strategy is to insert a ran-
domized peptide library into exposed capsid regions of AAV2,
followed by iterative enrichment of candidates mediating improved
transduction on target cells. Here, we studied if and to what extent
the capsid backbone and its combination with specific peptides ra-
ther than the peptide alone determines vector properties. Therefore,
we modified the capsid genes of 12 natural AAVs to contain two
restriction sites for insertion of peptide-encoding oligonucleotides.
Into each capsid, we then cloned 18 different peptides which were
pre-selected in AAV2 on various cells. We next produced the re-
sulting >200 AAVs as YFP-expressing vectors and screened them in
~50 human or murine cells, including primary hepatocytes, T-cell
lines and stem/iPS cells. Strikingly, many capsid-peptide combi-
nations outperformed the original AAV2 variants, especially those
based on AAV1, 7-9 and rh10. Two additional intriguing findings
are that our best peptides shared the residues N-R—, and that
disruption of one flanking arginine in AAV2 boosted vector potency
by two orders of magnitude. Our data illustrate the vast potential of
non-2 AAV serotypes as templates for peptide display, and suggest
that our set of >400 new AAV capsids will benefit many labs in-
terested in identifying superior variants on their favourite cells. To
further aid in this process, we finally also present a novel protocol
for AAV spotting and drying in 384-well plates which facilitates the
long-term storage and shipping of our vector collection.
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It has now come to the era when one can expect reality in
genetic correction in hematopoietic stem cells (HSCs) as a perfect
treatment for inheritable diseases. Hematopoietic stem/
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progenitor cells are currently the target cells being used in the
clinical gene therapy trials, but careful monitoring of hemato-
poietic clonality in treated patients is essential to ensure overall
safety of the treatment. Utilization of induced pluripotent stem
cells (iPSCs) can potentially be a solution because it should allow
clonal selection from a bulk population after genetic modification
and before transplantation; however, it has proved challenging to
generate from pluripotent stem cells genuine HSCs truly trans-
plantable. Here, we demonstrate a unique in vivo differentiation
system yielding engraftable HSCs from mouse and human iPSCs
in teratoma-bearing animals. In mice, iPSC-derived HSCs were
shown capable of migrating from teratomas into the BM and
their intravenous injection into irradiated recipients led to long-
term reconstitution of the multilineage hematopoietic system in
serial transfers. Using this in vivo generation system, we could
demonstrate that X-linked severe combined immunodeficiency
mice can be treated by HSCs derived from functionally-corrected
clonal iPSCs after therapeutic gene transfer. Of note is that nei-
ther leukemia nor tumors were observed in recipients after
transplantation of iPSC-derived HSCs. Taken together, our sys-
tem presented here should provide a useful tool not only for basic
research of HSCs biology, but also for possible application of
iPSCs in the treatment of genetic diseases where stem cell-gene
therapy can be ideal by enabling permanent cure for the patients.
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Transcription factor-induced reprogramming of induced plu-
ripotent cells (iPSCs) de-stabilizes the differentiated state of so-
matic cells via intermediate cell populations. The identity and
molecular functions of genes that promote reprogramming are
highly relevant for understanding the mechanistic roadblocks to
this reprogramming process. We here demonstrate that compre-
hensive retrovirus vector insertion maps in 40 analyzed mouse
and human iPSCs show non-random distribution towards geno-
mic loci and genes important for reprogramming mouse embry-
onic fibroblasts in iPSCs. Our findings are very unique and novel,
identifying new genes which in addition to transcription factors,
facilitate reprogramming and the gain-of-pluripotency. We found
that the systematic selection and ectopic expression of these
mechanistically-relevant genes tagged by retroviruses signifi-
cantly facilitates cellular reprogramming into iPSCs, enhancing the
sequential stages of iPSC generation more than 10-fold. Genes that
facilitate reprogramming include chromatin modifiers as well as
regulators of innate immunity and RNA Polymerase III activity.
The capacity of such genes to enhance reprogramming indicates
their biological role in overcoming molecular barriers to de-
differentiation. Our findings explain the higher frequency of iPSC
derivation with integrating vector systems, and predict heteroge-
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neity among such iPSC clones. Multi-stage insertional mutagene-
sis screens with retroviral- or transposon-based vectors enable a
further functional dissection of the molecular mechanisms that
enhance reprogramming and pluripotency. Functional analysis of
these genes indicates that stochastic and deterministic roadblocks
accompanying reprogramming can be identified and overcome in
the search for more efficient and controlled iPSC derivation.
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Allele-preferred targeted correction of CFTR gene
in Cystic Fibrosis induced pluripotent stem cells
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Cellular transplantation of lung stem/progenitor cells repre-
sents a potential therapeutic approach for a variety of inherited
monogenic diseases. Crucial to the success of such a therapeutic
strategy is that the transplanted cells and their progeny are cor-
rected for the disease-causing mutation and that the transplanted
cells do not elicit an immune response in the recipient. In order to
satisfy these criteria, we are pursuing a patient-specific approach
in which, starting with skin or blood cells from patients with in-
herited lung disorders, autologous induced pluripotent stem cells
(iPSCs) are first derived. Utilizing site-specific homology-directed
repair, the disease-causing mutation is corrected in the endoge-
nous, chromosomal DNA sequence. Finally, a directed differenti-
ation approach is employed to obtain highly purified populations
of the relevant stem/progenitor cells from the corrected iPSCs for
purposes of transplantation. We have employed this approach to
generate corrected, autologous iPSCs for patients with Cystic Fi-
brosis (CF). Starting with skin fibroblasts of patients diagnosed
with CF, we have derived and characterized iPSCs, confirming
their pluripotency. We then utilized zinc finger nucleases (ZENs),
designed to target the endogenous CFIR gene, to mediate cor-
rection of the inherited genetic mutation in this locus via homol-
ogy directed repair in these iPSCs. The corrected CF iPSCs, when
induced to differentiate in vitro, express the corrected CFTR gene.
Importantly, we observed an exquisitely sensitive, homology-
dependent preference for targeting one CFTR allele vs. the other.
This allele-specific targeting offers the potential for preferential
targeting of ZFN-mediated correction to dominant mutant alleles.
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Rheumatoid arthritis (RA) is a chronic destructive autoim-
mune disease with periods of exacerbation and remission. An
attractive treatment would provide a disease-regulated therapy
that offers flexible drug delivery. Therefore, we expressed the
anti-inflammatory interleukin-10 (IL-10) gene under the control
of an inflammation-dependent promoter in a mouse model of
RA. Proximal promoters of 5100a8, Cxcll, Mmp13, Saa3, IL-1b,
and TSG6 were selected from endogenous genes differentially
regulated in the inflamed synovium of arthritic mice. Mice
were injected intra-articularly in kneejoints with lentiviral
vectors expressing a luciferase reporter or the therapeutic
protein IL-10 under control of selected promoter. After 4 days,
arthritis was induced by intra-articular injection of strepto-
coccal cell walls. At different timepoints after arthritis induc-
tion, in-vivo bioluminescent imaging was performed or knee
joints were dissected for histological and RNA analysis. The
disease-regulated promoters showed different activation pro-
files during the course of the disease, subsequently the Saa3
and MMP13 promoter were selected for further research, be-
cause of differences in activation at day 1. Overexpression of
IL-10 resulted in less synovitis and cartilage proteoglycan (PG)
depletion and in upregulation of IL-1Ra and SOCS3 gene ex-
pression. IL-1Ra counteracts the detrimental effects of IL-1 on
cartilage damage and SOCS3 inhibits the JAK/STAT pathway
and subsequent inflammation; this can explain the diminished
synovitis and PG depletion. Probably because IL-10 is ex-
pressed at day 1 of arthritis without any treatment, major
therapeutic differences between the MMP13 and SAA3 pro-
moter were not evident in this study. Yet we can conclude that
local inflammation-dependent IL-10 gene therapy suppresses
experimental arthritis and is a promising strategy in the de-
velopment of novel treatments for RA.
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in a T cell transfer model of inflammatory bowel disease
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Foxp3-expressing regulatory T cells (Treg) are vital for
maintaining balance among tolerance, adequate immune re-
sponses, and autoimmunity. In recent years, regulatory T cells
are being developed as a cellular therapy with the potential to
modulated unwanted immune responses. While their suppres-
sive function has been extensively studied in vitro, their ho-
meostasis and mechanisms of immunoregulation still remain to
be clarified in vivo. Previous data from our laboratory have
shown that galectin-1, a fi-galactoside-binding lectin, is specif-
ically expressed by human and mouse regulatory T cells and
contributes to their immunosuppressive function in vitro. Using
a T cell transfer in vivo model of inflammatory bowel desease
(IBD), when galectin-1-deficient CD4 CD25 Foxp3 regulatory T
cells (Gal-1 KO-Tregs) were co-transferred with CD4
CD25CD45Rb naive T cells into Rag-1 mice their survival is
compromised. Interestingly, Gal-1 KO-Tregs retained their ca-
pacity to modulate intestinal inflammation induced by CD4
CD25CD45Rb naive T cells in the surveyor mice compared to
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the colitic group. However, this immunomodulation is less ef-
ficient than in wild-type Tregs as shown by the increase number
of Gal-1 KO-Tregs required for protection against IBD. Strik-
ingly, mice treated with Gal-1 KO-Tregs have clear signs of
colon inflammation accompanied by splenomegaly and active
mesenteric and caudal lymph nodes suggesting that Gal-1 KO-
Tregs can eventually be converted into inflammatory T cells. We
conclude that galectin-1 expression on Treg cells is required for
the immunomodulatory function of Treg cell-mediated sup-
pression and that adequate expression of galectin-1 should be
taken into consideration when cell therapy protocols using
regulatory T cells are proposed for clinical use.

Or030

Single intravenous administration of viral vectors carrying
IL23R: A promising approach for Multiple Sclerosis therapy

M. Miralles!, M. Puigl, H. Eixarch?, A. Gutiérrez?, A. Bosch!,
X. Montalban?, C. Espejo?, and M. Chillén'?

'CBATEG, Departament de Bioquimica i Biologia Molecular,
Universitat Autonoma de Barcelona, Spain; 2Servei de Neurologia-
Neuroimmunologia, Centre d’Esclerosi Miiltiple de Catalunya
(Cemcat), Vall d’'Hebron Institut de Recerca (VHIR), Hospital
Universitari Vall d’Hebron, Universitat Autonoma de Barcelona,
Barcelona, Spain; SInstitucié Catalana de Recerca i Estudis Avangats
(ICREA), Barcelona, Spain

Multiple sclerosis (MS) is the most common inflammatory
disease of the central nervous system (CNS) and the major cause
of disability in young adults. Its prevalence in our population is
approximately 80-90 cases per 100,000. Although the aetiology
of this disease is not clear, it is known that the autoreactive T
cells that have lost their tolerance to proteins present in the CNS
play a fundamental role in its pathogenesis. Recently, it has
been demonstrated the key role of the Thl7 pathway in the
initiation and development of various autoimmune diseases
such as MS. Several molecules belonging to the Th17 pathway
have been identified as important in the development of this
disease, specially the interleukin (IL)23, which has been de-
scribed as essential in the maintenance of the Th17 cell popu-
lation. In this regard, our group has cloned and amplified
different constructs of IL23 receptor (IL23R) in both adenoviral
and AAV genomes. We have focused specially in a soluble form
of IL23R, in order to block the IL.23:I1L.23R interaction and thus to
modulate the Th17 pathway by viral vector-mediated gene
therapy. We administered a single intravenous dose of different
viral vectors carrying IL23R gene or control vectors. Then, EAE
was induced in C57BL/6] MOG40-55 peptide. During 30 days,
mice were daily assessed for neurological signs using a 6-point
scale. Animals were sacrificed and CNS removed in order to
performed histo- and immunological studies. In these experi-
ments we observed a significant reduction in clinical progres-
sion of the disease in those animals receiving the IL23R
compared with those receiving control vectors. Thus, the clini-
cal score for IL23R-treated mice was less severe throughout the
experiment compared to the non-treated mice, with final values
of 2.7 (£0.7 SEM) and 4.7 (+0.3 SEM) respectively. Moreover, a
large decrease in cell infiltration, demyelination as well as ac-
tivated microglia and astrogliosis was observed in the spinal
cords of IL23R-treated animals compared to control-treated
mice. Therefore, these results confirm the therapeutic potential
of a gene therapy strategy for MS based on the expression of
soluble IL23R to immunomodulate the Th17 pathway.
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In Ataxia telangiectasia, the ATM gene is mutated and the
mechanisms underlying A-T disease are still incompletely un-
derstood. A key function of the ATM protein is to sense and
regulate cellular redox status, using a complex network of
downstream signaling pathways. ATM protein is also a key
transducer of DNA damage signals to downstream effectors.
ATM deficient cells show increased ROS accumulation, activa-
tion of the p38 protein kinase and increased basal levels of DNA
damage. GSE24.2 a peptide corresponding to an internal do-
main of Dyskerin (a protein member of the telomerase complex)
has proved to induce telomerase activity by stabilizing hTR
(The RNA component of telomerase) and increasing expression
of TERT (The catalytic subunit of telomerase). GSE24.2 (Ges-
telmir) has been recently approved by EMA for the treatment of
Dyskeratosis congenita. Expression of GSE24.2 in human fi-
broblast is able to protect from DNA damage detected by de-
creased H2AX foci and ATM and CHK2 phosphorylation. Due
to these findings we have explored the use of GSE24.2 in ataxia
telangiectasia human cells and studied the consequences in both
DNA damage and ROS production. We have used both fibro-
blast and lymphoblast cell lines obtained from Corriel carrying
different mutation in the ATM gene. Infection of A-T human
cells with lentiviral vectors expressing GSE24.2 showed a re-
duction in basal levels of DNA damage, decreased levels of ROS
and also lower levels of p38 phosphorylation, than cells infected
with control virus.
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Fanconi anemia (FA) is a rare inherited disease characterized
by congenital abnormalities, bone marrow failure and cancer
predisposition. To date, hematopoietic transplant is the only
curative treatment of the hematopoietic syndrome in FA pa-
tients, although it is associated with a significant morbidity and
mortality. Gene therapy with optimized lentiviral vectors
may constitute a new alternative for the treatment of these
patients. Aiming to evaluate the efficacy and the safety of a
self-inactivating lentiviral vector developed for FA-A patients,
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preclinical studies in Fanca” mice were conducted. Lineage neg-

ative bone marrow cells from these animals were transduced
with a PGK-FANCA-wPRE* lentiviral vector (FANCA-LV)
designed for an upcoming Phase I-II trial. Robust transduction of
Fanca” HSCs with this vector resulted in long-term healthy he-
matopoiesis, which upon serial transplantation did not show any
symptoms of toxicity or insertion-induced side effects. For a rig-
orous description of genetically modified cells, the LV insertion
sites (LIS) were retrieved by linear-amplification mediated PCR,
followed by pyrosequencing. A total number of >225,000 se-
quences in blood and bone marrow samples from reconstituted
mice that mapped in >6,000 different LIS were identified. In
contrast to the oligoclonal reconstitution pattern observed in
mice transplanted with a genotoxic gammaretroviral vector,
FANCA-LV transduced BM cells facilitated a highly polyclonal
repopulation of Fanca” recipients upon serial transplantation and
absence of vector-induced malignancies. Our studies provide
preclinical data that support the low genotoxicity of the FANCA-
LV in upcoming gene therapy trials.
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0T cells are innate immune cells with strong anti-tumor ac-
tivity and provide anti-tumor receptors that are interesting tools
in immune therapy against cancer. The introduction of y0TCR
genes into ofiT-cells allows the adoptive transfer of T cells that
are not limited by HLA-restriction, in any patient with any
cancer. Combinatorial y0TCR-exchange (CTE) has been applied
to design a 7962 TCR with strong and broad anti-tumor reac-
tivity, referred to as TCR y9-G115/62-cl5. The aim of the study is
to design a clinical grade procedure which guarantees an effi-
cient expression of the introduced ydTCR in «fT-cells, an ade-
quate enrichment of engineered cells, as well as functional
efficacy. Firstly, y and J chains were introduced into the retro-
viral vector pMP71, separated by a 2A peptide sequence. We
demonstrate that the orientation of the y and ¢ chains and the
particular 2A peptide sequence influenced TCR expression as
well as anti-tumor function as previously reported for «fTCR
genes. Secondly, the introduction of the optimal ydTCR trans-
gene cassette into «fT cells was followed by the depletion of
non-transduced «fTCR positive cells using a clinical grade anti-
afTCR antibody. This depletion procedure resulted in a highly
pure, but untouched, population of y6TCR-engineered T cells
with increased ydTCR expression. Importantly, introduction
of a y0TCR into «fiT cells followed by clinical-grade depletion
of non-transduced T-cells abolished residual allo-reactivity.
Finally, this clinical grade ydTCR-engineered T cell product
improved anti-tumor function both in vitro and in a humanized
mouse model.

All together, we developed a clinical grade GMP vector which
allowed a deliberate choice for the most potent clinical y0TCR
receptor cassette. In addition, clinical grade depletion of non-
transduced and transduced T-cells expressing high levels of en-
dogenous «ffiTCRs results in a potent y0TCR-engineered T cell
product suitable for an autologous but also allogeneic clinical
scenario.
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Engineering the antigen receptor gene in patients’ lympho-
cytes is one promising strategy to create antigen-specific lym-
phocytes without senescent phenotypes. The strategy provides
an opportunity to extend the application of adoptive T cell
therapy for cancer patients. However, this concept has not been
tested in the epithelial cancer patients. We completed a phase I
clinical trial of TCR gene therapy targeting MAGE-A4 to treat
esophageal cancer patients without lympho-depleting pre-
conditioning. The trial was designed as a cell-dose escalation
consisting of three cohorts, 2x108, 1x109 and 5x109 cells/
patient. The treatment was tolerable with no adverse events
associated with transferred cells. In all ten patients of the 3 cell-
doses, the transferred lymphocytes were detected in their pe-
ripheral blood in a dose-dependent manner during the first 14
days. In 4 patients, the infused cells have been persisting more
than 5 months after the transfer. The T cell clones were estab-
lished from the transferred lymphocytes that were harvested
more than 100 days after the transfer. These clones sustained the
reactivity to the antigen-expressing tumor cells. Three patients
showed SD or long tumor free status. These results suggest that
this approach may extend the availability of adoptive T cell
therapy for epithelial cancer patients by providing tumor-re-
active and long surviving lymphocytes reducing the risk of in-
tensive pre-treatments.

Or035

T-cell engineering for “off-the-shelf” adoptive
immunotherapy

L. Poirot!, C. Schiffer Mannioui’, B. Philipsz, S. Derniame?,
A. Gouble!, 1. Chion-Sotinel', D. Le Clerre!, L. Lemaire’,
S. Grosse!, G. Cheungz, S. Arnould?, J. Smith!, M. Pule!,
and A. Scharenberg'

ICellectis Therapeutics, Paris, France; *UCL Cancer Institute, London,
UK

Adoptive T-cell therapies, where exogenous expression of a
chimeric antigen receptor (CAR) confers cancer recognition,
have shown significant promise in initial clinical trials. How-
ever, present adoptive immunotherapy methods are limited by
the need for manipulation of autologous patient T-cells. To
permit such an approach in an allogeneic context, Transcription
Activator-Like Effector Nucleases (TALEN™) have been used
to simultaneously inactivate the endogenous T cell receptor and
CD52, a cellular target for a lymphodepleting treatment. This
approach reduces the risk of GVHD while permitting prolifer-
ation and activity of the introduced T lymphocytes in the
presence of the immunosuppressive drug alemtuzumab. Elec-
troporation of primary T cells with mRNA coding for the ap-
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propriate TALEN™ result in double knock-out (dKO)
frequencies of up to 70%. Furthermore, functional character-
ization demonstrates that the dKO cells are resistant to com-
plement dependent lysis or in vivo depletion by alemtuzumab,
and show no apparent potential for TCR-mediated activation.
Finally, endowing the dKO cells with a CD19 CAR supports
their capacity to kill CD19 tumor targets as efficiently as un-
edited T-cells both in vitro and in vivo
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Introduction: When developing a new chimeric antigen re-
ceptor (CAR) specificity, off-tumor expression of the target an-
tigen in normal tissues, is a matter of concern. We recently
developed a CD44v6-specific CAR mediating potent antitumor
in vivo effects against leukemia and myeloma. Since CD44v6 is
expressed at some stages of hematopoietic development, the
preclinical evaluation of the hematological toxicities of CD44v6-
CAR T becomes mandatory.

Aim: To develop a humanized mouse model for predicting the
spectrum of hematological toxicities of CD44v6-CAR T cells.

Results: Differently from NSG mice transplanted with human
cord-blood derived CD34 hematopoietic stem cells (HSCs),
which mainly reconstituted CD19 B cells, NSG mice transgenic
for human IL-3, SCF and GM-CSF (NSG-3GS) showed enhanced
myeloid reconstitution, including CD14 monocytes. Similarly to
the human situation, reconstituting monocytes expressed
CD44v6, while HSCs cells did not, indicating the suitability of
this model to profile the hematological toxicities of CD44v6-CAR
T cells. The infusion of CD44v6-CAR T cells in reconstituted
NSG-3GS mice resulted in the selective elimination of monocytes,
but in the preservation of other cell subsets. Importantly, after
in vivo exhaustion of CD44v6-CAR T cells, NSG-3GS mice re-
constituted monocytes de novo, indicating preservation of the
HSC pool. For a more rapid ablation of CD44v6-CAR T cells
in vivo, we have co-expressed TK or inducible caspase-9 and
validated the suicide gene approach in experimental xenogeneic
GVHD surrogating maximal toxicity.

Conclusions: Preclinical safety studies in human hematochi-
meric NSG-3GS mice predict selective and transient mono-
cytopenia as the sole hematological toxicity of CD44v6-CAR
T cells.
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T cell receptor (TCR) gene therapy provides a powerful ap-
proach for immunotherapy of cancer. The anti-tumor effect of
TCR-engineered T cells is largely determined by the transgenic
TCR that recognizes tumor cell-derived peptides. Although
the function of TCR can be analyzed in vitro, current thera-
peutic approaches are impeded because parameters that pre-
dict in vivo efficacy are not established. We developed a mouse
model to evaluate the efficiency of TCR gene therapy on es-
tablished cancer. We generated immune-deficient, human
MHC-transgenic mice (HHDxRag”/") and a syngeneic tumor
cell line that can be modified to express human tumor antigens
of interest. As proof of concept, T cells were engineered
with human tyrosinase-specific TCR of different affinities.
The anti-tumor effect of the T cells was analyzed in vitro and
by adoptive transfer into mice bearing tyrosinase-positive
tumors. Therapeutic efficacy was assessed by monitoring tu-
mor growth. In parallel, cross-presentation of antigen by tumor
stroma was analyzed. Transfer of T cells engineered with the
high affinity tyrosinase-specific TCR resulted in complete tu-
mor rejection, whereas low TCR affinity selected for escape
variants and relapse. The tumor-derived tyrosinase was cross-
presented by stroma cells. Although T cells engineered with
both the high or low affinity TCR showed identical in vitro
tumor cell killing, only T cells expressing the high affinity TCR
recognized cross-presented antigen on tumor stroma. This
in vivo model provides a versatile, pre-clinical test system of
TCR gene therapy of cancer and allows the prediction whether
or not TCR-engineered T cells eradicate tumors or select escape
variants.
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Sickle cell disease (SCD) is an inherited disorder that has
lifelong complications and leads to decreased lifespan. An al-
logeneic hematopoietic stem cell transplant (HSCT) is the only
currently available cure, but it faces many limitations such as
donor availability and immune complications. We investigated
the use of zinc finger nucleases (ZFNs) as a possible way to
achieve successful gene therapy for autologous HSCT. ZFNs
introduce a site-specific double stranded break upon dimer-
ization, and, with the co-delivery of a donor template, can lead
to homologous recombination to correct the sickle mutation. We
developed ZFNs targeting the area adjacent to the sickle mu-
tation in f-globin, along with a donor template containing the
corrected sickle base and a silent base pair change to introduce a
restriction enzyme site for analysis. Initial application of these
components led to high levels of gene modification at the f-
globin locus in the human erythroleukemia cell line K562 (up-
wards of 45%). Studies in the more appropriate cell target cord
blood-derived CD34 cells resulted in up to 30% allelic disrup-
tion when the ZFNs were delivered as mRNA. To mimic a po-
tential therapeutic strategy, when ZFNs were delivered as
mRNA and the donor templates as integrase deficient lentiviral
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vectors, we could reproducibly achieve 5-10% gene modifica-
tion. When this delivery strategy was applied to CD34 cells
derived from SCD patients, we could achieve up to 7% correc-
tion of the sickle mutation using the same delivery methods.
These data set the stage for further optimization and studies in
humanized mouse models.
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Thalassemia gene therapy requires high CD34 cell collections
because of the lack of a selective advantage at the transduced
stem/progenitor cell level and a non-myeloablative condition-
ing that is, preferably, applied. In two clinical trials, we inves-
tigated the safety and efficacy of CD34 cell mobilization by
different strategies, based on G-CSF or plerixafor, in sple-
nectomized and non-splenectomized adult patients with thal-
assemia major as well as the remobilization with G-CSF
plerixafor in those patients who failed on plerixafor-alone or G-
CSF-alone. G-CSF-induced hyperleukocytosis was a significant
dose-limiting factor in the splenectomized, G-CSF-alone-
mobilized patients, resulting in poor, or at best, modest CD34
cell yields. Plerixafor rapidly mobilized CD34 cells in all indi-
viduals and without inducing hyperleukocytosis in the sple-
nectomized patients; however, 35% of splenectomized and non-
splenectomized patients failed to reach the target cell dose of
>6x10°CD34 cells/ kg. Four subjects who failed either on
plerixafor or G-CSF were remobilized with G-CSF plerixafor.
The combination proved highly synergistic; the target cell dose
of >6x10°CD34 cells/kg was readily reached and the per
apheresis yield increased by 9 fold (range 3-14x) over initial
mobilization, ultimately resulting in single-apheresis collec-
tions, despite thata >50% G-CSF-dose reduction was applied in
the splenectomized patients to avoid hyperleukocytosis. The
total stem and progenitor cells mobilized were higher in G-CSF
plerixafor patients as compared to plerixafor-alone patients and
G-CSF plerixafor-mobilized cells displayed favorable trans-
plantation features such as a primitive stem cell phenotype and
a higher clonogenic capacity over plerixafor-mobilized cells. G-
CSF plerixafor represents the optimal strategy when very high
yields or/and a single apheresis is required. These data, in ad-
dition to providing an optimal mobilization approach for thal-
assemia, have broader implications for various stem cell gene
therapy applications.
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Patients with p-thalassemia major require lifelong transfu-
sions. The only available curative therapy is an allogeneic
hematopoietic transplantation with a high risk of engraftment
failure and graft-versus-host disease. Hence, gene therapy
(GT) by ex vivo transfer of a globin lentivector into the pa-
tient’s own hematopoietic stem cells (HSCs) is an attractive
novel therapeutic modality. The first Phase I/II human clinical
trial was initiated by our group and the first treated SE/f0-
thalassemia patient has become transfusion independent for
the past 5 years (Nature, 2010). However, potential oncogenic
genotoxicity remains a concern. Induced Pluripotent Stem
Cells (iPSCs) are a potential alternative source of HSCs.
Comparing HSCs derived from iPSCs with their natural iso-
genic somatic counterparts had not been performed in the
context of therapeutic gene delivery. Here, we derived iPSCs
from the thalassemia GT patient. iPSCs were then transduced
with the fA(T87Q)-globin lentivector used in the clinical trial.
If fetal to adult globin class switching does not occur in vivo in
iPSC-derived erythroid cells, -globin gene transfer would be
unnecessary. In NSG immunodeficient mice, embryonic to
fetal and a partial fetal to adult globin class switching were
observed, indicating that gene transfer is likely necessary for
iPSC-based therapy. We examined the oncogenic risk of the
lentiviral vector integration by determining the positions of
integration sites (IS) relative to known genes, oncogenes,
tumor suppressor genes, miRNA genes or ultraconserved
regions. Approximately 15% were in “safe” areas of the ge-
nome. Surprisingly, common integration sites (CIS) were
identified across iPSCs and cells retrieved from isogenic and
non-isogenic gene therapy patients with f-thalassemia and
adrenoleukodystrophy, respectively. (CIS) observed in the
absence of overt tumorigenesis thus result from non-random
lentiviral integration rather than oncogenic in vivo selection.
These findings bring the use of iPSCs closer to practicality and
further clarify both mechanics and interpretation of genome-
wide lentivector integration.
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Therapeutics using stem/progenitor cells for heart failure are
among the most explored in regenerative medicine given the
urgent need for a cure. Allogenic cardiac stem/progenitors
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(CPC) are among the most obvious expectative goals. Within
the ‘Cardio repair European multidisciplinary initiative’
(CARE-MI) consortium, we have successfully formulated hu-
man CPCs (hCPCs) that have been scaled up for industrial
use and to meet regulatory standards. Allogenic banking
methodology has also been incorporated for safe storage. To
guide rational design for hCPC clinical use, getting insights
into the immunological mechanisms governing their engraft-
ment was mandatory. Through robust and controllable in vitro
testing we investigated adaptive and innate immune re-
sponses, T and natural killer (NK) cells responses, to allogenic
hCPC. Whether under inflammatory conditions or not, hCPC
do not trigger conventional allogenic T cells response but
promote a regulatory T cells response and an allogenic-driven
immunomodulation, both dependent on B7 family member
programmed death-ligand 1 (PD-L1). Only cytokine-primed
NK cells were able to lyse allogenic hCPC, but an inflam-
matory context, as after myocardial infarction, provided pro-
tection against this NK lysis and reinforced the capacity of
hCPC to modulate the NK cytolytic activity towards target
cells. Collectively our data revealed that hCPC in allogenic
settings have a “tolerogenic” immune behavior, raised the
possibility of using PD-L1 expression as a marker to identify
and select low-risk high-benefit allogenic cardiac repair cells,
and paved the way for the “first-in-human” European clinical
trial.
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Critical limb ischemia (CLI) represents the end stage in the
evolution of peripheral arterial occlusive disease (PAOD). PAOD
is the term used for patients with chronic ischemic rest pain,
ulcers, or gangrene attributed to inadequate blood flow or arte-
rial occlusive disease. The study analyzed the effects of gene
therapy in CLI using plasmidial constructs expressing vascular
endothelial and hepatocyte growth factors. A total number of 43
patients were included: 29 in the treatment group and 14 allo-
cated to the control group. The main end points were the clinical
safety of the method and the rate of major amputations. Sec-
ondary we monitorized the improvement of pain at rest and
walking ability. No significant adverse effects in the treatment
group were found. Another important conclusion was the re-
duction of major amputation rate which was 31.04% in the
treatment group and 71.42% in the placebo group (p=0.029).
Moreover, the rest pain was improved in 65% of patients in the
gene therapy group and in 7% in the control group (p=0.0006).
The gene therapy treatment with vascular endothelial and he-
patocyte growth factors is safe, efficiently reduces the rate of
major amputations and improves the patient’s life quality with
critical limb ischemia.
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Coxsackievirus B3 (CVB3) is a major heart pathogen against
which no specific therapy exists to date. In the current study the
potential of a combination treatment consisting of a decoy re-
ceptor, functioning as virus trap, and an RNA interference-based
component to prevent CVB3-induced myocarditis was investi-
gated. The decoy receptor sCAR-Fc - a fusion protein composed
of the soluble extracellular domain of the coxsackievirus-
adenovirus receptor and the Fc domain of human immuno-
globulin G1 - was expressed from an adenoviral vector.
Additionally, two short hairpin RNAs (shRdRp2.4), directed
against the CVB3 genome were delivered by a cardiac-targeted
adeno-associated virus vector of serotype 9. Initial cell culture
experiments revealed additive antiviral activity of the com-
bined application. In a CVB3-induced mouse myocarditis
model, either of the components significantly reduced inflam-
mation and viral load in the heart. The combination of both
components exerted an additive antiviral effect. Hemodynamic
measurement revealed that infection with CVB3 resulted in
impaired systolic and diastolic LV function, as illustrated by a
reduced cardiac output and impaired contractility. Both single
treatment with sCAR-Fc or shRdRp2.4, significantly improved
cardiac output as well as contractility. Strikingly, the combined
application again led to a further significant improvement of
these parameters. During the time course of our in vivo study,
no obvious side effects were observed in the animals treated
with either of the viral vectors. Therefore the combination of
vector-delivered sCAR-Fc and shRdRp2.4 has a significantly
higher potency than either of the single gene therapy treat-
ments to inhibit CVB3 myocarditis and prevent cardiac
dysfunction.
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This study was performed to investigate the delivery of AAV
vectors into the putamen, thalamus, or CSF of nonhuman pri-
mates. The vectors were delivered to the targeted regions of the
brain by MRI guided convection enhanced diffusion. Special at-
tention was given to the analysis of directional axonal transport.
Recombinant AAV is an excellent candidate for delivery of
therapeutic molecules to the central nervous system to target
neurodegenerative diseases. UniQure has succeeded in devel-
oping a proprietary platform manufacturing technology that al-
lows safe, effective, cGMP-compliant, economically feasible and
commercially scalable manufacturing of AAV. UniQure’s novel
approach is based on the use of a combination of recombinant
baculoviruses and insect cells. Using our production platform,
two AAV stocks encoding GDNF or GFP were generated. At
eight weeks following infusion into the thalamus, for instance,
massive transduction of the thalamus, cortex, striatum and sub-
stantia nigra was observed. At the site of injection, transduction
was both glial and neuronal, whereas off site transduction was
mainly neuronal. Following infusion into the CSF, massive
transduction of motorneurons and DRG along the complete
length of the spinal cord was observed. Moreover, almost all
Purkinje cells in the cerebellum were transduced as well as many
cells in the cortex. These data together show that production of
AAV using the (scalable) baculovirus-based platform results in
an effective vector that is able to mediate expression patterns that
can be used to develop and tailor an AAV-mediated therapeutic
strategy to treat neurodegenerative diseases.
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In Alzheimer’s disease and sporadic forms of taupotathies,
neurofibrillary degeneration resulting from the aggregation of
wild-type (WT) Tau progressively affects brain regions following
a specific spatio-temporal pathway. Here, we take advantage of a
newly characterized, lentiviral vector-based, model of tauopathy
capable of reproducing the sequential progression of tauopathy,
to study the cellular mechanisms brought into play in the rat
brain following local Tau overexpression in the hippocampus.
Through a combination of in vivo and in vitro experiments, it
appears that human WT Tau protein is axonaly transported over
long distance (>10mm) and actively transferred to efferent
neurons in anatomically-connected brain areas (from ventral Cal
field to olfactory bulb and frontal areas). No labelling of cell
bodies in secondary neurons were observed in rat brains injected
with control LVs encoding GFP. This cell-to-cell transfer from
primary neurons to secondary ones occurs in an anterograde
direction and initiates a Tau pathology as revealed with
AT8, MC1 and AT100 labelling. Whether it results from a transfer
of hyperphosphorylated Tau or Tau hyperphosphorylation
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occurring in secondary neurons remains to be established. Al-
together these results demonstrated in vivo that a specific trans-
synaptic transfer of soluble WT Tau from degenerating neurons
may lead to preliminary steps of Tau pathology in secondary
neurons through a direct toxicity of human WT Tau and/or a
conversion of endogenous Tau into a pathological form in sec-
ondary neurons.
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Introduction: Amyotrophic lateral sclerosis (ALS) is an in-
curable neurodegenerative disease. We have shown that cell
therapy has neurotrophic effects in ALS animal models. There-
fore we designed a clinical trial to test the feasibility and safety of
intraspinal and intrathecal infusion of autologous bone marrow
mononuclear cells (aBMNCs). Here we present the interim safety
data for those patients that have reached one-year follow-up.

Methods: Inclusion criteria were age between 18-70 years old,
diagnosis of definite ALS according to El Escorial criteria, spinal
onset and disease duration between 6-36 months, FVC >50%,
and 5% of the total time with oxygen saturation level lower than
90%. Eligible patients were stratified by Sniff nasal and ran-
domized between 3 arms: (A) Infusion of aBMNCs into the spinal
cord at T3-T4 level. (B) Intrathecal infusion of aBMNCs. (C) In-
trathecal infusion of saline, as control group. After the infusion,
patients are evaluated every three months for 2 years. The pri-
mary endpoint is the absence of severe treatment-related adverse
events (AE) that were graded according to the CTCAE.

Results: Forty-four patients have reached one-year follow-up
(16 A, 14 B, 14 C). There were sixty-two non-severe treatment-
related AE, all grade <2. Forty occurred in group A, the majority
(58%) during the first two weeks after surgery and only 5% was
present at one-year follow-up. The most frequent were surgical
wound pain (n=10), intercostal pain (n=6), hypoesthesia (n=6)
and constipation (n=5). Twenty-two occurred in groups Band C,
mainly headache (n=11) and lumbar pain (n=10) that resolved
during the first two weeks after infusion. We did not observe any
severe treatment-related AE. However there were seven hospi-
talizations and five deaths due to ALS progression.

Conclusion: These preliminary results suggest that intraspinal
and intrathecal infusions of aBBMNCs in ALS patients are feasible
and safe. No major complications or significant morbidity was
observed.
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Despite great efforts to develop a more effective oncolytic
adenovirus (Ad) for eradicating tumors, in vivo application via
systemic administration is strictly limited to local injection due to
host immune responses by Ad surface proteins and liver accu-
mulation by the inherent nature of the Ad. In the last decade,
numerous techniques using synthetic polymers have widely
emerged to shield the exterior of therapeutic Ad vectors for
systemic delivery. We developed a cationic polymer linked with
polyethylene glycol for systemically delivering oncolytic Ad. The
increased transduction efficiency and oncolytic effect of the Ad
vectors physically coated with the polymer were evaluated,
showing the optimal size (130nm) of the Ad/polymer complex
for systemic administration and prolonged stability of the Ad/
polymer complex. Marked tumor growth suppression of the
oncolytic Ad delivered by the polymer through systemic injec-
tion was observed in HT1080 and A549 xenograft models. The
masking effect of the Ad surface by the polymer elicited evasion
of innate adaptive immune responses and the tumor-to-liver
ratio of the complex was significantly elevated 1229-fold greater
than that of a naked Ad. These results demonstrate that the po-
tential system of oncolytic Ad complexed with the biodegradable
polymer may be useful for developing therapeutic vector sys-
tems via systemic delivery.
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MicroRNAs (miRNAs) are posttranscriptional gene regulators
that play a role in almost any cellular process, and disturbed
miRNA expression is associated with development of a wide
range of diseases. In relation to diverse experimental and thera-
peutic applications, methods for managing miRNA activity are
attracting increasing attention. In contrast to the often used
synthetic and chemically modified miRNA inhibitors, vector-
encoded miRNA inhibitors expressed from either plasmids or
viral vectors allow persistent miRNA inhibition and tissue-
specific expression. Currently, the hairpin-shaped “Tough Decoy”
(TuD) miRNA inhibitor containing two miRNA binding sites is
among the most efficient vector-encoded miRNA inhibitors.
Here, we refine the design of the TuD miRNA inhibitor in order
to increase the inhibitory potency and to obtain synchronized
inhibition of two or more miRNAs. Using RNA polymerase II-
transcribed inhibitors carrying clustered TuDs with up to a total
of four TuDs in tandem, we demonstrate in luciferase-based as-
says enhanced miRNA inhibition compared to single TuDs.
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Additionally, we show potent co-suppression of pairs of unre-
lated miRNAs by RNA polymerase III-transcribed dual-targeting
TuDs carrying two different miRNA binding sites. Finally, we
demonstrate robust inhibition of six miRNAs by a single multi-
targeting TuD expression cassette containing a cluster of three
dual-targeting TuDs. These refined TuD miRNA inhibitors un-
veil a new efficient potential for inhibition of miRNA clusters or
families and might by adaptation to a circularized design, similar
to the recently discovered naturally occurring circular RNA
sponges, be optimized even further.
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Argonaute-2 (Ago2) is the only human Ago protein capable of
cleaving small RNA-targeted mRNAs, making it a unique and
vital player in RNAi applications, including therapeutic gene si-
lencing via small interfering (si) or short hairpin (sh) RNAs. Re-
cently, we showed that cellular Ago2 levels limit the efficiency of
si or shRNAs, and that Ago2 saturation by ectopic RNAI triggers
can cause cytotoxicity, organ damage and lethality in adult mice,
as well as accelerate liver carcinogenesis. Here, we report a new
set of versatile tools and widely applicable strategies for transient
or stable Ago2 co-expression which overcome these concerns.
Specifically, we engineered all-in-one plasmids and viral vectors
to co-encode a codon-optimized human Ago2 cDNA along with
custom shRNAs. Furthermore, we stably integrated this Ago2
c¢DNA into a panel of standard human cell lines via plasmid
transfection or lentiviral transduction. Notably, we obtained
several clones with up to 25-fold higher Ago2 levels that were
otherwise identical to their parental cells (growth, morphology,
c¢DNA/miRNA profiles). Using various endo- and exogenous
targets, including p53 and hepatitis B virus, we demonstrate that
all three avenues increase si/shRNA efficiencies in cell culture by
up to ten-fold, and moreover facilitate combinatorial knock-
downs. Importantly, these robust improvements were reflected
by augmented RNAi phenotypes and accompanied by reduced
off-targeting effects. We finally show that Ago2/shRNA-co-
encoding vectors can enhance and prolong transgene silencing in
livers of adult mice, while concurrently alleviating hepatotoxic-
ity. Our customizable reagents and strategies should broadly
advance in vitro and in vivo RNAI applications in mammalian
systems and, hopefully, eventually also in humans.
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Hemophilia A (HA) is an X-linked bleeding disorder due to
mutations in clotting factor VIII (FVIII) gene. To date HA patients
are treated with recombinant or plasma-derived FVIII with a
high probability of developing inhibitors. Several efforts have
been focused on the improvement of lentiviral vectors (LV) to
obtain selective targeted expression by transcriptional and post-
transcriptional regulation. However, immune responses to FVIII
remain the major obstacle. The liver is known to induce tolerance
rather than immunity by specialized resident cells, such as si-
nusoidal endothelial cells (LSEC) and Kupffer cells (KC). To in-
vestigate the possible role of LSEC and KC in gene therapy for
HA using LV expressing FVIII under the control of cell-specific
promoters +specific microRNA target sequence (miRTs), we
prepared LVs containing GFP or FVIII under the control of the
ubiquitous PGK promoter, or the CD11lb (surface integrin
monocyte/macrophage-specific) or VEC (vascular endothelial
cadherin) promoters in combination with miRTs alone or in
pairs: miR142 (hematopoietic cells), miR126 (endothelial cells),
miRT122 (hepatocytes). Co-staining with F4/80 or CD31 and
GFP antibodies on liver sections taken at different time points
after LV-GFP injection in mice confirmed a widespread pattern
of GFP expression. Immunofluorescence showed GFP expres-
sion restricted to specific cell types within the liver by addition
of one or two miRTs. After injection of LV.VEC.GFP and
LV.CD11b.GFP, transgene expression was restricted to LSEC and
KC respectively. The addition of the miRT122-142 combination to
LV.VEC.GFP restricted GFP-expression to LSEC and miRT126 to
LV.CD11b.GFP further increased specific expression in KC, with
no off-target expression and sustained GFP expression at all-
time points analyzed up to 6 months. We then injected HA mice
with LV.PGK FVIII + miRT142 and LV.VEC.FVIII+miRT122-142.
In the first group anti-FVIII antibodies were detected, how-
ever the presence of miRT142 alone halved the titer of neutral-
izing antibodies in LV-injected mice. In HA mice injected with
LV.VEC.FVIII + miRT122-miRT142 long term phenotypic cor-
rection was shown by functional assay in both groups of the
latter injected mice with reduced clotting time and an average of
5% FVIII activity and virtually no inhibitors were detected. Fi-
nally, we recently injected LV.CD11b.hFVIII+miRT126 in HA
mice to verify if overexpression of FVIII by KC is associated with
tolerance induction and indeed our results with these mice are
showing FVIII expression in the therapeutic range. In conclusion
our study, using endothelial or monocyte/macrophage-specific
promoters in combination of selected miRT showed phenotypic
correction in treated HA mice.
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Lentiviral vectors (LVs) are attractive tools for liver gene
therapy, by virtue of their ability to stably integrate in the ge-
nome of target cells and the lack of pre-existing humoral and
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cellular immunity against vector components in most humans.
By stringently targeting vector expression to hepatocytes, we
previously reported long-term phenotypic correction of hemo-
philia B and transgene-specific immune tolerance, upon a single
intravenous administration of LVs to mice. We have then trans-
lated this gene therapy strategy in a large animal model of he-
mophilia B. We produced large-scale purified LV batches using
manufacturing processes and quality assessment previously es-
tablished for clinical use. Each batch was administered into the
portal vein of one adult hemophilia B dog. By incremental im-
provements in LV potency, we show long-term canine factor IX
(FIX) activity up to 1% of normal levels and clinical improvement
(substantial prevention of spontaneous bleedings) in the three
treated dogs (>5 years cumulative follow up), without long-term
adverse effects or anti-transgene immune responses. Moreover,
we challenged the tolerogenic properties of our gene therapy
approach by treating hemophilia B mice with pre-induced FIX
inhibitors and report their eradication and reconstitution of
clotting activity. This occurs likely through memory B cell de-
pletion in response to constant exposure to FIX and induction of
regulatory T cells. Overall, these studies provide evidence of safe
and effective treatment of hemophilia B by systemic adminis-
tration of LV, even in the presence of pre-existing FIX immunity.
In the future, LVs may complement other vector platforms to
broaden clinical applications of liver gene therapy.
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Co-transplantation of human mesenchymal stromal cells
(MSC) with hematopoietic stem cells (HSC) has been reported to
reduce the risk of graft failure in patients subjected to haplo-
identical HSC transplants. It is unknown, however, whether the
engraftment facilitating role of MSCs is also maintained in an
autologous transplantation setting, like the one considered in
HSC gene therapy. Using a congenic HSC mouse transplantation
model (Ly5.1/Ly5.2) in sublethally irradiated recipients (5 Gy),
we have observed that the co-infusion of low numbers of con-
genic HSCs (1,500 LSK cells/mouse) with 10° adipose tissue-
derived MSC/recipient (mAd-MSCs) significantly improved
engraftment of transplanted recipients with donor cells. With the
aim of approaching to a more clinically relevant model, we have
conducted similar experiments using Fanconi anemia A (Fanca™)
recipients. While transplants of >1,500 WT LSK donor cells re-
sulted in donor engraftments (considered as >10% of donor cells
in PB) in all WT recipients, these numbers resulted in a graft
failure in 25-35% of FA recipients that received the same condi-
tioning regimen of 5 Gy. To guarantee the engraftment of all FA
recipients the infusion of at least 5,000 LSK cells per FA recipient
was required, reinforcing the idea of a defective supportive he-
matopoietic stroma as a result of the FA mutation. Significantly,
when 6.10° mAd-MSCs were co-infused with 1,500 WT LSK cells
in FA recipients, all of the transplanted animals showed signifi-
cant hematopoietic engraftments, reaching 50% and 100% of
donor cells in PB at 4 and 8 weeks after HSC transplant, re-
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spectively. Taken together, our results demonstrate the hemato-
poietic facilitating engraftment potential of Ad-MSCs, not only in
an allogeneic context, but also in a clinically relevant model of
autologous transplantation.
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Combining tissue engineering with metal scaffolds in
orthopaedics to improve osseointegration of endo-prostheses

R. Belmonte?, D. Amat'?, J. Becerra?, D. Monopoli3, and
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Electron Beam Melting (EBM) technology allows the fabrica-
tion of free-formed metal scaffolds, thus creating the possibility
of manufacturing patient-specific endo-prostheses. It also allows
the production of highly-porous prostheses with an elastic
modulus similar to that of bone. The porous can be filled-in with
tissue engineering elements (i.e. osteogenic molecules, biomate-
rials, cells) in order to promote bone ingrowth inside them, thus
improving the prostheses osteointegration. For this purpose, the
surface of EBM-sintered titanium should permit cell adhesion,
growth and differentiation to ensure a good metal-to-tissue in-
teraction. Our goal was to evaluate the osteoconductivity of
EBM-manufactured TigAlsV porous scaffolds. Porous TigAl,V
discs were manufactured by EBM-sintering, autoclave-sterilized
and seeded with human and rat osteoblasts and mesenchymal
stem cells (MSC). Cell adhesion, proliferation and differentiation
were assessed by vital staining, MTT assay, RT-PCR and im-
munostaining techniques. Bone organ-explant culture was used
to further assess osteoconductivity at tissue level in vitro. Both
osteoblastic and MSC attached to and grew on the titanium discs,
covering up the entire metal surface, and even bridging the pores
of the scaffold. Collagen type I, osteopontin, and osteocalcin
expression confirmed the osseous differentiation of the cells
cultured on the titanium discs. Bone explants placed on EBM-
sintered titanium alloy spontaneously released cells that covered
up the metal surface. Long-term cultured explants strongly ad-
hered to the titanium. EBM-sintered titanium scaffolds promote
cell adhesion and can be populated by osteoblastic and MSC,
which can normally differentiate towards the osteogenic lineage
upon proper stimulation. These osteoconductive properties
should promote the osseointegration of EBM-manufactured en-
doprostheses for bone replacement.
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Aerosol-based cell therapy as a new strategy for treatment
of airway injury

E. Kardia and B. Yahaya

Cluster for Regenerative Medicine, Advanced Medical & Dental
Institute, Universiti Sains Malaysia, Malaysia

Persistent obstacles of cell delivery techniques via intraperi-
toneal (IP) or intravenous (IV) cell injections had resulted in low
retention and engraftment of the administered cells in cell-based
therapy applications. The effective cell delivery to the lungs is
hindered by the complexity of the lung structure. Our current
study was aimed to develop an aerosol-based cell delivery as a
novel technique to deliver cells into damaged airway epithelium
using MicroSprayer® Aerosolizer. The effectiveness of aerosol-
based cell delivery was validated in vitro using skin-derived
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fibroblast cells, tracheal-derived epithelial cells, and HeLa cells.
The viability and the proliferative capability of the cells were
measured from day 1 up to day 21 following aerosolisation. The
ability of the aerosolised cells to survive and engraft in vivo was
studied on the airway of the rabbit following brush-induced in-
jury. The tracheal-derived airway epithelial and fibroblast cells
were labelled with BrdU, and later aerosol delivery was per-
formed following 24-hr of brush-induced injury. One day fol-
lowing aerosolization, both fibroblast and tracheal-derived
airway epithelial cells showed no sign of vacuolation, attached to
the surface of the flask, proliferated rapidly and formed a con-
fluent monolayer of cells at 4-6 days. In contrast, the HeLa cells
were unable to proliferate even after 21 days of culture. The
in vivo study showed that the labelled cells were found to be
engrafted in the tracheal epithelium layer following 24 h of cells
administration. The fibroblast and tracheal-derived airway epi-
thelial cells were found to be engrafted and localized at the top of
the damaged tracheal epithelium layer. Engraftment of cells was
also found in the lung area, precisely at the epithelium layer of
the bronchiole. The capability of cells to survive and to engraft
into the damaged epithelium of the trachea and lungs following
force-aerosolisation were found to be a pioneering therapeutic
strategy for delivering of cells into the targeted site of the lungs
for future treatment of lung-related diseases.
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Gene knock-in using specific TALE nucleases restores
erythroid differentiation defect of human iPSC obtained from
pyruvate kinase deficient patients
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Madrid, Spain ®Center for Stem cell and Regenerative Medicine,
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Pyruvate Kinase Deficiency (PKD) is a rare disease caused by
mutations in the PKLR gene that leads to chronic non-spherocytic
haemolytic anaemia. For severe cases of PKD the only definitive
treatment is allogeneic bone marrow transplantation. Induced
pluripotent stem cells (hiPSC) obtained from patients with a di-
agnosed genetic disease coupled with targeted gene correction
via homologous recombination (HR) is a promising alternative
for the treatment of hematopoietic inherited disorders. We have
generated integration free-iPSCs form peripheral blood mono-
nuclear (PB-MNC) cells of PKD patients (PKDiPSCs) using Sen-
dai viruses and corrected the genetic defect by TALE nuclease
(TALEN™) mediated HR in PKLR locus. Different hiPSC clones
were obtained from two patients and one healthy donor
(PBiPSC). Pluripotency characteristics (RT-PCR gene expression
array, immunophenotype, promoter demethylation, teratoma
formation) and disappearance of reprogramming vectors were
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confirmed. HiPSC had a normal karyotype and neither T nor B
cell receptor rearrangements. Interestingly, erythroid differenti-
ation of PKDiPSC was impaired as occurs in PKD patients. To
restore the defect, specific TALEN™ were used to facilitate
Knock-In of a codon optimized RPK ¢cDNA in the PKLR gene.
Correct integration was confirmed by PCR and Southern-blot.
Surprisingly, allele specific integration was identified in one of
the patients (PKD2iPSCs), which was associated to the presence
of a SNP in the non-targeted allele, pointing out its potential use
in specific allele substitution. Genome integrity was also inter-
rogated by analyzing de novo somatic mutations and Copy
Number Variations (CNVs). Few somatic mutations and CNV
were found in coPKDiPSC that were not present in original PB-
MNC. These modifications are now under validation. More im-
portantly, gene corrected coPKDiPSCs display normal erythroid
maturation profile, similar to the one observed in wild-type
hiPSCs. All together we show the feasibility of PKD locus specific
gene correction inpatient specific iPSCs that could be potentially
used for clinical pursues in the future.
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Rescue of T-cell deficiency in PRKDC SCID mice by
transplantation of gene-edited haematopoietic stem cells
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The classical Severe Combined Immunodeficiency (SCID)
mouse is a model of human DNA-dependent Protein Kinase
Catalytic Subunit (DNA-PKCS, PRKDC) deficiency. We have
developed an ex vivo system to correct PRKDC SCID by genome
surgery, using zinc-finger nucleases to induce homologous re-
combination and lentiviral vectors to deliver nuclease and repair
template. Using a Surveyor assay and deep sequencing in fi-
broblasts and HSCs treated in our system, we have unequivo-
cally observed ZFN-mediated repair of the SCID mutation
through the incorporation of the corrected nucleotide and a di-
agnostic restriction site from the donor template into the targeted
locus. In fibroblasts, we have shown rescue of DNA-PKCS ac-
tivity and increased resistance to DNA damage upon gene cor-
rection. Primary transplantation of gene-corrected SCID HSCs
into sublethally irradiated SCID mice led to double-positive
CD4/CDS8 cells in the thymus, and single-positive CD3, CD4 and
CD8 cells in peripheral blood. Correction of the SCID mutation
and concurrent incorporation of the diagnostic restriction site
have been confirmed by deep sequencing of whole blood, whole
thymus and purified spleen T-cell DNA. In the purified spleen T-
cell population ~50% of the deep sequencing reads corre-
sponded to gene-corrected molecules, confirming their strong
selective advantage. Upon secondary transplantation we have
observed single-positive CD3, CD4 and CD8 cells in blood, and
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proliferative responses in purified spleen T-cells. Our observa-
tions suggest that we have been able to correct the T-cell defi-
ciency of PRKDC SCID mice by transplantation of ex vivo gene
edited SCID HSCs, supporting the potential of gene repair-based
rescue for SCID disease.
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In vivo gene repair of inherited liver diseases using artificial
endonucleases: Application to Crigler Najjar disease
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Crigler Najjar type 1 (CN1) disease is a liver disease due to
UGT1A1 enzyme deficiency. Lifelong cure of the Gunn rat model
of CN1 has been obtained with lentiviral and AAV vectors.
However, there are still drawbacks, such as risks of insertional
mutagenesis. Thus, it is important to develop strategies of tar-
geted gene therapy. Zinc Finger Nucleases (ZFNs) and Tran-
scription Activator-like Effectors Nucleases (TALENs) allow
targeted genome editing. They induce a specific DNA double
strand break that promotes the insertion of an exogenous custom
DNA donor through homologous recombination. In vitro, it al-
lows efficient knock-in and gene repair. We constructed liver-
specific AAV vectors encoding UGT1A1-ZFNs and carrying a
donor to perform gene repair of the Gunn rat mutation. New-
borns rats were co-injected with both vectors at 1:1 and 1:5 ratios
to evaluate the feasibility, efficacy and safety of gene repair. Sub-
therapeutic correction was obtained in the 1:5 cohort. UGT1A1
activity was detected in liver samples as well as bilirubin con-
jugates in bile. We are now working to evaluate the level of gene
correction at a molecular level and to improve gene repair with
TALENS, already validated in vitro. In conclusion, we showed
that the endogenous mutation of UGT1A1 gene in the Gunn rat
can be repaired in vivo at a level sufficient to obtain a sub-
therapeutic effect. Such recent strategies may offer safer thera-
peutic options to treat inherited monogenic diseases.
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Lentiviral-mediated COL7A1 gene modified autologous cell
therapy for Recessive Dystrophic Epidermolysis Bullosa
(RDEB)
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Recessive Dystrophic Epidermolysis Bullosa (RDEB) is a se-
vere inherited skin-blistering caused by loss-of-function muta-
tions in COL7A1 which encodes type VII collagen (C7), a protein
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important for anchoring fibril formation at dermal-epidermal
junction (DEJ). Presently there are no effective treatments for
RDEB. Allogeneic fibroblasts injected directly into the dermis
have shown to regulate synthesis and assembly of C7 and an-
choring fibrils at DE]. The main limitations of this approach are
that, the cells are rejected within a few weeks. We hypothesize
that using gene therapy, COL7A1 corrected autologous primary
fibroblasts and/or keratinocytes injection may restore the full-
length C7 and reverse the RDEB skin phenotype. We have pro-
duced third generation lentiviral (LV) vectors encoding codon
optimized COL7A1 under the control of a human PGK promoter,
which has the ability to express C7 in fibroblasts, keratinocyte
stem cells and bone mallow stem cells. LV vectors efficiently
transuded COL7A1 cDNA into RDEB primary fibroblasts and
keratinocytes and transduced cells expressed increased levels of
recombinant C7. We showed efficient in vitro genetic correction
of RDEB fibroblasts and keratinocytes with persistent expression
of recombinant C7 in ex-vivo culture. COL7A1 corrected RDEB
cells also showed functional restoration in migration assays and
gene corrected RDEB cells efficiently deposited C7 at DEJ in an
organoctypic skin. This preclinical experience provides promis-
ing proof of principle data and a route to clinical therapies for
RDEB.
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Skin electroporation of a plasmid encoding hCAP-18/LL-37
host defense peptide promotes the healing of non-diabetic,
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Host defense peptides, in particular LL-37, are emerging as
potential therapeutics for promoting wound healing and in-
hibiting bacterial growth. However, effective delivery of the LL-
37 peptide remains limited. We hypothesized that skin-targeted
electroporation of a plasmid encoding hCAP-18/LL-37 would
promote the healing of wounds. The plasmid was efficiently
delivered to full-thickness skin wounds by electroporation and it
induced expression of LL-37 in the epithelium as demonstrated
after immunostaining with anti-LL-37 antibodies. Electropora-
tion of phCAP-18/LL-37 led to significantly earlier wound clo-
sure and wound healing was significantly improved showing in
average 77+6% wound closure for LL-37 treatment versus
63+6% for GFP control wounds, on day 12. Electroporation of
phCAP-18/LL-37 also restored delayed diabetic wound healing
in db/db mice and wound closure on day 12 was 61 +8% versus
43+9% in the control group. Subsequent histology analysis
confirmed more efficient wound healing in LL-37 treated diabetic
wounds. RT-PCR analysis revealed a significant increase in IL-6
transcription after electroporation of phCAP-18/LL-37. To shed
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light onto the influence of IL-6 we performed in vitro wound
migration assays and showed that the LL-37-induced cell mi-
gration was abolished in the presence of an IL-6 blocking anti-
body. Finally, in a hindlimb ischemia model, electroporation of
the hCAP-18/LL-37 plasmid increased blood perfusion, reduced
muscular atrophy, and upregulated the angiogenic chemokines
VEGFa and SDF-1a, and their receptors VEGF-R and CXCR-4.
These findings demonstrate that a localized gene therapy with
LL-37 is promising for the treatment of non-diabetic, diabetic and
ischemic wounds.
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Allogenic Bone marrow derived Mesenchymal stem cells for
the treatement of Dystrophic Epidermolysis Bullosa
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Background: Dystrophic Epidermolysis Bullosa (DEB) is a
devastating skin disease caused by mutations in the type VII
collagen gene. Type VII collagen is synthesized by keratinocytes
and fibroblasts. Bone marrow mesenchymal stem cells (BM-
MSCs) can develop into fibroblasts secreting collagen VII. This is
a pilot clinical study to evaluate the safety and clinical efficacy of
allogenic BM-MSCs injection in cases of DEB.

Methods: This study included 14 patients with recessive DEB
(RDEB), divided into two groups: Group I received cyclosporine
while the other did not. 60-80 ml bone marrow were aspirated
from donors under aseptic conditions, and MSCs isolated, la-
belled using iron oxide and injected systemically in a dose of 2
million/Kg. Patients were followed up for six months using se-
verity score, quality of life of EB (QOLEB), and family derma-
tology life quality index (FDLQI). Skin biopsies from the lesions
were evaluated for histology and tracking of injected cells.

Results: Patients ages ranged from 1-11 years with a mean of
447 years. They were 8 males and 6 females with 100% showing
positive consanguinity (first cousins). After six months, the se-
verity score showed a mean of 35 in Group I and 38 in Group II.
The number of new blisters decreased significantly in both groups
(P=0.003 and 0.004 respectively); with no statistically significant
difference between groups (P=0.46). The rate of healing of blisters
became significantly faster in both groups (P <0.001) with no dif-
ference between both groups. QOLEB score improved from a
mean of 40/68 to a mean of 52 in Group I and 50 in Group II, while
FDLQI improved from a mean of 13/40 to a mean of 20 in Group I
and 22 in Group IL These differences were statistically signifi-
cant with no inter-group difference. Skin biopsies revealed iron-
staining fibroblasts in the dermoepidermal junction and positive Y
chromosome in one female patient who received transplantation
from her father. No major side effects were reported with none of
the patients showing any signs of rejection.

Conclusion: Our findings highlight the safety and shortterm
efficacy of allogenic BM-MSC in the treatment of RDEB.

number of EB patients: (n=12)

number of families: 10 (2 families have 2 cases)

age: 1-11, range =10, mean=4.47, standard deviation=2.76
Sex: male=8, female=4

consanguinity: 12 (100% are 1st cousin)

number of each family (parents and sons): 3-9, range=6,
mean=4.92

® severity score (only 3 cases/12): mean 48/100
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® Quality of life of EB (QOLEB) [missing 4 cases]: mean=40/68
¢ family dermatology Life Quality index (FDLQI) [missing 4
cases]: mean=13/30
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Globoid cell Leukodystrophy (GLD) is a demyelinating disease
caused by genetic deficiency of lysosomal galactosylceramidase
(GALC). Our previous studies demonstrated that neonatal intra-
cerebral transplantation of GALC-overexpressing neural stem cells
(NSCT) and hematopoietic cell transplantation (HCT) are effective
as independent treatments in preventing/delaying pathology in
GLD mouse models. NSCT rapidly supplies high and long-lasting
GALC activity in the CNS, HC-derived microglia provides func-
tional enzyme in the CNS and PNS. However, the slow kinetics of
microglia reconstitution might account for inadequate CNS treat-
ment in GLD mice and patients. Here, we tested the efficacy of a
combined treatment (NSCT HCT) performed in neonatal GLD
mice in achieving fast and therapeutically relevant GALC activity
in all the affected organs. We showed rapid and stable NSC en-
graftment in the telencephalon and time-dependent caudal-to-
rostral increase of HCs in the CNS. GALC activity reached 50%
and 100% of the physiological levels in the CNS and PNS, re-
spectively. Importantly, NSCs provided short-term GALC supply
in CNS tissues before HC engraftment. Despite no apparent syn-
ergy of GALC activity, combination therapy provided benefits
when compared to single treatments in terms of: i) reduced storage
and astrogliosis in telencephalon, in which NSCs are a local source
of GALG; ii) reduced expression of the stress molecule ATE3 and
lower number of apoptotic cells in the spinal cord, suggesting the
contribution of circulating GALC and local HC-mediated anti-
inflammatory activity. Completion of histopathology analyses,
survival curves and behavioural studies will disclose whether the
proposed combination therapy might represent a suitable ap-
proach to effectively treat GLD.
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Mitochondrial =~ neurogastrointestinal  encephalomyopathy
(MNGIE) is a fatal disorder caused by mutations in TYMP, which
encodes the enzyme thymidine phosphorylase (TP). TP
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dysfunction causes the systemic accumulation of its substrates, the
nucleosides thymidine (dThd) and deoxyuridine (dUrd), which
interferes with mitochondrial DNA replication and results in mi-
tochondrial dysfunction in MNGIE patients. All therapeutic
strategies have been aimed to reduce the circulating levels of these
toxic metabolites. The only effective treatment for MNGIE is allo-
geneic hematopoietic stem cell transplantation from a healthy
donor, but this procedure is associated with high rates of mortality
and morbidity. Gene therapy using adeno-associated viral vectors
(AAV) constitutes a promising alternative. We have generated an
AAV serotype 2/8 vector containing the human TYMP ¢cDNA
under the liver-specific promoter of the thyroxine-binding protein.
Eight to twelve week-old male Tymp”/Uppl” mice (a murine
model of MNGIE) were treated with different intravenous doses of
viral particles. Plasma nucleosides were reduced to wild-type
levels in 50% of the animals (4 out of 8) treated with the lowest dose
(2x10" genome copies/kg) over the entire period of time moni-
tored (8 months). 88% of the animals (7 of 8) treated with 10*? gc/
kg, and all the animals treated with 2x10'* or 10" gc/kg main-
tained nucleoside levels below the normal range. No signs of
hepatotoxicity were detected in the mice, as assessed by monitor-
ing circulating alanine aminotransferase activity. These results
suggest that the use of AAV vectors to direct TP expression in liver
is a feasible and promising gene therapy strategy for MNGIE.
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Mucopolysaccharidosis (MPS) VII results from lysosomal
storage of glycosaminoglycans (GAGs) due to mutations in f-D-
glucuronidase (GUSB), which produces a neurological pheno-
type. Gene therapy could reduce GAGs in the brain, but delivery
throughout the brain in a large animal has been problematic. In
this study, four MPS VII dogs were injected intravascularly (IV)
with 2x1013 genome copies (GC)/kg of recombinant adeno-
associated virus vector serotype 9 (AAV9) or AAVrhl10 at 3 days
of age. Two of these dogs were also injected intrathecally (IT) into
the cerebrospinal fluid (CSF) via the cisterna magna with the
opposite vector at 2 months of age (~4x1012GC/kg). IV injec-
tion alone resulted in near normal GUSB activity in CSF and
~5% of normal levels in the brain parenchyma. Both of the IV
IT dogs achieved GUSB activity in the CSF>100-fold normal,
while mean GUSB activity of central nervous system (CNS)
parenchyma was >2.5-fold normal, correlating to vector copy
numbers. Brain GAG levels were reduced by ~66%, but did not
reach normal. However, immunohistochemical staining revealed
clearance of GM3 gangliosides, a secondary storage substrate.
Additional histochemical staining revealed widespread GUSB
activity throughout the CNS in the IV IT dogs and in the choroid
plexus of the IV-only dogs. Two additional MPS VII dogs were
injected only IT at 21 days of age with either vector, thus far
resulting in CSF GUSB levels >77-fold normal seven weeks post-
injection. This study demonstrates that IT injection of AAV9 and
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AAVrh10 vectors has substantial potential for treating the CNS in
lysosomal storage disorders.
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Diabetic retinopathy (DR) is a blinding disease characterized
by microvascular changes caused by chronic exposure to high
glucose levels. It has been hypothesized that an increase of glu-
cose transporters in the retina, such as GLUT-1, is responsible for
increased glucose levels in retinal cells, causing cell death. It is
also known that GLUT-1 expression is controlled by HIF-1 that is
also involved in the development of DR. In this work we eval-
uated the expression of GLUT-1 in vitro and in vivo, in models of
DR. For the in vitro assays, repinal epithelium cells (D407) were
subjected to hypoxic and normoxic conditions and were cultured
with DMEM supplemented with different concentrations of
glucose, corresponding to non-diabetic, pre-diabetic and diabetic
conditions for 48h, GLUT-1 expression was analyzed. For the
in vivo GLUT-1 evaluation, retinal sections of diabetic Ins2*¥®
mice were used and compared with non-diabetic mice. Our re-
sults show that the increase in glucose in the culture medium
caused an increase in GLUT-1 expression. These effects were
more pronounced in cells under hypoxic conditions, suggesting
the involvement of HIF-1 in the regulation of GLUT-1 expression.
In vivo, GLUT-1 was expressed with higher intensity in retinal
sections of the diabetic Ins2**"* mice compared with the non-
diabetic mice, confirming our in vitro results. In this study the
expression of GLUT-1 was analyzed in conditions simulating DR.
The results indicate that increased GLUT-1 levels in retinal cells
during diabetes and oxygen tension, a critical factor for the de-
velopment of DR, may regulate GLUT-1 via HIF-1.

Support: PEst-OE/EQB/LA0023/2011; PIRG-GA-2009-249314-
EyeSee; FCT Portugal (SFRH/BD/76873/2011, PTDC-SAU-BEB-
2008); IBB, LA
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Phase I clinical study of a third-generation simian
immunodeficiency virus (SIV)-based lentiviral vector carrying
human pigment epithelium-derived factor (PEDF) gene for
patients with retinitis pigmentosa

Y. Ikeda!, Y. Murakami?, N. Yoshida®, S. Nakatake,
T. Tachibana, M. Miyazaki, K. Yoshida, Y. Yonemitsu, H. Ban,
Y. Ueda, M. Inoue, T. Zhu, M. Hasegawa, H. Enaida, T. Ishibashi

"Department of Ophthalmology, Graduate School of Medical Sciences,
Kyushu University, Fukuoka, Japan >R&D Laboratory for Innovative
Biotherapeutics, Graduate School of Pharmaceutical Sciences, Kyushu
University, Fukuoka, Japan SDNAVEC Corporation, Tsukuba,
Ibaraki, Japan

Retinitis Pigmentosa (RP) is a genetically heterogeneous group of
inherited retinal degenerative diseases resulting from photoreceptor
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death. Although extensive effort has been made to treat or cure RP,
it remains intractable. We recently developed a novel lentiviral
vector derived from the non-pathogenic simian immunodefi-
ciency virus (SIV). SIV-mediated gene transfer of human pigment
epithelium-derived factor (WPEDF), which is one of the most potent
neurotrophic factors found in human, can protect the retinal de-
generation and functional defects in two different animal models.
Moreover, the safety study using large animals indicated the long-
term systemic and local safety of intraocular administration of
SIV-hPEDF. These results are encouraging for clinical application of
neuroprotective gene therapy for patients with RP. To assess the
safety of subretinal administration of SIV-hPEDF, we will enrol 20
RP patients in this open-label, dose-escalation study. The first trial
subject was enrolled on March 2013 and here, we report the clinical
trial of a SIV-mediated hPEDF gene therapy for patients with RP.
This is the first clinical trial for ophthalmologic diseases in Japan.
Furthermore, this is the first application of a gene transfer vector
based on recombinant SIV all over the world.

Or066

Simple generation of self-organizing neural retina-like
structures from human iPS cells

S. Reichman!, A. Terray1, J-A. Sahel'?, C. Monwville®,
0. Goureau?

Unstitut de la Vision, INSERM UMR_S968, CNRS UMR 7210,
Université Pierre et Marie Curie Paris 06, Paris, France; Centre
Hospitalier National d’Ophtalmologie des Quinze-Vingts, INSERM-
DHOS CIC 503, Paris, France; SINSERM, UEVE U861, I-STEM,
AFM, Evry, France

Human pluripotent stem cells have proven their ability to be
differentiated into various retinal lineages, opening the avenue to
stem cell-based therapies for retinal degenerative diseases. The
increasing number of protocols available to produce retinal cells
from either human embryonic stem cells or induced pluripotent
stem cells (hiPSCs) confirms their potential but suggests a need
for standardization and more robustness. Large-scale production
of hiPSC-derived retinal cells for therapeutic approaches or drug
screening should comply with certain criteria such as, safety,
efficiency, reproducibility, and low production cost. Here, we
developed a new, simple and reliable retinal differentiation
protocol using confluent hiPSCs derived from adult human
dermal fibroblasts by integration-free transgene reprogramming.
Under these conditions, retinal pigmented epithelial (RPE) cells
and self-organizing neural retina (NR)-like structures were gen-
erated in 2 weeks in pro-neural medium without embryoid body
formation or addition of exogenous molecules. At Day 14, NR-
like structures showed an eye field identity, with a homogenous
population of mitotic retinal progenitor cells (RPCs) expressing
PAX6, RAX and VSX2. Floating cultures of isolated hiPSC-
derived NR-like structures enabled the differentiation of RPCs
into all types of retinal cells, which appeared in a sequential
manner consistent with in vivo vertebrate retinogenesis. Indeed,
we observed two waves of differentiation, corresponding to
early-born retinal cells identified as early as 21 days in culture (i.e.
ganglion, amacrine and horizontal cells), and late-born retinal
cells appearing after 35 days (i.e. photoreceptor, Muller glial and
bipolar cells). Interestingly, precocious inhibition of the Notch
pathway led to massive differentiation of RPCs into photore-
ceptor precursors. We thus propose a process that eliminates the
need for time- and labor-consuming manual steps, and provides
a readily scalable approach to generate large numbers of mitotic
RPCs and of both RPE cells and precursors of photoreceptors.
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DAI-armed double deleted oncolytic vaccinia virus displays
enhanced anti-tumor activity by eliciting a more robust anti-
tumor immune response

C. Capassol, M. Hirvinen!, K. Guse!, M. Ahonen’, E. Karli',
D. Greco!, M. Vihi-Koskela!, A. Hemminki', V. Cerullo!

"University of Helsinki

Oncolytic viruses have been engineered to improve their
selectivity and their cross-talking to the immune system. The
release of tumor associated antigens and damage-associated
molecular patterns, consequent to cell lysis promote the cross-
primig of naive T cells. Double deleted vaccinia virus (VVdd)
is a very promising tool for oncolytic virotherapy, nevertheless,
it is also very immunosuppressive. To overcome this limitation
we hypothesized to arm VVdd with DNA-dependent activator
of IFN-regulatory factors (DAI), a member of the PRRs family
that binds cytosolic dsDNA and induces type I IFNs.

We show in this work that DAI plays a central role in
sensing VV’s infection. In fact, type I IFNs and pro-inflamma-
tory cytokines secretion was significantly reduced in DAI-
silenced Jurkat cells following VV’s infection. In addition, DAI
expression does not affect the oncolytic activity of VV, since
DAl-armed viruses and unarmed control virus feature the
same cell-killing activity in vitro. Then we assessed the im-
munostimylatory potential by measuring different markers of
immunogenic cell death: ATP, HMGB1 and calreticulin. We
found that the levels of these markers were significantly higher
in cells infected with DAI-expressing virus. Using B16-OVA
murine model we show that the DAI-expressing virus was able
to increase by 10 fold the tumor-specific immune response
compared to control with no measurable toxicity. Through a
micro-array analysis we compared the effects of DAI-VVdd,
CD40L-VVdd and unarmed VVdd upon human cancer using a
prostate cancer cell line (PC-3MM2). Interestingly we found
almost one thousand genes, uniquely induced by DAI-VVdd,
with the majority of them belonging to antigen presentation
pathways, T cells and DCs maturation, cytokines and chemo-
kines secretion. In conclusion, arming oncolytic vaccinia virus
with DAI has proven to be an excellent approach to enhance
the immunogenicity VV resulting in better anti-tumor
response.

Or068

ap-T cell receptor-based gene therapy targeting the common
tumor-antigen survivin

C. Arber!, H. Abhyankarl, H.E. Heslopl, G. Dotti!
and B. Savoldo'

"Baylor College of Medicine, Center for Cell and Gene Therapy,
Houston TX, US

Adoptive transfer of T lymphocytes redirected with abT-cell
receptors (abTCRs) has produced complete responses in cancer
patients. T-cell redirected against survivin, a broadly expressed
tumor-associated antigen, may significantly enhance the ap-
plicability of this promising approach. However, targeting
survivin by ectopic expression of abTCRs has been previously
challenged because survivin-abTCRs isolated from all re-
stricted repertoires produced fratricide effects. Using autolo-
gous cultures we isolated by limiting dilution, a new T-cell
clone targeting the HLA-A*0201-restricted survivings 10497M-
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epitope that had sufficient avidity to recognize and lyse
survivin- HLA-A2 malignancies in vitro, but lacked any frat-
ricide effect or toxicity against normal hematopoietic stem/
progenitor cells. The TCR a- and b-chains were cloned in an
optimized retroviral vector and transduction of CD8 cells
resulted in efficient expression of the transgenic abTCR
(89+4%). No fratricide effects by abTCR T cells were detected
against HLA-A2 activated T cells and T-cell expansion was
comparable regardless of TCR expression by HLA-A2 or
HLA-A2™ T cells (25+5 vs 26%5 fold, n=5/each). Survivin-
abTCR T cells lysed significantly well (p<0.01) the HLA-A2
BV173 (46+14%) and U266 (27+12%) targets but not HLA-
A27 targets (14+7). Importantly, transgenic cells recapitu-
lated the function of the original clone by inhibiting colony
formation (32-78% reduction, n=>5) of primary myeloid leu-
kemias while preserving healthy BM-clonogenic capacity
(n=5). In-vivo in xenografted mice infused intravenously with
FFLuc BV173 to mimic a high leukemic burden, survivin-TCR
T cells controlled leukemia progression and improved sur-
vival (n=12/group, p=0.01). In conclusion, our survivin-
abTCR provides antitumor activity in vitro and in vivo
without affecting the survival of T cells or normal hemato-
poietic progenitors.

Or069

Infusion of ZFN CCR5 modified CD4 T-cells (SB-728-T) led to
long term reconstitution of CD4 T-cells and reduction of HIV-
DNA levels in HIV infected subjects on ART

J. Zeidan!, G. Le€?, J. Lalezari®, R. Mitsuyasu4, S. WangZ,
M. Giedlin?, M. Holmes?, W. Tang?, G. Nichol?, R-P. Sekaly"
and D. Ando?

"VGTI, Port St. Lucie, FL, US; *Sangamo BioSci., Richmond, CA, US;
3Quest Clinical Res., San Francisco, CA, US; *UCLA, Los Angeles,
CA, US

Background: Long term improvement in CD4 count was
observed in all SB-728-T treated HIV subjects, at levels greater
than previous HIV/T-cell studies. Here, we performed phe-
notypic and transcriptional analyses to elucidate the role
of inflammation on CD4 reconstitution and SB-728-T persis-
tence, and evaluated the effect of SB-728-T on the latent
reservoir.

Methods: 9 chronic aviremic HIV subjects on ART with CD4
counts btw 200-500 cells/uL received 10-30E9 SB-728-T. Ana-
lyses of survival and activation markers were performed on
PBMC:s collected pre and post infusion. Digital droplet gPCR was
performed to measure HIV-DNA level.

Results: Long term CD4 reconstitution is primarily driven by
the central memory T-cell subset (Tcn). Subjects with greater
CD4 improvement showed reduced PD-L1 expression in mono-
cytes, that correlates with lower PD-1 expression in Ty (r=.77,
p=.02) and higher Tcy counts (r=.83, p=.01) at M9. Im-
portantly, the associated improvement in CD4 count at M12
correlates with decreased size of the latent reservoir (r=-.86,
p=.02). Analysis of innate immune activation, as measured by
expression of HLA-DR, CD80 and CD40 in monocytes, and IFN
type I stimulated gene expression pre infusion showed that
suboptimal responders had higher inflammation levels at base-
line (r=-.73, p=.03).

Conclusions: Decreased levels of inflammation may provide a
survival advantage of Ty post infusion. This may play a role in
the observed decrease in latent reservoir size (0.6 log per 1E6
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PBMC). Identification of an inflammatory signature prior to
treatment as an important predictor of response will help future
study design of SB-728-T.

Or070

Entry targeted gene transfer into functional subpopulations
of human T cells

K.M. Uhligl’z, Q. Zhou!, B. Trinschek?, T. Abel}, R.C. Miinch?,
A. Rasbach!, A. Trkola*, H. Jonuleit®> and C.J. Buchholz'

"Molecular Biotechnology and Gene Therapy, Paul-Ehrlich-Institut,
Langen, Germany; Oncolytic Measles Viruses and Vaccine Vectors,
Paul-Ehrlich-Institut, Langen, Germany; *Department of
Dermatology, University Medical Center of the Johannes Gutenberg-
University Mainz, Mainz, Germany; *Institute for Medical Virology,
University of Zurich, Zurich, Switzerland

CD8 cytotoxic T cells and CD4 T helper cells are the two
major T cell subpopulations. Specific delivery of genes into
each subset separately is an important goal for gene and im-
munotherapy. We have recently demonstrated specific gene
transfer into cytotoxic T cells by a lentiviral vector (LV) based
on a previously published method relying on modified measles
virus (MV) envelope glycoproteins and a CD8-specific scFv as
targeting domain. Here, we describe a CD4-targeted vector
(CD4-LV) using a CD4-specific designed ankyrin repeat protein
(DARPin) as targeting ligand. Interestingly, titers of CD4-LV
were on average more than 10-fold higher than those of CD8-
LV reaching 10°® t.u./ml upon concentration. CD4-LV exclu-
sively transduced CD4 but not CD4" cells. In vivo distribution
of tail vein injected CD4-LV into immunodeficient mice re-
constituted with human peripheral blood mononuclear cells
(PBMC) was monitored by imaging luciferase activity. No-
tably, distinct signals in spleen, thymus and lymph node like
structures were observed. Evaluation of GFP expression in
organ derived cells by flow cytometry and histology confirmed
the specific and exclusive in vivo targeting of CD4 human
lymphocytes in blood and spleen of these animals. This is, to
our knowledge, the first demonstration of exclusive gene
transfer into a T cell subset upon systemic vector administra-
tion. Together with CD8-LV, both important subsets of T cells
can now be genetically modified individually. Thus, these
vectors are powerful tools both for gene therapy and basic
research.

Or071

Measles virus glycoprotein pseudotyped lentiviral vectors
transduce resting long-term repopulation hCD34 + cells at an
efficiency without precedent

C. Lévy], A. Girard?, F. Amirache®, C. Frecha*, C. Costa®,
D. Negre®, F-L. Cosset” and E. Verhoeyen®

ICIRI, EVIR team, 69007 Lyon, France

Hematopoietic stem cell (HSC) based gene therapy is now
moving towards the use of lentiviral vectors (LVs) evidenced
by two recent clinical trials. In these trials, VSV-G-LVs were
applied at high doses to obtain therapeutically relevant
transduction levels. Moreover, high gene transfer was only
achieved with very strong cytokine-cocktails compromising
the “HSC’ character of the cells. Thus, there is room for im-
provement. We have shown that measles virus (MV)
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glycoprotein displaying LVs (MV-LVs) were able to transduce
efficiently into resting human T and B cells. Now, we evalu-
ated these MV-LVs for hCD34 cell transduction under mild
cytokine prestimulation in order to better preserve the ‘HSC’
characteristics. After a single application at a low vector
doses, MV-LVs stably transduced 100% of TPO SCF stimu-
lated hCD34 cells, where VSV-G-LVs reached 5-10% trans-
duction at the same vector doses. Even more striking was that
these MV-LVs allowed at low vector doses, efficient trans-
duction of up to 50-70% of quiescent hCD34 -cells, an efficacy
without precedent. Importantly, reconstitution of NSG mice
with MV-LV transduced pre-stimulated or resting hCD34 cells
resulted in transduction levels close to 100% or 50%-70%,
respectively, of all analyzed myeloid and lymphoid engrafted
lineages. This was also confirmed for secondary engrafted
mice. Together, these results strongly suggest that the MV-
LVs efficiently transduce true HSCs at extremely high levels.
This paves the way to HSC-based gene therapy of multiple
diseases including diseases characterized by low numbers of
HSCs such as Fanconi Anemia, for which high level HSC
correction is needed to be successful.

Or072

Bromodomain and extra-terminal (BET) proteins target MLV-
based vector integration to transcription start sites

J. De Rijckl, C. de Kogell, J. Demeulemeester?, S. Vets!,
N. Malani?, F.D. Bushman?, K. Busschots®, S. Husson?,
Z. Debyser' and R. Gijsbers'

"Department of Pharmaceutical and Pharmacological Sciences,
Laboratory for Molecular Virology and Gene Therapy, KU Leuven,
Belgium “Department of Microbiology, University of Pennsylvania
School of Medicine, Philadelphia, Pennsylvania, USA 3Hasselt
University, Biomedical Research Institute, Diepenbeek, Belgium
*Systemic Physiological & Ecotoxicological Research, Department of
Biology, University of Antwerp, Antwerp, Belgium

Stable integration of the viral DNA in the host cell genome is
a hallmark of retroviral replication that makes retroviral-
derived vector particles attractive tools for gene therapy.
Retroviral integration is not random, with lentiviruses prefer-
entially integrating in the body of active transcription units, and
gammaretroviruses, like the Moloney Murine Leukemia Virus
(MLV), favouring transcription start sites (TSS) and CpG is-
lands. The latter explains the activation of oncogenes and the
development of acute leukemia in a subset of patients in several
clinical trials using MLV vector-based gene therapy. We iden-
tified and characterized the bromodomain and extra-terminal
(BET) family proteins (BRD2, BRD3 and BRD4) as specific
cellular binding partners of MLV integrase, directing MLV in-
tegration near TSS. We show that MLV integration site distri-
bution strongly correlates with the BET protein chromatin
binding profile determined by ChIP-seq and that interfering
with the chromatin interaction of BET proteins via specific
bromodomain inhibitors (JQ-1 and I-BET) blocks MLV virus
replication and MLV vector transduction at the integration step.
Moreover, we generated an artificial fusion protein that merges
the BET integrase binding domain with the chromatin interac-
tion domain of the lentiviral targeting factor, LEDGF/p75. Ex-
pression of this chimera in wild-type cells retargets MLV
integration away from TSS and into the body of actively tran-
scribed genes, reminiscent of the Human Immunodeficiency
Virus integration pattern. Together, these results explain the
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molecular mechanism of gamma-retroviral integration target-
ing and open perspectives to engineer gammaretroviral vectors
with a safer integration site profile.
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Integration site analysisin a clinical trial of lentiviral vector
based hematopoietic stem cell genetherapy for metachromatic
leukodystrophy

E. Montini!, A. Biffi', A. Calabria’, L. Biasco!, M. Cesani,
F. Benedicenti!, T. Plati!, S. Leo?, V. Neduva®, G. ZanettiZ,
A. Aiuti!, D. Dow?, C. von Kalle*, M. Schmidt*, M. Sessa!
and L. Naldini

!San Raffaele Telethon Institute for Gene Therapy, Milan, Italy;
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We assessed the safety and efficacy of gene transfer as well as
the dynamics of hematopoietic reconstitution in the first 3 pa-
tients of an ongoing lentiviral vector (LV)-based hematopoietic
stem cell (HSC) gene therapy trial for metachromatic leukodys-
trophy (MLD). All treated patients showed unprecedented high
vector marking levels (50-80%). Analysis of >67,000 integration
sites (ISs), obtained from different hematopoietic lineages and
time points after transplantation (1, 3, 6, 9, 12 and 18 months),
showed the characteristic LV integration profile. Shannon di-
versity index and abundance analyses indicated that the patients
were sustained by a highly polyclonal engraftment without evi-
dence of aberrant clonal behaviour.

To determine the extent of HSC gene marking in vivo, we
considered for each patient the subset of ISs shared among CD34,
mature myeloid and mature lymphoid cells. In patients between
23 and 46% of the CD34 ISs were shared with the myeloid or
lymphoid lineage dataset across all time points, providing a
stringent evidence of self-renewal and multi-lineage potential of
the transduced engrafted HSPCs. By comparing ISs shared be-
tween months 6 or 9 and 12, post-transplant by the Petersen/
Schnabel estimator method we estimated a population size of
about 4,000 marked cells, suggesting a large pool of engrafted
transduced self-renewing progenitors. Overall, these data
provide evidence that efficient ex vivo gene transfer was followed
by substantial engraftment and sustained clonogenic activity of
the transduced HSCs in the patients, allowing polyclonal re-
constitution of hematopoiesis with gene corrected cells to near
homogeneity.

Or074

Tracking individual hematopoietic stem cell activity in vivo
in humans through integration site barcoding

L. Biasco', F. Dionisio’, A. Calabria', S. Scala?, C. Baricordi’,
L. Basso Ricci?, S. Scaramuzza®, S. Giannelli®, D. Pellin’,
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Understanding human hematopoietic dynamics is crucial for
the development of therapeutic approaches based on genetically
engineered hematopoietic stem cell (HSC). Our gene therapy
(GT) clinical trials, based on retrovirally engineered HSC, con-
stitute a unique setting to study human hematopoiesis through
insertion site (IS) barcoding. To this aim, we collected 32.363 IS
from purified cell lineages in 3 Wiskott-Aldrich Syndrome (WAS)
patients treated with lentiviral GT up to 1.5 years and 4.845 IS in 4
adenosine deaminase (ADA) deficient-SCID patients treated
with gammaretroviral GT, up to 6 years after treatment. In WAS
patients, we traced self-limiting waves of individual progenitor
activity during the first phases stabilizing at 12-18 months after
transplant. By mark-recapture models, we estimated that about
1,700-6,300 transduced HSC were active in our patients and we
identified and followed HSC clones sharing identical IS in CD34
cells, colony forming units and a wide spectrum of mature cell
types. In ADA-SCID patients we showed that identical IS are
consistently detected at multiple lineages level even several years
after GT. Since gammaretroviral transduction occurs only in ac-
tively replicating cells, this finding provides the first evidence
that stimulated HSC, “awaken” from dormancy, can still retain
in vivo long-term activity in humans. Through machine learning
network algorithms applied to IS datasets we uncovered the hi-
erarchical relationship among lineages, validating different
models of hematopoiesis. Our unique molecular tracking of in-
dividual hematopoietic progenitors allowed uncovering HSC
dynamics in vivo in humans, providing novel information for the
treatment of hematological diseases and tumors.
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AAYV expression of CD39 and CD73 as a novel therapeutic
strategy for the treatment of rheumatoid arthritis

J.D. Finn'?, L. van Baarsen?, J. van Ittersum'?, C. Braam'?,
S. Snoek!?, M.C. Lebre?, P.P. Tak? and M. Vervoordeldonk?
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Adenosine and ATP are known to have important immuno-
modulatory properties. Extracellular ATP has multiple roles in
inflammation and can act as a damage-associated molecular
pattern (DAMP) that can activate the immune system. Con-
versely, adenosine is primarily anti-inflammatory and can inhibit
the production of pro-inflammatory molecules by immune cells.
The conversion of ATP to adenosine is an important mechanism
of immune suppression by Tregs, and this is done by expression
of ENTPD1 (CD39) and 5NTE (CD73). CD39 is a membrane
bound ATPase that converts ATP and ADP to AMP, whereas
CD73 is a membrane bound ecto-nucleotidase that converts AMP
to adenosine.

Genes involved in the ATP:adenosine pathway, including
CD73, were differentially expressed in high-inflammation syno-
vial tissues, consistent with the hypothesis that there is skewing
of the ATP:adenosine balance during inflammation. There was a
significant decrease in ATPase activity and increase in adenosine
deaminase activity synovial fluid from rheumatoid arthritis (RA)
v.s. osteoarthritis (OA) patients. RA fibroblast like synoviocyte
(FLS) cell lines transduced with CD39-CD73 expressing AAV5
vectors demonstrated high CD39 and CD73 activity. THP-1
(human monocyte cell line) cells stimulated with LPS showed
lower levels (>80% reduction p = <0.05) of cytokine (e.g. TNF-a,
IL-1B) and chemokine (CCL2) secretion when co-cultured with
CD39 and CD73 expressing HEK293 cells or FLS cells in the
presence of ATP. Together, these data suggest that synovial in-
flammation in RA is characterized by skewing of the
ATP:adenosine balance. This could be reversed in vitro by over-
expression of CD39 and CD73. Thus, these data show that the
ATP:adenosine pathway may be a novel therapeutic target for
the treatment of RA.
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Use of Sleeping Beauty transposase mRNA for safe
and efficient gene delivery in pigment epithelial cells

N Harmeningl, S ]ohnenz, Z Izsvak®, M Kroppl, S Diarral,
G Thumann'!

'Département des neurosciences cliniques, Service d’ophtalmologie,
Hopitaux Universitaires de Geneve, 1211 Geneéve, Suisse;
Department of Ophthalmology, University Hospital RWTH Aachen
University, 52074 Aachen, Germany; *Max Delbriick Center for
Molecular Medicine, 13092 Berlin, Germany

Previous studies have shown that the non-viral Sleeping Beauty
transposon system (SB100X) ensures stable and consistent
transgene expression in pigment epithelial cells. However, the
transposase-encoding DNA molecule has the potential to spon-
taneously integrate into the host cell’s genome, possibly leading
to transposon re-mobilization and re-integration. To eliminate
this risk, transposition using SB100X-encoding transient mRNA
was evaluated.

ARPE-19 cells were electroporated with the Venus reporter
gene using SB100X-encoding DNA or mRNA at a ratio of 1:16.
Venus expression was analyzed by fluorescence microscopy and
flow cytometry. Expression of both transposon and transposase
genes as well as the number of integrated transgene copies into
the cell’s genome were evaluated by quantitative real-time PCR.

Both SB100X DNA and mRNA led to initial transfection effi-
ciencies of 100%. 21 days after transfection, the transposon copy
number varied between 3.4 and 5.8. 150 days after transfection, in
ARPE-19 cells co-transfected with SB100X DNA the amount of
transfected cells decreased below 10%, whereas cells co-trans-
fected with SB100X mRNA showed transfection efficiencies of
100% for the 180 days that the cells were followed. SB100X ex-
pression was only detected in SB100X DNA-transfected cells
within 14 days after electroporation.

SB100X mRNA is a safe tool for efficient transfection of pig-
ment epithelial cells; it led to long-term and stable expression of
the inserted transgene without the risk of transposase insertion
into the host cell’s genome. Transferring the method to primary
human pigment epithelial cells resulted in transgene expression
for longer than one year.



A60

P002

Efficient and non-toxic siRNA delivery vector for systemic
administration

V Escriou’??, M Hamoudi'??, A Schlegell’z’S, P Bigey1’2’3'4,
D Scherman'?3*

TUMR 8151 CNRS; 2U1022 Inserm; 3Université Paris Descartes;
“Chimie ParisTech

Small interfering RNAs (siRNA) with a capacity to inhibit
expression of pathologic proteins in vivo represent a promising
approach to the treatment of various diseases. However, even
though RNAi is a highly specific technique and has the
potential to selectively silence the expression of any gene,
the systemic or local delivery of RNAi molecules remains a
challenge.

Recently, we developed a clinically acceptable efficient
formulation of siRNA. This tri-component delivery system con-
sisted of (i) the cationic lipid 2-{3-[Bis-(3-amino-propyl)-amino]-
propylamino}-N-ditetradecyl =~ carbamoyl methyl-acetamide,
which we termed DMAPAP, (i) the neutral lipid 1,2 dioleoyl-sn-
glycero-3-phospho-ethanolamine or DOPE and (iii) an anionic
polymer that served as an enhancer of lipoplexes efficiency. This
siRNA delivery system has proven to be efficient in two rodent
disease models.

We assayed a large variety of anionic polymers, in terms of
structure, origin or size and showed that various anionic poly-
mers can be used to enhance gene silencing efficiency of this
cationic lipid-based siRNA delivery vector.

We then examined how the nature of the added anionic
polymer impact the physico-chemical properties of these siRNA
particles as well as their gene silencing efficiency, cytotoxicity,
in vivo localization and toxicity upon i.v. administration to mice.
We also deciphered the influence of polymer’s nature on the
stability of siRNA particles in various biological milieus.

In conclusion, we developed efficient and clinically acceptable
siRNA vectors that can be used for systemic injection. These
vectors are cationic liposomes-based and contain anionic poly-
mers that are biodegradable and FDA approved for use in hu-
mans. These siRNA vectors represent a promising vehicle for
siRNA administration in various pharmaceutical and medicinal
applications.
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Folate-polycationic amphiphilic cyclodextrin-
DNAnanocomplexes for gene delivery in vitro and in vivo

K Urbiola!, A Méndez-Ardoyz, J M. Garcia Fernandez®,
C Ortiz Mellet?, C Tros de Ilarduyal
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Pharmacy, University of Navarra, 31080 Pamplona, Spain;
2Department of Organic Chemistry, Faculty of Chemistry, University
of Seville, C/Prof. Garcia Gonzilez 1, E-41002, Seville, Spain;
*Institute for Chemical Research (IIQ), CSIC — University of Seville,
Avda. Américo Vespucio 49, E-41092, Seville, Spain

Folic acid (FA) is an essential vitamin for the biosynthesis of
nucleotides and has been widely used as a targeting agent in
cancer disease. Non-viral vectors, such as policationic amphi-
philic cyclodextrins (paCDs), are considered as promising gene
carriers in the treatment of this disease despite having a low
transfection activity. In this work paCD-T2-pDNA CDplexes
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have been electrostatically coupled to FA to be used as a novel
targeted device to cancer cells in order to increase delivery
specificity and activity. The nanoparticles formed with differ-
ent amounts of FA (up to 2 ug FA/ ug pDNA) presented na-
nometric sizes and positive surface charge. The transfection
activity data showed an increase in the luciferase expression
values in HeLa as the FA ratio increased. In HepG2, a FA re-
ceptor defective cell line, the behavior was opposite and the
transfection activity was reduced for higher amounts of FA. In
both experiments, branched polyethyleneimine (bPEI) poly-
plexes were less effective than CDplexes. Viability studies were
performed showing negligible toxicity (viability >80%) for
CDplexes whereas bPEI produced acute toxicity. The in vivo
studies were carried out in BalbC female mice and 24 h after the
administration of the CDplexes luciferase activity was mainly
detected in the liver followed by the lungs. Luciferase expres-
sion levels increased with the amount of FA used in the for-
mulations. Biodistribution studies by bioimaging do also
corroborate this fact. Control mice (PBS and pDNA) did not
show any activity.

P004

Inhibition of hepatitis B virus replication using
guanidinopropyl modified siRNAs

M D. Marimani', A Elyl, M CR. Buff?, S Bernhardt?, ] Hean',
] Engels®, P Arbuthnot!

! Antiviral Gene Therapy Research Unit, Department of Molecular
Medicine and Haematology, University of the Witwatersrand,
Johannesburg, 2000, South Africa; Institut fiir Organische Chemie
und Chemische Biologie, Johann-Wolfgang-Goethe-Universitiit,
Frankfurt, Germany

Chronic hepatitis B virus (HBV) infection remains an im-
portant public health concern and currently licensed therapies
rarely prevent the life-threatening complications of viral per-
sistence. Silencing HBV gene expression with exogenous ac-
tivators of RNA interference (RNAI), such as synthetic small
interfering RNAs (siRNAs), presents a promising option for
development of effective anti-HBV agents. This study aimed
to assess the benefits of incorporating novel 2’-O-guanidino-
propyl (GP) modifications into siRNAs that target HBV. Sin-
gle GP residues were incorporated at nucleotide positions
from 2 to 21 of the antisense strand of a previously char-
acterised effective antiHBV siRNA. The siRNAs with GP
moieties at selected positions improved silencing efficacy
in vitro and stability of chemically modified siRNAs in 80%
serum was moderately improved. The innate interferon re-
sponse was not induced in vitro and the GP-modified siRNAs
were not toxic to cultured cells. Unintended microRNA-like
silencing caused by incomplete hybridisation of the siRNA
guide to its cognate was attenuated by GP moieties, particu-
larly those incorporated within the siRNA seed region (com-
posing nucleotides 2 to 8 from the 5" end of the guide strand).
The cleaved target mRNA product was successfully detected
by using 5" RACE. Hydrodynamic co-injection of siRNAs with
a replication-competent HBV plasmid resulted in highly ef-
fective knockdown of markers of viral replication in mice.
Current studies are aimed at assessing siRNA efficacy in HBV
transgenic mice, which stringently simulate the human con-
dition of chronic HBV infection. Data from this study suggest
that GP modified siRNAs may potentially be utilised for HBV
therapy.
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Smart’ bacteriophage nanocomplex: a hybrid multi-component
particle for safe and efficient gene transfer

Teerapong Yata', Koon-Yang Lee', Charlotte A. Stoneham?,
Tararaj Dharakul?, Sirirurg Songsivilaiz, A Bismarck!,
Amin Hajitou

"Imperial College London, United Kingdom; *National
Nanotechnology Center, Thailand

Gene delivery can be achieved using either viral or non-viral
vectors. In order to obtain the ideal gene delivery vector system,
attempts have been made to combine the attributes of two or
more different types of vectors. In this study, we combined the
advantages of three gene delivery vectors: the filamentous M13
bacteriophage, the genome of a recombinant adeno-associated
virus (rAAV) and cationic polymers. In this novel complexed
system phage vector, i) the phage particle serves as a vehicle
displaying targeting peptides on its capsid for cell internaliza-
tion, ii) the rAAV cassette has the potential for episomal ampli-
fication and long-term transgene expression, and iii) the cationic
polymer creates positively charged phage particles resulting in
enhanced attachment to the negatively charged surface of eu-
karyotic cells. Herein, we report a novel hybrid multi-component
vector termed the “smart” bacteriophage nanocomplex. We have
assessed the efficacy of this vector in two dimensional (2D) as
well as three dimensional (3D) cell culture systems. A study of
the expression of green fluorescent protein and luciferase re-
porter genes by the new bacteriophage system confirmed that
such hybrid vectors display substantial gene transfer efficacy,
that is targeted, compared to uncomplexed parental phage. As a
proof of concept, application of the smart bacteriophage vector
carrying the cytotoxic suicide gene ‘HSVtk’ resulted in eradica-
tion of brain tumour cells upon ganciclovir treatment.

We conclude that the innovative combination of different
types of vectors into a single particle provides significant exten-
sion to the development of novel gene delivery platforms which
can be used as tool for gene therapy applications.

P006

Targeted lipid-based strategies to silence Machado-Joseph
disease through the systemic route

M Conceigaol’z, L Mendongal, C Pedroso Lima'?, M Swamy4,
L Pereira de Almeida'?

ICenter for Neuroscience and Cell Biology, University of Coimbra;
Faculty of Pharmacy, University of Coimbra; > Faculty of Sciences
and Technology, University of Coimbra; *Center of Excellence in
Infectious Diseases, Texas Tech University Health Sciences Center

Machado-Joseph Disease (M]JD) is the most common
dominantly-inherited ataxia worldwide, but there is no therapy
able to modify disease progression. In this context, small inter-
fering RNAs (siRNAs) represent an extremely promising ap-
proach. However, its successful application in the clinic is limited
due to the presence of the blood-brain barrier (BBB) and the
unfavorable pharmacokinetic and biodistribution properties of
siRNAs. Therefore, the aim of this study was to develop an ef-
ficient delivery system that would circumvent these barriers,
enabling transvascular delivery of siRNAs to the brain.

To cross the BBB a lipid-based formulation encapsulating
siRNAs and targeted to the brain associating a short peptide
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derived from rabies virus glycoprotein (RVG) or a transferrin
receptor binding peptide was developed. Flow cytometry and
confocal microscopy studies revealed specific in vitro delivery of
siRNAs to neuronal cells. These formulations, efficiently knocked
down target mRNA resulting in protein level reduction. Im-
portantly, intravenous injection allowed significant delivery of
labeled-siRNAs to the mouse brain.

Next, we will test the silencing efficiency of our non-viral
system in MJD mouse models. We expect to generate an siRNA
delivery system that may be used for MJD therapy and poten-
tially to other neurodegenerative diseases.

P007

Increased Adenovirus density for increased ultrasound-
mediated delivery to tumors

R C Carlisle!, S Mo}, R Myersl, S Graham!, E Mylonopouloul,
R Cawood', L W Seymour’, C C Coussios'

"Univeristy of Oxford,

Systemic administration of adenovirus (Ad) for the treatment
of cancer is limited by poor circulation kinetics and inefficient
uptake from the bloodstream into tumors. We have recently re-
ported a method for linkage of highly-PEGylated gold nano-
particles (g0ldPEG) to Ad by a single reduction cleavable bond.
The resulting ‘dandelion” structure provides very effective steric
shielding with only minimal and reversible modification of the
Ad capsid. This reduces the binding of antibodies and enhances
circulation kinetics. However, in addition to providing a plat-
form for effective stealthing, the gold nanoparticles also increase
the density of Ad. Here we describe how this increase in density
imparts a second major advantage on our strategy. Specifically,
the response of Ad to ultrasound exposure is dramatically im-
proved upon goldPEG addition.

Electron microscopy confirmed the attachment of 111 goldPEG
per Ad and ultra-centrifugation through caesium chloride con-
firmed a consequent large increase in density compared to Ad or
Ad modified with poly(N-(2-hydroxypropyl)methacrylamide)
(Ad-PHPMA). The movement of Ad, Ad-goldPEG or Ad-PHPMA
out of a flow-channel and into a tissue mimicking material was
then tested. Notably, application of ultrasound to instigate cavi-
tation and generate shock-waves substantially increased the pro-
pulsion of all samples into the tissue mimicking material.
However, more Ad-goldPEG (50-fold, p <0.001) was recovered at
greater penetration distances (up to 6mm) than Ad or Ad-
PHPMA. In murine models, 12% of the intravenously injected Ad-
goldPEG dose accumulated in the tumor following exposure of the
tumor to ultrasound. This level represents a >20-fold increase
compared to alternative strategies and lead to substantial anti-
tumor efficacy.

P00s

The merging of the antibiotic-free pFAR4miniplasmids
with the Sleeping Beauty transposon system mediates higher
transgenedelivery in human cells

M Pastor!, S ]ohnenl, M Quivigerl, Z Izsvak!, D Scherman’,
G Thumann!, C Marie!

ICNRS, Université Paris 5, University Hospital RWTH Aachen,
Max Delbriick Center for Molecular Medicine Berlin, Hopitaux
Universitaires de Geneve
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New generations of plasmid vectors lead to elevated and
prolonged transgene expression levels, which make non-viral
gene therapy an attractive alternative to treat genetic and ac-
quired disorders.

The pFAR4 plasmids are novel antibiotic-free mini-plasmids.
Their propagation is based on the suppression of a mutant strain
auxotrophy, thus eliminating safety concerns classically attrib-
uted to plasmid DNA vectors, such as horizontal antibiotic re-
sistance gene transfer to patient’s bacteria. In addition, pFAR4
vectors display high-level and sustained transgene expression in
muscle, skin and liver.

To obtain a long-term transgene expression in dividing cells,
we combined the pFAR4 technology to the plasmid-based inte-
grating Sleeping Beauty (SB) transposon system, composed of a
transposase that mediates the excision of a transgene-containing
transposon from a donor plasmid and integration into the host
cells” genome.

This combination was used in two parallel studies, delivering
either the neomycin resistance gene to HeLa cells or the anti-
angiogenic pigment epithelium-derived factor (PEDF) gene to
primary pigment epithelial cells, in the context of an ex vivo gene
therapeutic approach with autologous cells for the treatment of
neovascular age-related macular degeneration. The combination
of the pFAR4 and SB technologies led to an increased number of
neomycin resistant colonies, as compared to conventional gene
plasmid vectors, and to an increased level of secreted PEDF for
more than 5 months.

Thus, pFAR4 is an efficient SB transposase expression vector
and donor substrate for SB-mediated transposition. Studies are
ongoing to determine whether this increased efficiency results
from a higher transfection level and/or an increased transposi-
tion rate.

P009

Using Sleeping Beauty transposons as a non-viral approach for
the correction of Fanconi Anemia cells

E Grueso?, P Rio?, Z Izsvak®, JA Bueren?, Z Ivics?

IPaul Ehrlich Institute; )CIEMAT/CIBERER; *Max Delbriick Center
for Molecular Medicine

Sleeping Beauty (SB) transposon system has been developed
as an integrative tool with a wide range of gene therapy ap-
plications and virtually random profile of integration, dimin-
ished immunogenicity and reduced handling costs as
advantages versus viral vectors. Our goal is to develop
Sleeping Beauty as a technology to deliver Fanconi A and D1
genes, belonging to the Fanconi Anemia (FA) pathway im-
plicated in the resolution of DNA interstrand cross-links
(ICL). FA is a rare inherited disorder in which paediatric
patients suffer from progressive bone marrow failure and an
increased susceptibility to malignancies among other symp-
toms. Human cDNA corresponding to FANCA and FANCDI1
(BRCA2) genes were cloned together with a GFP marker in a
“sandwich” SB transposon, conformation developed to im-
prove large-size transgene transposition'. Nucleofection was
used to deliver FA transposons plus SB100x transposase in
trans to patient fibroblasts (deficient FANCA gene) or a
FANCD1 deficient Chinese Hamster cell line (V-C8). Stable
and long expression of GFP was achieved and the presence
of both FA genes could be proved by an immunoblot analy-
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sis. Functional analysis of FANCA and FANCDI1 proteins
were performed: the recovery of FANCD2 (in case of FANCA
deficiency) or Rad51 (FANCDI1 deficiency) nuclear foci de-
tected by immunofluorescence and the survival improvement
after treatment with a DNA crosslinking agent, like mitomy-
cin C -as deficient cells are hypersensitive to the deleterious
effects of this agent- indicated the recovery of the normal
phenotype in comparison to the uncorrected cells. SB trans-
posons mediate robust genetic modification of deficient cells
in vitro, thereby offering a non-viral alternative for FA gene
therapy.

1. Zayed et al. Mol.Ther. 2004 9:292-304.
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Enhancing plasmid nuclear import and delivery system: room
for improvement

D Fioretti'*, S Turescia*, V M Fazio*®, M Rinaldi'

"Medical Biotechnology Unit, Institute of Translational Pharmacology,
National Research Council (CNR), Rome, 00133, Italy; *Laboratory of
Molecular Medicine and Biotechnology, CIR, University Campus
BioMedico, Rome, 00128, Italy; 3Oncolog]/ Research Laboratory,
IRCCS Casa Sollievo della Sofferenza, San Giovanni Rotondo, Foggia,
71013, Italy “first co-authorship

The use of plasmid DNA vectors for gene transfer represents
an important platform for clinical applications, notably with
DNA vaccination wherein large-scale vaccine production is not
easily manageable with other forms of vaccine including re-
combinant protein, whole tumor cells, or viral vectors. A variety
of clinical trials against cancer have provided evidence that DNA
vaccines are well tolerated and have an excellent safety profile.
Nevertheless there is still a gap between the experimental data
and their application in a clinical setting due to low level of an-
tigen expression.

DNA vaccines allow incorporating multiple components to
activate and direct selected immune effector pathways and are
prone to be delivered in many different manner. To achieve
more efficient gene expression from plasmid vectors CMV
promoter driven, DNA nuclear targeting sequences (DTSs) are
introduced to increase the efficiency of nuclear plasmid
uptake from cytoplasm. Electrogenetherapy is promising for
the treatment of muscle disorders, as well for the systemic
secretion of therapeutic proteins, DNA vaccination, immu-
notherapy and cancer therapy. The inclusion in a DNA
vector backbone of a DTS localized in a non-coding region
of the SV40 virus sequence is established to increase in vivo
expression up to 20-fold using electroporation delivery in
muscle tissue.

We have used this delivery technique in combination with
plasmids containing a tandem repeat of two 72-bp DNA ele-
ments from the SV40 enhancer in preclinical immunization pro-
tocols.

To evaluate the increase in performance we analyzed over
time the IL-2 expression of anti-idiotypic DNA vaccines, devel-
oped against an aggressive murine B-cell lymphoma model
and co-expressing IL-2 as immunomodulating agent. The anti-
idiotypic humoral response was assayed as well.

Our in vivo results show that the combination of electropora-
tion and a plasmid vector carrying DTSs elements results in ef-
ficacious DNA vaccines.
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The Initiation of Replication from the human beta-globinlocus
enhances plasmid establishment andtransgene expression in
an S/MAR based episomal vector

E F Stavrou!, A Giarmakopoulosl, A Athanassiadou®

Laboratory of General Biology, School of Medicine, University of
Patras, Patras, Greece

The Initiation of Replication region, (IR), from f-globin gene
locus is capable to promote DNA replication ectopically and can
rescue DNA replication within the context of Scaffold/Matrix
Attachment Region (S/MAR) based episomal vector. Based
on episomal vector pEPI-eGFP (6.7 Kb) we constructed vectors
PEP-IR and pEPI-SFFV carrying the Spleen Focus forming Virus
(SFFV) promoter in place of CMV promoter to drive eGFP ex-
pression. Additionally, vector pEP-IR carries the IR element at the
5’ site of SFFV promoter. All three vectors showed excellent epi-
somatic properties upon transfer into K562 cells and can transfect
human Mesenchymal stem cells too. All three vectors were trans-
ferred into CD43 cells from peripheral blood, from adult, mobi-
lised, healthy donors, with transfection efficiency 24% -30%. FACS
sorted eGFP cells were placed in semisolid cultures to generate
differentiated cell-colonies within 14 days. Fluorescent microscopy
revealed that control vector pEPI-eGFP does not support the
presence of fluorescent colonies (0%), pEPI-SFFV supports 56%
florescent colonies and pEP-IR —most efficiently- 100% florescent
colonies. Non-florescent colonies deriving from transfections with
pEPI-eGFP or pEPI-SFFV were shown by PCR to be devoid of
plasmids. Plasmid copy number pEPI-SFFV and pEP-IR per fluo-
rescent cell was estimated by Real time PCR to be 1.12 and 1.78
copies/ differentiated fluorescent cell respectively. Similarly, esti-
mation of eGFP mRNA revealed that pEP-IR supported 3 times
higher eGFP expression per plasmid copy, compared to pEPI-
SFFV. These data show that IR enhances plasmid establishment,
increases plasmid copy number per cell and transgene expression
per plasmid copy in trasnfected CD43 cells progeny.

Po12

Engineered dynein light chain Rp3: a strategy to exploit cell’s
machinery for an enhanced intracellular trafficking of
transgenes

M T P Favaro’, M A S de Toledo!, R F Alves?, R Janissen®,
A P Souza', A R Azzoni?

Laboratério de Andlise Genética e Molecular, Centro de Biologia
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Engenharia Quimica, Escola Politécnica, Universidade de Sio Paulo,
Sao Paulo, SP, 05424-970, Brazil 3Instituto de Fisica Aplicada “Gleb
Wataghin”, Universidade Estadual de Campinas, Campinas, SP,
13083-750, Brazil

Despite all the advances on the development of more efficient
non viral gene delivery vectors, intracellular trafficking of trans-
genes remains an important limiting step. We designed a recom-
binant dynein light chain (Rp3) fusioned to a C-terminal TAT
peptide, a N-terminal DNA-binding domain, and a histidine tail.
Named T-Rp3, the protein was able to interact and condense
plasmid DNA, resulting in positively charged (28,6 mV) and small
(~100mm) particles. The vector was highly efficient during
transfection of HeLa cells, also presenting low cytotoxicity. Unlike
many non viral vectors, the kinetic of transgene expression medi-
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ated by T-Rp3 was fast, similarly to Lipofectamine 2000™". The
intracellular trafficking of pPDNA:T-Rp3 complexes were found to
be highly dependent on microtubules, since reporter gene expres-
sion decreased 92% when microtubules were depolymerised using
Nocodazole. Confocal microscopy studies together with time lapse
imaging of live cells revealed a high rate of pDNA internalization
and centrosomal accumulation. Perinuclear accumulus of pDNA
was detected in just a few hours post-transfection, even in the
presence of chloroquine, a lysosomotropic drug know to disrupt
endosomes. These are promising results and may contribute to the
development of more efficient non viral gene delivery vectors.

Po013

Study of modular peptide-based vechicles for targeted gene
delivery

M.S. Bogacheval, AN. Shubinal, M.A. Maretinal,
A.A. Egorova 2 AN. Slital, A.V. Kiselev?, V.S. Baranov'?

'St.Petersburg State University; *Ott’s Institute of Obstetrics &
Gynecology

Development of peptide-based gene delivery systems consti-
tutes an essential challenge in gene therapy. Carrier’s modification
with nuclear localization signal (NLS) and ligand for certain re-
ceptor can promote effective targeted gene delivery. SDF-1/
CXCR4 is an important ligand/receptor pair involved in cancer
metastases and stem cells trafficking. SV40 NLS has been re-
nowned to enhance nuclear uptake of DNA. This work aimed to
study cross-linking peptides modified with CXCR4 ligand and
SV40 NLS as vehicles for gene delivery to CXCR4-expressing cells.

We studied eight variants of DNA /peptide complexes modified
with SV40 NLS and N-terminal fragment of SDF-1. Study of
physicochemical properties included DNA-binding and protection,
dynamics of complex formation, resistance to polyanions and size
measurement. Transfection efficacy was studied in three cell lines:
HeLa, A172, CHO and in human mesenchymal stem cells (hMSC).
DNA-complexes’ toxicity was investigated with Alamar blue test.
CXCR4 expression in hMSC was induced by valproic acid (VPA).

We showed that all peptides can protect DNA from endonu-
clease degradation after completing DNA condensation. Car-
rier's modification with CXCR4-ligand or NLS increases
transfection activity of DNA /peptide complexes and contribute
hMSC transfection. VPA treatment resulted in 4-15-fold increase
in transfection efficacy of the complexes in hMSCs. Toxicity of the
complexes in the most cases was lower, than in control PEI. Thus
CXCR4-targeted peptides should be considered as useful tools
for non-viral gene delivery into cancer cells and hMSC.

This work was supported by OPTEC company fellowship,
RFBR grant 12-04-31400-mol-a and by the Ministry of education
and science of Russia (8142).

Keywords: gene delivery, CXCR4, SDF-1, SV40 NLS
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Development of synthetic DNA reference material for accurate
analysis of gene therapy vectors

A Baoutinal, S Bhat!, K R. Emslie!
INational Measurement Institute, Bradfield Rd, Lindfield, NSW,
2070, Australia

Accurate analysis of gene therapy vectors is required to es-
tablish the administered dose and in vector biodistribution
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studies. Such analyses are usually performed by PCR using in-
ternal laboratory standards based on a plasmid containing the
same PCR target sequences as the vector. Internal laboratory
standards are often poorly characterised and, in case of inad-
vertent contamination of negative samples with such controls,
false positive results will be obtained.

To improve vector analysis, we developed a synthetic DNA
reference material (RM), using as a model, a plasmid vector in-
corporating a human erythropoietin transgene. The RM was
designed to contain several sequences for various PCR assays
that target multiple transgenic sequences within the vector. The
RM is amplified by these assays with the same specificity and
sensitivity as the vector itself, allowing accurate vector quantifi-
cation using a standard curve based method. Importantly, the
target sequences within the RM are modified to generate am-
plicons different in size and sequence to those from the vector,
permitting discrimination of false positive results. The developed
RM was characterised for purity, quantity, homogeneity and
stability in accordance with ISO Guide 34 using latest technolo-
gies including digital PCR and next generation sequencing. In
addition, we used the RM to in vitro validate accuracy and re-
producibility of analysis of a nonviral vector containing eryth-
ropoietin transgene in blood samples.

The developed RM can serve as a prototype for preparing other
RM for accurate analysis of vectors carrying any transgene and can
be used to validate internal laboratory standards. Moreover, our
RM design can be applied to generate a RM that contains trans-
genic sequences from several vectors used in a laboratory; this will
allow only one RM for analysis of multiple vectors.

Po015

Inefficient RNA translation limits the efficacy of
hydrodynamic gene transfer to pig liver “in vivo”

L Sendra®, O Carrefio?, E Montalva?, A Miguell, M J. Herrero®,
P Orbis? I Noguera*, R Lépez-Andtjar?, S F. Alifio'”

7Dpto. Farmacologia, Facultad de Medicina, Universitat de Valencia;
2Unidad de Cirugia Hepatopancredtica y Trasplante, Hospital
Universitario y Politécnico La Fe, Valencia; *Instituto de Investigacion
Sanitaria La Fe, Valencia; *Servei Central de Suport a la Investigacid
Experimental, Universitat de Valencia; *Unidad de Farmacologia
Clinica, Hospital Universitario La Fe, Valencia

Introduction: The inefficient expression of eGFP after hydro-
dynamic gene transfer, in surgically watertight pig liver, was
studied.

Material and Methods: Pig liver was isolated by vascular
clamping (cava, portal veins and hepatic artery); then, the eGFP
gene transfer was performed under different conditions by im-
plantation of a 12F catheter in anesthetized pigs. Animals were
injected with 200 mL of saline solution bearing p3c-eGFP plasmid
(20 ug/mL), containing the eGFP gene via cava or portal veins at
different rates. The gene transfer and expression efficiency of
anterograde vs retrograde venous injection and the effect of flow
rate, 10 and 20mL/s, were studied.

Results: The results showed: (i) the highest gene delivery (0,1-1
eGFP DNA copies/diploid genome) occurred in anterograde
injection; (ii) anterograde gene transfer mediated a higher rate of
transcription (10-100 eGFP RNA copies/cell) despite a lower
plasmid amount; (iii) the fastest flow rate, 20mL/s, reached
better transcription efficiency than 10 mL/s (1-10 vs 10-100 eGFP
RNA copies/cell) in anterograde injection; (iv) unexpectedly,
higher eGFP expression (>1ng/mg prot) was detected with
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milder perfusion conditions (10ml/s) and lower RNA presence
what could be due to cell stress-induced translation blockade.

Conclusion: Data suggest that, probably, high volumes and
pressures are not only unnecessary but counterproductive for
gene expression efficiency and mild conditions are the optimal to
achieve a safe efficient model of hepatic gene transfer with po-
tential application. Partially supported by AP-151-11 and
SAF2011-27002.

Po16
Extracellular DNA as a potential cause of preeclampsia
B Vlkova!, H Fabryoval, P Celec

'Comenius University

Background: Extracellular DNA induces an inflammatory re-
ponse involved in the pathogenesis of several diseases. Pre-
eclampsia is associated with higher concentrations of fetal DNA
circulating in maternal plasma. It is currently unknown, whether
this is the consequence of placental damage due to preeclampsia or
fetal DNA is itself involved in the pathogenesis of preeclampsia.

Materials & Methods: Preeclampsia was induced by LNAME
in drinking water given to pregnant Wistar rats. In another ex-
periments pregnant Wistar rats received daily i.p. injections of
saline (negative control), lipopolysacharide (positive control) or
rat fetal DNA for 5 days during the first, second or third week of
gestation. Blood pressure, proteinuria and placental as well as
fetal weight were measured at the end of gestation one day be-
fore delivery. Fetal DNA was assessed in maternal plasma using
SRY-targeted real time PCR.

Results: Blood pressure did not differ between groups in any
experiment. Proteinuria and pup weight were affected by LNAME,
lipopolysacharide and partially also by fetal DNA administration
during the third week of gestation. In the LNAME-induced animal
model of preeclampsia fetal DNA was not increased compared to
the control group.

Conclusions: Fetal DNA circulating in maternal plasma is not
increased in this model of preeclampsia. Injections of exogenous
fetal DNA into pregnant rats induced preeclampsia at least par-
tially suggesting that fetal DNA is one of the causes rather than a
consequence of preeclampsia. These results might be of impor-
tance for the treatment of pregnant women with non-viral vectors.

Po17

Catheter mediated suprahepatic hAAT gene transfer:
Effect of portal outflow blockade
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Farmacologia Clinica, Hospital Universitario La Fe, Valencia, Spain

Introduction: The efficiency of catheter mediated pig liver
gene transfer and the benefits of pressuring the organ by blocking
the portal outflow were evaluated.

Material and Methods: After jugular dissection, a catheter with
balloon was introduced and placed into the hepatic vein from the
inferior cava vein targeting an area of the liver. In other
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experiments, two balloon catheters were introduced simulta-
neously through jugular and femoral veins and were placed in
cava vein close to liver entry restricting the perfusion area, the
whole liver was targeted; portal outflow was blocked by in-
trahepatically placing another balloon catheter in main portal
branch. Then, pTG7101 plasmid bearing the hAAT gene in 200 ml
saline solution (20 ug/ml) was retrovenously injected (20ml/s).
The gene transfer efficiency and protein expression of both models
were compared.

Results: The results showed: (i) the highest gene delivery (10—
100 hAAT DNA copies/diploid genome) occurred with free out-
flow; (ii) outflow blockade mediated a slightly higher rate of
transcription (~10 vs ~1 hAAT RNA copies/ cell) despite a lower
plasmid amount; (iii) conjugating these results, the intrinsic effi-
cacy of outflow blocking model resulted higher (10*-10% vs 1-10
RNA /DNA copy per cell); (iv) outflow blockade model achieved
efficient protein expression (~ 10°® copies/cell).

Conclusion: Data suggest that retrovenous catheter mediated
liver gene transfer is an efficient model of hepatic gene transfer
with potential clinical applications and the portal outflow
blocking could improve the gene expression. Partially supported
by AP-151-11 and SAF2011-27002.
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Epidermal growth factor targeted novel cationic lipoplexes
Enhance transgene expression in HepG2 cell line In vitro
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For augmented efficiency, cationic liposomes can be modified
as cell-specific gene therapy systems. Of the different ligands
used for modification and exploitation of receptor mediated en-
docytosis, the epidermal growth factor (EGF) was chosen for this
investigation. The aim of this study was to evaluate the hepato-
tropism of targeted liposomes for enhanced transgene expression
in the HepG2 (Human hepatocellular carcinoma) cell line, known
to over-express EGF.

Four liposomes, two consisting of cytofectins 3[N-(N’,N’-di-
methylaminopropane)-carbamoyl] (Chol-T) and N,N-dimethyla-
minopropylamidosuccinyl-cholesterylformylhydrazide (MS09) and
two displaying additional distearoylphosphatidylethanolamine-
polyethyleneglycol 2000 (DSPE-PEG 2000), were formulated with
the neutral lipid DOPE through thin film re-hydration Preformed
cationic liposomes were conjugated to the (EGF) polypeptide
through a simple adsorption method prior to characterization
and cell culture studies. All liposome formulations were investi-
gated for their ability to bind, condense and protect plasmid DNA
(PCMV-Luc), using the agarose gel retardation, ethidium bro-
mide dye displacement and nuclease protection assays. All lipo-
somes and lipoplexes were subjected to electron microscopy and
zeta-sizing to determine lamellarity and size distribution. In vitro
cytoxicity was determined using the MTT assay, and gene ex-
pression using the luciferase reporter gene assay and fluorescence
microscopy in the HepG2 cell line.

Overall targeted liposomes showed good binding and protec-
tion of plasmid DNA. These novel lipoplex systems were able to
successfully transfect the HepG2 cell line with minimal cytotox-
icity and greater transgene expression than the receptor negative
control cell line. Initial results show that with further optimization
clinically viable gene or drug delivery vehicles can be formulated.
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Viral vs. non-viral gene therapy to improve tendon healing:
Electrotransfer leads to rapid gene expression compared to
AAV-based delivery.

S Hasslund, H Gissel!, CC Danielsen!, M Koefoed®, TG ]ensenl,
L Aagaard'

! Aarhus University, Denmark

Injury and repair of the flexor tendons of the human hand are
often complicated by fibrotic adhesions limiting the hand function.
In order to restore the tendon gliding function new treatment op-
tions are needed. Gene therapy using AAV has shown ability to
improve tendon healing in model systems. In this study we seeked
to develop a non-viral method, in order to avoid potential inflam-
matory response induced by the viral vector. Indeed, inflammation
is one of the factors thought to increase adhesion formation. We
used electrotransfer of plasmid DNA to muscle as delivery strategy.

Using an established murine model of flexor tendon injury and
healing, we transected and repaired the flexor digitorum longus
tendon in the mouse foot. Following surgery we injected 10ul of
either pDNA (15 ug) or rAAV (2x 10’ particles) encoding a firefly
luciferase reporter gene into an adjacent muscle (flexor digitorum
brevis). Luciferase activity were recorded by live bioimaging at 2, 4,
8, 12, 24 hours post treatment and followed for up to 28 days. We
detected luciferase activity as early as two hours after gene delivery
by electrotransfer. In contrast the onset of gene expression in the viral
vector treated group did not exceed our detection limit until day 3.

Electrotransfer and the rapid onset of gene expression opens
new possibilities for flexor tendon gene therapy. Currently we
are investigating a number of possible anti-adhesive genes of
their potential to improve the tendon healing and gliding func-
tion in our murine model.

P020
Muscle-targeted incretin gene therapy for type 2 diabetes
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Type 2 diabetes affects 350 million people worldwide. Current
treatments are somewhat effective but usually do not halt disease
progression relying heavily on patient adherence. Our objective
was to evaluate plasmid-mediated GLP1 gene therapy in normal
and diabetic mice. Constitutively active pVR1012-GLP1;
pVR1012-Ex4 (long-acting GLP1 homologue), and pVR1012-
eGFP plasmids were injected into both anterior tibialis and
gastrocnemius muscles in CD1 or db/db mice, with adjuvant
hyaluronidase pre-treatment and electroporation. Sustained
eGFP reporter gene expression was confirmed by IVIS spectrum
imaging throughout study duration (CD1: Day 8-30 (n=>5); db/db
Day 3-41 (n=6)). Circulating Exendin-4 levels following
pVR1012-Ex4 injection in normal mice (n=5) peaked at Day 15
(7095+9405 pmol/l) and were maintained throughout study
duration (Day 30: 1250 + 634 pmol/1) with comparable end-point
levels in db/db mice (n=6) (pre-plasmid: 95.5+22.3 pmol/1; Day
14: 234+35pmol/l; Day 42: 1684+1310pmol/l). Circulating
GLP1 levels in db/db mice following pVR1012-GLP1 injection
were low (Day 42: 3.9+3.0 pmol/1 (n=6)). Glucose tolerance in
db/db mice improved in the group receiving pVR1012-Ex4
(IPGTT AUC: Day 42 5022 pmol.min vs Day 0 3536 pmol.min
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(p <0.05)) and was significantly better post-plasmid compared to
pVR1012-eGFP / pVR1012-GLP1 groups (p <0.05). Db/db mice
in all groups became increasingly obese during the study with no
differences in weight between groups. Glucose-stimulated cir-
culating insulin levels were equally elevated at study end-point
in all groups (pVR1012-Ex4: 531pmol/l; pVR1012-GLP1:
897 pmol/l; pVR1012-eGFP: 870pmol/l) and were >40-fold
higher than in normal mouse serum (13 pmol/l). Sustained
plasmid expression has been attained in normal and diabetic
mice leading to therapeutically active concentrations of Exendin
4 but not of unmodified GLP1.

P021

Phenotypic correction of dwarfism in immunodeficient dwarf
mice following intramuscular hGH plasmid administration
analyzed via different growth parameters

E. Higuti', C. R. Cecchi', N. A. J. Oliveira?, E. R. Lima’,
P. Bartolini!, C. N. Peroni'

"Nuclear Energy Research Institute - Brazil ? Lillehei Heart Institute -
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Growth hormone deficiency (GHD) is a major deficiency of the
pituitary gland and our group investigates an alternative strat-
egy for its treatment based on the in vivo administration of a
plasmid containing the human growth hormone (hGH) gene.
Highly significant weight increase of ~23% in immunodeficient
dwarf (lit/scid) mice, up to 60 days after a single hGH-DNA
administration has been reported in previous work. Aiming at
the maximum phenotypic correction, a 6-month bioassay was
performed by injecting 50ug hGH-DNA or saline on the quad-
riceps muscle of lit/scid mice, followed by electrotransfer.

After 104 days, having reached a 35% weight increase, against
11% for the control group, the body weight of treated mice had
reached a plateau. A second administration was thus carried out
obtaining a further 10% increase, while a third one at day 160 pro-
vided only 5% increase, the final weight gain stabilizing at ~46%
after 188 days: catch-up growth towards normalization was 22.6%.

Analyzing growth parameters more directly related to linear
growth, a 16.4% increase (catch-up=26.6%) for nose-to-tail, a
16.4% increase (catch-up=24.5%) for tail and a 24.3% increase
(catch-up =55.5%) for femur length were obtained. Mouse IGF-I
serum levels of up to 162ng/ml, i.e. 6-fold higher than the basal
value (27 ng/ml) for untreated mice, but still ~4-fold lower than
non-dwarf scid mice (683 ng/ml), were also determined.

These results are very promising and pave the way to more
effective preclinical assays for the treatment of GHD, via plasmid
DNA muscular administration.

Supported by FAPESP and CNPgq.
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PDMAEMA is an efficient retinal gene therapy vector
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Ocular pathologies are among the most debilitating medical
conditions affecting all segments of the population. Gene therapy
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is an alternative approach to the traditional treatment of several
diseases.

Methacrylate are versatile polymers that due to their cationic
nature, can form polyplexes with DNA and deliver it to cells,
thus constituting a therapeutic alternatives. In recent years, sev-
eral studies have demonstrated the potencial of poly(2-(N,N’-
dimethylamino) ethylmethacrilate) (PDMAEMA) as gene ther-
apy vehicles. We synthetized PDMAEMA by RAFT (Reversible
Addition-Fragmentation chain Transfer) and prepared with
DNA at 5 and 7.5 nitrogen/phosphorous (N/P) ratio. The na-
nosize and positive charge of the polyplexes was measured.
Cytotoxicity was evaluated using a retinal pigment epithelium
(RPE) cell line and was found to be concentration and time de-
pendent for the polymer, as expected, and inexistant for the
PDMAEMA-DNA polyplexes. Transfection efficiency was eval-
uated by fluorescence microscopy and flow cytometry, showing
that the retinal cells were in efficiently transfected by polyplexes.

These results suggest PDMAEMA to be a delivery system for
non-viral gene therapy to the retina.
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PhiC31-integrase and chitosanmediated gene delivery
potentiates transgene expression
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A successful gene therapy approach relies on efficient gene
transfer and stable transgene expression. One of the strategies re-
cently devised to promote safe, site-specific integration and long-
term gene expression, exploits the use of phage phiC31 integrase.
We aim to develop a novel system for sustained gene transfer by
coupling polymeric vectors with phiC31-integrase to promote
transgene integration and therefore sustained transgene expression.

Chitosan-pDNA nanoparticles were produced using pGFPattB
with or without pPCMVINT at a molecular ratio of 2:1. These na-
noparticles were characterized for size, surface charge and mor-
phology, pDNA encapsulation and transfection studies on
cultured HEK293 cells. Co-transfection with pCMVINT was done
by delivering the two plasmids complexed in the same particle or
separately. GFP expression was evaluated by fluorescence mi-
croscopy, flow cytometry and western blot analysis.

Characterization of the particles revealed that their size and
charge varied with the size of the polymer used. DNA encap-
sulation efficiency, particle size and morphology were not af-
fected by the use of different plasmids, even when they were
complexed simultaneously. Transfection studies indicate that
transfection efficiency and transgene expression is affected both
by polymer size and mode of integrase delivery with the poly-
plexes. GFP expression was visible 16 weeks after transfection
and selection of transfected cells with Geneticin®.
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We here show that long-term GFP expression can be achieved
with a non-viral approach using a combined strategy of poly-
mers and integrase, proven more efficient than non-integrative
strategies. Long-term transgene expression is currently being
further evaluated in vivo in mice.
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Novel oligopeptide-terminated poly(f-amino ester)s for highly
efficient gene delivery and controlled intracellular localization
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The majority of protocols in gene therapy employ viral vectors.
Although they are highly efficient, viral vectors have certain dis-
advantages, including safety risks and high costs of scale pro-
duction. Non-viral vectors offer potential advantages, including
infinite packing capacity, ease of production and low immunoge-
nicity, but are less efficient than viral vectors. Poly(f-aminoester)s
(pBAEs) are promising gene delivery vectors capable of condens-
ing nucleic acids into discrete nanoparticles. In a previous work,
we have successfully generated induced pluripotent stem cells
from human fibroblasts using poly(f-aminoester)s at higher effi-
ciencies, when compared to commercial transfection reagents.

Here we present a new family of pBAEs that incorporate ter-
minal oligopeptide groups capable of condensing both DNA and
siRNA into discrete nanoparticles. This new family of polymers
showed improved features in terms of particle formation, trans-
fection efficiency and biocompatibility, when compared with basic
PBAEs or commercially available transfection agents. Interest-
ingly, DNA particles obtained from oligopeptide-modified pBAEs
showed different intracellular distribution - i.e. perinuclear or
cytoplasm — depending on their oligopeptide composition. In
addition, formulations of mixtures of different poly(f-amino
ester)s showed differential gene expression levels depending on
the cell line, which revealed that the chemical composition of the
oligopeptides had a deep effect on transfection.

We have developed a new family of bioinspired polymers
based on oligopeptide-modified poly(f-amino ester)s that has
demonstrated efficient delivery of nucleic acids. Our approach of
adding oligopeptides to the termini of poly(f-amino ester)s is of
great interest for the design of tailored complexes having specific
features, such as preferential intracellular localization or cell-
specific transfection.
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Minicircle DNA is a safe and efficient vector system for gene
therapy and genetic vaccination approaches. Their size is signifi-
cantly reduced in comparison to regular plasmid DNA and mini-
plasmid DNA vectors. The minicircle technology is removing
needless sequences like marker genes and the bacterial origin of
replication that is only used for the stable maintenance and am-
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plification of plasmids in bacteria. The resulting minicircle consists
almost only of the gene of interest, leading to a significant size
reduction and improved application possibilities in comparison to
plasmids. In addition to their safety profile, minicircles have shown
their potential to increase the efficiency of transgene expression.
The first challenging step in minicircle production is to construct
the parental plasmid containing the gene cassette of interest framed
by recombination sequences needed for the in vivo recombination.
The reduction of size for the gene of interest shifts the recombi-
nation sites into a quite close position. We show that such a short
distance still allows the proper recombination of the parental
plasmid into minicircle and miniplasmid. We identified no lower
size limit so far by generating a 500 bp ccc minicircle encoding a
shRNA against GFP. Throughout the DNA manufacturing process
certain analytical samples are taken to ensure the quality. Ad-
ditionally to gel electrophoresis and capillary gel electrophoresis
we show results obtained by atomic force microscopy (AFM)
which is a versatile tool that depicts and measures surface struc-
tures with unprecedented resolution and accuracy at the nm-scale.
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Bacteria mediated gene silencing in mouse model of
inflammatory bowel disease
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Delivery of therapeutic genes into colonic mucosa has been
previously demonstrated in mice. In the current study we tested
nonpathogenic Escherichia coli as a vector for delivery of short
hairpin RNA (shRNA) against tumor necrosis factor alpha
(TNFalpha) in cell cultures and in a mouse model of inflammatory
bowel disease. The bacterial strain contained the plasmid with
genes encoding invasin (inv), listeriolysin (hlyA) and an expression
cassette encoding shRNA against TNFalpha or luciferase (LUC).
Bacterial strains were used for invasion into mouse macrophages
cell lines J774 and Raw264.7 and several multiplicities of infection
(MOIs) were tested. After 2 hours of bacterial invasion the ex-
pression of TNFalpha (both mRNA and protein) was significantly
reduced in TNF- compared with LUC-treated cells in most of the
MOIs tested. We also administered the the engineered strain to
mice with dextran sulfate sodium (DSS)-induced IBD and checked
for the expression of TNFalpha in the colon. Mice receiving the
therapeutic TNF strain showed significantly reduced expression of
TNFalpha compared with the control LUC strain in both proximal
and distal colon on day 5 of DSS intake. This finding, however,
diminished later in the course of colitis. Colon length as a measure
of intestinal inflammation was significantly improved in the ther-
apeutic TNF group compared with LUC group on days 5 and 8 of
DSS intake. Bacteria mediated silencing of target genes provides a
potential new therapeutic technology for treating IBD.

Po27

Goldnanoparticles for the enhancement ofadenovirus
stealthing

S Mo', R Myers', R Carlisle', C Coussios', L Seymour’
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Oncolytic adenoviruses (Ads) have demonstrated high
anti-tumor efficacy upon direct administration. Unfortunately
Ads show rapid clearance and poor tumor uptake following
intravenous delivery which limits their utility in treating dis-
seminated disease. Polyethylene glycol (PEG) and poly(N-(2-
hydroxypropyl)methacrylamide) (PHPMA) have previously
been used in an attempt to ‘stealth” Ad and thereby extend its
circulation by reducing bloodstream interactions. Here we re-
port a novel strategy whereby many highly PEGylated gold
nanoparticles (goldPEG) were attached to Ad via single dis-
ulphide bonds. This ‘dandelion” structure was designed to
provide a dense steric shield with minimal and reversible
modification of the Ad capsid. Dynamic light scattering and
zeta potential demonstrated changes to the size and surface
charge of Ad, commensurate with the addition of a layer of
goldPEG nanoparticles. Electron microscopy was used to im-
age and calculate an average of 111 goldPEG per Ad capsid.
Upon exposure of Ad-goldPEG to reducing conditions that
mimicked those evident within tumors, the goldPEG was re-
moved proving the utility of the disulphide linkage. The pro-
tection provided by goldPEG was tested using ELISAs for anti-
adenovirus antibody binding and human blood for erythrocyte
and leukocyte binding and complement activation. Ad-gold-
PEG showed 4-fold, 8-fold and > 8-fold lower antibody binding
than Ad-PHPMA, Ad-PEG or Ad respectively. Binding to hu-
man blood cells was reduced >10-fold with Ad-goldPEG
(p<0.001) vs. Ad. In murine models circulation kinetics were
improved providing a >10-fold (p<0.001) enhancement in
tumor uptake. This approach could potentially enhance the
stealthing and circulation kinetics of a range of biological
therapies extending their clinical utility.
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Bis-MPA dendritic derivatives as gene therapy vectors
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Gene therapy is the subject of great interest because of its po-
tential to prevent or treat numerous diseases by delivering thera-
peutic genes into cells. Viral vectors have high delivery
efficiencies, but they are expensive to produce and may cause
adverse immune responses. Non-viral delivery systems offer a
non-immunogenic and safe method of gene delivery, but they
have low transfection efficiency. High transfection efficiency is
often combined with high cytotoxicity, as it is the case of one of the
most widely used cationic polymers, polyethylenimine (PEI), and
two of the most commonly used dendrimers, PAMAM and PPL

2,2-bis(methylol) propionic acid (bis-MPA) based dendrimers
are biodegradable polyesters, biocompatible in vitro and in vivo
that do not display cytotoxicity to various cell lines. Two types of
derivates of bis-MPA were synthesized: one set of modified hy-
perbranched Boltorn, which are easier and cheaper to synthesize
than dendrimers, and other set of self-assembly Janus den-
drimers, to facilitate at the same time micelle formation and DNA
binding. Also, the formation of different nano-systems can im-
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prove the therapeutic potential of the treatment towards can-
cerous cells.

Promising results in terms of DNA complexion, encapsulation
and release and biocompatibility were obtained with these der-
ivates compared to similar bis-MPA-based dendrimers, thereby
showing a promising future as delivery agents for gene and
cancer therapy.
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Influence of PAMAM-based dendrimers on mesenchymal
stem cells growth
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Mesenchymal stem cells present tumor-homing properties and
potential for delivering anticancer agents, but the effects of prop-
agating them ex vivo greatly alter their phenotype and expression
of surface markers. Also, the strict cell culture conditions make the
scale-up production extremely complicated and expensive. An
efficient method for expanding MSCs could help to retain efficient
proliferation rates and to preserve their multipotency.

Dendrimers are three-dimensional, highly branched, synthetic
polymers with a well-defined chemical structure. In particular,
PAMAM (poly(amidoamine)) dendrimers have been extensively
investigated for their biological applications and have clinically-
relevant carrier properties that are facilitated by controlling
charge, functionality and size.

A PAMAM dendrimer completely covered with mPEG was
developed to study the growth changes on the MSCs. We eval-
uated proliferation rate, morphology, surface markers and
pluripotency status of the cells. The date obtained suggests that
our PAMAM-modified dendrimer is highly biocompatible and
low concentrations of it promote proliferation of mMSCs without
affecting the phenotypic characteristics or the differentiation
potential.
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MSCs and Hollow Gold Nanoparticles as tumor treatment
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Stromal components provide factors and structural support
for malignant cells. The formation of tumour stroma closely re-
sembles wound healing and scar formation that increase
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proliferation of stem cells. Some groups have hypothesized that
exogenously administrated stem cells would preferentially en-
graft at the tumor site and contribute to the population of the
tumour stroma. These observations, have led us to postulate that
stem cells could deliver different therapies (such as nano-
particles) to tumour sites in a cell therapy approach.

Amongst the different nanoparticles to be employed, Hollow
Gold Nanoparticles (HGNs) have the capacity to resonate in the
near infrared (808 nm) when they are irradiated by a laser. Along
that process, HGNs are capable to rise the temperature and
theoretically they could kill cells and so eliminate tumors.
Moreover, at this particular wavelength, biological tissues do no
absorb radiation, so the tissues without HGNs should not be
affected by the laser effects. Some other advantages about this
nanoparticles type are their biocompatibility and their easy
synthesis.

At first we demonstrated the low HGNSs toxicity when Alamar
Blue studies at different time points were performed. Moreover,
we proved the HGNs internalization in MSCs and U251MG cells
by confocal microscopy and transmission electron microscopy.

Finally, we studied the in vivo treatment effects, where the
treated group had HGNs and laser carried together with MSCs.
At the end of the in vivo experiment, we were able to stop or even
reduce completely the tumor size in the treated group.
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Mesenchymal stem cells (MSCs) are adult pluripotent cells
with plasticity to be converted to different cell types. Their self
renewal capacity, relative ease of isolation, expansion and in-
herent migration to tumours and damaged areas, make them
perfect candidates for cell therapies. MSCs resist significantly
infection by adenovirus, mainly because only a small fraction of
these cells express the coxackie adenovirus receptor (CAR), re-
stricting the use of recombinant adenovirus that might carry
therapeutic genes or markers.

In the last years, nanoparticles have attracted a great deal of
attention as potential candidates for gene delivery vehicles. Their
size and optical features make them suitable for bio-tagging or
labelling. The possibility of using nanoparticles to coat adeno-
virus for MSCs infection (or other CAR- cells) opens a new per-
spective on gene therapy of cancer.

This study shows a new approach on which gold nano-
particles are able to increase the efficiency of adenovirus infection
and expression of the carried genes. Not only it was clearly
shown that these formulations increased gene transfer without
altering cell viability but also that they exerted an important
transduction of exogenous genes without altering cell phenotype.
Finally, our data showed that the use of RGD-functionalized
13 nm gold nanoparticles represent a new approach for the use of
adenoviral vectors to transfer genes towards MSCs or non-in-
fectable cells by using a simple, reliable and efficient method.
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Although carbonate apatite (CO3Ap) has been recognized as
an effective plasmid DNA (pDNA) delivery vector to many
mammalian cells, no study has been performed to lungs as yet.
The aim of this study was to assess the pDNA delivery potential
of CO3Ap to Human non-small cell lung carcinoma (NSCLC) cell
line and in mouse lung. The characteristics of the CO;Ap/pDNA
complex formulations based on its appearance, pPDNA protection
against DNases and particles surface charge distribution were
also investigated. NSCLC cells were transfected with various
formulations of CO;Ap/pDNA complexes in serum and serum
free media. Significantly high level of reporter gene expression
was detected in the NSCLC cells transfected with CO;Ap/pDNA
complex, particularly when 8 ul of 1M CaCl, was used to prepare
the complex [CO3Ap(8ul)/pDNA]. Cytotoxicity study revealed
that the percentage of the viable cells treated with COs;Ap/
PDNA was similar to the untreated cells. Characterization anal-
ysis showed that the CO;Ap/pDNA possessed aggregated
spherical structures and were in nanometer range. Particle sur-
face charge densities of the complexes tended to be more negative
when high amount of CaCl, was used in the CO;Ap formula-
tions. CO3Ap was found to offer considerable protection of
pDNA against nuclease degradation. In the lung of BALB/c
mice, highest level of reporter gene expression was observed
when CO3;Ap(8ul) was complexed with 40 ug of pDNA at day 1
post administration. These findings suggest that CO;Ap exhibits
attractive gene delivery properties well suited for gene delivery
into the lung.
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Microvesicles play important roles in cell comunication be-
tween close or distant target cells. Their physiological role in-
cludes immunomodulation and intercellular signalling. They are
also being tried as delivery vehicles for therapeutic molecules.
Here we present an initial characterization of the release exo-
somes and shedding vesicles by human adipose tissue-derived
stromal cells (ADSCs) in culture. These mesenchymal cells are
capable of releasing large amounts of vesicles which could be
used for immune and gene therapies. Atomic force microscopy
(AFM) was used to characterize microvesicle-related structures
on ADSC surfaces. In fixed preparations, circular, crater-like
depresions with raised rims, were interpreted as multivesicular
bodies fusing to cell membranes. Buddings appeared as abrupt
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profiles, occasionally raising to 1.5 micrometer height. In living
cell preparations at 37° C, similar depressions and buddings were
observed, showing a fast turnover (shorter than 1 minute), sug-
gestive of high rates of vesicle production. Using NanoSight, we
could estimate that more than 30.000 microvesicles were released
to the culture medium by each ADSC in 24 hours, which sup-
ported AFM observations. AFM analysis was also used to esti-
mate the number and size distribution of microvesicles deposited
by gravity onto polyornithine-coated coverslips. Various treat-
ments stimulated microvesicle production by ADSCs; as an ex-
ample of physiological signals, progesterone increased several
parameters, like microvesicle number and size as well as the size
of depressions on ADSCs surface. The present studies confirm
the capability of ADSCs to produce large numbers of extracel-
lular vesicles and support the use of AFM for analysing such
process.

P034

How to make SiRNA lipolexes efficient In Vivo? Formulate
with proper anionic polymer

12,34 1,234 - 1234
D Scherman'?* , A Schlegel 34V Escriou?

ICNRS; ZUniversity Paris Descartes; 2Inserm; *Chimie ParisTech

RNAI represents a promising strategy for the treatment of
various disorders. Important tasks however still remain before
in vivo applications, such as stability of siRNA after injection.
Indeed, the half-life of unmodified siRNA in vivo is short due to
rapid degradation by endogenous nucleases and renal elimina-
tion.

We report an efficient formulation to deliver SiRNA both
in vitro in the presence of serum, and in vivo. With siRNA tar-
geting various cytokines, the formulation was able to restore
immunological balance in a mouse arthritis model following in-
travenous injection and has shown efficiency in a tumor osteo-
sarcoma model.

This efficient formulation comprised the final addition of a
cationic lipid, with various lipids displaying similar activity. The
unique and basic originality of this formulation is that it is based
on the pre-association of siRNA with an anionic polymer, which
could be either a double stranded DNA, or a polyglutamate
polymer or polyalginate. The respective potency and toxicity of
the three formulations will be described.

Our results suggest that the addition of DNA cargo to siRNA
complexes is an easy procedure that leads to more efficient
complexes to transfer siRNA at low concentration and in the
presence of serum. This increased efficiency could result from a
modified stability of the complexes towards cellular components.
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Peptide-mediated anti-VEGF siRNA delivery targeting
angiogenesis in glioblastoma and endothelial cells

A Shubina'? A Egoroval, M Bogacheval’z, M Maretina?,
V Baranov'?, A Kiselev'

Lab. Prenatal Diagnostics, Ott’s Institute of Obstetrics and
Guynecology, Saint-Petersburg, 199034, Russian Federation;
Department of Genetics and Biotechnology, Saint-Petersburg State
University, Saint-Petersburg, 199034, Russian Federation

Angiogenesis plays an important role in the growth of most
solid tumors. Of particular importance is vascular endothelial
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growth factor (VEGF), which stimulates endothelial cell migra-
tion and proliferation. Delivery of anti-VEGF siRNA is a well-
known approach to anti-tumor therapy. For this purpose tar-
geted delivery system has to be developed. Previously, we
studied peptide carriers modified with ligand to CXCR4, a re-
ceptor overexpressed in some metastasizing tumors.

We studied vehicles composed of cross-linking peptides con-
jugated with CXCR4 ligand and ligand-free peptides at different
molar ratios. Physicochemical and protective properties of the
siRNA/peptide complexes were tested. Ability of carriers to
deliver nucleic acids (NA) to endothelial hybridoma E.A.Hy926
cells and to A172 glioblastoma cells was evaluated in vitro. For
downregulation of VEGF expression the cells were transfected
with siRNA against VEGF. We also evaluated the ability of siR-
NA/peptide complexes to inhibit migration of E.A.-Hy926 cells
in vitro.

It was shown that carriers efficiently bind siRNA and pro-
tected it from enzymatic degradation. Modification with CXCR4
ligand significantly increased their transfection efficacy. siRNA
delivery by means of ligand-conjugated carriers resulted in 65—
70% decrease of VEGF expression in A172 cells and in 40-50%
decrease in E.A.Hy926 cells. Significant inhibition of cell migra-
tion was observed.

Recent study shows that utilization of peptide carriers modi-
fied with CXCR4 ligand is a promising approach to development
of targeted NA delivery system to human endothelial and glio-
blastoma cells.

This work was supported by OPTEC company fellowship,
RFBR grant 12-04-31400-mol-a and by the Ministry of education
and science of Russia (8142).

P036

“Enhancer Therapy’: emerging strategy targeting cell-specific
enhancer RNAs

M U. Kaikkonen?, M T.Y. Lam? H Cho®, H P. Lesch'?,

N Spannz, D Gosselin?, S Heinz?, C Romanoski?,
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LA.L Virtanen Institute, Department of Biotechnology and Molecular
Medicine, University of Eastern Finland, P.O. Box 1627, 70211-
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CA92037, USA; *Isis Pharmaceuticals, Inc. 2855 Gazelle Court,
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Coordinated transcriptional response to extra- and intracel-
lular signals requires the combined activity of promoters and
enhancers, the latter are largely responsible for cell-specific reg-
ulation of gene expression. Recent studies have led to the unex-
pected finding that many enhancers direct the expression of RNA
transcripts (eRNAs), in a manner that is correlated with the
expression of nearby genes. In this work, we studied the ex-
pression of eRNAs in response to Toll-like receptor 4 signalling
and regulation of Rev-Erb-nuclear receptors using global run-
on sequencing. Knock-down of eRNAs using siRNAs or ASOs
reduced the expression of eRNAs and led to corresponding re-
duction in mRNAs in vitro and in vivo. As the expression of
many widely expressed genes appears to be controlled by cell-
restricted enhancers, the ability to target eRNA could potentially
provide a new strategy called ‘enhancer therapy’ for altering
gene expression in a cell-specific manner.
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Lentiviral episomes provide long-term transgene expression in
dividing cells

S Chakkaramakkil Verghesel’z, N Goloviznina®?, P Kurre'?

'Papé Family Pediatric Research Institute, Oregon Health & Science
University, 97239, Oregon, USA; *Department of Pediatrics, Oregon
Health & Science University, 97239, Oregon, USA

Genomic integration by retrovirus vectors can induce a
number of adverse transcriptional events. Non-integrating vec-
tors provide a potentially safer approach, but their genome is
successively lost with cell division. Here we incorporated human
B-interferon derived Scaffold/Matrix Associated Regions
(S/MARs) sequence in a 3rd generation lentivector to ‘anchor’
the expression cassette to the host cell genome (termed ‘aLV’).
Our approach exploits the preferential circularization of vector
DNA in the absence of proviral integration that generates LTR
circles when using an integrase-defective gag packaging plasmid.
When we transduced 293T cells with VSV-G pseudotyped aLV
(GFP cassette) we saw an initial drop off in the proportion of
transduced cells, but GFP expressing S/MAR epsiomes were
successfully established in ~10% of aLV transduced cells. Next, a
subset of clonal aLV- and iLV- 293T cell isolates were propagated
and characterized in detail over time. GFP fluorescence intensity
from aLV-293T clones, was consistently lower than iLV, but
stable through more than 100 cell divisions to date. Long-term
persistence of episomes was also suggested by interphase and
metaphase FISH studies of select clones. We further detected
LTR-circle episomes by PCR in aLV transduced cells, confirmed
by sequencing of episomal junctions. Similarly, Southern analysis
of a subset of aLV clones detected band of the size predicted for
episomes. We next tested the performance of aLV in lineage-
depleted murine hematopoietic progenitor cells (HPCs) and ob-
served GFP expression in clonogenic CFU-C after aLV exposure.
Transplantation of aLV transduced HPCs into irradiated hosts
revealed low-level GFP expression (0.2-3%) in peripheral blood
leukocytes for up to 11 weeks. In aggregate, our studies provide
proof of principle for lentivector delivery of S/MAR episomes,
their persistence and transgene expression in dividing target
cells. Our studies suggest that S/MAR elements anchor non-in-
tegrating lentiviral episomes through successive rounds of cell
division and progenitor differentiation.

P044

Towards a direct comparison of HC-AdV vectors utilizing
different genetic elements for stable transgene expression

P Boehme!, R Voigtlanderz, M Miick-Hausl®, W Zhangl'z,
E Schulz!, A Ehrhardt!

"nstitute of Virology and Microbiology, Center for Biomedical
Education and Research, Department of Human Medicine, Faculty of
Health, University of Witten/Herdecke, 58453 Witten, Germany;
*Virology, Max von Pettenkofer-Institute, Ludwig-Maximilians-
University Munich, 80336 Munich, Germany; *Institute for Virology,
Technical University Munich, 81675 Miinchen, Germany

High-capacity adenoviral vectors (HCAdV) efficiently deliver
the genetic information into the nucleus but due to the absence of
efficient nuclear retention and replication mechanisms, recom-
binant adenoviral DNA molecules remain episomal and trans-
gene expression levels decline due to loss of vector molecules in
dividing cells. Herein, we aimed at establishing and comparing
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two optimized HCAdV hybrid-vector systems capable of main-
taining the administered extrinsic DNA by different genetic
elements.

Our first hybrid-vector system synergizes HCAAV for efficient
delivery and the S/MAR based pEPito plasmid replicon for
episomal persistence. In our previous study we demonstrated
that this plasmid replicon can be excised from adenovirus ge-
nomes and colony forming assays in U-87 glioblastoma cells re-
vealed an up to 7-fold increased number of colony forming units
(Voigtlander et al., Molecular Therapy Nucleic Acids 2013).

To directly compare this S/MAR-based vector system with
Sleeping Beauty (SB) transpoase based hybrid-vectors, we gen-
erated a HCAdV/SB100X hybrid-vector system delivering the
identical transgene expression cassette along with the hyperac-
tive SB transposase SB100X for somatic integration. Our initial
experiments for the HCAdV/SB100X hybrid-vector system were
plasmid based and we could show that SB100X results in sig-
nificantly enhanced integration frequencies (up to 100-fold) in
U-87 cells. Next, we generated an HCAdV encoding SB100X. We
could show that compared to the control group which received
an inactive version of SB transposase, this viral vector results in
enhanced integration efficiencies (up to 10-fold) in the presence of
SB transposon donor DNA.

In a further step, the two hybrid-vector systems will be di-
rectly compared with respect to stability of the transgene and its
safety profile. If the S/MAR-based vector system results in
similar transgene stabilities as shown for the transposase sys-
tem, this episomal S/MAR based system may be superior to
hybrid-vectors which utilize somatic integration for stable
transgene expression, because potential genotoxic side effects
can be avoided.
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Tightly regulated Doxycycline (Dox)-inducible lentiviral
vectors for human myeloprotective gene therapy: in vitro and
CD34*- xenotransplant studies

N Lachmann'? R Hilljel'z, A Kuhn'?, S Brennigl'z, ] Dahlmann?®,
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Artificial Organs (LEBAQO), Hannover Medical School, Hannover,
Germany

Myeloprotective gene therapy using drug resistance (CTX-R)
genes such as cytidine deaminase (CDD) or O6-methylguanine-
methyltransferase (MGMT) has proven an effective way to pro-
tect lymphohematopoiesis from anti-cancer chemotherapy. As
administration of anticancer cytotoxic agents usually is only
transient we here describe use of a Dox inducible “all-in-one”
lentiviral vector construct. In our construct hCDD-cDNA is ex-
pressed from a pTET-T11 minimal-promoter, while the reverse
transactivator protein is provided by a PGK-promoter on the
same construct. CDD-mediated drug resistance was evaluated in
K562 and primary human-CD34 cells. Both, transduced K562 and
CD34 cells showed robust transgene induction within 2448 h of
Dox-application at doses of >0.2ug/ml. In K562 cells this re-
sulted in protection from apoptosis and cell-cycle arrest for Ara-C
doses of 600 - 2000 nM, while control cells were affected at 10-fold
lower doses. Primary human CD34 cells were protected from
Ara-C doses of up to 600nM versus 25nM for control cells.
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Furthermore, NSG-xenotransplantation studies not only showed
efficient engraftment with 5-20% human-CD45 cells in the pe-
ripheral blood 8 weeks after transplantation but also revealed
robust transgene expression within 4 to 7 days of Dox adminis-
tration. Of note, 5-30% transduced cells were observed in pe-
ripheral blood human B- (CD19) and myeloid- (CD11b) cells by
flow-cytometry and qRT-PCR. No significant background
transgene expression was noted in non-Dox-treated animals
similar to the K562 or CD34 in vitro models. Our data demon-
strate Dox-inducible transgene expression as an elegant tool for
robust and rapidly controlled transgene expression in human
hematopoietic cells which effectively avoids background ex-
pression.
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The role of furin in recombinant adeno-associated viral
vectors infection and transduction

L Sudrez', A Pafieda', V Zabaleta!, C Olagiiel, A Vales?,
H Bum'ngz, R Aldabe!, ] Prieto!, G Gonzélez—Aseguinolaza1
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Internal Medicine, Center for Molecular Medicine Cologne (CMMC),
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Recombinant adeno-associated viral vectors (rAAVs) have
been widely used for gene tranfers in animal models and are
currently evaluated for human gene therapy clinical trial. How-
ever, little is known about the mechanism involved in rAAV
transduction - endocytosis, capsid processing, intracellular traf-
ficking, nuclear import and genome release — and these processes
limit rAAV gene delivery and transduction efficiencies. In the
present study, we investigated the role of furin proteasa on rAAV
transduction. We have found that LoVo cells, human colon ad-
enocarcinoma derived cells, are refractory to AAV transduction.
AAV serotype-1,2,5,6,8 were tested and all of them failed, or are
very inefficient, in transducing LoVo cells. The virus enters into
the cell but the viral genome fail to enter into the nucleus.
However, LoVo cells expressing furin showed a very high
transduction efficiency. Furin is an endoprotease that participates
in the maturation of many important proteins in the cell. One of
these enzymes is the uncovering enzyme (UCE). UCE is a Golgi
enzyme that participates in the synthesis of the mannose 6-
phosphate (Man-6-P) lysosomal targeting signal on acid hydro-
lases. Interestingly, LoVo cells expressing a furin-independent
active form of the UCE protein, are efficiently transduced by
AAV. Indicating that, UCE is important for AAV transduction.
These results suggest that an intracellular process dependent on
UCE activity is essential for AAV transduction. Furthermore,
experiments performed in parallel demonstrated that the trans-
duction efficiency of LoVo cells by AAV can also be recover by
coinfection with nuclear replicating virus like Adenovirus o HSV.
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DNA transposition by protein transduction of the piggyBac
transposase from lentiviral Gag precursors
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DNA transposon-based vectors have emerged as gene ve-
hicles with a wide biomedical potential. So far, genomic in-
sertion of such vectors has relied on co-delivery of genetic
material encoding the gene-inserting transposase protein,
raising concerns related to persistent expression, insertional
mutagenesis, and cytotoxicity. Here we investigate direct pro-
tein delivery of the hyperactive variants of piggyBac transpo-
sase (hyPBase) and Sleeping Beauty transposase (SB100X). We
adapt integrase-deficient lentiviral particles (LPs) as protein
carriers by fusing the transposase to the N-terminus of the Gag
polyprotein. We demonstrate robust incorporation of hyPBase
and SB100X into LPs and show that both are efficiently liber-
ated from the viral proteins by the viral protease upon particle
maturation. However, LP-directed delivery of SB100X protein
does not lead to transposition most likely due to the in-
validating effect of five amino acid residues left from HIV-1
protease cleavage. In contrast, delivery of hyPBase facilitates
rates of DNA transposition that are comparable to state-of-the-
art plasmid-based strategies. We show lentiviral co-delivery of
the hyPBase protein and vector RNA carrying the transposon
sequence, allowing robust DNA transposition in several cell
types treated with VSV-G-pseudotyped vectors. Importantly,
this novel delivery method facilitates a balanced cellular up-
take of hyPBase, as evidenced by confocal microscopy, and
allows high-efficiency production of clones harboring a single
transposon insertion. Our findings show new means of com-
bining DNA transposition with lentiviral gene delivery and
establish engineered LPs as a new tool for transposase delivery.
We believe that protein transduction methods will increase
applicability and safety of DNA transposon-based vector
technologies.
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Serum proteins impact efficiency of rAAV vectors in a species-
specific manner
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Clinical relevance of gene therapy using the recombinant
adeno-associated vectors (rAAV) often requires widespread
distribution of the vector and in this case systemic delivery is
the optimal route of administration. The success of future
clinical trials depends much on the adequacy of the results
obtained in animal models. We previously demonstrated that
blood proteins, galectin 3 binding protein (G3BP) and C-reac-
tive protein (CRP) can interact with different AAV serotypes in
a species specific manner (Denard et al., ] Virol. 2012: 6620-31).
While human and dog G3BP were able to interact with rAAV-6
and diminished its transduction efficiency, the mouse CRP
protein increased more than 10 times the transduction effi-
ciency of rAAV-1 and rAAV-6 under systemic delivery. Taking
into account the importance of the blood proteins for the effi-
ciency of rAAV vectors, we undertook systematic studies of
proteins interacting with different AAV serotypes in sera from
mice, dog, cow, macaque and human. We demonstrate for the
first time that the blood of each tested species contain specific
set of proteins to interact with a given serotype. The role of
these particular proteins in the transduction efficiency of rAAV
vectors and for preclinical studies and clinical trials will be
discussed.
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Alpharetroviral SIN vectors for T-cell based therapy
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Retroviral vectors are highly efficient in integrating thera-
peutic transgenes into cellular genomes making them valuable
tools for human gene therapy. However, retroviral integration
can lead to insertional mutagenesis, which has been involved in
adverse events in hematopoietic stem cell-based clinical trials
and which has been shown to potentially contribute to the im-
mortalization of mature T-cells.

Especially the integration spectrum of the vector and the
presence of promoter and enhancer elements influence its
genotoxicity. Because of the comparatively neutral integration
spectrum of alpharetroviral vectors we have developed an
alpharetroviral self-inactivating (SIN) vector system with an
advanced split-packaging design, not only removing viral
enhancer, promoter, and splice elements from the vector, but also
removing potentially immunogenic viral coding sequences.
Using this safety-optimized alpharetroviral SIN vector system
we were able to efficiently transduce primary human T-cells with
different clinical relevant pseudotypes. Side-by-side analyses
revealed RD114/TR-pseudotyped vectors to outperform am-
photropic and VSVg-pseudotyped particles, allowing for high
transduction rates in T-cells at low multiplicities of infection. To
demonstrate proof-of-concept, we transferred suicide genes and
demonstrated their functionality in vitro. As T-cell based thera-
pies usually require large amounts of vector particles for clinical
applications, an economic, large-scale vector production is of
utmost importance. Therefore, we generated stable packaging
cell lines for RD114/TR-pseudotyped alpharetroviral particles
and could show sustained productivity over time.

Our proof-of-principle studies along with the favorable safety
profile and the production perspective highlight the potency of
the alpharetroviral SIN vector platform for future T-cell based
therapies.
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The efficacy and safety of DVC1-0101 for intermittent
claudication secondary to peripheral artery disease: study
protocol of a randomized phase IIb trial
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Background: We have developed a new gene transfer vector
based on nontransmissible recombinant Sendai virus expressing
the human fibroblast growth factor-2 gene (DVC1-0101) to treat
peripheral arterial disease (PAD). A phase I/Ila open-label four
dose-escalation clinical trial for critical limb ischemia was com-
pleted and concluded safe and well tolerated, and resulted sig-
nificant improvements of limb function.

Methods: The phase IIb clinical trial is a randomized, placebo-
controlled, parallel design, single-dose blinded, and single center
clinical trial in Japan. The study will enroll 60 patients diagnosed
PAD with intermittent claudication. Subjects who meet eligibility
criteria will be randomized to receive a single dose of either pla-
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cebo, 5x10” ciu/limb of 1-0101, or 1x10” ciu/limb of DVC1-0101
administered by direct intramuscular injection. The total length of
participating in this trial for individual subject will be approxi-
mately 12 months with 9 visits. The primary endpoint is to evaluate
the efficacy of DVC1-0101 versus placebo on peak walking time
and to evaluate the safety and tolerability of two dose levels of
DVC1-0101. The secondary endpoints are 1) to evaluate the effect
of DVC1-0101 on treadmill claudication onset time and Quality of
Life, as measured using the Walking Impairment Questionnaire, 2)
to determine the effect of DVC1-0101 on qualifying limb hemo-
dynamics, and 3) to explore the pharmacodynamics of DVC1-0101
by evaluating exploratory biomarkers.

Discussion: The results of this trial will give a insight in the
potential of DVC1-0101 for improve walking activities, and will
inform the design of a possible phase III study.
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Vpx improves nuclear import and uncovers a restriction
to lentiviral integration in quiescent human hematopoietic
stem and progenitor cells
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The HIV-2/SIV accessory protein Vpx counteracts SAMHDI1-
mediated restriction to reverse transcription in myeloid cells. In
an effort to dissect the restriction bottlenecks that hamper LVs in
human hematopoietic stem and progenitor cells (HSPCs), we
investigated the capacity of Vpx to improve HSPC transduction.
Human monocyte-derived macrophages (MDM) and cord-blood
(CB) or bone marrow (BM)-derived CD34 HSPC were challenged
with Vpx-packaging GFP-expressing LVs. To track the LV ge-
nome fate, retroviral DNA replication intermediates were
quantified at early times post-transduction. In MDM, the Vpx LV
generated 8.4-fold more late RT products, 27.9-fold more 2LTR
circles and 6.8-fold more integrated proviruses as compared to
the Vpx_ vector (n=5, p<0.004), leading to a 3-fold overall in-
crease in the number of GFP cells. In quiescent CD34 cells, there
was no difference in the number of late RT products but the Vpx
LV lead to a 3-fold increase in the number of 2LTR circles in both
CB and BM-derived HSPCs (n=4, p<0.007). This increase did
not generate a larger number of integrated proviruses nor GFP
cells and was no longer detected in cytokine-stimulated HSPC, in
which all replication intermediates increased by 10-fold com-
pared to unstimulated cells, independently of Vpx (n=S8,
p<0.001). Overall, our results suggest that LV nuclear import is
limiting in quiescent human HSPC and can be overcome by Vpx,
likely in a SAMHDI1-independent manner. The lack of increased
transduction by Vpx LV underscores the existence of a restriction
bottleneck after nuclear import in human HSPCs.
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Inducible (shRNA-mediated) deoxycytidine-kinase (dCK)
knock-down confers myeloprotective properties to human
hematopoietic in vitro models

K Czarnecki'?, N Lachmann'?, M Hetzel'?, S Brennigl’z,
N Heinz?, B Schiedlmeier?, T Moritz'?
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Drug resistance (CTX-R) gene transfer has been advocated to
protect the lymphohematopoietic system from the side effects
of anti-cancer chemotherapy. However, resistance genes for a
variety of clinically relevant nucleotide analogs with anti-
leukemic properties such as fludarabine, clofarabine or cla-
dribine have been missing, so far. As reduced expression of
deoxycytidine kinase (dCK) has been linked to nucleotide an-
alog resistance, we here introduce a novel Dox-regulated len-
tiviral vector harbouring a minimal pTET-T11-Pol(II) promoter
and an exchangeable miRNA-30 based shRNA to mediate
specific dCK knock-down in hematopoietic cells. Robust and
Dox dependent knock-down of 80% of dCK expression within
2-3 days of Dox administration was demonstrated in human
pro-myelocytic HL-60 cells by western blot and quantitative
real-time-PCR analysis. In addition, dCK knock-down by Dox
concentrations of >0,2ug/ml conferred more than 10-fold in-
creased Ara-C resistance compared to control cells by LD50
values of 700nM to 60nM, respectively. Furthermore, dCK
knock-down allowed for highly efficient selection of trans-
duced cells by 200nM Ara-C (from 10 to >95% within 7 days).
Most importantly, dCK knock-down also protected HL-60
cells effectively from clofarabine and fludarabine as evident by
6-10-fold increased LD50 concentrations as well as cladribine
(5-fold increase). We here describe a novel Dox-inducible,
lentiviral “knock-down” vector expressing a dCK-specific
shRNA in a miRNA-30 backbone from a minimal pTET-T11-
Pol(Il) promoter. This construct not only induces resistance to
Ara-C in hematopoietic cell lines and efficient in vitro selection
of transduced cells, but also provides profound resistance to
highly clinically relevant cytostatic-drugs such as clofarabine,
fludarabine, and cladribine.
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TetR-regulated all-in-one Lentiviral vectors for conditional
expression in human stem cells
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Transient and inducible expression of transgenes in human
stem cells is instrumental in studying the role of specific pro-
teins in stem cell biology and in achieving safer gene therapy
strategy. However genetic manipulation of human pluripotent
and multipotent stem cells to generate conditional gene ex-
pression has been very difficult to achieve due to the low ef-
ficiency of existing delivery methods, the strong silencing of
the transgenes (Stewart R, 2008) and the toxicity of the regu-
lators. In this work we describe several lentiviral vectors
(LVs)-TetR-based systems that can generate conditional stem
cell lines (MSCs and hESCs) in less than a week. The new
regulated LVs derived from the previously published CEST
All-In-One LV. The CEST LV efficiently generated primary
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cells responsive to doxycycline but required an average of 3
vectors per cell and performed very poorly in MSCs and
hESCs. We improved the CEST all-In-One LV by 1- Modifica-
tion of the TetR protein to include two different nuclear lo-
calization signals (TetRnls1 and TeRnls2), 2- Using the EFlalpha
promoter to express TetR and 3- Using insulators to favour
stability of expression of the different components. Our final
constructs, named CEETnls2 and CEETnls2IS2 were able to
obtain conditional expression in MSCs and hESCs after one
single transduction. This conditional expression was main-
tained in differentiated MSCs as well as in hESC-derived cells
such as hemogenic progenitors (CD31 CD45-) and hemato-
poietic cells (CD34 CD45 and CD34-CD45). This is to our
knowledge the first All-In-One Dox-regulated vector system
that allows the generation of Dox-regulated hESCs lines in the
absence of selection.
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Elimination of packaging sequences from lentiviral vector
DNA delivered to target cells

C A Vink!, S ] Howe!
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Lentiviral vector (LV) packaging sequences (¥, Rev Re-
sponse Element) up to 2kb long are necessary for viral RNA
genome packaging into virions in producer cells. In standard
LVs, packaging sequences are reverse transcribed into DNA
and persist in target cells after transduction. This persistence
creates several known and potential problems for LV gene
therapy applications. Splice sites within packaging sequences
have been shown to splice with nearby host genes, creating
aberrant fusion transcripts. The CpG island within the pack-
aging sequence undergoes DNA methylation in some target
cells, potentially contributing to transgene silencing. Packag-
ing sequences enable remobilisation of LV genomes in cells
expressing viral proteins, which could be problematic in
HIV-positive patients. Large packaging sequences within the
reverse transcript may reduce the size of the transgene cassette
which can be accommodated.

In standard LVs, packaging sequences are located between
the two viral long terminal repeats (LTRs), within the region of
the vector that is reverse transcribed. We have developed a
novel transfer vector in which the packaging sequences are lo-
cated downstream of the 3" LTR so are present in the RNA
genome during virion packaging but are outside of the region of
the genome that is reverse transcribed into DNA in the target
cell. We can produce these vectors to high titre (3x10° TU/ml
by eGFP flow cytometry of 293Ts, pCCL parallel preparation
1x10° TU/ml) and the proportion of eGFP cells is stable be-
tween 3 and 14 days post-transduction. We suggest that the use
of this configuration to eliminate most of the remaining viral
DNA from target cell proviruses could be a feature of the next
generation of gene therapy vectors based on HIV-1 and other
retroviruses.

P055

A Chimeric HS4-SAR insulator (IS2) that prevents silencing
and enhances expression in pluripotent stem cells

A Gutierrez-Guerrero!, M Cobo!, P Mufioz"?, F Martin?,
K Benabdellah’
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Chromatin insulators are DNA sequences that separate active
transcriptional domains in the genome making possible its dif-
ferential regulation and avoiding the spreading of heterochro-
matin to these active areas. Scaffold attachment regions (SARs),
also named Matrix attachment regions (MARs), have also been
described to play important roles in defining boundaries between
different chromatin regions. Both elements have been incorpo-
rated separately or in combination into retroviral vectors in order
to improve their efficiency (expression pattern and stability) and
safety (reduction of genotoxicity) with different outcomes. Dif-
ferent publications have demonstrated that the effects of the
different insulators and SAR/MARs elements are highly de-
pendent on the retroviral backbone and on the cell under study.
We have developed a chimeric insulator, IS2, based on the
chicken f-globin locus control region hypersensitive site 4 (HS4)
and a synthetic SAR/MAR element containing 4 MAR/SARs
recognition signatures (MRS). The IS2 element was able to en-
hance expression, avoid silencing and to reduce variegation
(variability of expression depending on the integration site) of
constitutive lentiviral vectors on human embryonic stem cells.
Neither the H54 nor the SARs elements on their own had these
effects. The IS2 element is therefore a novel insulator that confers
expression stability and that enhance expression of lentiviral
vectors.

P056
Novel ubiquitous chromatin openening elements
O F. Anakok!, M Antoniou®

'King’s College

Background: An approach developed by Antoniou and col-
leagues involves the use of a novel enhancer-less ubiquitous
chromatin opening element (UCOE), derived from the human
HNRPA2B1-CBX3 locus (A2UCOE), to control transgene ex-
pression within a SIN-LV (Self inactivating lentiviral vector)
context. This element has been shown to increase the number of
cells that express transgenes at highly reproducible and stable
levels in a variety of different cell lines and especially in vivo
following ex vivo gene transfer to mouse bone marrow HSCs.

Aims: The overall aim of this project is the identification and
testing of novel dual divergent housekeeping gene promoters in
the genome and tests them for UCOE activity and to build arti-
ficial UCOEs by linking single housekeeping gene promoters
back to back in a divergent configuration.

Methodology/Results: A number of vectors harboring can-
didate novel UCOEs linked upstream of an SFFV-eGFP cassette
were constructed within lentiviral vectors. These vectors were
used to transducer murine embryonal carcinoma P19 and F9
cells. The stability, potency, and reproducibility of expression of
the eGFP transgene was then analysed in differentiated and
undifferentiated P19 and F9 cells.

Conclusion: P19 and F9 cells were successfully transduced
with novel candidate UCOE-based vectors plus controls. The
results show that the novel candidate SETD3-CCNK and RPS11-
HNRPA2B1 UCOEs were functional in both orientations when
linked to an SFFV promoter suggesting greater potency than the
prototypical HNRPA2B1-CBX3 A2UCOE element.
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Improved lentiviral transgene expression in murine and
human pluripotent stem cells and their differentiated progeny
utilizing ubiquitous chromatin opening elements (UCOEs)

M Ackermann'?, N Lachmann'?, S Hartung3, N Pfaff'?,
M Grez*, A Schambach®®, R ZweigerdtB, T Moritz'?

Reprogramming and Gene Therapy Group, REBIRTH Cluster of
Excellence, Hannover Medical School, Hannover, Germany 2Institute
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Epigenetic silencing of retroviral transgene expression in plu-
ripotent stem cells (PSCs) and their differentiated progeny repre-
sents a substantial problem for iPSC-based gene therapy. Recently,
we demonstrated that a defined 1.5kb ubiquitous chromatin
opening element (A2UCQOE) sustains transgene expression driven
from the truncated elongation factor-lo (EFS)-promoter during
differentiation of murine (m)iPSC into derivatives of all three
germ layers. Now we extended these data to viral promoter/
enhancer-elements and demonstrated, that the A2UCOE also
effectively stabilized transgene expression driven by the spleen
focus forming virus (SFFV) promoter in undifferentiated miPSCs
(~80% vs. ~3% dTomato -cells on d14) as well as thereof dif-
ferentiated CD41 hematopoietic progenitor cells (~80% vs. 1-3%
dTomato -cells). Bisulfite-sequencing revealed protection of
the SFFV-promoter from CpG-methylation to be associated
with this effect.

In addition, we investigated the properties of the A2UCOE in
human PSCs. Whereas profound silencing of EFS-driven trans-
gene-expression was observed in undifferentiated hESCs/
hiPSCs, this was prevented by the A2UCOE (~20% vs. 80%
dTomato cells in passage 6). Again, the effect was associated with
reduced EFS-promoter methlyation (~33% vs. 90% methylated
CpGs). Even more important, analysis of hESC during cardiac
differentiation revealed sustained, A2UCOE-mediated transgene
expression in ~70% of differentiated cells (EFS-driven controls
~10%). Moreover, following hematopoietic differentiation of
hiPSCs, transgene expression could only be detected in mono-
cytes/macrophages derived from A2UCOE.EFS-transduced
hiPSCs. Also SFFV-driven transgene expression was effectively
stabilized by the A2UCOE in non-differentiatiated hESCs.

Thus our data furthermore support the concept of UCOEs
as a generalized strategy to stabilize transgene expression
during the generation of PSC-derived transgenic cell therapy
products.

P058
Lentiviral vector for p47phox gene therapy
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Recent clinical gene therapy trials for Chronic Granulomatous
Disease (CGD) have demonstrated the feasibility of this approach
for the treatment of patients for which no other therapeutic al-
ternative is available. However the therapeutic effect was miti-
gated in these patients due to EVII-driven clonal expansion and
methylation-dependent transgene silencing.

Oncogene transactivation in stem and progenitor cells may be
prevented by the use of the highly myelospecific miR223 pro-
moter. Therefore we developed a lentiviral GT vector for gene
therapy of CGD patients with mutations in p47phox, one of the
subunits of the phagocytic NADPH oxidase. miR223 driven
p47phox transgene expression was restricted to phagocytes and
sufficiently high to reconstitute reactive oxygen species (ROS)
production in p47-KO mice transplanted with gene modified
cells and in primary p47phox-/- CGD phagocytic cells derived
from transduced progenitors. An E.coli killing assay conducted in
granulocytes derived from transduced primary p47phox-/-
CD34 bone marrow cells confirmed the restoration ROS pro-
duction and E.coli killing by miR223 driven p47phox transgene
expression. We then used the same construct to transduce iPSCs
derived from p47phox-deficient CGD patients. DNA methylation
analysis in p47phox-/- hiPSCs and phagocytes derived thereoff
revealed that the vector encoded miR223 promoter was methyl-
ated in stem cells. Upon differentiation of hiPSCs to monocytes
the miR223 promoter was actively demethylated and activated
resulting in p47phox expression and reconstitution of ROS pro-
duction in hiPSCderived monocytes and macrophages. From
these observations we expect our new p47phox CGD GT vector
to facilitate stable long term p47phox transgene expression and
correction of the CGD phenotype.

P059

Construction and efficient transduction of lentiviral vector
with p227°* gene in peripheral granulocytes

M Cho!, K-S Shin?

"Department of Biochemistry, Jeju National University School of
Medicine, Jeju, Korea *Division of Clinical Immunology, Department
of Pediatrics, Jeju National University School of Medicine, Jeju, Korea

Purpose: To demonstrate newly developed lentiviral vector
with target gene (p227"°* gene) efficiently transduces in periph-
eral granulocytes.

Materials and Methods: The lentiviral vector pLL3.7-EFla-
p227"°* was constructed by replacing the U6 promoter in pLL3.7
with the EFla promoter. pLL3.7-EF1¢-22P" lentiviral particles
were generated by transient cotransfection with two packaging
plasmids (pMDG2 and pCMV-A8) into HeLa and HEK 293T
cells. Viral supernatant was harvested at 48 and 72 hours after
transfection, and viral titers were quantified by flow cytometric
analysis. The peripheral granulocytes from chronic granuloma-
tous disease (CGD) patients were infected with recombinant
retroviruses carrying human telomerase reverse transcriptase
(hTERT) and B lymphoma Mo-MLV insertion region 1 (Bmi-1)
genes in order to prolong the life span and then, transformed
granulocytes were transduced by pLL3.7-EF1a-p227"*. After
transduction, the efficiency was compared and the NADPH ox-
idase activity was quantified by dihydrorhodamine (DHR) 123
flow cytometry.

Results: The transduction efficiency of 10-fold dilution of viral
supernatant in HeLa cells was highly efficient, with 70-96% of
cells displaying eGFP fluorescence. The transduction efficiency of
high-level granulocyte"™*T B™10) cells was 40% higher than that
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of granulocyte" X" Bmi-10) The e GFP expression was detectable at
3 days after transduction, and its expression persisted for up to 3
weeks. The production of superoxide was significantly increased
in granulocyte"™RT B0 cells after PMA stimulation, and the
number of DHR-positive cells increased by as much as 2-fold.

Conclusion: This study described the lentiviral-mediated
transduction of CGD-derived peripheral granulocytes in an ex-
perimental setting to increase the efficiency of gene transfer and
its compatibility with clinical constraints.

Po60

Enhancing myeloid specific gene expression by improving
transcription factor binding to the miR-223 promoter

K B. Kaufmann!, C Brendel?, ] de Mos!, M Grez!

!Georg-Speyer-Haus, Biomedical Research Institute, Frankfurt,
Germany Division of Hematology/Oncology, Children’s Hospital
Boston and Dana-Farber Cancer Institute, Harvard Medical School,
Boston, Massachusetts, USA

Integrating vectors pose the risk of insertional activation that
can be reduced by targeted expression using cell type restricted
promoters. However, weak expression levels might require
multiple integrations for efficient therapeutic reconstitution
counteracting the reduced transformation potential expected
from cell specific expression. Therefore, our intention was to
enhance myeloid specific expression by improving myeloid
transcription factor binding to the miR-223 promoter.

In silico predicted and experimentally validated transcription
factor binding sites (TFBS) within the proximal human miR-223
promoter (CEBP, c-MYB, SP1, PU.1) were converted into their
respective consensus motive in various combinations. The re-
sulting promoter mutants were cloned into retroviral vectors and
expression levels of reporter genes (eGFP, gp91phox) were ana-
lyzed after transduction of myelomonocytic PLB-985 X-CGD
cells and subsequent myeloid differentiation. Three promoter
mutants revealed enhanced expression (up to 1.5 fold) and the
regulatory potential was maintained as determined by fold in-
duction upon differentiation. Following transduction of human
CD34 the low expression levels of the original promoter were
recapitulated in the immature subpopulation (CD133) whereas a
more than 2-fold increase in GFP expression was achieved in
CD11b cells after in vitro differentiation by our novel promoter
mutants.

We propose here a simple method to significantly enhance
promoter activity by combining in silico prediction with opti-
mizing TFBS according to consensus motives. Future in vivo
studies addressing effects on specificity as well as binding studies
are warranted to support our hypothesis, however, regulated
expression as observed in our in vitro studies serves as a first
indicator of increase specificity.

Po61
Optimization of lentiviral gene therapy for ADA-SCID

N Carrigliol’z, A V Sauer!, R Jofra Hernandez!, B Di Lorenzo!,
A Aiuti 2

San Raffaele Telethon Institute for Gene Therapy (HSR-TIGET)
“University of Rome “Tor Vergata”

Adenosine Deaminase (ADA) deficient-SCID is a severe au-
tosomal recessive disease characterized by impaired lymphocyte
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development and function with subsequent recurrent infections.
Currently available therapeutic options include bone marrow
transplantation (BMT), enzyme replacement therapy with bovine
ADA (PEG-ADA) or hematopoietic stem cell gene therapy (HSC-
GT) using a retroviral vector carrying ADA gene. Nevertheless,
correction of systemic metabolic toxicity including non-immu-
nological alterations may require increased ADA expression
levels.

Aim of this study is to improve the efficacy of ADA gene
transfer in HSC and increase expression level using a lentiviral
vector (LV) carrying a codon-optimized human ADA gene. We
compared this novel LV with a LV carrying the non-optimized
transgene (Mortellaro, Blood, 2006). In both vectors transgene
expression was driven by a PGK promoter. We transduced BM
progenitors from ADA-/- mice using different vector concen-
trations. Integrated vector copies (VCN/genome) and ADA en-
zymatic activity were measured two weeks after in vitro
transduction.

The optimized LV induced ADA overexpression from 10 to 30
fold depending on the VCN/genome (2.5- 10) of transduced cells.
At similar VCN/genome codon-optimized LV produced 6 fold
higher ADA enzymatic activity.

Ongoing studies in human CD34 cells and in vivo in ADA-/-
mice are aimed at evaluating gene transfer, immune reconstitution,
metabolic detoxification and correction of systemic abnormalities
after gene therapy with the codon-optimized LV.
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Novel Dual-Insulated Lentiviral Vectors for Gene Therapy of
Sickle Cell Diseases

Z Romero?, | Wherleyl, AR Cooperz, F Urbinati}, B Campol,
M L Kaufman!, R P Hollis', S Senadheera !, D B Kohn'?

"Department of Microbiology, Immunology & Molecular Genetics,
University of California, Los Angeles; *Molecular Biology
Interdepartmental Ph.D Program, University of California, Los
Angeles; >Division of Pediatric Hematology/Oncology, Department of
Pediatrics, University of California, Los Angeles

Autologous stem cell gene therapy is an alternative treatment
for Sickle Cell Disease (SCD) without some limitations of allo-
geneic hematopoietic stem cell (HSC) transplant. Lentiviral vec-
tors (LVs) developed for the treatment of hemoglobinopathies,
require inclusion of regulatory and strong enhancer elements to
achieve sufficient expression of the f-globin gene; the resulting
LVs have complex cassettes with a deleterious effect on titers.
Moreover, the efficacy of the LVs may be limited by transgene
silencing by DNA methylation and heterochromatization due to
the genomic environment around the integration site. Barrier
insulators can be used to resist silencing and give more consistent
expression with lower vector copies. LV carrying an anti-sickling
human f-globin gene (fAS3) was engineered to contain the FB
(Ramezani et al., 2008) and Ankyrin (Ank) (Gallagher et al., 2010)
small insulators in different orientations. In single vector copy
MEL clones, a single copy of the Ank insulator in reverse orien-
tation (AnkR) demonstrated barrier activity that most closely
resembled that observed with the cHS4 positive control. How-
ever, erythrocytes derived from human SCD CD34 cells trans-
duced with the AnkR-$AS3-FB LV did not exhibit enhanced
PAS3 expression or increased phenotypic correction of sickling
compared to cells transduced with the analogous vector without
an insulator. Since short-term in vitro culture of primary cells
did not demonstrate the benefits of the AnkR-fAS3-FB LV,
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chromatin analysis of the provirus, and in vivo studies using se-
rial transplants of murine HSCs are in progress to determine the
extent of the barrier activity in the AnkR-fAS3-FB LV.

Po63

Replication-Inducible HSV-1 Vectors: Construction and
Application in Gene Therapy

H Khalique and F Lim'
MUniversidad Autonoma de Madrid

Replication-inducible viruses hold importance in terms of
making helper-free packaging cell lines and recombinant vectors
for gene therapy. We generated a haploid HSV-1 mutant in
which we have deleted one set of ICP0 and ICP4 genes. In ad-
ditional mutations, we modified the promoter of the remaining
copy of ICP0 by insertion of a Tetracycline responsive element in
combination with deletion of regions of the native promoter. We
are testing if these mutant HSV-1 viruses can infect cell lines
where they can be artificially forced to enter a latent-like state
by tetracycline-dependent repression, and/or exit this state by
tetracycline-dependent activation. This strategy will provide a
transfection-independent system for vector/amplicon packag-
ing. In parallel these same mutants are being tested to generate
recombinant genomic vectors which can only grow under
induced conditions.

We found a large fold decrease in cellular toxicity with haploid
virus compared to wild type diploid virus. Replication-inducible
recombinant vectors based on this haploid backbone will pro-
voke less cellular toxicity and possible inducible control of
transgene expression.

The neurotropic and neuroinvasive properties of HSV-1 hold
great potential for gene therapy vectors. An understanding of
inducible replication control will improve the production of
HSV-1 vectors for therapeutics.

P064

Gene Therapy of Friedreich is Ataxia:
Generation of Recombinant Herpesvirus

M Ventosa, A Ortiz, D Canals, H Khalique and F Lim!
"Universidad Autonoma de Madrid

Friedreich’s ataxia (FRDA) is an autosomal recessive and
progressive neurodegenerative disorder. Currently there is no
available therapy. In the majority of the patients it is due to homo-
zygous expansion of guanine-adenine trinucleotide repeats within
intron 1 of the FXN gene resulting in diminished expression of the
mitochondrial protein frataxin and consequently in neuronal at-
rophy. Among the first sites of neurodegeneration in FRDA are the
dorsal root ganglia, followed by the corticospinal and spinocer-
ebellar tracts of the spinal cord and at late stages, atrophy of the
brainstem and cerebellum is observed.

Since FRDA is caused by a deficiency of frataxin protein, one
solution would be to increase the expression of this protein. This
could be achieved by delivering a fully functional normal FXN
allele to the main site of pathology.

Recently, in cancer pain therapy, a recombinant replication-
defective HSV-1 vector has reached phase 2 clinical trials for gene
delivery to the dorsal root ganglia of the spinal cord, and intra-
dermal injection of this vector (termed NP2), even at high doses,
demonstrated that it is non-cytopathic and safe for use in the
human nervous system. However, the NP2 vector cannot
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accommodate the large FXN genomic transgene, which we pre-
viously used in preclinical experiments to achieve persistent
physiological expression in the adult nervous system.

Thus, on one hand, we are currently working on reduction of
the FXN transgene, without losing long-term regulated expres-
sion, and on the other hand, we are constructing a vector similar
to NP2 with further deletions to increase transgene capacity.

Po65

The role of adenovirus replication cycle on the production of
helper-dependent vectors
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Adenoviral helper-dependent (HD) vectors, devoid of any
viral coding regions and eliminating the problems associated
with residual viral gene expression, are promising tools for gene
delivery applications, achieving high transduction efficacies,
long-term gene expression, and a cloning capacity of >30kb.
However, their production yields are ~10-fold lower than E1-
deleted (AE1) vectors.

Our goal was to identify the steps of canine adenovirus type 2
(CAV-2) propagation that were altered in HD vectors production
versus AE1 vectors. CAV-2 vectors were selected as case study
due to their attractive features to address fundamental neurobi-
ological questions and to develop potential treatment of neuro-
degenerative disorders.

We found an equivalent accumulation of intracellular viral
genomes up to 6 hpi in HD- and AE1- infected cells. However, in
HD-producing cells viral genome replication occurred faster
originating higher levels of late phase proteins. Such high viral
protein content might be responsible for the increasing apoptotic
cells and lower viability observed during HD CAV-2 production.
Moreover, despite similar cell specific productivities of HD and
AE1 virions, infectious to physical particles ratio obtained in HD
CAV-2 was 4-times lower. These results indicated that the de-
regulated CAV-2 cycle progression was impairing producer cell
homeostasis and the resulting virus outcome. Vector genome
replication during HD CAV-2 production should be therefore
balanced to pursue the typical adenoviral productivities.

This work identifies the bottleneck in HD CAV-2 production
from a viral replication perspective, highlighting the importance
of vector genome design on virus-cell interaction and production
process yields.
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Soluble coxsackievirus and adenovirus receptor (SCAR-Fc) has
prophylactic and therapeutic potential in adenovirus infections
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H. Fechner?
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Background: Adenoviruses (Ad) are pathological agents in-
ducing under certain circumstances severe infections of the liver
and heart, sometimes leading to death. Currently, no curative
anti-adenoviral therapy is available. Here we investigated the
ability to treat Ad infection with soluble coxsackievirus and ad-
enovirus receptor (sCAR-Fc).

Methods: The endothelial cell line EA hy926 and the liver cell
line HuH?7 were infected with wild-type Ad2 and Ad5 and
treated with sCAR-Fc containing cell culture medium, which was
produced by transduction of HeLa cells with a sCAR-Fc ex-
pressing viral vector. Cell killing-assay, Plaque-assay and gPCR
were used to determine the sCAR-Fc-mediated inhibition of Ad
infection.

Results: In vitro prophylactic employment of sCAR-Fc re-
sulted in an up to 20-fold reduction of cytopathic effect and up to
2logyo reduction of virus replication compared to untreated
controls. For therapeutic purpose sCAR-Fc was added at differ-
ent time points after Ad infection. Early therapeutical sCAR-Fc
application resulted in strong inhibition of Ad-induced cyto-
pathogenicity. The protective effect reduced gradually as later as
sCAR-Fc was applied after Ad infection but remained still visible
if it was applied 72h after virus infection. For in vivo usage we
constructed an AAV9 vector expressing a codon optimized
sCAR-Fc variant. After intravenous application to mice sCAR-Fc
expression (1,5 ug/ml) was already detectable in mouse serum
one day later and increased to 40 ug/ml at day 28 days p.i. No
side effects were detected.

Conclusions: Our data suggest sSCAR-Fc as a new promising
biological antiviral therapeutic for treatment of Ad infections.
Studies are currently underway proving its antiviral efficacy
in vivo.
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Very efficient production of adenovirus vector lacking genes
of virus-associated RNAs that disturb cellular RNAi
machinery: safer alternative to current vector

A Maekawa!, Z Pei', M Suzuki?, S Kondo®, I Saito?, Y Kanegae5
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Although first-generation adenovirus vectors (FG AdVs) are
frequently used, virus-associated (VA) RNAs that act as small-
interference RNAs are, in fact, always expressed from the vector
genome. Because they are expressed by RNA polymerase III,
their expression is independent of E1A transactivation of poly-
merase II. It has been reported that VA RNAs trigger innate
immune responses. Moreover, VA RNAs are processed to func-
tional viral miRNAs and disturb the expressions of numerous
cellular genes. Therefore, VA-deleted AdVs lacking VA RNA
genes are advantageous not only for basic studies but also for
gene therapy as a safer vector. We established a very efficient
method of producing VA-deleted AdVs (Maekawa et al., Scien-
tific Report, 2013). First, a VA RNA-substituted “pre-vector”
lacking original VA RNA genes but alternatively possessing an
intact VA RNA region flanked by a pair of FRTs was constructed.
The pre-vector grew as an FG AdV and gave a high titer. Then,
the pre-vector was converted to VA-deleted AdVs by remov-
ing the VA genes through infection to 293hdel2 cells, which
highly express FLP. The conversion efficiency was about 97-99%
and VA-deleted AdV showed the titer near to pre-vector, i.e. only
one-order lower than FG AdV. The titer is sufficient for practical
use in vitro and in vivo, and perhaps for clinical trial. However,
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the vector tends to rearrange, and therefore we here report its
improved version. The improved vector substituted for current
FG AdV in our lab and may become widely used.
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Dual-safe adenovirus vector lacking virus-associated RNA
genes enhanced shRNA activity
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The first-generation adenovirus vector (AdV) has been con-
sidered an attractive tool for gene therapy because of high titer
and high transduction efficiency. However, since AdVs cause
high immune responses, application of AdVs were limited. We
have reported low-inflammatory AdVs using EFla promoter in
the leftward orientation, which does not induce aberrant ex-
pression of viral pIX protein (Nakai et al., Hum. Gene Ther.,
2007). Another important problem is that two different virus-
associated RNAs (VA RNAs) transcribed by Pol III are always
expressed from the AdV genome. We here report development of
novel AdVs lacking genes of VA RNAs. Although VA RNAs are
not essential for adenovirus replication, VA-deleted AdVs have
been very difficult to construct or showed extremely low titer. We
succeeded in establishing an efficient production method of VA-
deleted AdVs using a site-specific recombinase. Notably, the titer
was almost comparable with current AdVs. Actually, we have
already constructed more than twenty VA-deleted AdVs of high
titer. Moreover, we combined the VA-deleted vector with low-
inflammatory vector (Dual-safe AdVs). As one example, we used
this vector system for aiming gene therapy of chronic hepatitis
caused by hepatitis C virus (HCV). Because VA RNAs interfere
maturation of miRNA and/or compete with short-hairpin RNA
(shRNA), VA-deleted AdVs were, in fact, able to enhance shRNA
suppression of HCV replication. So this Dual-safe AdV carrying
both interferon gene and anti-HCV shRNA cassette may be an
efficient and safe tool for gene therapy of chronic hepatitis C.
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First-generation adenovirus vector expresses viral-associated
(VA) RNAs that disturb cellular gene expressions

S Kondo!, A Maekawa®, M Suzuki!, Y Kanegael, I Saito’
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Adenovirus vector (AdV) has widely been used not only for
basic studies but also for gene therapy. We have been reported
that viral pIX protein, one of the causes of severe immune re-
sponses, is often expressed but that this problem can be devoided
by modifying this vector (low-inflammatory AdV; Nakai ef al.,
Hum. Gen. Ther., 2007). However, this vector has another problem
that, in fact, it always expresses not only the transgene but also
viral-associated (VA) RNAs. VA RNAs, VAI and VAII, are non-
coding small RNAs and disturb cellular RNA-interference ma-
chinery. We recently developed AdVs lacking the expression of
these miRNAs (VA-deleted AdVs) that solve this problem
(Maekawa et al., Sci. Rep., 2013). Although the current AdVs used
worldwide abundantly express VA RNAs, their influence on the
cellular gene expression are still not clear. In this study using
this vector we identified its possible target gene that was
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downregulated in response to VA RNAs by comparing current
AdVs with VA-deleted AdVs by microarray analysis. This gene
has been reported to correlate with cell growth and sometimes its
expression level was accelerated in tumours. This result dem-
onstrated that VA RNAs actually influence on cell functions and
suggested that VA-deleted AdVs may be safer vector for gene
therapy than current AdVs.
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An advanced toolbox for molecular AAV evolution through
DNA family shuffling
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AAV vectors are amongst the most promising vehicles for
therapeutic gene transfer owing to their unique combination of
apathogenicity, efficiency and amenability to genetic engineer-
ing. The latter includes a variety of powerful methods to modify
vector tropisms, most notably, DNA family shuffling (DFES)
whereby capsid genes from several AAV isolates are fragmented
and then reassembled into chimeras ideally merging the best
properties of the parental viruses. Here, we present three de-
velopments that fundamentally advance AAV-DFS technology
and should foster its application in other labs. The first is a set of
new plasmids carrying the capsid genes from 12 commonly used
AAV isolates that we engineered to be fully compatible with a
robust, simple and straight-forward DFS protocol which we have
implemented in parallel. Second, we have adapted the DNA
sequence of AAV-4 and -5, two of the most heterologous AAV
isolates, to that of the AAV-2 prototype in order to improve their
recombination frequency during AAV-DFS. Indeed, comparisons
of libraries comprised of AAV serotypes 245, 24589, or 1-9
showed up to 25-fold more cross-overs of AAV-4 and -5 with the
other serotypes in clones generated with the optimized capsid
sequences. Third, we report a comprehensive and freely available
software package termed Salanto that greatly facilitates the
bioinformatical and statistical analysis of individual AAV chi-
meras or entire libraries. As a whole, the advanced toolbox re-
ported here paves the way for a much wider use of AAV-DFS
methodology within the gene therapy community and will
thereby hopefully further accelerate its clinical translation.
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Liver inflammation affects the formation of AAV
transcriptionally active forms but not preexisting AAV
infections
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Background and aims: Clinical trials showed that steroid
treatment controls immune responses against adeno associated
viruses (AAV), however few studies have focused on the effect of
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inflammation over AAV-mediated transgene expression. The
aim of this study is to analyze how liver inflammation affects to
AAV-mediated gene expression.

Methods: AAVs hepatospecifically and constitutively expres-
sing interleukin-12 (AAVIL-12) and luciferase were co-injected
into C57BL/6, IFN-VR'/ B Rag'/ P Rag‘/ ‘yc'/ “and NK-depleted mice.
Luciferase expression was analyzed by in vivo bioluminescence
imaging at different time points and, 14 days post-injection, ani-
mals were sacrificed for ex vivo luciferase measurement and viral
genome and mRNA quantification.

Results: Mice injected with both vectors showed an early 90%
decrease on luciferase expression when compared to controls.
This inhibitory effect occurred at a transcriptional level, as only
mRNA was affected, and it was mediated by IFN-y, mainly
produced by T and NK cells.

In vivo studies revealed that methylation, but not acetylation,
was involved as only 5-azacytidine treatment avoided the re-
duction of transgene expression. Administration of dexametha-
sone also prevented this inhibitory effect. Together, these results
suggest that IFN-y exerts some epigenetic regulation over AAV-
mediated expression.

However, this epigenetic regulation might not affect to a
pre-stablished AAV infection, as AAV8-IL12 did not affect to
luciferase expression in a liver with a previous AAV5-luciferase
infection.

Conclusions: Our results show that IFNy-mediated liver in-
flammation downregulates AAV-mediated transgene expression
at a transcriptional level by a mechanism in which methylation is
involved. This inhibitory effect does not affect pre-stablished
AAV infections and can be counteracted by anti-inflammatory
treatments.
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Delivery of anti-HBV primary-microRNA mimics using
gutless adenoviral vectors and adeno-associated viral vectors

M Betty Mowa!, E Remwa?, P Arbuthnot!

University of the Witwatersrand

As a consequence of an ineffective current therapy against
hepatitis B virus (HBV) infection, ~350 million people are esti-
mated to be chronically infected with the virus globally. Appli-
cation of RNA interference (RNAi) gene silencing technology
against HBV has yielded promising outcomes and effective anti-
HBV RNAI activator sequences have been designed. However,
an efficient way of delivering these sequences still remains to be
established. Viral vectors are the most promising carriers of ge-
netic material. This study investigates the application of both
gutless adenoviral vectors (HdAds) and adeno-associated viral
vectors (AAVs) for the delivery of anti-HBV primary microRNA
(pri-miR) mimics as RNAi activators. We have recently observed
efficient HBV replication silencing in mice injected with HDAd
expressing pri-miR mimics. However, the HBV silencing effect
was short-lived (2 weeks). This could be attributed to the cyto-
megalovirus (CMV) promoter used, being switched off and/or
the imunostimulatory effect of the f-galactosidase reporter en-
coded by these vectors. Several groups have illustrated long-term
transgene expression from AAVs. In this study, the CMV pro-
moter was substituted with liver specific phosphoenolpyruvate
carboxykinase promoter or murine transthyretin receptor pro-
moter. These expression cassettes were incorporated in to the
lac-Z lacking HDAd plasmid or the AAV plasmid. Currently
the HDAd and AAV vectors are being propagated in vitro.
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Following propagation, pri-miR expression, pri-miR processing
and anti-HBV effect from the vectors will be tested in transgenic
mice. These may allow long-term anti-HBV effect, making these
vectors more suitable for application in RNAi effector delivery
directed to HBV chronic infection.

P073
Rep-mediated persistence of AAV
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Through its endogenous Rep protein, wildtype adeno-
associated virus (wtAAV) integrates its genome site-specifically
into the AAVSI region on Chromosome 19, which is considered
one of the most promising “safe harbors” in the human genome. In
recombinant AAV (rAAV), Rep is deleted and the ability to inte-
grate site-specifically is lost. The knowledge about wtAAV inte-
gration remains limited. Two reports of wtAAYV integration site
(IS) distribution exist that showed IS clustering near Rep binding
site (RBS)-motifs. These analyses however present few IS numbers
or map IS with a low nucleotide resolution and have exclusively
been performed in HeLa cells. To avoid the bias that might arise
from HeLa cell aneuploidy, we analyzed efficiency and specificity
of Rep-mediated wtAAV integration in HeLa cells and diploid
human dermal fibroblasts (HDF). We obtained a total of 3659 un-
ique IS (HeLa: 2403 IS; HDF: 1256 IS) and identified 276 common IS
(CIS) besides AAVS1. Notably, only few CIS were shared between
HelLa cells and HDFs (Shared CIS: 23; HeLa CIS: 162; HDF CIS: 91).
16.5% of HeLa IS and 9.1% of HDF IS were located in the AAVS1
region. wtAAV IS were almost exclusively distributed at one side
of the RBS-motifs, while the viral genome is mostly integrated in
one orientation. Within CIS we identified sub-clusters, whose po-
sitions may help to elucidate the mechanism of Rep-mediated AAV
integration. Comprehensive high resolution mapping and analysis
of wtAAV integration sites in diploid cells reveals new insights in
the potential of targeted, Rep-mediated rAAV gene therapy.
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Use of the Monobac for the production of rAAV8S vectors
against the y-sarcoglycanopathy
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We have developed a single baculovirus, named “Monobac”,
for the production of recombinant AAV8 vectors using the insect
cell/baculovirus system. In a bacmid devoid of the chitinase and
cathepsin a genes, the AAV rep2 and cap8 genes have been inserted
in the egt locus, while the recombinant AAV was cloned in the Tn7
site. This production system was used for the productionrAAV2/8
encoding the human y-sarcoglycan gene, of clinical interest for the
treatment of LGMD2C (y-sarcoglycanopathy). A gain by a factor 3
in rAAVS8 productivity was observed in the cell culture and was
maintained after purification, compared to the recently developed
production system based on the use of 2 baculoviruses. The pro-
duced rAAVS capsids displayed a reduced degradation profile of
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the capsid proteins VP1/VP2 due to the elimination of the bacu-
lovirus cathepsin protease gene. This optimized system allows the
production of an improved quantity of rAAV vectors with im-
proved vector quality, resulting in enhanced infectivity of the
rAAV. The genetic stability of this baculovirus vector displaying
both the replicase gene and the recombinant genome on the same
DNA backbone is studied. This presentation gives an overview on
recent results including in vivo studies.
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AAV9 mediated gene delivery in peripheral tissues is greatly
reduced in old mice
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Although aging is the main risk factor for the prevalent diseases
of developed countries preclinical studies of gene delivery in old
mice are very scarce. Systemic-gene delivery holds great promise
for many gene therapy applications. Among vectors, AAV9 stands
out as a particularly attractive vehicle because of its superior
performance in different tissues. We therefore studied the pe-
ripheral tropism of AAV9 in aging mice. Young (6 weeks, n=8)
and old (22 months, n=8) male C57BL6/] mice received a single
i.v. injection of 4x 10" vg AAV9-GFP. Six weeks later expression
of GFP in skeletal muscle, heart and liver was analyzed using
immunohistochemistry, Western-blot and RT-PCR. The results
showed a large decrease in GFP expression in all tissues examined
of aged mice compared to young. To explore the possible mech-
anisms involved in the pronounced reduction of GFP, titers of IgG
anti-AAV9 were analyzed in the mice-sera. There were no signif-
icant differences between young and old mice. Since it has been
recently reported that cell-surface N-linked glycans with terminal
galactosyl residues serve as the primary receptor for AAV9, we
also assessed sialylated and desialylated cell-surface glycans in
these organs by fluorescence staining using the biotinylated lec-
tins, MAL-I and ECL. The results indicate that the substantial
decrease in AAV9 tropism in the peripheral organs of aged mice is
due to a very low infectivity of AAV9 in the vascular endothelium.
This correlates with the significant reduction in desialylated ga-
lactose residues of cell-surface glycans that occurs in aging.
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Protein transfer vectors as targeted and effective antigen
carriers
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To induce and trigger innate and adaptive immune responses,
antigen presenting cells (APCs) have to take up and process an
antigen. Retroviral particles are capable of transferring not only
the vectors’ genome, but also foreign cargo proteins into trans-
duced cells when the cargo is genetically fused to structural
proteins of the vector (Voelkel et al. 2010). Here, we demonstrate
the advantage of lentiviral protein transfer vectors (PTV) for
targeted antigen transfer directly into APCs.

Targeting of lentiviral PTVs is conducted analogous to lenti-
viral gene transfer vectors by pseudotyping the vectors with
truncated wild-type measles virus (MV) glycoproteins (GPs),
which use SLAM as main entry receptor. SLAM is expressed on
stimulated lymphocytes and APCs, e.g. dendritic cells, and thus
represents a potential target structure on APCs. As cargo pro-
teins, the reporter protein eGFP or the model antigen Ova were
analyzed.

Analysis of lentiviral eGFP-PTVs on receptor-transgenic
CHO cells revealed that, in contrast to VSV-G pseudotyped
vectors, vectors pseudotyped with MV-GPs mediated specific
delivery only into SLAM-positive cells. Simultaneously, transfer
of viral RNA encoding red-fluorescing Katushka protein into
the same cells as the protein cargo was demonstrated. Accord-
ingly, specific protein transfer of Ova into SLAM-positive CHO
cells was evident. Moreover, ex vivo treatment of primary APCs
with Ova-PTVs resulted in stimulation of Ova-specific T-cells
(IL-2 and IFN-g secretion) upon co-cultivation with transduced
APCs.

SLAM-targeted PTVs have demonstrated specificity and effi-
cacy of antigen transfer into primary APCs to trigger antigen-
specific immune activation. Assessment of in vivo targeting and
immunogenicity will complete this picture.
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TALENs mediate genome editing with superior specificity and
lower toxicity than matched ZFNs
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Zinc-finger nucleases (ZFNs) and TALE nucleases (TALENSs)
have been employed successfully to modify genomes of various
complexities. To perform a comprehensive side-by-side com-
parison of these two designer nuclease platforms, we have en-
gineered several TALEN pairs targeting three human loci
(CCR5, AAVSI, IL2RG) for which benchmark ZFNs exist. The
activity of these TALENs was comparable to the ZFNs, with
allelic gene disruption frequencies between 15-30% in HEK293T
cells and primary human fibroblasts. However, nuclease asso-
ciated cytotoxicity, as measured by cell survival, cell cycle
progression and cell viability, was significantly lower for the
TALENs than the similarly active ZFNs. Specificity of the
CCR5- and AAVSl1-specific designer nucleases was profiled at
off-target sites predicted by bioinformatics. We confirmed
considerable off-target activity of the CCR5-specific ZFN at
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CCR2 and five previously reported loci. Furthermore, we
identified five new off-target sites for the AAVS1-specific ZFNs.
In contrast, out of 27 and 22 predicted off-target sites for
CCR5- and AAVS1-specific TALENS, respectively, we detected
marginal off-target cleavage activity at three genomic sites for
two CCR5-specific TALENs and none for an AAVSl-specific
TALEN. In accordance, the best performing CCR5-specific
TALEN pair did not induce chromosomal rearrangements
between CCR5 and CCR2, as was observed for the ZFN pair.
For the first time, these results link nuclease-associated toxicity
directly to off-target cleavage activity and corroborate TALENs
as a highly specific platform for human genome editing.
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Development of ZFN-based pre-clinical in vitro cell model in
human embryonic stem cells for Wiskott-Aldrich syndrome
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The Wiskott-Aldrich syndrome (WAS) is an X-linked pri-
mary immunodeficiency characterized by recurrent infections,
eczema, severe bleeding and increased risk to develop auto-
immune diseases and malignancies. WAS is caused by muta-
tions in the WAS gene that is expressed specifically in the
hematopoietic lineage. Absence of the WAS protein (WASp)
produces important defects in the function of almost all he-
matopoietic lineages resulting in thrombocytopenia with small
platelets and abnormal lymphoid and myeloid function. Al-
though the role of WASp in terminally differentiated lympho-
cytes and myeloid cells are well characterized, its role on early
hematopoietic differentiation and on platelet biology is poorly
understood. We have developed the first human model for
WAS disease, hESCWASKO, based on human pluripotent stem
cells. We knocked out the WAS gene in the AND-1 human
embryonic stem cell line using a zinc-finger nuclease (ZFN)
pair targeting the WAS intron 1 and a homologous donor DNA
that disrupted WASP expression. We have generated two
clones homozygous for the desired WAS mutation that didn’t
show alterations neither in the karyotype nor pluripotency.
Interestingly both hRESCWASKO cell lines showed significant
alterations during early hematopoietic development generating
higher number of CD34 CD45 hematopoietic progenitors that
had altered responses to stem cell factor (SCF) but similar
colony-forming-unit potential. Surprisingly, hESCWASKO
cells differentiated toward the megakaryocytic lineage pro-
duced higher number of CD34 CD41 progenitors, mega-
karyocytes and platelets than wild-type hESCs. However,
megakaryocytes and platelets derived from hESCWASKO cells
have altered responses to ADP and thrombin and have in-
creased F-actin content in basal conditions. These data cor-
roborate and validate the hRESCWASKO cell lines as a human
cellular model for WAS and point to a new role for WASp on
early hematopoietic differentiation as well as on megakaryo-
cytic development.
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Generation of disease free hematopoietic progenitors from FA
patient cells using a combined gene targeting and cell
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Fanconi anemia (FA) is a DNA repair syndrome characterized
by the progressive depletion of the hematopoietic stem cells
(HSCs). In this study, we aimed the generation of disease-free
HSCs from non hematopoietic tissues through the specific
insertion of FA genes in safe harbor locus, followed by the
reprogramming of these cells to generate iPSCs. Initially, we
demonstrated the efficient phenotypic correction of FA-A fibro-
blasts by gene editing in the AAVSI safe harbor locus, using
ZFNs and an IDLV vector containing a promoterless EGFP gene
and the PGK-FANCA sequence flanked by AAVS1 homology
arms. This approach allowed us to target between 0.2-4.5% cells.
Notably, gene-edited FA fibroblasts showed an increased pro-
liferation capacity with respect to uncorrected cells, facilitating
that up to 40% of cultured cells became EGFP +. Gene edited FA-
iPSCs (geFA-iPSCs) were generated from these samples using an
excisable reprogramming vector (STEMCCA). PCR and Southern
blot analyses confirmed the specific integration of the therapeutic
gene in the AAVS] locus. The pluripotency and correction of the
FA phenotype of geFA-iPSCs was also demonstrated. In subse-
quent experiments, the reprogramming cassette was excised
from geFA-iPSCs and in vitro hematopoietic differentiation al-
lowed the generation of hematopoietic cells which contained up
to 6% of CD34+ /CD45+ progenitor cells. Finally, hematopoietic
colonies resistant to the interstrand cross-linking agent, mito-
mycin C, were obtained from these progenitors. Studies focused
in the repopulation capacity of disease free hematopoietic pro-
genitors are currently on going. Our results confirm the efficacy
of gene targeting and cell reprogramming approaches to generate
disease-free hematopoietic progenitors cells.
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Mitochondrial Gene Targeting in Mammalian Systems using
Novel ‘Mitochondriotropic” Liposomes
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Mitochondrial research has made a giant leap since the 1980/
90s when mitochondrial DNA mutations were first identified as a
primary cause for human diseases and the organelle’s role in ap-
optosis was elucidated. This makes the mitochondrion a prime
candidate for organelle-specific delivery of exogenous materials
such as DNA and drugs, for therapy of diseases caused by mito-
chondrial dysfunction. Hence vector design and development is of
paramount importance. The success of liposomes viz cationic li-
posomes, in chromosomal gene therapy make them potential
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vectors for mitochondrial gene targeting. In this investigation
novel ‘mitochondriotropic’ liposomes were synthesised to evalu-
ate their mitochondrial localisation activities in vitro and ex vivo.
Cationic cholesterol derivative, 3 [N-(N’,N’-dimethylaminopro-
pane)-carbamoyl] cholesterol (CHOL-T) was formulated with
dioleoylphosphatidylethanolamine (DOPE) to produce cationic
liposomes, to which a mitochondrial signalling peptide was at-
tached via two different cross-linking agents. Size and lamellarity
of liposomes and lipoplexes were assessed by zeta sizing and
electron microscopy. Their ability to bind, condense and protect
plasmid DNA (pBR322), was determined using the band shift, dye
displacement and nuclease protection assays. In vitro cytoxicity
was determined using the MTT assay in the hepatocyte-derived
human cell line (HepG2). Radiolabeled DNA was used with rat
liver mitochondria to determine ability of liposomes to cross the
mitochondrial membrane. Confocal and fluorescence microscopy
was used to determine nucleic acid localisation. These mitochon-
driotropic liposomes protect plasmid DNA, are well tolerated by
HepG2 cells in culture and were seen to successfully traverse the
mitochondrial membranes. Furthermore these liposomes showed
positive mitochondrial localisation activities in vitro.
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ZFN Mediated Targeting of Albumin: a Platform for
Expression of Multiple Therapeutic Genes in vivo
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Albumin represents an attractive target for ZFN-based, liver-
derived protein replacement as it is highly expressed in the liver
and the most abundant protein in plasma. Here, we investigated
whether ZFN-mediated gene insertion into the endogenous
mouse albumin locus could represent a general strategy to ex-
press a wide variety of proteins in vivo.

An AAV vector encoding ZFNs targeting mouse albumin in-
tron 1 (AAV8-ZEN) was constructed. Adult mice were treated
with AAV8-ZFN and AAV8-hF9-Donor, containing a cDNA cas-
sette with exons 2-8 of the human F9 gene. ZFN Donor-treated
mice exhibited stable circulating F.IX levels >3000ng/mL (60% of
normal) while F.IX expression in Mock Donor mice (no ZFN) was
below the assay limit of detection. Importantly, the 3 amino acid
substitutions to the F.IX pro-peptide caused by splicing with
endogenous albumin exon 1 were functionally tolerated, sup-
porting correction of the hemophilic phenotype, as treatment
reduced the clotting time from 70 seconds pre-AAV adminis-
tration to wild-type levels of 42 seconds (measured by the
activated partial thromboplastin time assay) 2 weeks post
administration. Dose-response studies showed that hF.IX ex-
pression was proportional to AAV8-ZEN dose.

An ideal safe harbor locus should be able to express various
transgenes for the treatment of different indications. We show
evidence of successful expression of human factor VIII in he-
mophilia A mice as well as protein expression of four enzymes
deficient in patients with lysosomal storage diseases.

These data provide the first demonstration of ZFN-mediated
in vivo genome editing of an endogenous safe harbor locus for
therapeutic protein production.

A83

P084

Baboon retrovirus envelope pseudotyped LVs allow efficient
transduction of progenitor T cells, thymocytes and adult T and
B cells
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Efficient gene transfer into quiescent T and B lymphocytes for
gene therapy or immunotherapy purposes may allow the treat-
ment of several genetic dysfunctions of the hematopoietic sys-
tem, such as immunodeficiencies, and the development of novel
therapeutic strategies for cancers and acquired diseases. Pre-
viously, we have shown that measles virus gps LVs (MV-LVs)
were able to transduce efficiently stimulated or resting T and B
cells. We now showed that the newly engineered Baboon retro-
virus envelope pseudotyped LVs (BAEVgp-LVs) allowed in ad-
dition to hematopoietic stem cell transduction, high level
transduction of activated T and B cells and resting B cells, where
VSVG-LVs fail. Moreover, both naive and memory cells were
efficiently transduced and their phenotypes conserved. Since the
thymus plays a key role in the induction of self-tolerance and by
intra-thymus injection of an LV in situ correction of a genetic
immunodeficiency might be envisaged, it is important to develop
vectors for efficient thymocyte transduction. BAEVgp-LVs al-
lowed high level transduction of the thymocytes in the early
stages of development with preference for early thymic progen-
itor T cells while MVgp-LVs, showed an equivalent transduction
level of all thymic subpopulations. BAEVgp-LVs are especially
superior over VSVG-LVs for the transduction of the very im-
mature T cell progenitor subpopulation, which is long-lived in
vivo and might confer a permanent therapeutic effect. Currently,
the vectors are tested for intra-thymic transduction in human
immune system mice model.
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Meganuclease-based therapy for recessive dystrophic
epidermolysis bullosa
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Dystrophic Epidermolysis Bullosa (DEB) is a rare and severe
genetic skin disease, inherited in a dominant (DDEB) or recessive
(RDEB) manner, responsible for blistering of the skin and mu-
cosa. DEB is caused by a wide variety of mutations in COL7A1
encoding type VII collagen, the major component of anchoring
fibrils, which are key attachment structures for dermal-epidermal
adhesion. Genetic correction of primary cells by engineered site
specific nucleases provides powerful tools for gene therapy. Our
goal is to demonstrate the feasibility of correcting COL7AI mu-
tations in RDEB patient’s keratinocytes and/or fibroblasts
through tailor-made Meganucleases (MN) mediated Homo-
logous Recombination (HR) in a safe and efficient manner. For
this proof-of-concept study, we have successfully developed
tools indispensable for COL7A1 targeting. Four MNs variants
specific for COL7A1 intron 2 were designed. One of them showed
efficient expression, activity and low toxicity. This MN and cor-
responding Repair Template were cloned into an HIV-1 derived
lentiviral vector and delivered as integration deficient lentivirus
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(IDLVs). A keratinocyte cell line and primary keratinocytes and
fibroblasts from two RDEB patients homozygous for COL7A1
null mutations in exons 2 and 3 were transduced by IDLVs en-
coding the MN and Repair template. Gene correction was dem-
onstrated by allele specific PCR in bulk transduced cells and type
VII collagen protein re-expression by immunocytochemistry.
These results establish that MN can achieve COL7A1 genetic
correction, and lead to evaluate the therapeutic potential of this
approach in future studies.
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Adenovirus (Ad) vectors possess unique attributes which
have led to their employment for a wide range of gene therapy
applications. Recent studies have highlighted the additional
utilities that may accrue strategies to modify Ad tropism to allow
cell specific targeting. Strategies to retarget Ad have sought to
capitalize on the available repertoire of antibodies species. Spe-
cifically it has been proposed that genetic incorporation of widely
available single chain antibody (scFv) molecules could realize a
single unit retargeted Ad compatible with transitional applica-
tions. Limiting such efforts is the relative instability of scFv in the
redox environment of the natural Ad assembly site within the
cytosol. We have previously shown that the use of genetically
stabilized scFv could circumvent this restriction. However the
limited availability of such stabilized scFv led us to explore an
alternate antibody species which potentially addresses this key
biological issue. In this regard, single domain antibodies (sdAb)
derived from the camelid family have been exploited for mo-
lecular targeting purposes. Of note, their molecular structure
confers exceptional stability properties. Herein, we have thus
endeavored initial studies to evaluate the utility of camelid sdAb
to be incorporated within the Ad capsid to allow altered tropism
for targeting applications. Specifically we have explored the ge-
netic incorporation of a novel anti-human cercinoembrionic an-
tigen (hCEA) sdAb and its specific cell targeting.

P087

Targeted genome editing by lentiviral delivery of zinc-finger
nuclease proteins

Y Cail, R O. Bak? ] G Mikkelsen®

"Department of Biomedicine, Aarhus University

Engineered nucleases, like zinc-finger nucleases (ZFNs),
have emerged as versatile tools for precise genomic editing.
Future clinical use of this technology relies on safe and effective
means of nuclease delivery. Here we demonstrate the feasi-
bility of delivering ZFN protein in the context of engineered
lentiviral particles (LPs). By fusing ZFNs to the N-terminus of
Gag, we incorporate ZFN protein in VSV-G-pseudotyped LPs
and demonstrate the release of ZFN protein from Gag upon
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particle maturation. Gene disruption frequencies up to 24% are
achieved in cells (HEK293, normal human dermal fibroblasts,
and primary human keratinocytes) exposed to LPs containing
pairs of ZFNs targeting the egfp, CCR5, and AAVSI loci, re-
spectively. To establish targeted genomic editing by lentiviral
ZFN protein delivery, we create ‘all-in-one’ lentiviral vectors
carrying both (i) a pair of locus-directed ZFNs and (ii) vector
RNA that allows reverse-transcribed DNA to serve as a donor
for gene editing by homologous recombination. In HEK293
cells harboring a mutated egfp gene, integrase-defective lenti-
viral vectors carrying egfp-directed ZFN proteins and an egfp
donor sequence induce eGFP expression in a VSV-G- and
vector dose-dependent manner, leading to editing in 8% of the
cells. We demonstrate the feasibility of this approach also for
targeted editing within the CCR5 and AAVSI loci and addi-
tionally provide evidence of site-directed transgene insertion
into the CCR5 locus. Our findings establish lentiviral trans-
duction of ZFN proteins for targeted modification, correction,
and insertion of genes and generate an entirely new platform
for safe and customized application of ZFNs for genome en-
gineering.

P08s

Targeted integration of a large transgene cassette by TALEN
and ZFN-mediated homologous recombination

M. Marchetti’, F. Miselli!, M. Holkers?, C. Mussolino®,
M. Gon(;alvesz, T. Cathomen®, A. Recchia’

"Department of Life Sciences, University of Modena and Reggio
Emilia, Modena, Italy; *Department of Molecular Cell Biology, Leiden
University Medical Center, Leiden, The Netherlands; 3Institute for
Cell and Gene Therapy and Center for Chronic Immunodeficiency,
University Medical Center Freiburg, Freiburg, Germany

Targeted transgene integration by homologous recombina-
tion (HR) represents a promising strategy for gene therapy as it
may overcome the issue of insertional mutagenesis associated
with retroviral vectors. We recently published the feasibility of
using adenoviral vectors (Ad) to package and deliver functional
TALEN genes into human cells, demonstrating that Ad-TALEN-
mediated transduction results in efficient site-specific DSB for-
mation at the chromosomal safe harbor site AAVS1. Moreover,
we demonstrated efficient targeting at AAVSI in human re-
populating epidermal stem cells upon Ad-ZFN cleavage. Here
we investigate the feasibility of TALEN- and ZFN-mediated
targeted integration of a large expression cassette (10 kb) by HR
into AAVSI locus. We evaluated the targeting efficiency in
human immortalized keratinocytes co-infected with AAVSI1-
specific Ad-TALENs or Ad-ZFNs and integration-defective
lentiviral or retroviral vectors (IDLV or IDRV) carrying a GFP
donor cassette. To exploit the possibility of targeted gene ad-
dition of a large therapeutic gene (9kb) with a repetitive
structure (COL7A1 gene) into a safe harbor, we generated a
large IDRV carrying a donor cassette bearing the GFP reporter
gene and a non-coding stuffer DNA sequence (9.5kb). Pre-
liminary experiments showed that IDRVs are competent to
deliver short (1.5kb) and large donor GFP cassettes (9.5kb)
suitable for HR, although with lower efficiency when compared
to that of their cognate IDLVs. AAVS1-specific PCR analyses on
genomic DNA extracted from bulk populations co-infected with
both donor vectors and Ad vectors to express the engineered
nucleases confirmed on-target integration of the delivered GFP
cassettes.
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PPRHs as a tool to allow specific oligonucleotide DNA
targeting

A Solé}, V Noé!, C J. Ciudad!

ISchool of Pharmacy, University of Barcelona

Polypurine Reverse-Hoogsteen Hairpins (PPRHs) are a new
gene therapy tool, formed by two antiparallel homopurine do-
mains, linked by a five-thymidine loop (Coma et al., 2005), with the
ability to bind dsDNA displacing the fourth strand away from the
newly formed triplex. The main goal of this research was to ex-
plore if this property of opening dsDNA could be used as a
technology to attempt gene repair of single point mutations using
oligonucleotides carrying the corrected base. Given that one of the
homopurine strands of the PPRH binds with antiparallel orienta-
tion (by Watson-Crick) to the polypyrimidine target sequence
forming a triplex, we used as a model two polypyrimidine target
sequences within the sixth exon of the dilydrofolate reductase (dhfr)
gene, flanking a nonsense mutation of this gene. Three different
approaches using PPRHs were tested in binding experiments,
varying the length of the polypyrimidine target, the length of the
repair oligonucleotide and the number of PPRHs used. In all cases
the polypurine strand of the dsDNA was displaced by the hair-
pins. In addition, the repair oligonucleotide was able to bind the
displaced strand containing the point mutation, regardless of its
length. As the in vitro experiments were performed maintaining
several important parameters, such as temperature, pH and salt
concentration, close to physiologic conditions, our research sug-
gests that antiparallel purine-hairpins are a promising tool to al-
low sequence-specific targeting within the cell. This could be
especially useful in gene therapy, to replace point mutations oc-
curring in monogenic diseases.

P090

Gene silencing polypurine reverse hoogsteen hairpins: in vivo
effect, stability and immunogenicit

L Rodriguez, X Villalobos!, C Oleagal, ] Prévot!, N Mencia®,
CJ. Ciudad', V Noé'

ISchool of Pharmacy University of Barcelona

Gene silencing is a promising approach in cancer therapy. We
recently developed a new gene silencing tool called Polypurine
Reverse Hoogsteen Hairpins (PPRHs), which are non-modified
DNA molecules formed by two antiparallel polypurine stretches
linked by a five-thymidine loop (1). There are two types of PPRHs
capable of decreasing gene expression: Template-PPRHs, which
bind to the template strand of the dsDNA (2), and Coding-PPRHs
(3), which bind to the coding strand of the dsSDNA and the mRNA.

We evaluated the in vitro effect of PPRHs in different cancer cell
lines (PC3, MiaPaCa2 and HCT116) using survivin as a target
because of its role in the evasion of apoptosis. An in vitro screening
of several PPRHs led us to choose a Coding-PPRH against the
promoter of survivin for in vivo studies. We performed two types
of administration, either intratumorally or intravenously, using a
subcutaneous Xenograft model of prostate cancer (PC3). The
chosen PPRH induced a significant decrease in tumour volume.

We explored important properties of PPRHs, such as their
stability and immunogenicity. Stability experiments performed
in different conditions revealed that PPRHs half-life is much
longer than that of siRNAs. The innate immune response was
evaluated analyzing the levels of the transcription factors IRF3
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and NF-xB, the cleavage of Caspase-1, and the expression levels
of several pro-inflammatory cytokines: type-I interferons, TNFa,
IL-6, IL-1p and IL-18. These results indicated that PPRHs do not
activate the immune response, unlike siRNAs.

These findings represent the preclinical proof of principle of
PPRHs for in vivo approaches.

Notes and References

1. Coma S, Noé, V., Eritja, R., Ciudad, CJ. Oligonucleotides
2005 15 269-283.

2. de Almagro MC, Coma S, Noé V, Ciudad CJ, J Biol Chem.
2009 284 11579-89.

3. de Almagro MC, Mencia N, Noé V, Ciudad CJ., Hum Gene
Ther. 2011 22 451-63.
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Generation of a human reporter cell line HCT116-GFPtrunc to
test conditions that improve the frequency of gene targeting

M A Bernardi'?, R Torres'?, L Pérez'®, M Simarro?,
M A de la Fuente!”

"mstituto de Biologia y Genética Molecular (IBGM), Valladolid,
Spain; *Universidad de Valladolid, Valladolid, Spain; *Consejo
Superior de Investigaciones Cientificas (CSIC), Valladolid, Spain

Introduction: Gene targeting is a tool that uses homologous
recombination (HR) to modify an endogenous gene. HR is an
inefficient process in human cells. Thus, understanding the
mechanisms that increase the efficiency of HR is essential to
advance strategies for gene therapy.

Objectives: To generate a system consisting in a reporter cell
line and a donor adeno-associated virus (AAV2) which will allow
studying changes in HR frequency through monitoring GFP ex-
pression.

Materials and methods: GFPtrunc HCT-116 reporter cell line
was generated by co-nucleofection of a zinc finger nuclease tar-
geting AAVSI site in chromosome 19 together with a pMCS-
GFPtrunc plasmid containing a N-terminus fragment of the GFP
gene unable to express fluorescent protein.

Donor virions were produced by co-transfection of the re-
combinant plasmid, which contains the C-terminus fragment of
the sequence of the GFP required to express fluorescent protein,
together with pRC and pHelper in AAV293. Donor virions will
be then used to infect the reporter cell line.

Results and Conclusions: A reporter cell line and a donor virus
were obtained to visualize changes in GFP expression as a result of
the HR between the DNA inserted in the reporter cell line and the
sequences of the donor AAV. A 2x10~2 gene targeting frequency
was estimated by counting the number of green events under UV
microscopy. We are currently using this system to find novel
proteins and chemicals able to improve the HR frequency.

P092

Genome editing of a mouse model of the Crigler-Najjar
Syndrome

L Bockor!, A De Caneva?, F Porro®, A F Muro*
"International Centre for Genetic Engineering and Biotechnology

(ICGEB)

Crigler-Najjar Syndrome (CNSI) is a rare genetic recessive dis-
order characterised by extreme unconjugated hyperbilirubinemia,
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caused by UDP-glucuronosyltransferase 1Al (UGT1A1) defi-
ciency. High blood levels of unconjugated bilirubin can lead to
severe brain damage known as bilirubin encephalopathy or, in
extreme cases, death by kernicterus. Presently, the only known
treatments are intensive phototherapy, the efficacy of which de-
creases with time, and liver transplantation, a procedure that is not
devoid of severe complications. In order to search for new thera-
pies we are using a mouse model of the human CNSI that has a
one-base deletion in the exon 4 of the mouse Ugt1 (mlgtl) gene,
resulting in a stop codon immediately downstream of the muta-
tion. Mutant mice have high bilirubin levels and die a few days
after birth if left untreated. Recent advances in the field of site-
specific nucleases have made genome editing possible, reaching a
previously unpredictadly high frequency. As only 5-10% of nor-
mal physiological levels of UGT1A1 are sufficient to reduce bili-
rubin levels to life-compatible levels, we devised in vivo and ex vivo
strategies to repair the mutated gene. To this end we designed
Transcription Activator-Like Effector Nucleases (TALENS) that
target the mutated exon 4. We first verified their efficacy by tar-
geting the exon 4 of mUgt1al in NMuLi mouse hepatoma cell line.
To increase the efficiency of exon 4 gene editing, we are using
TALENS and oligonucleotides to repair the mutation by homology
directed repair, both in vivo and ex vivo.

P093

Targeted Integration of Transgenes in a Safe Harbor Locus
using Engineered Meganuclease and TALEN™-based
Homologous Recombination Strategies

F Rodriguez—Fornesl, O Quintana-Bustamante!, M L Lozano?,
L Cerrato', ] Eyquem?, A Gouble?, R Galetto?, L Poirot?, ] Smith’,
JC Segovial, G Guenechea?, ] A Bueren!

"Hematopoietic Innovative Therapies Division, Centro de
Investigaciones Energéticas Medioambientales y Tecnologicas/
Centro de Investigacion Biomédica en Red de Enfermedades Raras
(CIEMAT/CIBERER), Madrid, Spain; *CELLECTIS Therapeutics.
Paris. France

Gene therapy is one of the most promising treatments for
monogenic diseases, though one of its main limitations is the
potential risk of insertional mutagenesis. Recent approaches
aimed at the specific insertion of therapeutic genes in “Safe
Harbor” (SH) loci, thus limiting the impact on surrounding
genes. Here we aimed to insert an EGFP transgene in a specific
human locus (so called SH6) using engineered meganucleases
(MN) and transcription activator-like effector nucleases (TA-
LEN™). This locus is far from coding regions, regulatory se-
quences or microRNA transcription sites. In order to select the
best nuclease for its application in gene targeting strategies, we
have compared both the gene targeting efficacy at a defined SH
locus (SH6) and the toxicity of the SH6-MN and the SH6-TA-
LEN™ in immortalized HEK-293H cells. Homologous recom-
bination at the SH6 locus was achieved both by the SH6-MN and
the SH6-TALEN™, although at different efficiencies depending
on type or concentration of the respective nuclease. Additionally,
under optimized conditions, very limited toxicity was associated
to the transfection of these DNA constructs on HEK-293H cells.
The efficacy of MN and TALEN™ was also compared in primary
cord blood CD34 cells. Preliminary results showed EGFP he-
matopoietic progenitors with HR events determined by fluores-
cence and PCR analysis. Our results open the possibility of using
new safe harbor loci and specific nucleases to develop improved
gene therapy approaches based on gene editing.
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Towards TALEN mediated targeting of a safe harbour locus in
mouse models of Fanconi anemia

M]J Pino-Barrio}, S Navarro!, R Chinchon!, C Mussolino®>,
T Cathomen??, ] Bueren'

Division of Hematopoietic Innovative Therapies, Centro de
Investigaciones Energéticas Medioambientales y Tecnoldgicas and
Centro de Investigacion Biomédica en Red de Enfermedades Raras
(CIEMAT/CIBERER). Madrid, Spain; *Institute for Cell and Gene
Therapy. Freiburg, Germany; *Center for Chronic Immunodeficiency,
University Medical Center Freiburg, Freiburg, Germany.

Fanconi anemia (FA) is a rare inherited disease associated with
aplastic anemia and cancer predisposition. Mutations in any of
the 16 FA genes so far discovered can disrupt a common DNA
repair pathway, known as the FA pathway. Within the FA pa-
tients, mutations in FANCA are the most frequent (>60%), jus-
tifying that most FA gene therapy studies have been developed
with cells of this complementation group. Based on previous
studies showing the advantages of the AAVSI locus for con-
ducting homologous gene targeting strategies in humans, we
aimed to specifically insert the therapeutic FANCA gene into the
murine Mbs85 locus, homolog of the human AAVSI locus, in
murine Fanca” cells. To this end, specific TALE nucleases tar-
geting this locus were designed with the final goal to test whether
FA-A gene-edited cells would allow for the reversion of the FA
hematopoietic phenotype in this FA mouse model. We have
generated two different TALEN pairs with variations in the
RVDs towards the murine AAVSI locus, and donor constructs
harbouring the FANCA gene flanked by EGFP or tdTomato se-
lection markers. Assessment of TALEN activity by T7 en-
donucleasel assay demonstrated that both TALEN pairs were
active in mouse cell lines. In parallel to these experiments, and
because of the mild hematopoietic phenotype of the FA-A mouse
model compared to FA-A patients, we have worked towards the
development of in vitro and in vivo selection strategies to facilitate
the repopulation of gene targeted cells in Fanca” recipients. Data
showing our current achievements in this new targeting model
will be presented.

P095

Non-integrative lentiviruses stably and specifically target safe
humangene harbour by efficient recombinase-mediated
cassette exchange

R Torres', A Garcia!, M ]imenezl, S Rodriguez L JC Ramirez’

"Foundation CNIC. 28029 Madrid SPAIN

Optimized gene transfer into human cells are still challenging
the promise of human stem and induced pluripotent stem cells
as resources for disease models, diagnostic screens, and per-
sonalized cell therapy. These potential applications require
precise control of the spatio-temporal action of gene switches
and the coordinate regulation of modulators, effectors and dif-
ferentiation factors during pluripotency, differentiation and
homeostasis. Most studies require identical transgene environ-
ments for comparable analysis; however, this cannot be
achieved by standard methods for transgenesis in human cells
due to unintended epigenetic modifications, genetic instability,
dose-dependent effects, and disruption or activation of host
genes. Although gene targeting can circumvent these problems,
human cells have proved difficult to target, and there is
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therefore a need to develop tools for targeted transgenesis at
efficiencies similar to those achieved in mice. We present a
simple strategy, KASTRINA 2.0, for reliable transgenesis in
human cells, based on targeted recombinase-mediated cassette
exchange and the safe episomal status conferred by integrase-
deficient lentivirus (IDLV). By driving limited cre recombinase
expression, the IDLV yields single site-specific recombination of
a selectable donor cassette (TRINA) at the ‘safe harbour’ AAVS1
locus previously edited by zinc-finger nuclease to contain an
acceptor site (KAS 2.0).

P096

Gene editing of CFTR and CTNS mutations using ZFNs and
CRISPr/Cas-9 guide RNAs

T A. Hollywoodl, C M. Lee?, K KaschigS, R Flynn,
P Artemiuk, M F. Scallan, P T. Harrison

"Department of Physiology *Department of Microbiology
SUniversity College Cork Ireland

Cystic fibrosis is characterised by defective secretory epithelial
affecting mutliple organs and is caused by mutations in CFTR.
Cystinosis is a lysosomal storage disorder characterised by end
stage renal disease and is caused by mutation in CTNS. Attempts
to treat both diseases by cDNA addition have not been successful;
gene editing could potentially be used for both these disorders.

We have described repair of disease-causing mutations in
CFTR (Lee et al., 2012) and targeting of CTNS (Kaschig et al., 2011)
using ZFNs and TALENs. Here, our goal is to establish cDNA
based mini-gene recombination to repair a wide range of muta-
tions and/or tag genes with GFP using existing nucleases and
newly created CRISPR/Cas9 gRNAs.

To repair CFTR mutations, a mini-gene was constructed
comprising splice acceptor, exon 10-24 CFTR cDNA, T2A and
GFP with flanking homology arms and transfected with our ex-
isting CFTR-specific ZFNs or CRISPR/gRNAs in a human tra-
chael epithelial cell-line homozygous for CFTR AF508. GFP
expression was only observed when donors were co-transfected
with ZFNs or gRNAs/Cas9 indicating successful recombination.

To monitor the trafficking of the CTNS gene product ex-
pressed from its endogenous locus, we have designed CRISPR
gRNAs to cleave exon 12 to enable the in-frame incorpration of
the GFP cDNA. Analysis of PCR products generated from
modified genomic DNA will be analysed by next gen sequencing
to confirm the frequency of recombination.

Successful CFTR and CTNS correction would result in normal
spatiotemporal expression of these genes, and should last the
lifetime of the cell. This methodology is compatible with existing
clinically approved delivery methods, and could serve as an al-
ternative strategy to cDNA addition for gene therapy.

Lee CM et al., 2012. Bioresearch Open Access 1:99-108.

Kaschig K et al., 2011. Human Gene Therapy 22: A1-A138.
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Modification of lentiviral vector surfaces using molecular
painting

F Kochan?, S Heider!, S Schéchtner!, E Sperll, S Kleinbergerl,
J A. Dangerfield?, C Metzner'

"Institute of Virology, University of Veterinary Medicine Vienna,
1210 Vienna, Austria; *Anovasia Pte Ltd, Singapore 198888,
Singapore
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Manipulation of lentiviral vector surfaces is useful for three
main reasons: (i) easier preparation and/or detection of the
vector particles, (ii) modulation of the immune response of the
target organism and (iii) targeted attachment to and subsequent
infection of cells. We have developed a method, termed Mole-
cular Painting, which transfers functional protein onto retro- or
lenti-viral particles post-exit, using proteins carrying post-
translationally added glycosylphosphatidylinositol (GPI) an-
chors. We could demonstrate that viral particles acquired novel
protein species responsible for facilitating the fields of applica-
tion mentioned above: both green and red fluorescent markers
could be attached, as well as factors stimulating or inhibiting
immune functions (Interleukin 2, CD55, CD59). Additionally,
the ability of GPI-anchored ligands, such as epidermal growth
factor (EGF), to induce changes in attachment behavior to fa-
cilitate targeted infection of specific cell types is being tested.
Experiments for functional proof-of-principle of these modifi-
cations are currently ongoing and we believe that this quick and
flexible method holds great promise as a platform technology
for the fine-tuning of lentiviral vectors, both in biomedical and
research settings.

P098

CD19 and CD20 targeted vectors induce minimal activation of
resting B lymphocytes

Q Zhou?, S Kneissl}, M Schwenkert?, F Cosset’, E Verhoeyen3,
C J. Buchholz!

'Molecular Biotechnology and Gene Therapy, Paul-Ehrlich-Institut,
Langen, 63225, Germany; 2AbD Serotec, A Bio-Rad Company,
Puchheim, 82178, Germany; 3CIRI, International Center for
Infectiology Research, EVIR team, Inserm U1111, CNRS, UMR5308,
Université de Lyon, Lyon, 69007, France

B lymphocytes are an important cell population of the immune
system. However, until recently it was not possible to transduce
resting B lymphocytes with retro- or lentiviral vectors, making
them unsusceptible for genetic manipulations by these vectors.
Lately, we demonstrated that lentiviral vectors pseudotyped
with modified measles virus (MV) glycoproteins hemagglutinin,
responsible for receptor recognition, and fusion protein were able
to overcome this transduction block. They use either the natural
MV receptors, CD46 and signaling lymphocyte activation mole-
cule (SLAM), for cell entry (MV-LV) or the vector particles were
further modified to selectively enter via the CD20 molecule,
which is exclusively expressed on B lymphocytes (CD20-LV).
Here, we generated a vector specific for another B lymphocyte
marker, CD19, and demonstrated that this vector (CD19ds-LV)
was able to transduce unstimulated B lymphocytes, albeit with a
reduced efficiency compared to CD20-LV. Since CD20 as well as
CD19 are closely linked to the B lymphocyte activation pathway,
we investigated if engagement of CD20 or CD19 molecules by the
vector particles induces activating stimuli in resting B lympho-
cytes. Although, activation of B lymphocytes often involves cal-
cium influx, we did not detect elevated calcium levels compared
to background. However, the activation marker CD71 was up-
regulated upon CD20-LV transduction. Importantly, B lympho-
cytes transduced with CD20-LV or CD19ds-LV entered the G1
phase of cell cycle, whereas untransduced or MV-LV transduced
B lymphocytes remained in GO. Hence, CD20 and CD19 targeting
vectors induce activating stimuli in resting B lymphocytes, which
most likely renders them susceptible for lentiviral vector trans-
duction.
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P099
Targeting the kidney with in vivo phage display
P Celec!, E Lengyelova', ] Babickova', L Téthova'

"Comenius University

Increased prevalence of renal diseases and therapeutic def-
icit makes molecular approaches to the therapy highly needed.
Gene therapy of renal diseases is complicated by the difficult
accessibility of the kidney. Targeting the renal vasculature us-
ing homing peptides would be a way to restrict gene therapy
toweards the kidney. In vivo phage display can identify li-
gands for organ-specific receptors of the endothelium. The aim
of this study was to identify specific binding peptide sequences
in renal cortical blood vessels using in vivo phage display.
Three rounds of in vivo phage display panning were per-
formed in C57BL/6 mice. Heptapeptide phage library was
administered intravenously into the tail vein. Phages were re-
covered from the renal cortex and used for subsequent rounds
of panning. After the third round the phage with the peptide
HAQLPMP was most abundant. The binding ability of the
selected phage to cortex was confirmed by comparison with the
unselected phage library. In further experiments the identified
peptide sequence will be used for targeting transgenes to the
renal cortex.

P100

Increasing the repertoire: framework engineering of a CD30-
specific scFv enables targeted gene delivery to iPS cells

T Friedel', S Klawitter?, L ] Diirner’, H Abken®*, A Sebe?, Z Ivics?,
G G Schumann?, I C Schneider!, C J Buchholz!

Molecular Biotechnology and Gene Therapy, Paul-Ehrlich-Institut,
Langen, 63225, Germany; *Medical Biotechnology, Paul-Ehrlich-
Institut, Langen, 63225, Germany; >Antibody Engineering Group,
Roche Glycart AG, Schlieren, 8952, Switzerland; *Center for
Molecular Medicine and Tumor Genetics, Clinic I Internal Medicine,
University of Cologne, Cologne, 50931, Germany

Restricting gene transfer to the relevant cell type by cell entry
targeting of retroviral vectors is a key issue to achieve efficient
in vivo gene transfer. We developed a flexible and highly specific
targeting method for lentiviral vectors (LVs) relying on the rec-
ognition of cell surface antigens by single-chain antibodies (scFv).
Proper folding of the scFv being fused to the C-terminus of the
measles virus (MV) hemagglutinin (H) is essential for its trans-
port to the cell surface and the efficient incorporation into vector
particles.

From about 30 different scFv tested so far about half were
non-functional as targeting domain, usually due to inefficient
cell surface expression as H-scFv fusion protein. To convert a
CD30-specific scFv into a targeting-compatible scFv we identi-
fied amino acid residues in its framework regions potentially
critical for stability and folding. A series of scFv variants was
then generated and characterized. While the framework modi-
fications did not impair the affinity of the optimized scFv for
CD30 they increased the melting temperatures. The optimized
H-scFv variants showed an improved surface expression and,
compared to the original scFv, an up to 100-fold increase in titer.
CD30-LV was absolutely specific for CD30-positive cells and
mediated stable gene transfer. Interestingly, when added to iPS
cell cultures exclusively Oct-4 positive iPS cells were trans-
duced.
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Framework engineering of scFv can increase the repertoire of
targeting ligands for LVs and may lead to an optimized universal
scFv framework. CD30-LV may become a novel tool for opti-
mized gene transfer into iPS cells.

P101

Development of a Myeloid cell-binding Adenovirus for the
potential gene therapy of alpha-1 anti-trypsin deficiency

M Buggi01, C Towe?, D T. Curiel'

"Division of Cancer Biology, Department of Radiation Oncology and
the Biologic Therapeutics Center, Washington University School of
Medicine, St Louis, MO, USA; *Department of Pediatrics,
Washington University School of Medicine, St Louis, MO, USA

Alpha-1 anti-trypsin (A1AT) deficiency lung disease repre-
sents an ideal candidate for definitive gene therapy treatment. As
the liver is the major locale for A1AT synthesis, the majority of
gene therapy approaches have been directed towards induction
of functional wild type A1AT within hepatocytes. Despite the
diverse range of gene therapy strategies applied, the levels of
serum AIAT achieved have not been sufficient to correct the
elastase/anti-elastase balance within the lung. To this end, we
hypothesized that in vivo gene delivery to pulmonary endothe-
lium could provide A1AT augmentation of Epithelial Lining
Fluid (ELF) more effectively than liver-based transduction
methods.

To re-target the expression of transgene in the lung, the knob
domain of Ad5 has been successfully modified genetically in
our lab. We have identified a novel peptide sequence called
myeloid binding peptide (MBP) which increases the lung tar-
geting. Based on this we created a recombinant adenovirus
expressing A1AT with MBP in the fiber protein (AdMBPA1AT).
When we injected this Ad systemically in mice we saw a high
expression of the transgene in the serum in comparison to the
control Ad expressing A1AT without MBP in the fiber protein.
In order to confirm that the AAMBPAT1AT localizes to the lung,
we analyzed viral copy number using total DNA extracted from
the organs of mice by qPCR and the expression of the protein in
serum and ELF. Our strategy will test the hypothesis that A1IAT
deriving from the pulmonary endothelium can augment more
effectively ELF A1AT to provide a corrective anti-elastase
screen.

P102

Reduction of liver transduction by fiber-modified Ad
following their strong uptake by Kupffer cells

N Raddi!, F Vigantl, C Bressyl, J Paulo Portela Catani?,
O Bawa?, P Opolon® & K Benihoud"

ICNRS UMR 8203, Vectorologie et thérapeutiques anticancéreuses,
Institut Gustave Roussy, 114 rue Edouard Vaillant, 94805 Villejuif
Cedex, France; *Unité de pathologie expérimentale de 'IRCIV, Institut
Gustave Roussy

Adenovirus 5 (Ad5) use in gene therapy is hampered by its
strong liver tropism associated with hepatotoxicity. Ad hexon
protein binding to blood factor X was shown to be responsible for
hepatocyte transduction via heparan sulphate proteoglycans re-
ceptors. Unexpectedly, Ad5 pseudotyping with the fiber from
serotype 3 results also in a significant reduction of liver trans-
duction.
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To understand how fiber modification affects in vivo Ad5 tro-
pism, we characterized in vivo behaviour of fiber-modified Ads
using two pseudotyped viruses bearing whole (AdF3) or only the
shaft (AdS3K5) of Ad3 fiber. Two days after their systemic deliv-
ery, both fiber-modified Ads led to a reduction of transgene ex-
pression and viral DNA content in liver and spleen. For both
viruses, liver viral DNA content was comparable to Ad5 at 1h p.i.
demonstrating an unmodified liver uptake. In addition, hepatocyte
transduction was dramatically decreased, after depletion of factor
X, thereby indicating that fiber-modified Ads are still able to use FX
for liver transduction. The ability of fiber-modified Ads to bind FX
was confirmed by slot blot and ELISA and both viruses were able
to use FX to increase CHO cell transduction in vitro. Remarkably,
Kupffer cell depletion either by predosing or liposomes-clodronate
treatment restored transgene expression level of AdF3 and
AdS3K5, thus demonstrating their stronger uptake by Kupffer cells
compared to Ad5. Interestingly, both fiber-modified Ads transduce
tumours xenografted on nude mice as efficiently as Ad5.

Altogether, our findings contribute to a better understanding
of the role of the fiber protein in controlling Ad biodistribution in
the liver.
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A role for NIK (NFkB Inducing Kinase) in the response of
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HSCs are characterized by self-renewal and multipotential
capacity. We studied the role of the alternative NFkB pathway to
maintain hematopoiesis in steady state and after stress condi-
tions. We used aly/aly mice, which present deficit at the alterna-
tive NFkB pathway because of a spontaneous mutation in the
NFkB Inducing Kinase, NIK. We analyzed the blood cell counts,
bone marrow cellularity, presence of different lineages in pe-
ripheral blood (PB) and myeloid progenitors content. Except for
the already reported defects in B-cell maturation, the steady state
hematopoiesis in aly/aly mice was essentially normal. The deep
analysis of the HSC compartments [LSK phenotype (Lin-Scal
cKit); LT-HSC (LSK CD34-CD135-) and ST-HSC (LSK CD34
CD135-) and SLAM population (LSK CD34-CD135-CD150 CD48-)],
showed lower contents of LT-HSC in NIK-deficient mice versus
controls. We observed an impaired competitive repopulation
capacity of aly/aly HSC in primary transplants, and confirmed
this result upon secondary transfer. Thus, NIK-deficient HSCs
have an impaired capacity to cope with stressful situations. Lin-
HSCs from aly/aly mice showed a defect in their proliferation
capacity in in vitro cultures, compared to that of wild type (wt)
HSCs. This defect was not due to higher levels of apoptosis
among NIK-deficient HSCs. However, NIK-deficient HSCs nee-
ded longer time than wt HSCs to complete rounds of cell divi-
sion, as found in CFSE-dilution studies. Since NIK can transduce
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signals through p100/p52 or through c-Rel, we investigated the
pathway downstream NIK in HSCs. All the defects described for
the NIK-deficient HSCs were recapitulated using HSCs from a
NFkB2-deficient mouse, but not with a cRel-deficient one. Our
results suggest that the alternative NF-kB pathway has an im-
portant role in the response of HSC to stress.
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SCL/TAL1 enhances megakaryocytic specification from
human embryonic stem cells by activating a complex
megakaryocytic transcriptional network
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Human embryonic stem cells (hESCs) are an exceptional
in vitro model to study human developmental biology. Moreover,
hESCs have become a potential source for cell replacement strat-
egies. Lately, the production of human platelets from hESCs is
acquiring relevance as a promising strategy for therapeutic use.
The molecular mechanisms that control megakaryocytic differen-
tiation from cord blood hematopoietic stem cells are well under-
stood. However, the regulators of the in vitro megakaryocytic
specification from hESCs are still undefined. We have recently
shown that SCL overexpression accelerates the emergence of
hemato-endothelial progenitors from hESCs and promotes sub-
sequent differentiation into blood cells with higher clonogenic
potential. We thus hypothesized that SCL may potentiate mega-
karyocytic commitment from hESCs. In this study, we showed
that ectopic SCL expression enhances the appearance of mature
megakaryocytes and platelets in vitro. SCL- overexpressing cells
and derived platelets respond to different activating stimuli (ADP,
fibrinogen coating or thrombin) similarly to their control coun-
terparts. Importantly, analysis of early megakaryocytic precursors
demonstrated that SCL overexpression accelerated their appear-
ance and increased their commitment during the embryonic body
differentiation stage. Gene expression profile analysis of these
precursors showed that SCL-overexpressing cells contained a
megakaryopoietic molecular signature. Bioinformatics analysis
using the Connectivity Map tool showed that SCL-overexpression
mimicked the effects induced by thricostatin A (TSA), a histone
deacetylase inhibitor (HDI). Finally, we confirmed that TSA
treatment promoted megakaryocytic precursors emergence. We
propose the manipulation of megakaryocytic transcriptional reg-
ulators, such us SCL, and the use of HDIs as a tool to improve
human platelets” generation from hESCs.
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Transcriptional repression of Bmp2 by cell cycle inhibitor p21
links quiescence to neural stem cell maintenance in the
subependymal niche
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Relative quiescence and self-renewal are defining features
of adult stem cells, but their potential coordination remains
unclear. Subependymal neural stem cells (NSC) lacking the cyclin-
dependent kinase (CDK) inhibitor (CKI) p21WAF1/ GPl exhibit ra-
pid expansion that is followed by their permanent loss later in life.
Here we demonstrate that bone morphogenetic protein 2 (Bmp2)
transcription in NSCs is under the direct negative control of p21,
through actions that are cell cycle-independent. Loss of p21 in
NSCs results in increased levels of secreted BMP2 which induce
premature terminal differentiation of multipotent NSCs into ma-
ture non-neurogenic astrocytes in an autocrine/paracrine manner.
We also show that the cell non-autonomous p21-null phenotype is
modulated by the Noggin-rich environment of the subependymal
niche. The dual function described here provides a physiological
example of combined cell autonomous and non-autonomous
functions of p21 with implications in self-renewal, linking relative
quiescence of adult stem cells to their longevity and potentiality.
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The role of RUNXIc in hematopoietic specification from
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The elucidation of the molecular determinants that orchestrate
hematopoietic differentiation of human embryonic stem cells
(hESCs) has immense implications not only in future potential
cell therapies but also in developmental hematopoiesis and dis-
ease modeling. The transcription factor RUNX1 has multiple
transcripts originated from two different promoters and by al-
ternative splicing. The three main isoforms are denominated
RUNXI1a, b and c. Runx1 deficient mice die during early em-
bryogenesis (E11.5- E12.5) due to inability to establish definitive
hematopoiesis. We thus hypothesized that RUNX1 may be a
master regulator during human embryonic hematopoietic de-
velopment. In this study, we analyzed the expression of the three
main RUNX1 isoforms throughout hematopoietic differentiation
of hESCs. As previously described, all three isoforms are ob-
served in hematopoietic derivatives (CD45). Interestingly,
RUNXIc is exclusively expressed in hemato-endothelial pro-
genitors (CD31 CD34 CD45-), suggesting an essential role in the
emergence of this specific early pre-hematopoietic population.
Consequently, constitutive expression of RUNX1c in hESCs en-
hances the appearance of hemato-endothelial progenitors and
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promotes subsequent differentiation into primitive (CD34 CD45)
and total (CD45) bloo cells. Furthermore, these hematopoietic
derivatives exhibit higher clonogenic (CFU) potential. RUNX1c
specific deletion using TALEN technology did not affect hemato-
poietic potential of hESCs. Importantly, shRNA-based silencing
of all endogenous RUNXI1 isoforms impairs hematopoietic
differentiation of hESCs, demonstrating the early hematopoiesis-
promoting role of RUNX1 during human development. Un-
fortunately, RUNXIc over-expression does not confer in vivo
engraftment to hESC-derived hematopoietic cells, suggesting that
additional genes participates in the process leading to the gener-
ation of definitive functional hematopoiesis from hESCs in vivo.
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Clinical interest on human Mesenchymal Progenitor Cells
(hMPC) relies on their potential applicability in cell-based ther-
apies. An in vitro characterization is usually performed in order
to define MPC potency. However, in vitro predictions not always
correlate with in vivo results and thus there is no consensus in
how to really assess to define cell-potency. Our goal was to
provide an in vivo testing method to define cell behavior before
therapeutic usage. Focused on bone tissue engineering applica-
tions, we wondered whether hMPCs would proceed in a osteo-
genic microenvironment.

Based on previous ectopic ossicle formation approaches, we
developed a fibrin/ceramic/BMP-2/hMPCs compound and we
implanted it subcutaneously in NOD-SCID mice during only 2
weeks. Then we assessed by fluorescent cell-labeling and by
human-specific immunohistochemistry the cell differentiation to
bone, bone marrow, cartilage and fibrous tissue.

Seven bone marrow-derived hMPCs primary cultures were
tested. Some of them undergo differentiation in osteoblast, cal-
cified cartilage and adipocytes, while others were not able to
differentiate to all of mentioned tissues. These data indicate dif-
ferences in cell-potential between tested hMPCs. Additionally we
implanted other primary hMPCs derived from adipose tissue
and mobilized peripheral blood. Our data indicates that pre-
sented method is reliable, rapid and reproducible to define
hMPCs potency. Primarily it would be useful for testing those
cells destined to bone tissue engineering purposes. However it
seems also useful for testing any potentially implantable mes-
enchymal cells and also for other purposes, as could be bone
marrow niche and also bone tumor studies.
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marrow, peripheral blood and umbilical cord blood under
serum-free conditions by co-culture with plastic adherent or
CD271+ mesenchymal stromal cells
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Introduction: Hematopoietic reconstitution after hematopoi-
etic stem cell (HSC) transplantation may be delayed in patients
for whom limited numbers of HSCs are available. Ex vivo HSC
expansion could be used in these cases. Here, we compare the
effects of Stem Cell Factor/Thrombopoietin/Insulin growth
factor-binding protein-2/Flt3Ligand/Angiopoietin-like 5 (STI-
FA5) with or without Interleukin (IL)-3/6 or Hepatocyte growth
factor (HGF), in presence or absence of plastic adherent (PA) or
CD271 Mesenchymal Stromal Cells (MSCs) for the optimization
of HSC expansion.

Materials and Methods: Bone marrow (BM) PA-MSCs and
magnetically isolated CD271 MSCs were expanded up to passage
3 (P3) in DMEM-LG/MCDB201 supplemented with 10% batch-
selected heat inactivated FBS, 1% penicilline/streptomycin and
2mM L-Glutamine. CD34 cells were magnetically isolated from
BM, peripheral blood (PB) stem cell collections or umbilical cord
blood (UCB). Cells were analysed for immunophenotype and
colony assays at day 0, 7 and 10.

Results: Culture of BM CD34 HSC in serum-free medium
supplemented with STIFA5 resulted in maintenaince of highest
percentages of early CD34 /CD38- cells, whereas culture in
presence of PA-MSCs or CD271 MSCs resulted in a shift towards
more mature CD34 /CD38 cells. However, in terms of absolute
numbers, expansion of CD34 /CD38- and CD34 /CD38 cells, as
well as total colony numbers (CFU-GM, BFU-E, CFU-GEMM),
was the highest after co-culture with CD271 MSCs, followed by
co-culture with PA-MSCs and least in HSCs cultures without
MSCs at day 7 and 10. Addition of IL-3/6 to PB CD34 cultures
resulted in less expansion, whereas addition of HGF to UCB
CD34 cultures resulted in increased expansion of CD34 /CD38-
cells, but only in cultures in absence of PA-MSC or CD271 MSC
feederlayers.
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The subependymal zone (SEZ) of the adult murine brain is a
very active neurogenic niche in which a relatively quiescent
population of radial glia/astrocyte-like GFAP neural stem cells
(NSC) continually produce new neurons and oligodendrocytes.
Although some intrinsic determinants are known to regulate
stem cell division, the observation that stem cells can respond to
excessive cellular demand in pathological situations or after
traumatic injury suggests that signals present in their microen-
vironment or niche contribute to the regulation.

Tumor necrosis factor (TNF) has been characterized as a pro-
inflammatory cytokine prototypically involved in the innate
immune response, but it is a multifunctional protein with a broad
range of activities in different systems. Although TNFu is char-
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acteristically produced by immune cells, it is also expressed in
many other cell types. In the adult brain, TNFx is produced by
microglia and infiltrating macrophages, but can also be produced
by astrocytes and neurons upon injury. Increasing evidence in-
dicates that immune cells and immunological mediators modu-
late neurogenesis. In this context, effects of pro-inflammatory
cytokines that are produced under non-physiological conditions,
such as irradiation, inflammation, status epilepticus or stroke, on
neurogenesis have been described. However, their effects ap-
peared sometimes contradictory, suggesting potentially distinct
effects depending on the cell or receptor type involved. TNFo
interaction with the TNF-R1 generally triggers apoptosis and
cytotoxicity whereas engagement of the TNF-R2 is usually as-
sociated with cell protection and proliferation.

TNFo receptors knock-outs exhibit alterations in neurogenesis
in the dentate gyrus under basal conditions, indicating that en-
dogenous TNFo might regulate neurogenesis in this niche. In the
present work, we have evaluated the involvement of TNFu sig-
naling in the SEZ by analyzing the role of the two TNFa recep-
tors, both in vivo and in vitro neurosphere cultures. We find that
each receptor mediates a different biological response under
physiological conditions and upon inflammation.
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Resident neural precursor cells (NPCs) have been reported for
a number of adult tissues. Understanding their physiological
function or, alternatively, their activation after tissue damage or
in vitro manipulation remains an unsolved issue. Here we in-
vestigated the source of human dermal NPCs in the adult. By
following an unbiased, comprehensive approach of cell surface
marker screening, cell separation, transcriptomic characteriza-
tion and in vivo fate analyses, we found that p75 Sox2 dermal
stem/precursor cells of human trunk skin can be traced back to
the Schwann cell (CD56) and pericyte lineages (CD56-), which
seem to be developmentally interrelated. Moreover, neural dif-
ferentiation of dermal stem/precursor cells was restricted to the
Schwann-like cells. These cells were similarly obtained from
human heart stromal tissue. We postulate a model by which
neural competence of connective tissue stem/precursor cells is
dependent on Sox gene expression levels. We further hypothesize
that Sox2 resident precursors arise by dedifferentiation of
Schwann cells at peripheral nerve endings of multiple organs.
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The imprinted Insulin-like growth factor 2 (Igf2) gene is not
imprinted in the choroid plexus and leptomeninges of the brain.
Using an Igf2-reporter mutant mouse, we address the relation-
ship between Igf2 imprinting and adult neurogenesis in the
subventricular zone (SVZ) and hippocampus in vivo. Paracrine
IGF2 functioning as a CSF-derived neurogenic factor requires
biallelic expression with reduced activation of the stem cell pool
in the SVZ and impaired olfactory bulb (OB) neurogenesis in
mutants. In contrast, in the hippocampus Igf2 is imprinted, and is
an autocrine factor that is paternally expressed in the NSCs
themselves. Reduction in the stem cell population is observed in
the dentate gyrus (DG) but only when the Igf2 mutation is pa-
ternally transmitted. Our data also show that biallelic Igf2 ex-
pression may control the dosage of paracrine IGF2 which is taken
up by the NSCs in the SVZ via activation of insulin receptor (IR)
and/or insulin growth factor 1 receptor (IGF1R). In the DG the
action of imprinted autocrine IGF2-signalling likely involves a
different mechanism. Our findings emphasize the importance of
selective imprinting in the control of adult neurogenesis, and
indicate that a regulatory decision to imprint or not may be an
important functional mechanism of dosage control.
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Introduction: Amniotic membrane (AM) is actually being
considered as an excellent alternative source for obtaining multi-
potent mesenchymal stem cells (MSCs). AM-MSCs possess a
high proliferative potential and immuno modulatory properties,
as well as low immunogenicity and tumorogenicity in vivo.
These cells have been previously used in animal models under-
lying their potential application in cell therapy. Our aim was to
study the rabbit AM-MSC immunophenotype, growth and
multipotent differentiation in order to its further application in
cellular therapy of multiple diseased tissues.

Methods: To confirm the immunophenotype of the isolated
AM-MSCs, these cells were analyzed to determine the expression
of CD90, CD44, CD45, CD34 and HLA-DR by flow cytometry. To
analyze the proliferation of AM-MSC, cells were seeded at dif-
ferent concentrations and allowed to grow for 7 days at 37°C.
Proliferationrate was determined by BrdU incorporation. AM-
MSCs were analyzed with respect to their ability to differentiate
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into adipocytes and osteoblasts. Cells were put in culture with cell-
specific differentiation medium and the presence of differentiated
cells was demostrated by Oil Red O or Alizarin Red staining.

Results: AM-MSCs analyzed were mostly positive for CD90
(98.3%) and CD44 (99.8%) and negative for CD45 (1.2%), CD34
(0.8%) and HLA-DR (4%). Regarding its growth, cells reached the
confluence after 3-5 days. AM-MSC differentiated into adipo-
cytes and osteoblast as demonstrated by the presence of Oil Red
O and Alizarin Red staining.

Conclusions: Rabbit amniotic membrane is a promising
source for obtaining MSCs for further applications in animal
models of disease.
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Aiming to find a source of nerve cells for transplantation, vari-
ous reports have described induction of “neural like” characteris-
tics from mesenchymal cells in culture by using diverse cocktails of
molecules. Most of those studies were based on the expression of
typical neural markers, like f-tubulin III for neurons, GFAP for
astrocytes, galactocerebroside for oligodendrocytes or nestin for
neural stem cells. In our attempts to reproduce such results, we
found that not only those markers, but a whole repertoire of spe-
cialized neural molecules were already spontaneously expressed
by ADSCs in growing culture conditions (xMEM 20% FBS). Be-
sides the above mentioned molecules, ADSCs were positively
immunostained for neuronal markers (NeuN, NSE, PGP9.5),
neuronal cytoskeleton proteins (MAP1b, MAP2a b, Tau, o-inter-
nexin, peripherin, GAP-43) synaptic vesicles (synaptophysin,
chromogranin A), transmitters (CGRP, VIP, somatostatin, neuro-
peptide Y), neural development markers (doublecortin, neuroD,
SLUG) and oligodendrocyte markers (MBP, olig2, MOG, CNPase).

Western blot analysis confirmed the immunocytochemical find-
ings. However, in some instances, the cellular location of these an-
tigens did not correspond to their usual distribution in neural cells,
which suggest that they accomplish a different function. The tested
“neural induction” strategies (including combinations of retinoic
acid, dibutyril cAMP, PDGF, FGF2, NT4 and/or neurobasal me-
dium B27 supplement) had an effect on the morphology of ADSCs
in culture but did not differentiated them into functional neurons
nor into myelinating glia. We interpret the expression of neural
molecules in ADSCs not as the substrate for their neural potential
but as the capacity of these mesenchymal cells to present a great
repertory of antigens meant for immunomodulatory purposes.
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The emerging field of tissue engineering and regenerative
medicine is a multidisciplinary science, based on the combination
of a reliable source of stem cells, biomaterial scaffolds and cyto-
kine growth factors. Adult mesenchymal stem cells are consid-
ered to be important cells for applications in this field and
adipose tissue has revealed to be an excellent source of them.
Indeed, Adipose derived Stem Cells (ASCs) can be easily iso-
lated from the stromal vascular fraction (SVF) of adipose tissue.
During the isolation and propagation of murine ASCs we ob-
served the appearance of a spontaneously immortalized cell
clone, named m17.ASC. This clone has been propagated for
more than 180 passages and stably expresses a variety of
stemness markers, such as Sca-1, c-kit/CD117, CD44, CD106,
islet-1, nestin and nucleostemin. Furthermore these cells can be
induced to differentiate towards osteogenic, chondrogenic,
adipogenic and cardiogenic phenotypes. m17.ASC clone dis-
plays a normal karyotype and stable telomeres, does not pro-
liferate when plated in soft agar, nor give rise to tumors when
injected subcutaneously in NOD/SCID-g™" mice. The analysis
of gene expression highlighted transcriptional traits of SVF
cells. m17.ASCs were genetically modified by lentiviral vectors
carrying GFP as a marker transgene and efficiently engrafted in
the liver, when injected in the spleen of NOD/SCID-g™"
monocrotaline-treated mice.

These results suggest that this non-tumorigenic spontaneously
immortalized ASC line may represent a useful tool (cell model) to
study the differentiation mechanisms involved in tissue repair as
well as a model for pharmacological/toxicological studies.
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Administration of ex vivo expanded mesenchymal stromal
cells (MSCs) represents a promising therapy for regenerative
medicine and autoimmunity. Both mouse and human MSCs
ameliorate autoimmune disease in syn-, allo- and xenogeneic
settings. However, MSCs preparations are heterogenous which
impairs their therapeutic efficacy and endorse variability be-
tween experiments. This heterogeneity has also been a main
hurdle in translating experimental MSCs data from mouse
models to human patients. The objective of the present manu-
script is to further characterize murine MSCs (mMSCs) with the
aim of designing more efficient and specific MSC-based thera-
pies. We have found that mMSCs are heterogeneous for endoglin
(CD105) expression and that this heterogeneity is not due to
different stages of MSC differentiation. CD105 is induced on a
subpopulation of mMSCs early upon in vitro culture giving rise
to CD105 and CD105” MSC. CD105 and CD105 cells represent
independent subpopulations that keep their properties upon
several passages. CD105 expression on CD105 mMSCs was
affected by passage number and confluence while CD105
mMSCs remained negative. The CD105 and CD105" mMSCs
sub-populations had similar growth potential and maintain al-
most identical mMSCs markers (CD29 CD44 Scal MHC-I and
CD45CD11b"CD31") but varied in their differentiation and im-
mune-regulatory properties. Interestingly, CD105-mMSCs were
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better at T cell suppression and more prone to differentiate into
adipocytes and osteocytes than CD105 mMSCs. Based on these
studies we propose to redefine the phenotype of the mMSCs
based on CD105 expression.
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Introduction: Bone marrow (BM) multipotent mesenchymal
stromal cells (MSCs) have the capacity to differentiate into adi-
pogenic, osteogenic and chondrogenic lineage. MSCs are readily
isolated from BM mononuclear cell fractions based on their ca-
pacity to adhere to culture plastics. However, plastic adherent
(PA) MSCs generally consist of a heterogenous cell population.
Prospective isolation of MSCs is hampered by the absence of
MSC-specific antibodies. Recently the CD271 antigen (Low af-
finity Nerve Growth Factor Receptor) has been identified on
MSCs with colony forming (CFU-F) capacity. Here, we charac-
terized prospectively isolated CD271 BM-MSCs and compare
these with PA-MSCs.

Materials and Methods: CD271 positive cells were isolated
from BM mononuclear cells using magnetic beads (Miltenyi
Biotec) and plated in DMEM-LG/MCDB201 medium supple-
mented with 10% FBS-HI, 1% pen/strep and 2 mM L-Glutamin.
Cells were cultured up to passage 3 and then used for analysis of
immunophenotype, differentiation capacity, and support as fee-
der layer for CD34 hematopoietic stem cells.

Results: BM-MNC fractions contained on average 2,3+1,2%
CD271 cells. Recovery of CD271 cells after isolation ranged from
0,0 - 1,85% of total cells and resulted in an average level of
61,5+23,8% CD271 cells, of which about 10% qualified as non-
hematopoietic CD271 /CD45- cells. CFU-F capacity of PA-
MSCs was 23+20/10° plated cells versus 884 +750/10° plated
CD271 /CD45- cells for CD271 cultures (p <0,05). Upon culture,
the CD271 antigen was rapidly downregulated to 1,3% (0,2 -
4,2%). Similar to PA-MSC, CD271 MSCs abundantly expressed
CD29 (97,3%), CD44 (78,6%), CD73 (98,5%), CD90 (96,6%),
CD105 (93,5%) and CD166 (77,9%), and were negative for he-
matopoietic (CD14, CD45, CD34) and endothelial cell markers
(CD31). CD271 cells showed adipogenic and osteogenic differ-
entiation potential similar to PA-MSCs and similar or better
capacity to support hematopoiesis in vitro. In conclusion, CD271
isolation is an effective method to enrich for multipotent MSCs
from BM.
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Human placenta-derived multipotent messenchymal stem
cells exhibit unique features that make them ideal candidates
for cancer and wound healing therapies

E H de Laorden!, F M Garzén!, P M Duquel, MC Turpinl,
M Quintanilla?, E Martin?, M I Badiola®

"Universidad Francisco de Vitoria, Pozuelo de Alarcén, Madrid,
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Placenta tissue is studied as an important reservoir of stem
cells with great potential in regenerative medicine and cell
therapy because of its unique features: phenotypic plasticity,
immunomodulatory properties and ease of isolation procedure.
This application involves: removal of cells from a donor, cell
expansion in culture, administration to the recipient and mi-
gratory capacity of cells toward injury in vivo. In vitro cell cul-
ture is a tricky step since cells must overcome a “traumatic”
situation preserving all its characteristics and properties. This
work has focused in determining whether human placenta
messenchymal stem cells (phMSCs) maintain their specific
phenotypic and genotypic profile and multipotent properties
when expanded in culture. Moreover, we studied phMSCs mi-
gratory potential in vitro and in vivo. Our group characterized
phMSCs further culture amplification from a genotypic, phe-
notypic and functional standpoint. We monitored the prolifer-
ative capacity of phMSCs at different passages and in two
different cell culture conditions, low and high density. An
analysis of the genes related to pluripotency Sox-2, Oct-4 and
Nanog was performed by qRT-PCR. The expression pattern of
mesenchymal markers such as CD73, CD105 and CD44 was
examined by flow cytometry analysis. In relation to the im-
munomodulatory capability of these cells, intracellular and
extracellular TGF-f1 expression was determined by flow cy-
tometry. We also analyzed: the cellular potential to differentiate
into different lineages, together with their migratory capacity
in vitro and in vivo: wound healing and trans-well 8 um pore size
assays, in vitro, and tumor in animal models, in vivo, were
conducted. Our data revealed that phMSCs show a remarkable
stability at phenotypic, genotypic and functional level when
expanded in culture and a migratory ability in vivo. These re-
sults together with their demonstrated migratory ability in vivo,
point to them as interesting candidates in raising clinical
applications.
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Isolation and culture of mouse amniotic membrane-derived
stem cells

A 1. Garcia-Guillén!, E Garcia-Navarro?, P A. Romecin?,

Ma Mar Molina?, D Mufioz-Valera?, JE. Millan?,

D Garcia-Bernal®, C Bueno?, F Garcia-Candel?, ] Ma Moraleda?,
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Introduction: Recent studies have shown that amniotic
membrane tissue is a rich source of stem cells (SCs) in human.
Because the mouse is the model of choice for many areas of
scientific investigation, isolating epithelial and mesenchymal
stromal cells from murine amniotic membrane (mAECs and
mAMSCs) is an important issue to study the therapeutic poten-
tial of AM-based therapies. The present research aimed to
amplify in vitro and characterize murine amniotic membrane-
derived SCs (mAMSCs).

Methods: An amniotic membrane distinct from the yolk sac
was carefully collected and followed by collagenase digestion.
We characterized the immunotype of mAMSCs by flow cytom-
etry and immunofluorescence. To determine the differentiation
potential, the cells were cultivated under osteogenic and adipo-
genic conditions, and followed by specific staining.
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Results: We established a method to isolate murine amniotic
cells that are equivalent to human amniotic epithelial and mes-
enchymal cells. The cell yield was approximately 1,5-2x10° cells
per pregnant female, (2 x 10° cells per fetus), roughly in proportion
to the age of fetus used and isolated cells were attached to the dish
under culture conditions. Characterization by immunofluores-
cence showed morphological and functional differences between
the two amniotic-derived cell types. mAM-ESCs cultures dis-
played homogeneous cells with a small size cuboid shape, central
nuclei. Instead mAM-MSCs cultures were characterized by their
spindle-shaped morphology and are able to form colonies. Only
mAM-MSCs showed proliferative potential in culture. In vitro
differentiation assays showed plasticity by differentiating into
osteocytes and adipocytes. mAM-MSCs showed high expression
of CD44, moderate expression of nestin, CD90 and ki67, low ex-
pression of CD73, and were negative for CD45, CD34 and CD19.

Conclusions: Thus, murine AMSCs may represent sources of
characterized pluripotent SCs that can be collected and amplified
in vitro. Futhermore, these murine SCs may be useful as a cell
therapy application for preclinical studies to develop future hu-
man therapies.
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Large scale LV production and purification: process
optimization for ex-vivo gene therapy

F Bellintani!, G Marano?, F Rossetti’, L Crippa4, G Frizzale®,
V Bozzola®, E Rovelli7, B Piovani®, L Martelli’, W Soncin'®,
L Naldini'?, C Bordignonlz, G P Rizzardi*®, C Benati'*

TMolMed S.p.A., Milano, Italy; 2San Raffaele Telethon Institute for
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MolMed is a biotechnology company focused on research,
development and clinical validation of innovative therapies. Cell
and gene therapy technologies have been developed for new
approaches including large-scale manufacturing and down-
stream purification, concentration and sterilisation of retroviral
vectors (RV) and lentiviral vectors (LV).

A GMP process for LV production and purification was de-
veloped in collaboration with TIGET and Généthon and is cur-
rently used for LV manufacturing for ex-vivo gene therapy
clinical trials sponsored by Telethon and applicable to 3™ gen-
eration LV carrying different transgenes.

Besides the manufacturing process, a quality control strategy
has been defined and appropriate analytical methods have been
developed and validated; this approach is largely applicable to
different LV vectors.

The original manufacturing process was standardized, ro-
bustness of upstream phase was improved and further optimi-
zation was achieved in downstream phase both in terms of yield
and in reduction of contaminants such as plasmid and host-cell
DNA.

DNA removal was improved by the addition of a second en-
donuclease step, while process yield was increased by the opti-
mization of the sterilizing filtration step. The overall process yield
increased from 25 (+5)% to 52 (+5%), alongside a reduction of
residual host-cell and plasmid DNA was achieved.

The improved production and purification process is appli-
cable to vectors carrying different transgenes and gives high
quality purified vectors, suitable for clinical applications.

Improved yields allow the transduction of a larger number of
patients” cells with the same vector lot. GMP transduction
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process guarantees the quality of the product in terms of iden-
tity /potency, purity and safety.
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Single step cloning-titration method: accelerating the
development and engineering of high-titer retro and lentiviral
vector producer cell lines

A.F. Rodriguesl’z, A. S. Oliveira!, M. G. Guerreiro'?,
H. Tomés]’z, M.].T Carrondo'?, P. M. Alves'?,
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Stable cell line development for viral vector production is a
tedious and time consuming work as viral components are split
in several cassettes — for engineering and safety purposes — re-
quiring the transfection, clonal selection and screening for each.
Herein, we describe a novel method for fast screening of high-
titer virus producing clones by merging cloning and titration in a
single step.

The method makes use of split-GFP, a green fluorescent pro-
tein separated into 2 fragments — 510 and S11 — which fluoresce
only upon transcomplementation. A cell population producing
infectious virus with a S11 transgene is cloned and co-cultured
with a target cell line harboring the S10 fragment. S11 viruses
produced by the clone infect the target cells and reconstitute the
GFP signal. Only the clones yielding high signal are isolated,
avoiding growth/titration studies for the low titer clones.

The method was validated by establishing a retrovirus pro-
ducer from a nude cell line allowing for the screening of 200
clones in two weeks; clones producing up to 1x10® infectious
particles per mL were isolated. It was additionally used to eval-
uate the stable production performance of different cell sub-
strates — HEK293 vs. HEK293T — showing that the later sustain
increased titers. Finally, it was used in cell metabolic engineering;
clones producing up to 12x more than non-manipulated cells,
after the over-expression of glutathione metabolism genes, were
obtained.

The method herein described, demonstrated its potential in
important aspects of viral vector production, from high-titer
clone selection, engineering cell metabolism, and screening for
high-producing cell substrates. It should be adaptable to stable
cell lines producing other types of infectious virus and, with the
proper modifications, extendable to transient systems. Ongoing
is the modification for lentiviral vector producer cells. This
method will contribute to the progress of gene therapy by ac-
celerating cell line development and engineering.
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RD3-MolPack packaging cells for stable production of
Tat-independent self-inactivating lentiviral vectors

A Stornaiuolo?, S Bossi!, S Cornal, E Zucchelli!, C Bordignonl,
G P Rizzardi', C Bovolenta!

"MolMed SpA

We have previously reported on the generation of the RD2-
MolPack-Chim3 clone for stable production of LTR-driven len-
tiviral vector (LV) expressing the anti-HIV therapeutic gene
Chim3, a transdominant HIV Vif. RD-MolPack system grounds
on the HEK-293T derivative PK-7 clone, which contains an in-

A95

tegration cassette expressing the HIV-1 gag, pol, rev and the hygro-
resistance genes flanked by AAV inverted terminal repeat (ITR)
sequences. From PK-7, we separately derived not only the Tat-
dependent RD2-MolPack packaging clone, suitable for generat-
ing LTR-driven and self-inactivating Tat-dependent LV, but also
the RD3-MolPack packaging clone, which expresses the RD114-
TR envelope glycoprotein, but lacks the Tat trans-activator and it
is therefore fitting only for Tat-independent LV production. To
obtain a prototype RD3-MolPack producer clone, we integrated a
SIN-GFP LV by transient transfection of the linearized plasmid.
The selected RD3-MolPack-GFP clone 24 grows in continuous
culture in disposable two-compartment bioreactor for longer
than 3 months producing, on average, not concentrated super-
natant with around 1-5x10° TU/ml titer when calculated on
either CEM A3.01 or primary CD34 cells. We also confirmed the
preferential transduction ability of the RD114-TR pseudotyped
SIN-GFP of RD3-MolPack-GFP respect to equivalent VSV-G
pseudotyped LV produced by transient transfection on human
CD34 cells as previously described for the LTR-driven Chim3-
LV. The major features, including the safety ones, and the po-
tential of the RD-MolPack system to be a valid alternative for
clinical manufacturing to the current LV technologies will be
discussed.
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HEK293-platform for the generation of clinical-grade gamma-
retroviral vectors

K. Hennigl, S. Weidner!, L. Raasch!, C. Kolbe!, M. Titeux?,
A. Hovnanian?, M. Leisegangs, W. Uckert®, K. Kuehlcke?,
R. Loew!

TEUFETS GmbH, Idar-Oberstein, Germany; 2INSERM U781, Paris,
Imagine Institute, University Paris Descartes, France; SMDC, Berlin,
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Stable producer cells are the source of choice for the produc-
tion of clinical-grade-retroviral self-inactivating (SIN) vectors
since the recombinase mediated cassette exchange technology
(RMCE) has been exploited for their generation (Verhoeyen et al.,
2001, Schucht et al., 2006). The major advantages of this tech-
nology were the reproducibility and predictability of SIN-vector
production allowing the reduction of screening work. However,
initial SIN-vector supernatants generated by such producer cells
were contaminated with vectors bearing full LTR activity as a
result of recombination of the therapeutic vectors with the vector
used for integration site selection in the packaging cell genome.
This particular problem was solved by inverting the direction of
expression of the therapeutic vector within the targeting con-
struct (Loew et al., 2010) but unfortunately was accompanied by a
significant loss of vector titer. Because of its advantages, a further
optimization of the RMCE technology for the introduction of
retroviral SIN-vectors into packaging cells appears to be impor-
tant.

The data we present show that HEK293-based packaging cells
(Ghani et al., 2007 and 2009) could be successfully modified to
contain a targetable locus. The newly designed vector employed
to introduce the tag into the host cell genome, combines Flp- and
Cre-recombinase recognition sites. This combinatorial approach
allowed RMCE and, once the producer clone is established, the
removal of residual tag-vector sequences eliminating the possi-
bility for accidental recombination. The resulting producer cells
were highly productive and titers achieved with the new pro-
ducer cells reached about 4 x 10e7 infectious particles (IP)/ml for
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AMPHO- and GALV- pseudotyped experimental SIN-vectors
and up to and 1x10e8 IP/ml for RD114-pseudotypes. The po-
tential to generate therapeutic vectors was demostrated for the
amphotropic packaging cell by targeted integration of a thera-
peutic SIN-vector transferring the large (9kb) collagen 7AI
cDNA. With this producer cell we achieved titers around 5 x 10e6
IP/ml. Into GALV- and RD114-pseudotyping cells a LTR-driven
therapeutic vector transferring the TCR150m T-cell receptor was
integrated via targeted exchange. Functional titers were deter-
mined by tetramer-stain revealed around 6x10e6 and 2 x10e7
IP/ml. In all cases, precise targeting and clean-up reactions were
confrimed by locus-specific PCR and sequencing, thus the
fc-technology has matured into an applicable process.
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Cholesterol as an enhancer of lentiviral vector production in
serum-free transient transfection
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Fibrosis Gene Therapy Consortium, UK

Current serum-free lentiviral production methods for gene
therapy generally generate disappointing titres. As a conse-
quence, multiple production enhancers have been tested in an
attempt to improve these yields, including a number of media
supplements. Of these, cholesterol in particular has been shown
to significantly improve viral titres in established cell lines.

In this study, media supplementation with cGMP compliant
cholesterol is shown to also be effective in the HIV transient
transfection of suspension cultured 293T cells using branched
PEL Importantly, in this context, the time point at which cho-
lesterol is added is crucial. It was found that supplementation
with cholesterol pre-transfection drastically impairs lentiviral
production. However, when added post-transfection the result-
ing titres more than doubled. This effect was observed when
using a number of permutations of lentiviral vector constructs
(different transgenes or surface proteins). However, issues of
biomaterial compatibility need to be evaluated if such measures
are to be used in large-scale lentivirus production. Methyl-beta-
cyclodextrin, a component of cholesterol supplements, can in-
teract with both cholesterol and the plastic surface of disposable
bioreactors, leading to cell death. Post-transfection addition of
cholesterol is therefore an effective supplementation in a tran-
sient transfection to enhance lentiviral vector production, but
care must be taken in the selection of the growth parameters.
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Setting up a transfection-based rAAV production process in
the Integrity iCellis™ single use fixed-bed bioreactor

A Pegell, ] Wegelel, M Kunz!, C Kiippersl, A Schulze!,
A Réfner!, D KreR', F Sonntag ! M Horer"

Wirus-based Biologics, Bioprocess Development, Rentschler
Biotechnologie GmbH, Laupheim, 88471, Germany

In July 2013 the Journal of Gene Medicine counted a total of 1902
gene therapy clinical trials. 5.1% of these are using AAV as vectors
to deliver the therapeutic gene. In fact AAV technologies show a
strong upward trend in view of current preclinical work. Despite
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the relatively small genome (4.7kb) that limits its packaging ca-
pacity AAYV is getting increasingly popular for the advantages it
has to offer: lack of pathogenicity, low immunogenicity, ability to
infect quiescent cells, long-term transgene expression without risk
of insertional mutagenesis, etc. We are currently establishing a
technology platform to manufacture high-quality vectors based on
rAAV that will allow for fast and easy switch of capsid and vector
appropriate for our customer’s needs.

Since many virus-based biologics (viral vectors, virus based
vaccines and oncolytic viruses) are still produced on anchorage-
dependent cells we as a CDMO are preparing for production
processes of up to 1000m? for cell culture technologies such as
roller bottles and multitray systems to meet the future demands
of the growing market. However, these conventional technolo-
gies have some serious disadvantages: they are bulky, require a
lot of handling operations and offer only limited process control.
Hence, we are also evaluating novel cell cultivation technologies
such as ATMI’s Integrity iCellis™ single use fixed-bed bioreac-
tors. This technology is available in different formats which offer
surface areas of 0.5-500 m*.

In this case study we present data for transfection-based
production of rAAV in the iCellis™" laboratory scale bioreactor.
Cell growth, metabolic data and virus titers are compared to the
benchmark values of conventional multitray production.
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Stressed, accelerated and real-time stability testing on
retroviral and lentiviral platform: parallelism among batches
and among vectors
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MolMed is a biotechnology company focused on research,
development and clinical validation of innovative gene therapy
technologies and particularly on large-scale manufacturing,
downstream purification, concentration and sterilisation of both
retroviral (RV) and lentiviral (LV) vectors. Both LV and RV
vectors have undergone stability and shelf-life studies to track
and examine how different environmental conditions affect a
product over a specified period of time. Different temperature
conditions: stressed, accelerated and real time (storage condition)
have been investigated. Stability data have been evaluated with a
statistical ad hoc macro program and with the covariance analysis
(ANCOVA) that allows to compare one variable in 2 or more
groups taking into account (or to correct for) the covariates, in
order to verify the parallelism among different batches. Stability
studies for LV vectors has been conducted in a matrix approach
on two vectors carrying two different transgenes considering that
they are produced with the same procedure, except for the
transgene plasmid. LV data have been analyzed also with the
variance analysis (ANOVA) to look for significant differences
between different vectors in terms of physical and infectious titer.
The data analysis obtained for LV vectors indicates not only a
shelf life of 36 months, but that the two vectors present a parallel
stability trend. The stability is not conditioned by the transgene
plasmid used for manufacturing. Stability study on RV vectors
indicates a shelf life up to 60 months with no statistical significant
differences among different harvests and among different bat-
ches inside the same manufacturing procedure.
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Xeno-free isolation and expansion of GMP fibroblasts for cell
therapy
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n° 1, 1° izq., 41001, Sevilla (Espafia); *Cellular Reprogramming
Laboratory, Department of Animal Science, B270 Anthony Hall,
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Many studies describe the isolation of human fibroblasts from
skin biopsies by either collagenase-based techniques or me-
chanical dissociation-based approaches (“explant technique”);
however, it is not clear which option is preferable when devel-
oping cell-based human therapies under good manufacturing
practice (GMP) conditions. Likewise, it is also uncertain which is
the best anatomical area of the body to obtain fibroblast and
which is the best culture media for fibroblasts expansion for a
clinical use. The purpose of this pilot study was to compare the
efficacy of fibroblasts isolation from different areas of the body
using both mechanical and enzymatic protocols. Two skin bi-
opsies from different donor areas were processed by either the
collagenase technique or “explants technique”, comparing their
efficiency in isolating fibroblasts in terms of time and number of
fibroblasts obtained. The quality of the isolated fibroblasts was
also assessed by measuring fibroblasts proliferation capability,
viability, identity, morphology and genetic stability. The use of
different antibiotics and serum bathes was also optimized in
terms of growth capability. Our results indicate that 1) The “ex-
plant technique” is a more efficient approach to obtain fibroblasts
under our experimental conditions; 2) once the primary fibro-
blast culture is established there are no significant differences
between the techniques although fibroblasts isolated by the col-
lagenase approach acquire an earlier senescent-like morphology;
3) The back area, seems to be an appropriate area to isolate
dermal fibroblasts; 4) AB human serum and gentamicin are
preferable in a GMP setting however they decrease fibroblast
proliferation rate when compared to the combination of FBS and
P/S.
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Cytotoxicity of HIV-1 protease in 293T and 293-EBNA cells is
independent of procaspase-8: implications for lentiviral vector
production
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Lentiviral vectors (LVs) allows stable expression of a trans-
gene for long-time period in both dividing and non-dividing cells
unlike simpler genera of retroviruses. This feature contributed for
the growing interest of LVs as research tools and as vector for
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gene therapy. However, large scale production of LVs is still an
issue. To improve productivities and safety, a packaging cell line
is desirable but its development is hampered by the toxicity of
some viral proteins like protease [1]. The cleavage of procaspase-8
by HIV-1 protease has been implicated in activation of apoptotic
pathways in T cells [2]. Furthermore this cytotoxicity decreases in
cells with a mutated procaspase-8 resistant to protease cleavage
[3] and in cells with lower expression of procaspase-8 [4].

The aim of this work is to elucidate the relation between
protease cytotoxicity and cleavage of procaspase-8 in the most
used cell lines for LV production. The expression of procaspase-8
was compared in both 293T and 293-EBNA cells before and after
expression of HIV-1 gag-pro-pol gene with a wild-type protease
and a mutated one less active. Transcriptomic and proteomic
results show that expression of procaspase-8 in both cells is sig-
nificantly low before and after gag-pro-pol expression, indicating
that cytotoxicity should be mainly mediated by other cellular
HIV-1 protease targets. These results are the first evidence that
cytotoxicity mediated by HIV-1 protease in 293T and 293-EBNA
cells could not be related with cleavage of procaspase-8. This
work will contribute for the development of robust LV packaging
cell lines through the understanding of viral vector cytotoxicity.
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Comparison of different strategies for the establishment of
retroviral cell lines: random vs. targeted integration
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Retroviral vectors constitute a powerful tool as gene delivery
vehicles, being largely used in cancer immuno-gene therapy.
However, development of retroviral producer cell lines is time
consuming, requiring extensive screening and its integration
process is random, leading to variable expression levels. Herein,
a stable retroviral producer cell line, 2930ua$S, which transgene
contains an Ouabain resistance gene (OuaSelect), was estab-
lished. OuaSelect is a safe, rapid and cost-effective selection
marker based on Na K -ATPase. Mutations in this ATPase,
usually inhibited by Ouabain, confer an exceptional resistance
to this drug, allowing elimination of non-modified cells in
48h'2. Previously, we established an optimized retroviral
packaging cell line by targeted integration® and reported that
viral components balanced stoichiometry is of high impor-
tance®. In this work, a novel packaging cell line was established
by random integration of all viral components, using 293Flex
stoichiometry level for decision making and to rationally select
the best clones, thereby reducing the amount of clones screened.
The importance of the stoichiometric optimization was also
revised but instead of stably expressing the transgene in the first
step, this component was the last to be introduced. A ten-fold
higher producer clone was obtained, producing 6 x 107 IP.mL ™"
and presenting higher gag-pol and GaLV expression levels than
293Flex. Results show that gag—pol is a pivotal component and
that GaLV expression seems to dramatically influence viral in-
fectivity. In order to further compare both cell lines the
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transgene was introduced in 293Flex by Flp /FRT recombination
system’. Viral productivity, gene expression and transgene
copy number are under evaluation.
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Development of a validated QPCR Assay for ADA SCID and
an IHC assay for human CD45+ cells in NSG mice to support
ADA-SCID pre-clinical biodistribution studies
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In October 2010 GSK initiated a research and development
alliance with the Telethon Institute of Gene Therapy and the San
Raffaele Foundation. The alliance launched a GSK funded gene
therapy development program using first generation retroviral
vector for the treatment of Adenosine Deaminase Severe Com-
bined Immunodeficiency (ADA-SCID).

Here we describe the experimental approach taken for the
validation of an assay system to support biodistribution studies in
NSG mice transplanted with human hematopoietic stem cells
(HSCs), transduced with a retroviral GIADAI vector containing
the human adenosine deaminase (hADA) gene sequence. The as-
say used Quantitative Polymerase Chain Reaction (QPCR) to de-
tect DNA sequences specific to the 3000 bp region of the retroviral
GIADAI vector containing the Human Adenosine Deaminase
(hADA) gene sequence and also to detect the presence of se-
quences specific to Human GAPDH and Murine Beta Actin
housekeeping genes. The assay was validated in accordance with
the ICH harmonised tripartite guidelines. The following parame-
ters were addressed in the validation; Linearity, Range, Precision,
Quantification Limit, Limit of Detection with 95% confidence,
Specificity, Accuracy and Robustness. This assay was supported
by the complementary development of an immunohistochemical
assay to assess the biodistribution of human CD45 cells in GIADAL
transduced UCB CD34 transplanted NSG mice. This assay used
rabbit polyclonal antibody for human CDA45 to specifically test for
the biodistibution of human CD45 cells in transduced NSG mice.
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Manufacturing of HSV-TK engineered donor lymphocytes:
a comparability study to improve the production process
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TK s a cell therapy that allows to practice hematopoietic-stem-
cell-transplantation from haploidentical donors for treatment of
high risk leukemia. Donor T lymphocytes are transduced by the
SFCMM-3 Mut2#48 retroviral vector encoding HSV-TK and the
cell surface marker ALNGFR, making them susceptible to gan-
ciglovir. Infusion of the medicinal product (i.e. TK-transduced
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lymphocytes), promotes early immune reconstitution of patients
and allows to exploit the anti-leukemia effects of lymphocytes,
while maintaining under control GvHD.

The selection step of the manufacturing process was modified
to improve the procedure and to comply new regulatory re-
quirements. The current reagent consist of anti-LNGFR mAb
conjugated with SAM-dynabeads (Invitrogen). MolMed proposes
the use of CliniMACS CD271-microbeads (Miltenyi). Prior to
adopt the CD271-microbeads for production of clinical batches, a
comparability exercise was performed to support the change and
to warrant quality, safety, efficacy of the post-change medicinal
product and to ensure consistency of production throughout the
on-going phase III trial. The successful results of the comparability
study and the approval by the regulatory agencies are prerequi-
sites for the introduction of the change in the manufacturing
process. The comparability exercise was articulated in three pha-
ses: a preliminary small/medium scale study; comparability ex-
periments at full scale and a retrospective analysis with data from
the phase III study. We evaluated the following process parame-
ters: cell purity and viability, immunophenotype and cytokine
secretion profile, potency and in vivo functionality in immunode-
ficient mice. Overall, no statistically significant differences are
observed for each parameters analysed, thus demonstrating that
pre- and post-change medicinal products are comparable.

P135

Novel tools could give stable producer cell lines their break
for commercial manufacturing of recombinant AAV vectors

\AY Emmerlingl, K Holzmann?, K Lanz?, S Kochanek?®,
M Hérer?

Virus-based Biologics, Bioprocess Development, Rentschler
Biotechnologie GmbH, Laupheim, 88471, Germany; 2Core Facility
Genomics, Department of Internal Medicine III, University of Ulm,
Ulm, 89081, Germa; *Division of Gene Therapy, University of Ulm,
Ulm, 89081, Germany

Recombinant Adeno-associated virus (rAAV) based vectors
increasingly emerge as promising candidates for viral gene
therapy due to a large toolbox available and favourable proper-
ties such as non-pathogenicity of AAV, low B-/T-cell immuno-
genicity against transgenes and long-term transgene expression
from a non-integrating vector. A boost of the gene therapy field
among others driven by approval of Glybera® in the European
Union, raises the demand for robust and cost-effective
manufacturing of gene transfer vectors for market supply. Pro-
ducer cell lines enabling stable rAAV production represent an
auspicious perspective to circumvent existing issues implied
with standard transient productions like high costs, regulatory
effort and product quality. The aim of the underlying study is to
provide all tools necessary to generate a versatile and high-titre
rAAV manufacturing platform based on a stable mammalian
producer cell line. First, the general feasibility to establish a
producer cell line with stably integrated adenoviral helper
functions was investigated applying classical protocols and in-
vestigating TAAV productivity of HelLa cells using proprietary
plasmids. Overall rAAV yields could be increased by optimizing
and modifying plasmids of the used split-packaging system.
Different temperatures were examined for optimal production
conditions. Furthermore, we investigated differential gene ex-
pression in response to temperature downshifts. The final goal is
to use identified temperature- inducible switches to control ex-
pression of the key inducer gene of rAAV production cascade.
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Making use of a temperature downshift as primary switch for
rAAV production, we would combine the inevitable induction
event due to the formation of toxic proteins with conditions
presumably enhancing rAAV production.
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Vector Production Unit (UPV, CBATEG-UAB): a technological
platform for the generation, production and characterization
of viral vectors

M Chillén'?, M Ontiveros!, | Piedra', S Miravet!, C Penalva?,
M Monfar!

ICentre de Biotecnologia Animal i Terapia Genica (CBATEG),
Departament de Bioquimica i Biologia Molecular, Universitat
Autdonoma de Barcelona, 08193-Bellaterra, Spain; *Institucié Catalana
de Recerca i Estudis Avangats (ICREA), Barcelona, Spain

Viral vectors are widely used tools for gene transfer and gene
expression. Their use is an attractive choice given their high
transduction efficiency, and the ease and flexibility to genetically
express or inhibit one gene or a combination of genes in specific
areas and periods of time, while avoiding compensation phe-
nomena or other drawbacks associated with animal models.

Despite the availability of standardized procedures for their
application in both in vitro and in vivo, and their low risk level
when used in a controlled setting, the production of viral vectors
requires the application of specialized techniques, access to ex-
pensive equipment and biological safety laboratories. The Vector
Production Unit (UPV) is a non-profit technological platform of
the CBATEG at the Universitat Autdonoma de Barcelona. It has
Biological Safety Level 2 and 3 facilities and it is staffed by ex-
perienced and highly qualified personnel. Since its opening in
2003 it has been dedicated to the design, development, produc-
tion and purification of more than 400 viral vectors for basic
research and gene therapy pre-clinical studies for both public and
private research laboratories.

The UPV currently produces marker and custom adenoviral
vectors (of human (Ad5) or canine (CAV-2) origin) as well as
several pseudotypes of adenoassociated vectors. Standard pro-
ductions (20 x 15 cm plates, scalable upon request) yield averages
of 4x 10" PP/3x 10" IU for Ad5 vectors, and 1x 10" gc for AAV
vectors. Average titers are 1,5%10'? PP/ ml, 1 x 10" TU/ml for
Ad5 and 7x10' gc/ml for AAV. Production times (without
cloning) are of 2,5 months for Ad5 and 1-1,5 months for AAVs.
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Adeno-Associated Virus production using a disposable fixed-
bed bioreactor from bench-scale to industrial scale

C Illingworthl, ] Tordo?, M Duballet!, M Linden?, A Lennaertz®,
JC Drugmand3, J Castillo®

"UCL Gene Therapy Consortium, UCL Cancer Institute, University
College London, London WC1E 6BT, United Kingdom; *King’s
College London School of Medicine, Department of Infectious Diseases,
London, SE1 9RT, United Kingdom; SATMI LifeSciences, Brussels,
1120, Belgium

Background and novelty Recombinant viruses (e.g. lentivirus
and adeno-associated-virus) can be used as human gene therapy
vectors. They are mainly produced in adherent cell cultures (e.g.
HEK293T, A549, VERO) in Roller Bottles (RB) or multiple-tray-
stacks (CF) using either transient transfection (e.g PEI, PO4 pre-
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cipitation) or infection (e.g. recombinant viruses) strategies.
Therefore, iCELLis® bioreactors offer a new production alterna-
tive with stronger process controls and ease of scale-up. Adherent
cells grow on microfiber carriers packed in a fixed-bed providing
up to 500m?> of growth surface area in a small reactor volume.
Environmental conditions, combined with the large growth sur-
face area in the iCELLis yields high cell productivity. Experimental
approach First, a mirrored approach of the previous production in
CF was set-up in the small scale iCELLis bioreactor. Transfection
efficiency through the fixed-bed of the iCELLis system is evaluated
by Flow Cytometry (measuring the expression of protein marker)
and viral productivity by transduction assay. Cell disruption is
carried out directly in the bioreactor by physico-chemical methods
to harvest the intra-cellular viruses. Results and discussion Results
of transient transfection processes by PEI showed similar trans-
fection efficiency in iCELLIis than in CF. Results in iCELLis dem-
onstrated that the system allows high biomass growth, regulation,
and virus productivity with identic infectious units for viral ge-
nomes than in control vessels. The technology can be considered as
an efficient tool for the production of viral vectors with a minimum
space requirement.

P138
Production of customized minicircle DNA
M Schleef!, C Broermann?, A Rischmiiller’, M Schmeer*

1PlasmidFactory GmbH & Co. KG, Meisenstrasse 96, D-33739
Bielefeld, Germany

PlasmidFactory offers the service to construct customized
minicircle DNA consisting almost only of the functional gene
(cassette) of interest (GOI). The patented minicircle production
technology is applied to deliver circular and supercoiled (ccc)
DNA without sequences of antibiotic resistance or other selection
markers and free of other undesired vector sequences (e.g. bac-
terial origin of replication — ori) and hence a significantly reduced
number of CpG motifs. In order to construct and produce the
minicircle, the following working steps are applied: 1) Cloning of
a parental plasmid (PP) 2) Transformation of a characterized
E. coli strain with PP 3) Transformation of a production cell
bank for reproducible DNA quality 4) Small-scale evaluation of
minicircle productivity 5) Cultivation of cells 6) Production by
proprietary minicircle DNA production technology 7) Compre-
hensive QC 8) Fill and finish of minicircle DNA. With this tech-
nology PlasmidFactory managed to produce the smallest
functional circular DNA molecule available so far. Although any
minicircle production, independent from the recombinase used,
is covered by our patents, certain significant differences influence
the success in clinical application: Especially those made by #Chi
show multimers, whereas we fulfil regulatory requirements by
producing a monomeric and supercoiled ccc minicircle DNA.
Besides fulfilling requirements concerning product safety, mini-
circles show a significantly higher efficiency with respect to gene
expression levels and duration in vitro and in vivo, making them
useful tools for future therapeutic applications.
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GMP manufacturing process for allogeneic cell therapy
treatment of acute myocardial infarction

I Palacios?, JL Abad?, B Sanchez!, V Alvarez!, R Rosado’,
I Portero', M Fresnedal!, P Sepulvedaz, C Baez®, V Crisostomo?,
L Rodriguez-Borlado'
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Ischemic cardiac disease is a crucial challenge for health systems
due to high prevalence of the disease and the absence of effective
treatments that can prevent cardiac remodelling and development
of chronic heart disease after an acute myocardial infarction. In
addition to the mortality and the lack of life quality of patients,
health systems expend huge amount of money for palliating the
effects of this disease. The use of stem cells has been proposed as
an effective way to regenerate cardiac damaged tissues.

Coretherapix is developing a cardioregenerative cell therapy
based on the use of allogeneic progenitor-stem cells obtained
from cardiac biopsies.

To efficiently translate cell therapies to the health system, it is
essential to make the manufacturing product affordable in terms
of costs, to guarantee the bioequivalence between different cell
batches and availability for administration at the most effective
time using techniques widely available in hospitals.

Coretherapix has developed a cell manufacturing process
compatible with scalable procedure and GMP compliance. We
have characterized these cells using different techniques showing
the bioequivalence between cell products and their therapeutic
capabilities. In addition, we also developed storage, delivery and
clinical administration protocol that allows cell based medicinal
product administration from the earliest stage of disease. In vivo
analysis using small and big animals models showed the final
product is safe and promotes cardioregeneration. We expect to
initiate a first in human clinical trial to check for safety and ef-
ficacy of these cellular products, during the first quarter of 2014.
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Analysis of stem-cell derived extracellular matrices in
chemically modified plastic surfaces usable under GMP-
conditions

R Duckstein}, S Pohl?, K Lachmann!, M Thomas', H Garritsen®,
M Nimtz?, M Rohde?, W Lindenmaier?, K E J Dittmar?

Umstitut fiir Schicht-und Oberflichentechnik, Fraunhofer-Institut;
Helmholtz Zentrum fiir Infektionsforschung GmbH; °Institute for
Clinical Transfusion Medicine, Stidtisches Klinikum Braunschweig
gGmbH

There are increasing numbers of studies investigating the ap-
plication of therapeutic cells. For optimal culturing of these cells
under GMP regulations new devices like chemically modified
plastic bags must be developed. Plastic surfaces were chemically
modified by atmospheric plasma. Thin films of plasma-poly-
merized 3-Aminopropyl-trimethoxysilane (pp-APTMS) were
achieved by dielectric barrier discharge. This surface modifica-
tion supports growth of adherent cells on the plastic surface. As
model cell lines murine MC3T3 and human M7 cells, which can
differentiate into fat cells, cartilage cells and bone cells ex vivo,
were used These cells produce during culturing their own ex-
tracellular matrix (ECM).

Modern LC-MS/MS methods allow the analysis of the total
protein content. Here we describe a method to analyze the ECM
during the process of cellular multiplication, maturation and
differentiation. ECM-proteins were cleaved in situ with porcine
trypsin to get characteristic peptides. Raw MS data were con-
verted to a data format compatible with the Mascot search engine
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(Matrix Science). Mascot Parameters were: peptide mass toler-
ance —10ppm, fragment ion tolerance - 0.3 Da;. The assigned
spectra from all peptide fractions were merged and loaded into
the Scaffold 3 viewer for further interpretation.

Preliminary results indicate that secreted ECM matrices showed
the typical composition of well-known proteins, but serum pro-
teins bound to a different degree dependent on the state of differ-
entiation of the stem cells. Our newly developed method is suitable
analyzing the newly synthesized ECM-proteins derived from the
cultured cells. The ECM influenced the attachment of the cells.
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In-process characterization of multipotent and pluripotent
stem cells

V Deffontaine!, S Thysz, F Vandermeers®, N Theys4

IStrateqy & Innovation — R&D, Quality Assistance S.A., Technoparc
de Thudinie 2, 6536 Donstiennes, Belgium.

Introduction: Regenerative medicine using stem cells is facing
of several technical challenges to encounter the regulatory points
associated to the pharmaceutical guidelines. Cell therapy prod-
ucts emerge from a long process of cell culture, differentiation
and purification steps where appropriate cell identity and purity
monitoring are mandatory. The validation of relevant quantita-
tive phenotypic markers is required to monitor in-process ex-
pansion of mesenchymal stem cells (MSC), induced pluripotent
stem cells (iPS) and their derived products.

Material and Methods: Multicolor stainings were designed to
deeply characterized MSC, iPS and differentiated cells (in-pro-
cess impurities or cells of interest) using flow cytometry. To de-
tect very few cell populations, absolute counting mode was
assessed. The assays were qualified for accuracy, precision,
specificity, limit of detection and quantification.

Results and conclusions: Flow cytometry experiments have
shown that MSC are, as expected, positive for CD105, CD90, CD73
and CD44 markers while these cells are negative for CD34, CD45,
CD11b, CD19 and HLA-DR. iPS cells are positive for TRA1-60,
TRA1-81, alkaline phosphatase and Oct3 /4 while they are negative
for CD13 and CD15. Specifications for in-process controls were
defined. Ongoing works consist in designing complementary
multicolor panels to quantify differentiated cells using markers
such as osteopontin, adiponectin or aggrecan. In conclusion, panels
of surrogate markers that we developed allow characterization and
precise follow-up of MSC and iPS during the course of cell ex-
pansion. Additional panels on differentiated cells will allow mon-
itoring of multipotent or pluripotent markers associated to markers
of spontaneous differentiation or targeted phenotyping shifting.
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The effects of integrated biometrics and automated
orchestration on the failure modes associated with autologous
therapy manufacture

M Lakelin!, A Peer?, | Curley3

Unlike traditional pharmaceutical products which have linear
supply chains, autologous therapies have circular supply chains
with patients receiving therapies generated from their own cel-
lular starting material. Following errors in autologous therapies
supply chains, patients receiving therapies generated from other
sources may suffer from graft versus host disease and other un-
wanted responses. Supply chain complexity is exacerbated when



POSTER PRESENTATIONS

considering the time sensitive nature of these products, for some
therapies, cellular starting material must be subjected to cell
processing within six hours of removal from the patient. Fur-
thermore, all movements of cellular therapies must observe
stringent temperature control.

We examined the failure modes associated with manufacture
and treatment of a patient with an autologous therapy, including;
harvesting cellular starting material, the movement of cells be-
tween treatment facility and manufacturing facility, processing
cells to produce the final therapy, the movement of the therapy to
the treatment site and engraftment. Each step in the autologous
supply chain was assigned a risk score based upon potential
harm to the patient, the probability of the activity occurring and
the ability to detect an error at that point in the supply chain.

We postulate that using TrakCel, an automated system for
tracking, tracing and scheduling treatments, the probability as-
sociated with each failure mode occurring will be significantly
reduced while the detection rate of errors will be significantly
increased, thus improving autologous supply chain efficiency
and patient safety. Orchestration technologies would be of great
benefit when scaling up/scaling out autologous production.
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Pathology of donor, harvest site and culture medium could
determinate mesenchymal stem cell properties
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Cleanroom, BioCruces Health Research Institute, Cruces University
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3Plastic Surgery Service, Cruces University Hospital, Plaza de Cruces
S/N, Barakaldo, 48903, Bizkaia, Spain; *Clinica La Luz, Madrid,
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Objetive: To compare different harvest site, and culture media
for expansion of Mesenchymal Stem Cells from adipose tissue
(AMSC), obtained from different donors.

Methods: The fat was obtained from 6 patients by lipoas-
piration. Four patients had morbid obesity; in two of them we
obtained the fat from abdominal flap during reconstructive sur-
gical procedure post-bariatric surgery. And in the other two
patients the fat was harvested from hips and thighs. The two
others are healthy donors submitted to cosmetic lipectomy, and
the fat was aspirated from hips and thighs too.

Results: The AMSC culture harvested from abdominal flap has
failed. These AMSC have limited their ability to duplication and
differentiation. However the AMSC obtained from thighs and hip
have the same stem cell properties in patients like in healthy donors.

In addition we have cultured AMSC with two different culture
media. There are no-differences among AMSC from healthy
donors vs patients, but there is difference in AMSC duplication
and differentiation ability according to the culture media used.

Conclusion: Although it had demonstrated than the abdomen
fat contains significant higher frequencies of AMSC compared
with fat from the hip/thigh region, we have seen that the ab-
dominal flap is not useful like AMSC source, and in these pa-
tients is better use hip and thigh like AMSC source. These sites
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seem that are not influenced by the age and the body mass index
of the donors. On the other hand the culture medium used to
expand AMSC could modificated their properties.
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Cell therapy for peripheral artery disease: product
characterization and stability

M Radrizzani', V Lo Cicero', S Soncin', S Bolis', D Siirder'?,
T Torre®, F Siclari®, T Moccetti'?, L Turchetto?
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The Cardiocentro Ticino Cell Therapy Unit is authorized for
the production of experimental advanced therapy medicinal
products (ATMP).

The ATMP for the upcoming CIRCULATE study (“Bone Mar-
row Derived Cell Therapy in Peripheral Arterial Disease”), cur-
rently under evaluation by Swiss regulatory authorities, is named
VASASTIM and consists of fresh mononuclear cells isolated from
autologous bone marrow through density gradient centrifugation
on low density Ficoll-Paque™; cells are formulated in saline so-
lution containing 5% human serum albumin. The process has been
successfully validated according to Good Manufacturing Prac-
tices, for safety (sterility, endotoxin), identity (CD45/CD34/
CD133), purity (contaminant granulocytes and platelets) and po-
tency aspects (viability, CFC, CFU-F and invasion assays).

The aim of the present work was to further characterize the
product and evaluate its stability, according to specific requests
formulated by regulatory authorities.

Fourteen pre-clinical VASASTIM batches were manufactured
and extensively tested. All of them comply with viability and
purity specifications (viability >70%, granulocytes <55%,
platelets/WBC <10) and contain CD34 (2.67 £1.86%) and CD133
(0.33+0.64%) cells; a consistent fraction of the cells express
CXCR4 (32+13%), a marker known to correlate with functional
activity of bone marrow-derived mononuclear cells. The product
contains hematopoietic precursors (CFC assay: 6698 4363 colo-
nies/1E6 cells), mesenchymal precursors (CFU-F assay: 5640
colonies/1E6 cells) as well as cells with invasion capacity
(Fluorimetric invasion assay: Invasion Index 47+18%) and an-
giogenic potential (CFU-EC assay: 31+19 colonies/1E6 cells).

Nine batches entered a stability program: they were stored at
10°C, previously defined as the optimal temperature for this
product, and tested for several parameters at 0-6-20-24 hours.
Overall, the results indicate that VASASTIM is stable for at least
20 hours at 10°C.
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Fucosylation to control cell fate. Protocol validation under
GMP conditions for clinical use
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A102

Introduction: The anti-inflammatory, immunomodulatory
and regenerative properties of bone marrow mesenchymal cells
(MSCs) configures them as a promising tool for cell therapy in
multiple pathologies. However, when intravenously infused,
they fail to effectively reach their destination. Adding a fucose
residue in the «1-3 position of the CD44 surface molecule in MSC
increases its affinity for E-selectin, which is over-expressed in the
endothelial cells of bone marrow, skin, and sites of inflammation.
This modification confers the MSCs tropism for these tissues,
increasing their recruitment at the needed place. We describe a
new fucosylation protocol of human bone marrow MSCs to fa-
cilitate their GMP production.

Methods: Mononuclear cells from bone marrow were isolated
by Ficoll gradient and seeded in factories with Alpha-MEM
supplemented with platelet lysate. MSCs were harvested after
the third pass and they were incubated for 1 hour at 37 °C with
fucosyltransferase VI enzyme and its substrate. Fucosylation of
CD44 and its affinity for the E-selectin ligand were studied by
flow cytometry. The MSC were also studied to assess its mor-
phology, phenotype, and differentiation potential.

Results: We obtained a fucosylation efficiency >85% in 10
different samples, with a cell viability after processing of 93%. All
samples maintained their phenotype and their osteogenic and
adipogenic differentiation potential. Conventional cytogenetics
were performed before and after fucosylation in the samples and
were normal in all cases.

Conclusion: Our fucosylation protocol is able to effectively
modify the MSC CD44 molecule, increasing its E-selectin affinity,
without affecting the cell properties. The protocol is easily scal-
able for clinical production under GMP conditions.
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Second generation EPODURE Biopump markedly extends
duration of EPO delivery in mice, could prolong therapeutic
effect in patients

R Miari', Y Grimpel®, T Shatil!, O Tal', A Liran,
M Metsuyaniml, S Krispell, AL Pearlmanl, P N gz,
N Shapir’

"Medgenics Inc, Misgav, Israel; *Department of Molecular & Human
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Autologous EPODURE Biopumps are processed from der-
mis needle biopsies, typically measuring 30 mm by 2mm di-
ameter, harvested from the patient’s skin under local
anesthesia, transduced ex-vivo with Helper Dependent Ade-
noviral EPO vector (HDAd-EPO) to continuously secrete
erythropoietin. We have reported months of sustained hemo-
globin elevation from a single subcutaneous implantation of a
few first generation EPODURE Biopumps (BP-1) in anemic
patients with renal failure, without EPO injections. However,
protein expression from implanted Biopumps could be limited
post-implantation by various factors, including local inflam-
mation, causing reduced metabolic function, loss of gene
copies, or expression cassette instability. To minimize these
factors and further improve duration of clinical effect, anti-
inflammatory agents were tested for use during implantation
and second generation EPODURE Biopumps (BP-2) were
developed incorporating HDAd gene expression cassettes de-
signed to increase stability of expression: i) CpG free HDAd-
MAR-EF1a-0ptEPO, and ii) HDAd-MAR-CAG-optEPO-WPRE.
BP-1 and BP-2 producing comparable daily EPO amounts
in-vitro were each implanted subcutaneously into SCID mice,
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with or without administration of Depo-Medrol (DM) at the
implantation site. Without DM, serum EPO levels remained
7-20 folds higher using BP-2 compared to BP-1 for over 100
days post implantation. With DM administered, serum levels
remained 6-7 folds higher with BP-1 and 40-50 folds higher
with BP-2 compared to BP-1 without DM. Since clinical studies
to date have used BP-1 without DM, these results suggest that
BP-2 with Depo-Medrol may potentially increase sustained
therapeutic levels of target proteins and could prolong thera-
peutic effect in patients.
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Validation of a nucleic acid amplification technique for
detection of mycoplasma in cell-based medicinal products
(CBMPs)

F Vandermeers, N Theys
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de Thudinie 2, 6536 Donstiennes, Belgium

Introduction: The contamination of cell cultures by myco-
plasma is a widespread and serious problem in biopharmaceu-
tical production. The European Pharmacopoeia (7.0, 2.6.7)
prescribes empiric test methods for determination of myco-
plasma biosafety: the broth and agar cultivation procedure and a
DNA staining technique using indicator cell cultures. Both
methods are time-consuming (28 days). This long period of time
is not relevant for CBMPs. The Regulator accepts the use of nu-
cleic acid amplification techniques as an alternative method after
suitable validation study. Material and

Methods: Amplification of 16S rRNA gene by quantitative
PCR was performed on 8 mycoplasma species (M. arginini,
M. hyorhinis, M. fermentans, M. synoviae, M. orale, M. pneumoniae,
S. citri and A. laidlawii). Each mycoplasma reference strain was
spiked in a CBMP at 10 GC/reaction and specificity was tested at
105 GC/reaction. The assay was qualified for limit of detection,
specificity and robustness.

Results and conclusions: All spiked samples were positive
for the presence of mycoplasma DNA at 10 GC/reaction. Spe-
cificity study showed that the assay did not detect DNA from
human, yeast or gram-positive bacteria with close phylogenetic
relation to mycoplasmas, such as Clostridium acetobutylicum,
Lactobacillus acidophilus and Streptococcus pneumoniae. Ro-
bustness was assessed using different thermocyclers and sev-
eral dilution buffers. Ongoing study is performed on culture
spiked with CFU-quantified mycoplasma mid-log phase culture
preparations in order to validate this method at 10 CFU/ml as
required by European Pharmacopoeia (comparability study). In
conclusion, data from PCR-based Mycoplasma test demonstrate
that this assay exceeds European Pharmacopoeia requirements
and constitutes an alternative of choice for rapid testing of
CBMPs.

P148

How to meet the challenges associated with the development
of cell-based medicinalproducts

G Deblandre!, J-P Prieels?, P Stragier3
'MaSTherCell S.A. - Gosselies, Belgium

During the past decades, advances in cell biology, develop-
mental biology and stem cell research have fostered the
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development of new potential therapies for diseases for which no
therapeutic option had been available. Marketing authorization
of cell-based medicinal products requires, as for all medicinal
products, the demonstration that the product is consistently
manufactured to a predefined quality, and that it is safe and
efficacious in patients. Since cell-based products are often com-
plex mixes of cell types, clinical performance depends on rigor-
ous control of the manufacturing process and specifications
which is in turn limited by the difficulty to design analytical
methods to characterize cell mixtures. Investigational medicinal
products intended for clinical use should be manufactured in
compliance with current Good Manufacturing Practice regula-
tions (cGMP). This is a challenge for small companies or aca-
demic laboratories aiming at obtaining proof-of-concept in man.
An additional hurdle in manufacturing is the need to upscale
production while conserving the product characteristics and
specifications when moving away from the bench to clinical
studies. Advices will be provided on how to face main challenges
associated with the development of cell-based medicinal prod-
ucts with the aim to deliver high quality therapeutic cells fit for
clinical phases.
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Transplantation of bone marrow mononuclear cells
for the treatment of ischemic syndromes

C Herrera', L Rico?, L Laricchia-Robbio?, N Cuende®
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Bone marrow-derived mononuclear cells (BM-MNCs) are a
heterogeneous population exerting haematological, immuno-
logical and other physiological functions. There is evidence that
the endothelial progenitors in BM-MNCs have a fundamental
physiological role in the processes of post-natal neovascular-
ization. Ischemic or damaged tissues physiologically recruit
BM-MNCs which stimulate the mechanisms of neovascular-
isation and tissue repair. This process is cumulative with con-
tinuous recruitment of cells over a varying period of time.
Therefore, when these cells are used therapeutically for vascular
restoration in ischemic tissues, they are carrying out nothing
other than their physiological mission. Nevertheless, the Euro-
pean Medicines Agency classifies autologous BM-MNCs as
Advanced Therapy Medicinal Product (ATMP) when used for
clinical purposes different from haematological restoration be-
cause they consider this as their unique essential function.
Surprisingly, when the same identical heterogeneous group of
progenitor cells, comprising endothelial progenitors, is infused
for haematopoiesis restoration it is not considered ATMP.
Hence we long for the same rule being applied to BM-MNCs
when therapeutically used to treat ischemic syndromes. If these
products are considered ATMP, it will impact negatively on
European Public Health Services and hospitals authorized for
bone marrow transplantation (BMT) will suffer a contradictory
situation being able to process the bone marrow — for BMT in
immunocompromised patients receiving an allogeneic product
— but being obliged to send it to a company for processing
(using the same procedure and technology), with the attendant
costs, for immunocompetent patients receiving their own cells.
Regulating these products as cell transplant streamlines the
entire process and offers affordability and safety.
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Off-label use of GMO medicines: Blessing or Burden?
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The market authorization for a medicinal product contains a
precise description of the therapeutic uses for which the medic-
inal product is intended. In practice, however, medicinal prod-
ucts are regularly prescribed for treatments outside the scope of
their registered therapeutic uses, a practice referred to as ‘off-
label use’. It is estimated that in Europe for example around half
of the drugs prescribed to children is off-label.

Recently, the first human medicine based on a genetically
modified organism (GMO medicine) was authorized for use in the
European market. This GMO-medicine, called Glybera is based on
an AAV vector and is developed to treat lipoprotein lipase defi-
ciency. Besides efficacy and human safety, a key issue in the
evaluation of GMO medicines for market authorization is the
environmental safety. Despite the experience with off-label pre-
scription of ‘regular’ medicines, the off label use of GMO medicine
is not accounted for in EU legislation and is not included in the
environmental risk assessment that is performed for a market
authorization. Consequently, the off-label prescription of GMO
medicines fall under each member state’s national environmental
legislation and might imply that the off-label use of a registered
GMO medicine requires a license for deliberate release into the
environment. This might put the physician in a dilemma with the
interest of the patient on one hand and the interest of the popu-
lation and the environment on the other. The authors will discuss
the consequences of this undesirable situation and will suggest
possible solutions to circumvent the issue.
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Cell expansion system for scale up of cellular
immunotherapies

C Glover
Product Manager, Cell Therapy, GE Healthcare

The widespread adoption of autologous cellular immuno-
therapies requires the development of robust, scalable manu-
facturing workflows to generate sufficient, high quality cells for
infusion into patients. The Cell Expansion System, formally
known as the WAVE Bioreactor™ system, is often the equipment
of choice for the final expansion phase of the immune cell therapy
manufacturing process before patient infusion. The 5 W and 25 W
systems are closed, automated, single use systems based on
the premise that simple rocking motion generates sulfficient
mixing and aeration to enhance cell growth and, when combined
with perfusion, enables high density culture thereby reducing
manufacturing footprint. The 5W system which combines
basic rocking motion, temperature control and perfusion allows
for initial scale up during product development. The newly
launched 25 W allows for complete control over the cell culture
environment with the addition of data logging and remote
monitoring and control. This makes it an ideal instrument for
process development and ultimately clinical manufacturing. We
will present data showing that densities of 2x10e7 cells/mL in
1L volume can be routinely achieved. Furthermore, the popu-
lation of cells can be shown to be phenotypically and functionally
healthy.
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iPSC-based strategy to correct the bleeding phenotype
in haemophilia A

M Talmon?, G Ranaldo!, C Olgasil, A Lombardo?, S Merlin?,
E S Cannizzo', A Raya3, L Naldini?, P Schinco®, A Follenzi’
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Raffacle, Milan, Italy; *Inst. for Bioengineering of Catalonia,
Barcelona, Spain; ‘Az, Osp/Univ S.Giovanni Battista-Molinette,
Torino, Italy

Hemophilia A (HA) is a X-linked bleeding disorder caused by
mutations in the coagulation factor VIII (FVIII) gene. Existing
therapy includes recombinant or plasma-derived FVIII infusion.
Reprogramming of genetically corrected somatic cells can be
used to generate high amount of autologous, disease-free in-
duced Pluripotent Stem Cells (iPSCs), which can be differentiated
into progenitor cells relevant for gene and cell therapy applica-
tions. In hemophilic patients, to harvest fibroblasts from skin
biopsies is risky; thus, we utilized patient-derived peripheral
blood cells as an easy-to-access source of cells to reprogram.

Development of a novel strategy for HA treatment, gener-
ating human B-domain-deleted FVIII (hBDD-FVIII)-corrected
patient-specific iPSCs and differentiating them into functional
endothelial cells (ECs), secreting FVIII in hemophilic mice after
transplantation.

Mononuclear cells (MNC) were isolated from healthy and
hemophilic donors by ficoll gradient. Cells were corrected by LV-
hBDDFVIII transduction and reprogrammed with a cre-excisable
polycistronic LV carrying OCT4, SOX2 and KLF4. MNC-derived
iPSCs were characterized by Alkaline Phosphatase (AP), immu-
nofluorescence stainings and RT-PCR of specific stem cell
markers, telomers length and demethylation of Oct4 promoter.
The IPSCs in vitro differentiation potential was analyzed by RT-
PCR of three germ layers markers in embryoid bodies (EBs) and
by adipogenic, osteogenic and condrogenic differentiation. IPSCs
were differentiated in ECs using EB medium containing 50 ng/
ml of hVEGF. Cells were evaluated for morphology, expression
of endothelial markers and GFP-expression when transduced
with LV carrying GFP under the control of endothelial-specific
promoters: Flk-1 and Tie2. Two millions FIk1-GFP cells were
transplanted by portal vein injection in MCT-treated NOD-SCID
HA mice. Mice were killed 96 hours later and cell engraftment
analyzed by GFP-staining of liver sections.

Reprogrammed MNC gave rise to iPSCs in about 45 days.
iPSCs displayed embryonic stem cells (ESC)-like morphology:
colonies were compact, uniform and with defined borders when
grown on feeders. iPSCs were positive for AP staining and ex-
pressed specific stem cell markers at RNA and protein level,
showing activation of the endogenous reprogramming factors.
Moreover, iPSCs differentiated in osteogenic, condrogenic and
adipose tissues. EB expressed markers of the three germ layers:
alpha-fetoprotein, brachiury and nestin. Nevertheless, iPSCs
showed demethylation at CpG islands at the core of Oct4 pro-
moter, epigenetic marker of complete reprogramming to a plu-
ripotent state. Additionally, telomeres length of original and
reprogrammed cells did not show changes indicating telomerase
reactivation. Importantly, iPSCs differentiated into ECs, acquir-
ing a typical endothelial-like morphology with an increased ex-
pression of ECs markers, such as CD31, KDR, vWF and FVIII.
Then, iPSC-derived ECs were transduced with LV-expressing
GFP under the control of Flk-1 and Tie2. Flk-1-GFP cells were
transplanted in NOD-SCID HA mice. GFP cells were detected in
liver sections up to 1 week post transplantation.

POSTER PRESENTATIONS

Overall, these data will be instrumental to assess the engraft-
ment, the proliferation and the levels of FVIII expression from
differentiated, gene corrected and reprogramming factor free
iPSCs to confirm the suitability of this approach for HA gene-cell-
therapy.
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Generation of induced pluripotent stem cells (IPSCs) using
non-viral vectors

B Fernandez!, C Prieto!, C Marin', A Revilla!, A Iriondo’,
C Gonzélez!, F Gonzélez?, I Liste!
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Somatic cells can be reprogrammed to induced pluripotent
stem (iPS) cells by ectopic expression of specific sets of tran-
scription factors. The delivery of these transcription factors has
mostly entailed the use of integrating viral vectors (retroviruses
or lentiviruses), carrying the risk of both insertional mutagenesis
and oncogenesis due to misexpression of these exogenous fac-
tors; thereby limiting the therapeutical application of the gener-
ated cells.

The main goal of this work was the generation of iPS cells from
different sources of somatic cells using non viral vectors, and the
characterization of the generated iPS cells. For that we have used
polycistronic vectors expressing three or four transcription fac-
tors (Oct4, Sox2, Klf4 with/without c-myc). The vectors were
introduced by nucleofection. In order to increase reprogramming
efficiency, several reprogramming enhancer factors have also
been tested.

We have successfully generated and established iPS cells
from mouse embryonic fibroblasts (MEFs) and human fibro-
blasts. These cells have been characterized morphologically, by
the expression of endogenous pluripotency transcription fac-
tors, and the potential to differentiate into specialized cells
from the three germ layers, including dopaminergic neurons.
Systematic comparison with Embryonic Stem Cells (ES cells)
and already established viral iPS cells it has been also per-
formed.

Our results demonstrate that although the reprogramming
efficiency is extremely low, it is possible to generate “bona fide”
iPS cells using non-viral and non-integrative vectors. This opens
up a whole range of biomedical applications such as cell therapy,
drug development and disease modeling.
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Development of a liver-specific marker transgenic mouse for
the study of alternative pathway of hepatic regeneration from
bone marrow cells
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The development of new clinical approaches for treating
chronic liver diseases is urgently needed. Several approaches
are being explored, including the potential use of non-hepatic
adult stem cells based on their ability to promote hepatic re-
generation in mouse models of liver damage. The Fech™!"*/"1P1
mouse model show, besides the erythropoietic symptoms,
hepatic damage from birth and an atypical ductular reaction
recapitulating severe cases of erythropoietic protoporphyria in
humans. In this model, we demonstrated non-fusion mechanism
of generation of bone marrow-derived hepatic cells, including
myofibroblasts, hepatic progenitor cells (HPCs) and hepato-
cytes, which contributed to restore and regenerate the hepatic
tissue, improving significantly the liver condition (Garcia-Bravo
et al., 2009). A more detailed analysis revealed a spatial gradient
of bone marrow-derived hepatocytes, suggesting that the he-
patic regeneration could be in charge of bone marrow-derived
HPCs. With the objective of obtaining a broader portrayal of
these processes, we are developing a mouse system that will
facilitate the identification of hepatocytes originated from bone
marrow-derived cells through a HPC stage. For that, we have
developed a luciferase:EGFP specific hepatic marker transgenic
mouse that will allow us to trace the transplanted cells in their
way to the liver, their engraftment and their contribution to the
regenerative response. We show here the characterization of this
specific transgenic mouse as a validated tool for monitoring
hepatic regeneration. This transgenic mouse will contribute to
the multiple transgenic mouse system that will help to outline
the liable mechanisms for alternative hepatic regeneration in
chronic liver disease that could open a window for therapeutic
modulation.
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Efficient somatic cell reprogramming using low doses
of self-complementary AAV-DJ vectors

E Senis, D Grimm

Heidelberg University Hospital, Cluster of Excellence CellNetworks,
Department of Infectious Diseases, Virology, Heidelberg, Germany

The field of induced pluripotent stem cells (iPSC) is in con-
tinuous search for new methods that allow efficient repro-
gramming of somatic cells without integration of the
reprogramming factors into the iPSC genome. AAV vectors
should represent an ideal tool for this purpose as they efficiently
transduce a wide variety of cells and rarely integrate. We
therefore generated self-complementary AAVs expressing the
four Yamanaka factors (Oct-4/3, K1f4, Sox2, c-Myc) and pseu-
dotyped them with the chimeric DJ capsid (a hybrid of sero-
types 2-8-9). Remarkably, this unique combination of potent
genome and capsid allowed us to efficiently reprogram mouse
embryonic fibroblasts using marginal doses of 1e3 vectors per
cell. In fact, use of higher doses resulted in drops of colony
numbers and delays in their appearance, suggesting a threshold
of the four factors for optimal reprogramming. In addition, we
obtained evidence for cytotoxicity from overexpression espe-
cially of Sox2. Notably, the AAV-derived miPSC express a panel
of typical stem cell markers as confirmed by immunofluores-
cence and RT-PCR. Reprogrammed colonies also spontaneously
differentiate into beating cardiomyocytes (mesodermal lineage),
further confirming their pluripotency. Curiously, we detected
traces of AAV vector sequences by PCR in miPSC genomic
DNA. We are thus currently conducting LAM-PCR to dissect
whether these are episomal or integrated, and, in the case of
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integration, whether this occurred randomly or with a bias to-
wards hot spots that favor reprogramming. Based on our vec-
tors” great performance in murine fibroblasts, we are now
assessing them for reprogramming of various types of clinically
relevant human somatic cells.
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Efficient mRNA-based reprogramming by use of the Vaccinia
virus proteins E3, K3 and B18R

MA Poleganovl, T Beifert!, S Herz?, A Beyerl, I Burkhart?,
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The use of conventionally derived induced pluripotent stem
(iPS) cells for clinical applications is limited by the risk of possible
genomic alterations. RNA-based reprogramming is able to
overcome this major obstacle. Nevertheless methods published
so far are relatively time-consuming and expensive. Here we
present a method to enhance efficiency of RNA-based repro-
gramming by use of synthetic mRNA coding for the Vaccinia
virus proteins E3, K3 and B18R (EKB).

Recognition of foreign RNA by cells initiates defense mecha-
nisms including RNA-degradation and a halt in protein trans-
lation which obviously interfere with gene transfer based on
synthetic mRNA. This is especially the case, when the transfer
has to be repetitive as it is necessary for mRNA-based repro-
gramming of somatic cells.

Here we show that the expression of mRNA-coded pro-
teins is greatly enhanced by co-transfer of synthetic mRNA
coding for EKB. Reduction of the interferon response to
synthetic mRNA allows thereby to enhance the survival of
target cells. Shown for the first time, EKB mRNA enables us
to transfer unmodified synthetic mRNA repetitively. With
further addition of microRNAs 302a-d, 367 it permits RNA-
based reprogramming by transfer of reprogramming tran-
scription factors. The reprogramming efficiency is thereby
considerable higher than accomplished with the use of mod-
ified synthetic RNAs.

Established Ribo-iPS cells display high quality confirmed
by stem cell morphology and high expression of embryonic
stem cell-markers like OCT4, REX1, TRA-1-60 and alkaline
phosphatase.

We conclude that the use of EKB is a powerful tool to enhance
RNA-based reprogramming and in general RNA-based transfer
of genetic information.
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Endothelial differentiation from iPSC and ESC
H Belt, ] Koponen, K Puttonen, ] Koistinaho, S Yla Herttuala

A.L Virtanen Institute, University of Eastern Finland

Conventional treatments of coronary artery disease, such as
angioplasty and bypass surgery, are not always sufficient or
suitable for all patients. Additionally, re-endothelialization of
vessel walls may be impaired after coronary artery stenting.
Therefore, it is essential to develop additional regenerative
therapies to promote therapeutic angiogenesis in ischemic myo-
cardium and endothelialization of stented vessels.
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ESC and iPSC can divide indefinitely and they have the ca-
pacity to differentiate into any cell type. This ability gives great
potential to regenerative medicine and personalized cell therapy.
However, the pathway of EC differentiation from ESCs is not
fully understood. Consequently, in vitro derivation of vascular
cells from pluripotent cells and their characterization have
proofed to be difficult.

We have developed an efficient 2D EC differentiation method
using human iPS and ES cells. The protocol employs specific EC-
favoring cell culture media and appropriate growth factors, such
as VEGF-A, BMP-4 and TGF-f inhibitor with precise dosage and
timing. Characterization and functional assays of these EC in-
cludes cobble-stone morphology, EC-specific marker expression
analyses by FACS, tube forming ability, uptake of acetylated
LDL, NO production and Matrigel plug assay in immunodefi-
cient mice. Laminar shear stress, hypoxia and FACS-sorting
might also be important contributors in stable EC differentiation
and maturing.
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Impaired generation of DNA-PK deficient iPS discloses a role
of NHE] in pluripotence induction
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High expectations in regenerative medicine awoken by the
discovery of induced pluripotent cells (iPSC) demand for a
thorough characterization of pathways affecting the efficiency
and safety of its generation. Non-Homologous End Joining
(NHE]) is the preferred pathway for DSB repair during inter-
phase and thus its possible interaction in the reprogramming
process is of utmost interest. We used Prkdc*“*?“ murine em-
bryonic fibroblasts (MEFs), deficient in DNA-PKcs, to investigate
whether defective NHE] had any influence in somatic cell re-
programming. We found that, independently of the reprogram-
ming platform used, the generation of iPS is hampered in
DNA-PK cs deficient cells, resulting in four to sevenfold decrease
of AP-positive colonies and, in most cases, followed by either
premature differentiation or loss of the clones generated after the
delivery of the reprogramming factors. Several intrinsic factors
were tested in the Scid MEFs including growth ratio, transduc-
tion susceptibility and telomere length among others, but the
only factor that could account for their impeded cell repro-
gramming was a premature senescence evidenced after SA-$-Gal
staining coherent with an overexpression of pléINK/ 2. The im-
plementation of Sleeping Beauty reprogramming transposons
(Tn) resulted in increased yield of AP-positive colonies and al-
lowed us to isolate Scid Tn-iPS clones with demonstrated pluri-
potency and confirmed parental radiosensitive phenotype. Our
results show the link between NHE] and cell reprogramming.
Besides, this new disease-specific iPSC model will help to un-
derstand the physiological consequences of DNA-PKcs mutation
during development, hence facilitating future improvements on
cell and gene therapy strategies for the disease.
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Genetic correction of CSF2RA deficiency in patient derived
iPSCs allows generation of functional macrophages and serves
as a therapeutic model for congenital pulmonary alveolar
proteinosis
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Pulmonary Alveolar Proteinosis (PAP) due to a deficient GM-
CSF/IL-3/IL-5 receptor on monocytes/macrophages (M/M)
constitutes a severe lung disease caused by the functional in-
sufficiency of alveolar macrophages, which require GM-CSF
signalling for terminal maturation. While treatment options for
PAP are rare, we here evaluated the suitability of iPSC-derived
M/M for functional disease modelling and (after gene correc-
tion) as a donor source for intra-tracheal transplants. PAP-iPSC
were generated from CD34 bone marrow cells of an GM-CSF
a-chain (CSF2RA) deficient PAP patient by OCT4/SOX2/
KLF4/c-Myc-based reprogramming, demonstrating SSEA4/
Tral-60 expression, reactivation of endogenous OCT4, SOX2,
and NANOG, OCT4-promoter de-methylation, differentiation
into cells of all three germlayers, as well as lack of chromosomal
abnormalities. Hematopoietic differentiation yielded M/Ms of
typical morphology and phenotype (CD14, CD11b, CD45) for
all clones. Upon functional analysis GM-CSF independent
characteristics of M/Ms (cytokine secretion, basal phagocytosis)
were maintained, whereas GM-CSF dependent functions
(CD11b activation, GM-CSF uptake, and pSTAT-5 downstream
signalling) were profoundly impaired, thus establishing M/M
differentiation of PAP-iPSC as a functionally relevant dis-
ease model. When a PAP-iPSC clone was transduced with a 3
gen. SIN-lentiviral vector expressing a codon-optimized
CSF2RA-cDNA from a combined ubiquitous-chromatin-
opening-element (UCOE)/ EFSla-promoter sequence, stable
CSF2RA-expression was observed with no detectable effects on
pluripotency behaviour. Furthermore, upon differentiation to
M/Ms CSF2RA-expression was maintained and complete re-
constitution of GM-CSF dependent functions was achieved. In
summary, we have established iPSC-lines from a CSF2RA-
deficient PAP-patient. M/Ms differentiated from these cells
represent a functional disease model in which complete recon-
stitution of GM-CSF dependent functions is observed upon
CSF2RA gene transfer.
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Genomic engineering of the cystic fibrosis gene
in patient-derived iPS cells
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Cystic Fibrosis is a hereditary disease produced by the absence
or malfunctioning of the Cystic Fibrosis Transmembrane Con-
ductase Regulator (CFTR) gene. To date over 1,200 alterations in
the DNA composition of the CFTR gene have been detected,
although the deletion of the phenylalanine in position 508
(AF508) is responsible for more than 70% of the cases described in
the European Population. CF is a degenerative disease, which can
be considered as the main genetic cause of death in Caucasian
children. Its first manifestations occur in early childhood, gen-
erally affecting the respiratory tract, and later extending to
otherorgans.

The identification and isolation of the gene responsible for the
disease raised great expectations of finding a treatment. How-
ever, such hopes have yet to be realized. Different attempts to
develop effective gene therapy protocols have not provided
satisfactory results. We have opted instead for a genomic engi-
neering approach, in which homologous recombination aided by
gene editing nucleases has been used to eliminate the genetic
defect of the gene.

The method was applied simultaneously in human and mouse
cells, and includes the following steps:

(I) Production of iPS cells from keratinocytes obtained from
AF508 CF patients and AF508 mutant mice;

(I) Correction of the mutation in the iPS cells with a
combination of gene-editing nucleases and PiggyBac
technology;

(II) in vitro differentiation of repaired iPS cells up to a state in
which the derived cell expresses CFTR;

(IV) Functional analysis of the repaired CFIR protein.

Steps I through III have been completed and results will be
provided at the meeting. Step IV is now under investigation
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Congenital PulmonaryAlveolar Proteinosis iPS-derived
hematopoietic progenitor cells (HPCs) revealfunctional defects
upon GM-CSF administration
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Congenital Pulmonary Alveolar Proteinosis (PAP), caused by
a mutation in the GM-CSF receptor f-chain (CSF2RB), is an
extremely rare lung disease resulting from the inability of al-
veolar macrophages to clear the alveolar spaces from surfactant
phospholipids. Since current treatment options are extremely
limited, we here investigate the suitability of a gene therapy
approach based on hematopoietic cells derived from induced
pluripotent stem cells (iPSC). Studies were performed in a
murine model for CSF2RB-deficiency (CSFRB™"). Therefore
iPSCs were generated from lin” bone marrow cells of CSFRB™~
mice utilizing lentiviral overexpression of the standard Yama-
naka-factors OSKM. Generated fc-PAP-iPSCs displayed all
major pluripotency criteria such as SSEA-1 expression, alkaline
phosphatase activity, endogenous Sox2, Oct4, KIf4, Nanog re-

A107

activation, as well as three germ layers differentiation capacity
assessed by teratoma formation. Hematopoietic differentiation
of 5c-PAP-iPSC lines yielded CD41 HPCs on day 8, which fur-
ther directed differentiation generated granulocyte-, monocyte-,
and erythrocyte-containing colonies comparable to control
iPSCs. However, upon differentiation with GM-CSF, fc-PAP-
iPSCs - in contrast to control iPSCs - were unable to form GM-
type colonies, recapitulating the defect found in primary lin®
bone marrow cells of CSFRB™~ mice. Furthermore, in the pres-
ence of M-CSF fc-PAP-iPSC-derived day 8 CD41 HPCs differ-
entiated into CD45, CD11b, F4/80 monocyte/macrophage-like
cells.

In summary, we generated murine CSF2RB-deficient iPSC
lines, which upon hematopoietic differentiation recapitulated
GM-CSF dependent functional defects characteristic of PAP.
These cells — following genetic correction - appear as a promising
source for future cell and gene therapy strategies.
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GDNF prevents dopaminergic neurodegeneration in iPS
cell-based models of familial and sporadic Parkinson’s
disease
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Parkinson’s disease (PD) is among the most frequent human
neurodegenerative diseases characterized by a gradual degen-
eration of nigrostriatal dopamine-containing neurons (DAn).
None of the currently approved drugs significantly prevents PD
progression. Thus, it is urgent to establish new therapies that can
be combined with existing treatments to further improve the
quality of life of patients and possibly slow down or halt disease
progression.

We have recently generated a series of induced pluripotent
stem cell (iPSC) lines representing both idiopathic (ID) and
familial PD patients associated to LRRK2 mutations, and
identified distinct PD-related neurodegeneration phenotypes
arising upon long-term culture in PD patient-specific iPSC-
derived DAn. To search for possible modulators of this
increased susceptibility to undergo neurodegeneration, we
exposed ID and LRRK2 iPSC-derived neural cells to GDNF for
6 weeks. GDNF-treated samples showed increased neurite
numbers and length, as well as increased cell size of DAn in
both ID-PD and LRRK2-PD cell lines, compared with non-
treated samples. Exposure to GDNF promoted neuronal
survival, as judged by the decrease in the number of TH/
CASPASE3 cells in GDNF-treated versus untreated samples,
consistent with a GFR1a/RET activation of Akt and its
downstream target mTORCI.

Our data show that iPSC-derived neuronal cells are valuable
models for measuring responses to neuroprotective strategies
and they may help to identify potential new drugs and future
treatments for PD.
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Recent studies have demonstrated that cell reprogramming is
particularly inefficient in cells defective in DNA repair pathways.
Mutations in the Brca2/Fancdl gene cause defects in DNA dam-
age repair systems that lead to genomic instability, due to its
essential role in homology directed repair (HDR) through the
interaction with Brcal and Rad51. Based on these observations
we studied the involvement of HDR in cell reprogramming and
evaluated the molecular processes involved in the generation of
iPSCs using Fanconi anemia cells with a hypomorphic mutation
in Brea2 (Brca22?7/A%7),

Our results showed that iPSC from Brca2“?”/A%” MEFs were only
efficiently generated when these cells were gene-complemented
with a BRCA2-lentiviral vector (LV). Both the efficiency of cell
reprogramming and the generation of nuclear Rad51 foci during
the reprogramming process were very limited in Brca2 mutant
cells, in contrast to observations made in either WT or Fanca” cells,
demonstrating that implication of HDR during cell reprogram-
ming. The generation of disease-free Brca2*”/** iPSC indicates
that the reprogramming defects observed in Brca2**”/2%7 cells can
be efficiently overcome by gene therapy strategies performed prior
to the reprogramming process.
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30-387, Poland; *Polish Bank of Stem Cells, Grzybowska 2/41, 00-131,
Warsaw; *Department of Pediatric Cardiac Surgery, Polish-American
Children’s Hospital, Krakow, Poland

Background: Microvesicles (MVs) are circular membrane
fragments shed into the extracellular environment by direct
budding from the cell plasma membrane or are derived from the
endosomal compartment. MVs originated from a given cell type
may act as mediators of cell-to-cell communication by transfer-
ring surface determinants and genetic material in the form of
mRNA and microRNA.

Objective: In this study, we have analyzed biological content
of microvesicles derived from human induced pluripotent stem
cells (hiPS) and show that they can transfer endogenous as well
as exogenous RNAs to recipient cells.

Results: Human iPSCs were generated from umbilical cord-
derived mesenchymal stem cells (UC-MSC) with Sendai virus in
serum-free and feeder-free conditions. Cells were characterized by
expression of surface antigens, genotyping, immunohistochemis-
try and teratoma formation assay, showing their pluripotential
nature. hiPS-MVs were harvested by ultracentrifugation. The
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transcript levels in MVs and hiPSCs were compared by real-time
RT-PCR method demonstrating that hiPS-MVs are particularly
rich in miRNAs and contain several mRNAs. Moreover, we
showed that hiPS-MVs can transfer their biological content to
target cells, human heart-derived MSCs. Lastly, we engineered
hiPSCs to express a marker gene, green fluorescent protein (GFP)
and we showed that exogenous material can also be transferred to
hiPS-MVs.

Conclusions: this study suggests that hiPS-MVs may be im-
portant mediators of signaling between various stem cell types
and may be useful therapeutic tools for horizontal transfer of
RNAs to target cells.
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Systemic administration of adeno-associated viral (AAVS)
vectors expressing human ADA as in vivo enzyme
replacement therapy in the ADA-deficient mouse

D A Carbonaro, X Jin, S Senadheera, D B Kohn

Department of Microbiology, Immunology and Molecular Genetics,
University of California Los Angeles (UCLA)

Adenosine deaminase-deficient Severe Combined Immune
Deficiency (ADA-SCID) combines a severe primary pan-lymphoid
immune deficiency and a systemic purine metabolic disorder
affecting multiple organs. Without treatment, ADA-/- mice perish
at 3 weeks of age; however, they were rescued by intrave-
nous injection of a lentiviral vector expressing human ADA
(5x10e10 TU/kg) which resulted in high ADA expression in
liver and lung. Given the high lentiviral vector dose required for
adequate ADA expression, we evaluated serotype 8 adeno-
associated virus (AAVS8) vectors expressing human ADA.
ADA-/- and ADA/- neonates received 1x10e9, 1x10el10 or
1x10ell genome copies (gc)/kg of AAV8/EFS-ADA or AAVS/
MND-ADA. Survival of ADA-/- mice required >10e10gc/kg
of AAV8/MND-ADA or >1x10ell gc/kg of AAVS8/EFS-ADA.
Surviving ADA-/- mice (6 months) that received 10ellvg/kg
of AAV8/MND-ADA or AAV8/EFS-ADA had immune recon-
stitution with very low VC (0.001-0.00001) in bone marrow,
thymus and spleen. In cardiac muscle, the mean VC was
2.1/-0.9 with 10el1vg/kg AAV8/EFS-ADA and 2.8/-1.7 with
10e11 vg/kg AAV8/MND-ADA. In liver, lung, kidney and brain
there were 0.01-0.1 vector copies (VC) with both vectors. In the
treated ADA /-littermates, liver VC and ADA activity were dose-
dependent from 10e9-10ellvg/kg. In surviving ADA-/- mice,
VC was dose-dependent in heart, kidney and brain, but not in
liver, such that only mice with VC in the liver above a threshold
level survived within cohorts that had lower ADA expression
(lower vector dose or weaker EFS promoter). In conclusion,
AAV-mediated gene transfer for in vivo ADA enzyme replace-
ment represents an additional modality for the treatment of
ADA SCID.
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Persistent multilineage engraftment and WASP expression
after lentiviral mediated CD34+ cell gene therapy for the
treatment of Wiskott-Aldrich Syndrome
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Wiskott-Aldrich Syndrome (WAS) is an X-linked immunode-
ficiency characterized by thrombocytopenia, infections, autoim-
munity and lymphomas. Gene therapy (GT) with ex vivo
transduced hematopoietic stem cells (HSC) could represent a
valid therapeutic option for patients lacking an HLA-identical
donor. Our phase I/II clinical trial is based on infusion of au-
tologous CD34 cells, transduced with lentiviral vector encoding
for WAS under the control of the homologous 1.6kb WAS,
combined to reduced intensity conditioning. We recently de-
scribed the safety and efficacy results in the first 3 patients. (Aiuti
et al., Science, epub 2013 Jul 11) and three additional patients
have been treated. Transduction of clonogenic progenitors was
highly efficient (94.4+4.2%), with a mean VCN/genome in bulk
CD34 cells of 2.7+0.98. Robust and stable engraftment was ob-
served in all hematopoietic lineages from PB and BM, persisting
at stable levels over time. At the latest follow up, the proportion
of vector transduced BM clonogenic progenitors ranged from 22
to 60%. We estimated that each transduced progenitor cell con-
tained on average 1 to 1.6 copies of the vector. Accordingly,
WASP expression, measured by flow cytometry, was observed in
PB platelets, monocytes and, as expected due to the selective
advantage, in a higher proportion of lymphoid cells (WASP cells:
70.9+4.8%). Among lymphoid cells, CD8 cells and memory T
cells showed the highest proportion of WASp expressing cells
(80-90%). Moreover, immunological functions, including re-
sponses to anti-CD3 proliferation, improved after gene therapy.
All six patients are currently clinically well, independent from
platelet transfusions, with the current follow up ranging from 4
to 36 months. In conclusion, LV-WAS gene therapy results in
stable engraftment of multilineage transduced HSC even when
combined to reduced intensity conditioning.
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New Detection method for p22-phox-deficient Chronic
Granulomatous Disease Heterozygote Carriers in Jeju

S K. Cho, K Sue Shin, M Cho

Faculty of Biotechnology, College of Applied Life Science, Department
of Medicine, Jeju National University School of Medicine, Jeju
National University, Jeju 690-756, Korea

Chronic granulomatous disease (CGD) is a genetically het-
erogeneous disease caused by defects in the genes encoding any
of the NADPH oxidase components. The estimated prevalence of
CGD is between 1 in 200,000 and 1 in 250,000 individuals, with
variable rates in different countries. According to a compilation
by the Korean College of Pediatric Clinical Immunology, the
prevalence of CGD in Korea was 0.9 in 1,000,000 individuals.
Surprisingly, the prevalence of CGD on Jeju Island is 20.7 in
1,000,000 individuals. We found that 12 patients from 10 unre-
lated families on Jeju Island had an identical homozygous single-
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base substitution of C to T in exon 1 (¢.7C>T) of the CYBA gene.
We hypothesized that the high prevalence of CGD on Jeju Island
is associated with an identical mutation inherited from a com-
mon ancestor or proband. The aim of this study was to develop
an assay to detect heterozygote carriers of the genotype specific
to Jeju Island. We developed three specific primers, and nested
PCR was employed using whole blood samples as a source of
genomic DNA. Using the new detection method, 704 individuals
were tested. Nine individuals were detected as carriers and the
expected number of carriers is 1.3 in 100 individuals.
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Biosafety studies of a clinically-applicable lentiviral vector for
gene therapy of RS-SCID
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Radio-sensitive severe combined immunodeficiency (RS-
SCID) patients lack the Artemis protein, fail to produce T and B
cells and have increased sensitivity to ionizing radiations. In the
perspective of a phase I/II gene therapy trial, we conducted a
controlled preclinical biosafety study in a murine model of the
disease. The vector, a SIN rHIV pseudotyped with VSVg ex-
pressing the human Artemis cDNA under control of the short
intronless EFla promoter, was purified by chromatography ac-
cording to a standard method and was quality-controlled. The
vector achieves non toxic and physiological levels of transgene
expression in cell lines. The biosafety protocol evaluated histo-
logical and biological parameters in treated mice throughout the
long-term follow-up of primary (64 mice, 6 months) and sec-
ondary recipients (92 mice, 6 months). Transduced hematopoietic
progenitor cells engrafted into irradiated Artemis-deficient fe-
male mice and provided long-term immune reconstitution of T
and B cell lineages with the restructuration of lymphoid tissues.
In 17% and 21% mice from primary and secondary grafts re-
spectively, histopathology analysis showed lymphomas that
developed irrespective of Artemis vector treatment and were
essentially of host origin (75%-80% of the tumors). In a few tu-
mour samples (5), transduced donor cells were found but asso-
ciated with multiple genomic insertion sites from the Artemis or
GFP vector. While further exploration is ongoing, the study
provides little evidence for insertional mutagenesis caused by the
Artemis vector and shows that the gene therapy protocol is well-
tolerated in this murine model. Such data support further de-
velopment towards gene therapy of RS-SCID.
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High dose of transduced HPSCs provides safe long term
correction of beta-thalassemia

M R Lidonnici'?, F Salvatori', F Tiboni', G Mandelli’,
Y Paleari?, A Aprilel’s, F Sanvito®, P Cristofori*, F Benedicenti!,
A Calabria!, E Montini', G Ferrari'?

San Raffaele-Telethon Institute for Gene Therapy (TIGET); *Vita-
Salute San Raffaele University, Milan, Italy; >San Raffaele Scientific
Institute, Milan, Italy; “Glaxo Smith Kline, R&D, Ware, UK;
*Universita degli Studi di Roma “Tor Vergata”



A110

Gene therapy for beta thalassemia is based on the use of len-
tiviral vectors (LV) expressing the beta globin gene from a reg-
ulated cellular promoter. Clinical trials have been started in
Europe and USA and the results from the first patient have
shown both the benefit and the limit of this approach. To support
the use of hematopoietic stem/progenitor cells (HPSCs) trans-
duced by the GLOBE LV for the treatment of thalassemia major
and to assess the risk/benefit ratio, we treated by gene therapy
thalassemic th3 mice (n=30), conditioned by busulfan, using cell
dose and vector copy number (VCN)/cell superior to that ex-
pected in human cells (6.3 to 9.7). Control groups include mice
transplanted with mock-transduced HPSCs and untreated age-
matched animals. Mice have been monitored for 12 months post
treatment and since the donor and recipient strains are co-
isogenic for the allelic form of CD45 antigen, chimerism and cell
origin can be monitored using specific antibodies. At termination
mice are sacrificed and full necropsy and histopathology exam-
ination are performed along with clinical chemistry, hemato-
logical evaluation and integration site analysis. Results from
interim analysis show: 1) no transplant related mortality; 2) ef-
ficient engraftment of transduced cells in blood; 3) correction of
hematological parameters and transgene expression. Currently
this study is ending and final results will be available.
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Transduction susceptibility and engraftment potential
of genetically-modified human thalassemic CD34+ cells
collected by different mobilization approaches
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The optimal autologous graft for thalassemia gene therapy
will be one that is easily accessible, rich in CD34 cells, susceptible
to transduction and highly engraftable after transplantation. In
two clinical trials, we investigated CD34 cell mobilization using
G-CSF- or plerixafor-based strategies, in adult f-thalassemia
major patients; mobilization with G-CSF plerixafor yielded the
highest CD34 cell doses obtained by single apheresis. We here
explored whether human thal CD34 cells mobilized by G-
CSF(n=6), Hydroxyurea G-CSF(n=6), plerixafor(n=13) or G-
CSF plerixafor(n=4) and transduced with the TNS9.3.55 -globin
lenti-viral vector, display differences in clonogenic capacity,
susceptibility to transduction or engraftment potential after xe-
notransplantation. No differences in clonogenic capacity of
transduced CD34 cells mobilized by all different modes were
observed. Plerixafor-alone-mobilized cells exhibited a trend for
higher CFU transduction rates, over G-CSF, Hydroxyurea
G-CSF, G-CSF plerixafor-mobilized cells (% positive CFUs, VCN >
0.45: 55.5+18.8 vs 44.7+10.08 vs 47.4%13.05 vs 39.3+12.9, re-
spectively, p=0.1) whereas G-CSF plerixafor-mobilized cells dis-
played a significantly lower average colony VCN over G-CSF-,
Hydroxyurea G-CSF-, plerixafor-mobilized cells (1.35+0.31 vs
1.84+0.43 vs 1.87+0.25, vs 2.01+0.71, respectively, p<0.0001).
The higher transduction rates of plerixafor-mobilized cells could
be at least partially attributed to the higher content in cells at the
G1 phase of cell cycle. Ongoing HPLC analysis in erythroid dif-
ferentiation cultures, shows that the normalized TNS9.3.55-
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derived f-globin expression in all groups is close to the normal
hemizygous output. The engraftment potential was assayed in
IL.2Rgamma™" mice after partial myeloablation and infusion of
1x10°CD34 cells/recipient. TNS9.3.55-transduced G-CSF pler-
ixafor cells displayed superior multilineage short-term (p <0.004)
and a trend towards superior long-term (p=0.1) engraftment
over cells mobilized by all other modes. The higher CD34 cell
yields obtained by G-CSF plerixafor in conjunction with their
engraftment benefit in a non-myeloablative setting, may out-
weigh their lower susceptibility to transduction. The optimal
autologous graft for thalassemia however, will be ultimately
determined by the amount and persistence of transduced cells in
vivo in addition to the level of f-globin gene expression.
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Long-term safety of clinical grade LentiGlobin vectors
in B-thalassemic and normal mice
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* These authors participated equally to this work. The long term
non-clinical efficacy and safety of an improved LentiGlobin lenti-
viral vector (BB305) were evaluated and compared to those of the
HPV569 lentiviral vector, currently used in a clinical trial for the
treatment of f~hemoglobinopathies. The therapeutic efficacy and
potential toxicity (histopathology, hematology, and insertion sites)
were analyzed in 58 -thalassemia mice (Hbbth1/th1) transplanted
with BB305-, HPV569- or Mock-transduced cells. A significant
improvement of the phenotype, polyclonal reconstitution and no
toxic effect were observed in all mice transplanted with vector-
transduced cells. Four months after primary transplantation, bone
marrow samples from 54 primary f-thalassemic mice were injected
into 108 secondary C57BL/6 recipients to study the long-term
toxicity. Mice were followed for engraftment, fitness and ne-
cropsied six months later. Extensive investigations were performed
in order to assess hematopoietic cell reconstitution, to evaluate
potential toxic effects (biochemical parameters, bone marrow cy-
tology, organ damages and tumors) and to analyze insertion sites.
Malignant cells were identified in a number of secondary trans-
plant mice; however, the tumor frequency was not significantly
different between the three treatment groups. Additional immu-
nohistochemical analyses for the CD45.1/CD45.2 markers and
vector sequence specific qPCR carried out on bone marrow and
thymic cell DNA demonstrated that the malignant cells were de-
rived from non-transduced primary recipient cells or from cells
derived from secondary recipients indicating that the emergence of
these cells were most likely related to lethal irradiation and due to
the spontaneous high rates of malignancies in the treated animals.
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Mouse models to assay osteoclasts and genetic correction
in osteopetrosis

C Montano!, I Moscatelli!, C Flores!, A Schulz®
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IMO can only be treated with hematopoietic stem cell trans-
plantation (HSCT) it can be performed if the patient has suitable
stem cell donors. Therefore IMO is a candidate disease for de-
velopment of gene therapy.

It has been demonstrated in our laboratory that the osteope-
trotic phenotype in oc/oc mice can be reversed by transplanta-
tion of fetal liver HSCs cells retrovirally transduced to express
non-mutated TCIRG1.

In order to demonstrate that CD34 IMO patient cells are able to
repopulate stem/progenitors cells we created a new mouse
model. We backcrossed the oc/oc mouse strain onto NSG strain
and we selected the oc/oc mutation and NSG mutations through
seven generations. Resent results show that NSG/oc/oc off-
spring developed osteopetrosis and is immunedeficient because
the lack of T, B and NK cells. In the furthers experiments NSG/
oc/oc mice will be transplanted neonatally with cord blood and
IMO CD34 cells transduced with a suitable therapeutic vector to
investigate the disease-correcting ability of vectors and human
cell population in vivo.
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Lentiviral-based gene therapy for Pyruvate Kinase deficiency
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Pyruvate Kinase Deficiency (PKD) is an autosomal recessive
disease caused by mutations in the PKLR gene. It produces
chronic nonspherocytic hemolytic anemia (CNSHA), being fatal
during early childhood in some severely affected patients. He-
matopoietic stem cell (HSC) gene therapy emerges as a thera-
peutic option for patients with a severe disease lacking an
HLA-compatible donor. Our preclinical results in a PKD mouse
model aimed to investigate the efficacy of two different ubiqui-
tous promoters, CMV and hPGK, driving the expression of the
human PKLR ¢cDNA. While CMV was associated with transgene
silencing events, hPGK promoter was potent enough to express
clinically relevant levels of RPK transgene in both, primary and
secondary deficient transplanted mice. With LV dosages within
the clinical standards, ectopic RPK expression was able to nor-
malize the erythroid compartment, correcting the hematological
phenotype and reverting organ pathology. Metabolomic studies
based on targeted and untargeted mass spectrometry performed
on blood cells demonstrate the functionality correction of the
glycolytic pathway in genetically corrected RBCs, with no met-
abolic disturbances observed in leukocytes. Current studies
aiming the analysis of the LV insertion sites in the genome of
hematopoietic cells from primary and secondary transplanted
animals are in progress. These results underscore the therapeutic
potential of the hPGK-RPK lentiviral vector, providing for the
first time encouraging expectations towards the gene therapy
of PKD.
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A pilot study of quality of life for patients with chronic critical
limb ischemia after gene therapy

M Tanaka, Y Fujino, Y Yonemitsu

R&D Laboratory for Innovative Biotherapeutics, Graduate School of
Pharmaceutical Sciences, Kyushu University, Japan

Background: The effects on quality of life (QOL) after the first-
in-man Phase I/I]a clinical trial using non-transmissible recom-
binant Sendai virus vector carrying fibroblast growth factor-2
gene (SeV/dF-hFGF2) were investigated for patients with
chronic critical limb ischemia (CLI).

Method: The QOL was carried out using the Short Form 36
health survey (SF-36) for 12 patients, who participated in the
gene therapy, on pre-administration, and 28 days, 3, 6, and 12
months after administration. The score of SF-36 was analyzed by
one-way ANOVA. The correlation of the rate of change in ab-
solute claudication distance (ACD) and QOL was also analyzed.

Results: The scores excluding 2 amputated subjects signifi-
cantly improved the bodily pain for the 12 months (p <0.043) and
the role-physical for 3 months (p<0.047) and 12 months
(p<0.039) after administration. There was no significant corre-
lation with the rate of change in ACD and QOL.

Conclusions: CLI affects patient” QOL and functional status.
Our findings indicate that SeV/dF-hFGF2 gene therapy im-
proved or preserved the bodily pain and role-physical activities
for CLI patients in a long-term period.
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Molecular changes and gene therapy of the infarcted
myocardium
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Molecular mechanisms responsible for the pathology of acute
myocardial infarction (AMI) as well as for the healing of infarcted
myocardium are not completely understood. Moreover, the
treatment strategies are still limited.

In the present study, C57Bl6 mice were subjected to left an-
terior descending (LAD) coronary artery ligation. The assessment
of left ventricle function with VEVO2100 ultrasound at day 7 re-
vealed significant impairment of contractility and decreased ejec-
tion fraction when compared to healthy individuals. Gene
expression analysis reveled significantly increased mRNA levels
of atrial natriuretic peptide (ANF), brain natriuretic peptide (BNP)
and tenascin C (TnC) in the regions of the heart affected by LAD
ligation. Additionally, we have observed significant differences in
the levels of miRNAs expressed by heart muscle - down-regula-
tion of miR-126, miR-208, miR-378, miR-499 and up-regulation of
miR-199. Modification of changes caused by the infarction can be
potentially achieved by gene therapy, assumed to be more feasible
when applied systemically. To this end the mice were subjected to
systemic application of 5% 10'°-5x 10! viral genoms of adeno-
associated viral vector serotype 9 (AAV9), claimed to specifically
target heart. Transduction was assessed intravitally with IVIS
Lumina detecting luciferase gene expression. Surprisingly, except
efficient cardiac gene transfer, we observed strong expression of
the transgene also in other organs such as liver, skeletal muscle,
and fat tissue.



A112

Our results suggest an important role of the post-transcriptional
regulators of gene expression in the infarcted heart. Moreover,
cardiotropic properties of AAV9 appear to be undermined.

Supported by grant: POIG No. 01.01.02-00-109/09 (European
Union structural funds).
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Comparison of intrapericardial versus intracoronary delivery
of Mesenchymal Stem Cells in a swine model of myocardial
infarct

B Moreno-Naranjol, I Diaz-Giiemes?, V Criséstomo’,
JG Casado?, ] Maestre®, C Baez®, FM Sénchez—Margallo7

esiis Uson Minimally Invasive Surgery Centre, 10071 Cdceres,
Spain

The increase in mortality and morbidity associated to car-
diovascular disease determines the development of new ther-
apies to help reduce their impact on society. Despite the
increase in research focused on Cell Therapy for myocardial
regeneration since 2000, as at today there are still many un-
answered questions. The aim of this study is to compare two
inoculation routs intracoronary and intrapericardial through a
thoracoscopic approach.

Methods: 14 domestic female swine were randomly allocated
to each group. The infarction model was performed occluding
the mid-left anterior descending artery using a balloon catheter
during 90 minutes. 30x10° MSC were injected two days after
model creation. Imaging studies were serially performed to as-
sess the evolution of cardiac morphology and function. The an-
imals were sacrificed after 3 months of follow-up.

Result: The myocardial infarction model was successfully
created in both groups. Changes in the ECG with ST segment
elevation were observed in all animals during occlusion of the
artery. There was a significant difference in end systolic and end
diastolic volumes during the study. The percentage affected by
myocardial ischemia was not significant different between
groups or between the different study times. We believe that both
approaches provide partial benefits, on the one hand, the thor-
acoscopic approach allows a more accurate placement of the cells
in the area affected by ischemia, preventing migration while the
intracoronary approach requires a lighter anesthetic level.
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IRES-based vectors for a combined gene therapy of heart
ischemia
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Despite of considerable advances in the treatment of cardio-
vascular diseases, left ventricle dysfunction and heart failure
remain an important problem of public health. Our laboratory
develops an original approach of combined gene therapy, based
on translational activators, IRESs (internal ribosome entry sites),
to generate gene transfer vectors co-expressing several thera-
peutic molecules. We have previously validated the benefit of
IRES-based vector co-expressing FGF2 and Cyr61 for therapeutic
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angiogenesis of hindlimb ischemia (1). This association creates a
synergistical effect of the two molecules that are more efficient at
low doses.

Here we have developed gene transfer vectors applicable to
gene therapy of myocardial ischemia. The aim is to express
combinations of molecules to stimulate both angiogenesis and
myocardium contractile function. Bicistronic IRES-containing
lentivectors expressing two luciferase genes have been success-
fully assessed in transduction of mouse cardiomyocytes and
cardiac fibroblasts ex vivo, as well as in infarcted myocard in vivo.
In addition we show that the lentivector is more efficiently ex-
pressed in the ischemic heart than in the control, probably due to
IRES activation by hypoxia. We have thus validated intracardiac
injection of lentivectors in a mouse model of heart ischemia.
Lentivectors expressing combinations of two or three therapeutic
genes including apelin, FGF2 and Cyr61 have been designed and
produced. First experiments with a lentivector expressing apelin
alone show encouraging data on decrease of heart hypertrophy
and fibrosis. Bicistronic and tricistronic lentivectors are presently
assessed in order to obtain a synergistic effect of the therapeutic
molecules, and an optimal therapeutic benefit on heart perfusion
and contractile function.

1) Rayssac et al, Mol Ther 2009.
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Non-inflammatory angiogenesis is impaired, while the
inflammation-driven revascularization of ischemic tissue
isaccelerated by the lack of Nrf2
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Antioxidant genes, like heme oxygenase-1 (HO-1; Hmox-1) are
involved in blood vessels formation. Importantly, lack of HO-1
impairs response of endothelial cells (ECs) and proangiogenic
progenitor cells (PACs) to VEGF or SDF-1 stimulation. Accord-
ingly, wound healing and revascularisation in ischemic limbs of
Hmox-1 knockout (KO) mice is impaired.

Here we investigated angiogenic role of Nrf2 (Nfe2l2), a
transcription factor upstream of Hmox-1. Stimulation of ECs
with VEGF, IL-8 or SDF-1 stabilized Nrf2 and led to HO-1 in-
duction. Silencing of Nrf2 by RNAi attenuated angiogenic
response of ECs, similarly as Nrf2 deficiency in bone marrow-
derived PACs in vitro. Moreover, PACs from Nfe2I2 KO mice
demonstrated decreased production of proangiogenic media-
tors in hypoxia, such as VEGF. In vivo, role of Nrf2 was dem-
onstrated when in GFP transgenic mice subcutaneously injected
Matrigel containing Nrf2-deficient PACs recruited less GFP-
positive ECs than wild type PACs. Moreover, mobilization of
PACs to peripheral blood after hind limb ischemia tended to
diminish in Nfe212 KO mice. Surprisingly, regeneration of blood
flow was accelerated in ischemic limbs of such animals, what
was accompanied by increased inflammatory response in the
ischemic muscles. Treatment of mice with etodolac (10mg/kg
b.w./day), a cyclooxygenases inhibitor, diminished blood flow
in Nrf2-deficient mice to the level observed in wild type coun-
terparts, and decreased revascularisation in ischemic limbs of
the latter.

In sum, lack of Nrf2 impairs non-inflammatory angiogenesis,
while the inflammation-driven revascularisation is accelerated in



POSTER PRESENTATIONS

the absence of Nrf2. Additionally, the role of PACs in inflam-
mation-dependent reparative angiogenesis is undermined.
Supported by POIG 01.01.02-00-109/09.
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Correction of murine ADAMTS13 deficiency using the
‘Sleeping Beauty’ transposon system

S Verhenne!, N Vandeputtez, I PareynS, Z Izsvak?,
S F. De Meyer®, K Vanhoorelbeke®

Laboratory for Thrombosis Research, KU Leuven Kulak, Kortrijk,
8500, Belgium

Introduction: Congenital deficiency of the metalloprotease
ADAMTSI3 causes the life-threatening disease thrombotic
thrombocytopenic purpura (TTP). Current treatment of choice is
plasma infusion, which, although effective, might expose pa-
tients to allergies, infections, etc.

Aim: Investigating whether the non-viral ‘Sleeping Beauty’
(SB) transposon system could be an alternative treatment strat-
egy for TTP.

Methods: The SB transposon plasmids were delivered by hy-
drodynamic tail-vein injection in 5 ADAMTS13-/- mice. Transgene
expression of muADAMTS13 and presence of anti-muADAMTS13
antibodies were measured using immunoassays. The proteolytic
activity of muADAMTS13 was analyzed. VWF multimer patterns
were detected using SDS-agarose gel electrophoresis.

Results: The co-injection of the transposon plasmid with the
transposase-expressing plasmid resulted in high levels of trans-
gene, active muADAMTS13 expression (880+909%, 475+230%,
and 199 +179% at day 3, 7 and 14 after injection respectively). The
expression of active muADAMTS13 also resulted in the disap-
pearance of ultra-large VWF multimers in plasma. However, 2
weeks after injection a decrease in muADAMTS13 expression
was observed which was due to the formation of antibodies
against the transgene protein.

Conclusion: Using the SB transposon system we can correct
the deficiency of the ADAMTS13 gene. The development of an-
tibodies, however, hampered the long-term expression. Ongoing
studies will focus on suppressing this antibody response.
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A comparative study of the reparative and angiogenic
properties of mesenchymal stem cells derived from the bone
marrow of BALB/c and C57/BL6 mice in a model of limb
ischemia

F F da Cunha, P K Matsumoto Martin, R S Stilhano, S W Han

Research center for gene therapy, Department of Biophysics,
Universidade Federal de Sio Paulo, Sdo Paulo-SP, 04044-010, Brasil

Introduction: BALB/c and C57/BL6 mice have different
abilities to recover from ischemia. C57/BL6 mice display in-
creased vessel collateralization and VEGF expression with a
consequent rapid recovery from ischemia compared to BALB/c
mice. Mesenchymal stem cells (MSCs) are one of the main cells
that contribute to the recovery from ischemia because, among
their biological activities, they produce several pro-angiogenic
paracrine factors and differentiate into endothelial cells. The
objective of this study was to evaluate whether the MSCs of
these two mouse strains have different inductive capacities for
recovering ischemic limbs.
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Methods: MSCs from these two strains were obtained from
the bone marrow, purified and characterized before being used
for in vivo experiments. Limb ischemia was surgically induced in
BALB/c mice, and MSCs were injected on the fifth day. The
evolution of limb necrosis was evaluated over the subsequent
month. Muscle strength was assessed on the thirtieth day after
the injection, and then the animals were sacrificed to determine
the muscle mass and perform histological analyses to detect
cellular infiltration, capillary and microvessel densities, fibrosis,
necrosis and tissue regeneration.

Results: The MSCs from both strains promoted good recovery
from ischemia, with all recovery indicators showing similar results.

Conclusions: The similar therapeutic results obtained with
MSCs from BALB/c and C57/Bl6 mice, which have a clear ge-
netic difference in term of angiogenesis, when treating ischemic
tissue demonstrate the important role of MSCs in the recovery of
ischemic tissues, regardless of the genetic background.
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Intrapericardial delivery of bone marrow mesenchymal stem
cells in a porcine model: in vivo cell tracking by MRI and
histological analysis

JG Casado’, R Blézquezl, V Criséstomo?, C Baez?, ] Maestre?,
G Gémez-Mauricio!, V Alvarez!, FM Sz’mchez—Margallo1

Stem Cell Therapy Unit, Minimally Invasive Surgery Centre Jesus
Uson, Caceres, Spain; *Endoluminal Therapy and Diagnosis,
Minimally Invasive Surgery Centre Jesus Uson, Caceres, Spain
Madrid, Spain

Purpose: The mesenchymal stem cells (MSCs) have been
widely used in clinical and preclinical trials. They are particu-
larly attractive for their availability, multipotentiality, self-
renewal ability and low immunogenicity. The appropriate route
for MSCs administration is a fundamental step for the success of
stem cell-based therapies and could determine the degree of
therapeutic effect. The intrapericardial delivery is the least
studied delivery approach for cardiac cell therapy.

Methods: Allogeneic porcine bone marrow MSCs (pBM-
MSCs) were isolated from male Large White pigs. For viability
and proliferation assays, pBM-MSCs were cultured in the pres-
ence of different concentrations of pericardial fluid. In order to
detect pBM-MSCs by magnetic resonance imaging (MRI), the
cells were magnetically labeled with superparamagnetic iron
oxide (Endorem®). The labeling efficiency was determined by
Prussian-Blue. A total of 100x 10° pBM-MSCs were injected into
the pericardial cavity via thoracotomy. Samples were obtained 7
days post-injection, fixed for histology and frozen for Y chro-
mosome PCR detection.

Results: In vitro cell culture with pericardial fluid demon-
strated that phenotype, viability and proliferation rate was
comparable to standard culture conditions. The in vivo cell
tracking by MRI (7 days follow-up) demonstrated a preferential
distribution of magnetically labeled pPBM-MSCs in the left ven-
tricle. Finally, the histology and Y chromosome PCR showed
coincident results and MSCs were detected in the pericardium,
ventricles and atrium.

Conclusions: Intrapericardial administration allows an opti-
mal cell retention and implantation of MSCs. The presence of
MSCs adhered to myocardium or pericardium may have a ben-
eficial effect through the release of paracrine factors. We hy-
pothesize that intrapericardial administration would enhance the
therapeutic potential of MSCs in heart failure.
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Human placental derived stem cells grown on a synthetic-
fibrin scaffold for cardiac tissue engineering

M Leddal, E Brigantiz, P Losi?, S Grimaldi!, R Marchese®,
G Soldani®, A Lisi?

Mnstitute of Translational Pharmacology, C.N.R., Roma, Italy;
2Institute of Clinical Physiology, C.N.R., Massa, Italy; *Research
Center, FBF S. Peter Hospital, Rome, Italy

Tissue-engineering strategies combining scaffolds and stem
cells to enhance cardiac repair is considered a very promising
approach for the treatment of damaged myocardium. For this
goal a suitable cell delivery system to improve tissue regenera-
tion, without affecting cardiac contractile function is required.
For their multi-lineage differentiation potential and low immu-
nogenic properties Mesenchymal Stem Cells (MSCs) isolated
from term Amniotic Membrane (AM) are considered a very at-
tractive source for cardiac repair. In this study an elastic scaffold,
obtained combining a fibrin layer with a poly(etherjurethane-
polydimethylsiloxane (PEtU-PDMS) layer, was used as a sub-
strate for “in vitro” growth and differentiation of human amniotic
mesenchymal stromal cell (hAMSCs).

Cell proliferation and metabolic activity of these cells, grown
on Combined Synthetic-Fibrin scaffold, were evaluated by bro-
modeoxyuridine and WST-1 assays for up to 14 days of culture.
Their cardiomyogenic commitment was induced, for the first
time in this cell population, by a nitric oxide (NO) treatment. The
NO treated hAMSCs, showed morphological changes, an in-
crease of the messenger cardiac differentiation markers [troponin
I (TnI) and NK2 transcription factor related locus 5 (Nkx2.5)] and
a modulation of the endothelial markers [vascular endothelial
growth factor (VEGF) and kinase insert domain receptor (KDR)]
by RT-PCR analysis.

The results of this study propose a combined synthetic fibrin
scaffold, able to support growth and cardiomyogenic commit-
ment of hAMSCs, as a new strategy that could be used in cardiac
regenerative medicine.
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Secretome-based approach for therapeutic angiogenesis
outclasses proangiogenic bone marrow-derived cell
transplantation

A Grochot-Przeczek'?, ] Kotlinowski', M Kozakowska'?,
A Jazwa', ] Dulak!, A Jézkowicz!

"Department of Medical Biotechnology, Faculty of Biochemistry,
Biophysics and Biotechnology, Jagiellonian University, 30-387
Krakow, Poland; *Laboratory of Experimental Pharmacology of
Endothelium, JCET, Jagiellonian University, 30-348 Krakow, Poland

Rationale: The experimental studies have definitely evidenced
the role of proangiogenic myeloid cells (previously referred to as
EPCs) in postnatal angiogenesis in ischemic conditions. Con-
tribution of such cells to tissue repair is claimed to be achieved
both by incorporation of the cells into developing capillaries and
their paracrine effect. We compared which approach, cell trans-
plantation or conditioned media injection, might be more effec-
tive for therapeutic angiogenesis.

Principal findings: Proangiogenic bone marrow-derived cells
(BMDCs) were injected intradermally around the cutaneous
wounds in mice. We observed no statistical difference in time
course of wound closure between cell treated and control animals.
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About 60% of BMDCs transplanted intradermally to the mice were
eluted from the tissue within 6 h after injection. Next, 70% did not
survive for subsequent 3 days. Thus, of 200 000 cells injected, only
about 5000 cells were still present in the skin 7 days after injection,
and one week later their number was less than 50. In another model,
mice underwent femoral artery ligation and were subsequently
intravenously injected with PBS or BMDCs. Unexpectedly, the
adoptive transfer of BMDCs impaired tissue reperfusion in com-
parison to PBS treated animals. In contrary, blood flow recovery
could be rescued by local injections of conditioned media harvested
from BMDCs. Mass spectrometry identified HSPA8 and osteo-
pontin as the main potential factors facilitating revascularization.

Conclusions: Cell-free strategy facilitated revascularization of
the ischemic tissue in our experimental settings, whereas cell
therapy was not effective. Therefore, secretome-based approach
seems to be more feasible.
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Safety of allogeneic pCSCs intracoronary delivery: a
pathological and MR study assessment in the porcine model

V Criséstomo'?, C Béez!, ] Maestre!, JG Casado?, R Rosado?,
B Sanchez?, JL Abad?, FM Sénchez—Margallo1

estis Usén Minimally Invasive Surgery Centre. 10071 Céceres,
Spain; *Coretherapix S.L. 28760 Tres Cantos (Madrid), Spain

Purpose: Intracoronary delivery of cardiac derived cells is a
promising strategy that has produced positive results in recent
studies. Clinical trials have generally administered up to 25x 10°
CDCs. Higher doses are considered to place the subject at infarction
risk. We undertook this study to assess the effects of intracoronary
administration of 35x10° pCSCs in healthy swine using clinically
available tools (cMR and Troponine I assay) and to confirm the
findings with pathology, in order to evaluate the possibility that the
cells in themselves exert toxicity or cause infarction.

Methods: Six healthy domestic swine were subjected to delayed
enhancement cardiac magnetic resonance (DE-CMR) to confirm
that the myocardium was healthy. 35x10° pCSCs were then in-
jected via a microcatheter placed at the mid-LAD. DE-CMR was
repeated 24h and 7 days after injection. Cardiac Tpnl levels were
analyzed prior to injection and at 4 and 24 hours. Animals were
euthanized at 3 weeks for pathological study of the target heart area.

Results: No ST elevations or cardiac events were seen during
the procedure. cTpnl increased after intervention but it remained
within clinically acceptable values (baseline 0.012+0.003 ug/L; 4h
0.028+0.021 ug/L and 24h 0.41£0.69 ug/L). Neither DE-CMR
nor pathological examination showed evidence of cardiac lesion in
any animal.

Conclusion: The intracoronary delivery of 35x10° pCSCs in
healthy swine appears to be safe. Our results suggest that human
trials with these cells can be initiated. The increase in cTpnl seen
after injection could be attributed to the cardiac catheterization,
as suggested by the lack of myocardial injury on the MR and
pathological examinations.
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Characterisation of porcine cardiosphere-derived stem cells
line for preclinical studies in a large animal model leading
to expand the current purposes of CDCs therapy

R Blézquezl, V Cris6stomo?, C Baez?, G Gémez-Mauricio’,
V Alvarez!, A Arenal®, F M SéncheZ-Margallol, JG Casado'?
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Cardiosphere-derived cells (CDCs) have recently emerged as
an effective cell type for cardiac cell therapy. Swine is the most
adequate animal model to study cardiovascular pathologies and
therapies. The aim of this work was to develop and characterize a
porcine CDCs line appropriate for preclinical studies.

CDCs were expanded from porcine cardiac explants and
subjected to different selection processes and culture conditions
to test if these differences affect CDCs phenotype and differen-
tiation ability. Stemness, early cardiac differentiation and mature
cardiomyocytes markers expression, as well as growth factors
and receptors were analyzed by RT-PCR and flow cytometry.
The differentiation potential was in-vitro assayed.

Our expansion protocol of porcine CDCs allows the pro-
curement of 10 to 100 million cells in 90-120 days, a suitable
quantity for preclinical studies. The characterization assays
showed that these CDCs can differentiate into cardiomyocytes,
although they preserve the ability to differentiate into other cell
lineages. Also they showed a high expression of growth factors
such as IGF-1 (and its receptor), HGF and TGF-f1. Finally, their
phenotype and genetic expression are similar to human CDCs.
These porcine CDCs are currently being used for in-
tramyocardial injections in a Large White pig model with in-
duced acute myocardial infarction to study the effects of CDCs
over postinfarction arrythmias. Magnetic resonance imaging is
programmed for weeks 5 and 18 after injection to determine
cardiac functionality, and histopathology studies will be made
after euthanasia.

Our well-characterized porcine CDCs constitute a proper
adult cardiac stem cell line for preclinical studies in a large ani-
mal model. These preclinical trials may allow the optimization of
cell dosage and delivery strategy for further in vivo studies. In
summary, the similarities between these cells and human CDCs
make them optimal to find out new strategies for the application
of stem cell therapy in cardiovascular affections.
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Benefits of intracoronary delivery of pCSCs in a swine model
of acute myocardial infarction

C Béez!, V Cris6stomo!, M Garcia-Lindo?, ]G Casado,
V Alvarez!, R Blézquezl, I Palacios?, L Rodriguez Borlado?,
F M Sanchez Margallo'

estis Usén Minimally Invasive Surgery Centre. 10071 Cdceres,
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Purpose: The aim of this study was to evaluate in a swine
model of acute myocardial infarction the functional benefits ob-
tained by intracoronary delivery of two different porcine cardiac
stem cell (pCSC) doses.

Methods: Intracoronary injection of either vehicle (n=5),
25%10° (n=>5) or 50x10° pCSCs (n=5) was performed 1 week
after endovascular infarct creation using a microcatheter placed
in the mid left anterior descending artery. Blood samples for
troponin I (Tpnl) determination were taken before and 24 h after
infusion. Left ventricular ejection fraction (LVEF), left ventricular
end diastolic (LVEDV) and systolic volumes (LVESV) were
evaluated by magnetic resonance at baseline, 1 week after in-
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farction, and 1 and 10 weeks after cell/vehicle injection. After
euthanasia hearts were explanted for pathology.

Results: No significant increase in Tpnl was observed after
cell/vehicle delivery. At the end of the study higher LVEF and
lower LVEDV and LVESV values were observed in the 25x10°
(51.48 £4.37%; 81.77+12.13ml and 39.98+9.01 ml) and 50x 10°
pCSC-treated animals (51.06+4.74%; 86.83+13.48ml and
42.85+9.68 ml) compared to the control pigs (39.78+10.97%;
98.66+21.10 and 60.73 +21.96). Histology revealed more severe
lesions in the tissue samples belonging to the control animals.
The 50 x 10° pCSCs samples showed the lowest degree of injury.

Conclusion: Intracoronary administration of both evaluated
cell doses appeared to be safe as demonstrated by the small in-
crease in Tpnl. Although differences between groups were not
statistically significant, there was a trend towards improvement
of cardiac function in the cell-treated subjects. Histological results
suggested that this trend was greater when the higher cell dose
was injected.
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Autophagy activation by hidrogen sulfide protects
cardiomiocytes of death by starvation.

N Aquiles Garcia'?, ] Moncayo®, C Aguado®, N Marti®,
E Knecht®, A Diez J*?

TUPV Universidad Politécnica de Valencia, Valencia, Spain;
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Hydrogen sulfide (H2S) together to nitric oxide and carbon
monoxide is an endogenous gaseous mediator. Different studies
have shown that H2S has protective effects on myocardial
ischemiainduced cell apoptosis. In addition to oxygen depriva-
tion ischemia also creates a nutrient deficiency that also will be
responsible, at least in part, of cell death. In this study, we in-
vestigated the effects of a H2S donor GYY4137 on acute starva-
tion-induced apoptosis on HL-1 cardiac myocytes. Exposure to
no-glucose, no-amino acid media for 4 hours resulted in the
induction of apoptosis by 41.6%+1.01%, which was attenuated
by pretreatment with H2S donor GYY4137. Further investigation
of the protective mechanisms in the cells demonstrated that
pretreatment H2S donor GYY4137 activates autophagy, reduce
ATP content and induce starvation signalling in HL-1 cells.
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Intracerebral administration of lentiviral vectors in juvenile
non-human primates: a biodistribution study

\Y% Meneghinil, A Lattanzi!, G Frati!, ] Bringas3, S Martino?,
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(TIGET), Milan (Italy); *University of Perugia, Department of
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SUniversity of California, Department of Neurological Surgery,

San Francisco (CA)

Metachromatic leukodystrophy (MLD) is a rapidly progres-
sing demyelinating disease caused by a genetic deficiency in the
lysosomal arylsulfatase A (ARSA). We have shown that a single
injection of lentiviral vectors (LV) coding for the ARSA gene
into the external capsule (EC) of MLD mice results in rapid,
widespread and long-lasting ARSA activity in CNS tissues,
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highlighting a major rationale for LV application to intracere-
bral gene therapy (GT). However, before considering a potential
clinical application, scaling-up issues should be addressed in
large animals. Thus, we applied convection enhanced delivery
to inject LV.GFP or LV.hARSA in interconnected white matter
(WM) regions (EC, corona radiata) and in the thalamus (2 uni-
lateral injections; 2-5x10” TU/site) of normal juvenile non-
human primates (NHP; n=8), evaluating vector and transgene
expression/distribution at 1 and 3 months post-treatment. The
procedure was tolerated without any adverse events or change
in neurobehavioral examination. Histopathology revealed a
minimal to severe neuroinflammation close to the injection
areas in 6 out of 8 NHP. Analysis of CNS tissues from LV.GFP-
injected NHP (n=2) showed efficient transduction and moder-
ate LV diffusion (<3cm) in the injected hemisphere. Of note,
robust GFP expression was detected in multiple brain areas
along the rostral-to-caudal axis, in both hemispheres, up to the
cervical spinal cord. These data strongly suggest the potential of
the proposed GT platform to effectively treat large brains. We
are currently analysing CNS tissues from LV.hARSA-treated
NHP (n=6), in which we expect similar or enhanced biodis-
tribution of hARSA due to enzyme secretion, CSF transport and
cross-correction.
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Protection and repair of thedopaminergic nigrostriatal
pathway by striatal xenografts of in vitro expanded CB cells
in a chronic Parkinson’s disease model.
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Instituto de Biomedicina de Sevilla-IBiS, HUVR/Universidad de
Sevilla/CSIC. Sevilla, 41013 Spain

Intrastriatal carotid body (CB) grafts induce trophic protec-
tion and restoration of the dopaminergic nigrostriatal pathway
in rodent and primate models of Parkinson’s disease (PD). This
trophic action seems to be mediated, at least in part, by the high
levels of glial cell line-derived neurotrophic factor (GDNF)
produced by the CB transplants. Pilot clinical trials have also
demonstrated that CB autotrasplantation can improve motor
symptoms in PD patients although the effectiveness of CB cell
therapy is affected by the scarcity of grafted CB tissue. In this
work, we analyzed the antiparkinsonian efficacy of in vitro
expanded CB tissue using stem cell-derived neurospheres. The
neurospheres contained a core of nestin progenitors and blebs
of TH glomus cells. We have performed xenografts of rat CB
neurospheres using a long-term immunosuppressive protocol
compatible with a chronic 1-methyl-4-phenyl-1,2,3,6,-tetra-
hydropyridine (MPTP) mouse PD model. Using this experi-
mental procedure we show that intrastriatal grafts of in vitro
expanded CB cells protect ipsilateral dopaminergic nigral neu-
rons from degeneration. In addition, grafts performed at the end
of the neurotoxic treatment produced a repair, by axonal
sprouting, of dopaminergic striatal terminals. Interestingly,
both neuroprotective and reparative effects induced by in vitro
expanded CB cells are similar to those produced by the graft of
rat CB tissue. This action can be explained because in vitro de-
rived CB cells produce similar amounts of GDNF than native CB
tissue. This study provides the first evidence that in vitro ex-
panded CB cells could be a clinical option for cell therapy in PD.
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Cleavage of amyloid-f$ by the Nuclear Inclusion a (NIa)
protease of turnip mosaic virus

W J Park, H-E Han, B H Shin, S Park

Gwangju Institute of Science and Technology

The nuclear inclusion a (NIa) protease of turnip mosaic virus is
responsible for the processing of the viral polyprotein into
functional proteins. Nla has a strict substrate specificity with a
preference for Val-Xaa-His-Gln, with the scissile bond located
after GIn. We found that Nla efficiently cleaved the oligomeric as
well as monomeric amyloid-f (Ap) peptide, which contains the
sequence Val-His-His-Gln in the vicinity of the cleavage site by o-
secretase. The overexpression of Nla in B103 neuroblastoma cells
resulted in a significant reduction in cell death caused by both
intracellularly generated and exogenously added Ap. Moreover,
lentiviral-mediated expression of Nla in APPsw/PS1 transgenic
mice significantly reduced the levels of Af and plaques in the
brain. Behavioral tests were also performed. Lentivirus-Nla sig-
nificantly restored the behavioral deficits of APPsw/PS1 mice as
assessed by water maze, passive avoidance, and marble burying
tests. Oligomeric Ap-induced cytotoxicity and mitochondrial
dysfunction were significantly ameliorated by NIa. Endocytosed
fluorescently labeled Af localized to mitochondria, which was
significantly reduced by Nla. These data suggest that Nla exerts
its protective roles by degrading Af in the cytosol and thus
preventing mitochondrial deposition of Ap. Collectively, our
study shows that Nla provides a unique therapeutic opportunity
for Alzheimer’s disease.
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Bonemarrow-derived mesenchymal stem cells protect
degenerating cells in the dorsalroot ganglia of ataxic mice:
a step forward towards a clinical application

J Jones, A Estirado, C Redondo, S Martinez
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San ], Alicante, 03550, Spain

Mesenchymal stem cells (MSC) are a promising tool for the
treatment of various diseases, including neurodegenerative dis-
orders. This is partly due to their ability to secrete various trophic
factors, inducing regeneration and/or protection in the sur-
rounding tissue. Previous works in our lab have shown that MSC-
conditioned medium was capable of protecting in vitro dorsal root
ganglia (DRG) cells isolated from Friedreich’s ataxia (FA) mice
when submitted to oxidative stress. The DRGs of these mice de-
generate and are very susceptible to oxidative stress. As a result,
the DRG cells survived thanks to various trophic factors present in
the MSC-conditioned medium. Also, no differences were observed
using MSC isolated from either wildtype or FA mice.

In this present work, we transplanted MSC in the subarach-
noidal space of the spinal cord of FA mice, in order to confirm in
vivo the results observed in vitro. The MSC migrated to the DRG,
where they integrated into the tissue, observed by MRI, and re-
leased the same trophic factors observed in vitro. This resulted in
the mice improving in various behavior tests performed, as well
as increased cell survival markers, and improved oxidative
stress-related gene expression. Also, frataxin expression, which is
the target gene for the disease, was increased. As observed
in vitro, no differences were detected using MSCs from wildtype
or FA mice.
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The results shown here prove the feasibility of using stem cell-
transplantation in protecting the DRGs from degeneration in an
FA mouse model, making it a step forward towards a possible
therapeutic application.
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Selective neuronal targeting by self-complementary AAV9
or AAV10 viaintrathecal delivery in nonhuman primate:
application for chronic pain or motorneurons diseases
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Adeno-associated viral (AAV) gene therapy has shown hope
for clinical treatment of neurodegenerative diseases, however
one limit of direct brain injection of AAV vectors is the lack of
widespread gene expression in the central nervous system
(CNS). Therefore, diffuse vector delivery covering large CNS
areas remains a critical issue for future gene therapy trials.
The aim of this study was to test the feasibility and the effi-
ciency of AAV delivery into the cerebrospinal fluid (CSF) of
non-human primates (PNH) using intrathecal (IT) or in-
tracerebroventricular (ICV) injections. The device, volume and
flow rate of IT and ICV deliveries were first optimized with
CSF monitoring, neurobehavioral and MRI-follow up. There-
after, we investigated the transduction profiles of AAV9 and
AAV10 CSF gene transfer. IT delivery of GFP-expressing
AAV10 vector resulted in transgene expression in sensitive
neurons of the dorsal root ganglions. In contrast, a single IT
administration of AAV9 led to efficient and widespread
transduction of spinal motor neurons from cervical to lumbar
regions. Remarkably, a large proportion of MN from the cer-
vical to the lumbar spinal cord was also transduced after AAV9
ICV delivery. Results of this study could have considerable
impact on defining clinical trials applied to human neurode-
generative diseases.
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Somatic transgenesis of the central nervous system for disease
modelling and treatment
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Perinatal asphyxia, termed Hypoxic Ischemic Encephalopathy
(HIE), occurs in approximately 3-5% of human live births. Un-
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fortunately, only 25% of affected newborns survive and suffer
from severe neurological disorders. A hallmark of HIE is the
occurrence of reactive astrogliosis, where astrocytes become ac-
tivated and proliferate. During this process astrocytes express
more of the intermediate filament, glial fibrillary acidic protein
(GFAP).

Perinatal gene transfer using viral vectors is a useful tool and
promising therapy in the field of neuroscience. Light emitting
transgenic mice, where luciferase expression is controlled by a
surrogate promoter, are used to provide an in vivo readout of
disease processes. In this study, we aimed to deliver a GFAP
promoter controlling luciferase to brains of neonatal mice as a
form of assessing the amount of astrogliosis in a mouse model
of HIE.

A rodent GFAP promoter (GfaABC1D) was cloned into a len-
tivirus vector upstream of the genes encoding a codon-optimised
firefly luciferase and green fluorescent protein. This vector was
injected intra-cranially into wild-type neonatal (P0) mice, and
luciferase expression continuously monitored by whole body
bioluminescence imaging.

We observed long-term expression of firefly luciferase under
the control of the GFAP promoter; expression was restricted to
the CNS including both brain hemispheres.
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Recombinant AAV9 vectors to silence the mutant SOD1 gene
in Amyotrophic Lateral Sclerosis

M.G. Biferi, M. Cohen-Tannoudji , M. Roda, M. Barkats

Equipe Biothérapie des Maladies Neuromusculaires (Groupe « SNC/
Motoneurone »); UPMC-CNRS-INSERM UMRS 974, Institut de
Myologie, 105, Bd de I'Hopital - 75013 Paris, France

Amyotrophic Lateral Sclerosis (ALS) is an incurable motor
neuron (MN) disease characterized by MNs death leading to
muscle atrophy, paralysis and premature death. Approximately
20% of the familial ALS forms (fALS) are related to toxic gain of
function mutations in the SOD1 gene.

Recently, we and others have identified self-complementary
(sc) AAV9 as a vector of choice to target the central nervous
system after systemic injection in mammals and showed its
tremendous therapeutic value in spinal muscular atrophy
mouse models. We now wish to use scAAV9 vectors to establish
a new gene therapy approach for the SOD1-linked fALS,
by expressing artificial MicroRNA to human SOD1 (hSOD1-
miRNA) in SOD1%?*Amice, a mouse model for fALS. Indeed, the
intravenous injection of a hSOD1-miRNA expressing scAAV9
could reduce the levels of mutant SOD1 in both MNs and other
cell types such as glial cells or muscle fibers that may also be
affected in ALS.

First the silencing efficacy of the hSOD1-miRNA versus a non-
targeting miRNA (CTL-miRNA) was verified in transfected
HEK-293T cells. We found that hSOD1-miRNA induced 50% and
70% reduction of the hSOD1 protein and mRNA, respectively.
We also found that the hSOD1-miRNA significantly reduced the
number of intracytoplasmic aggregates in a cellular model of
fALS (NSC34 cells overexpressing mutant hSOD1).

We then produced recombinant scAAV9 carrying either the
hSOD1-miRNA or the CTL-miRNA, together with EGFP, regu-
lated by the CMV or PGK promoters. The potential therapeutic
effect of intravenous scAAV9-hSOD1-miRNA are currently in-
vestigated in neonatal (presymptomatic) and 90 day-old (onset of
symptoms) SOD“***mice.



A118

P205

miRNA-mediated restriction of myotubularin expression to
the skeletal muscle corrects pathology and prevents cardiac
toxicity in a murine model of X-linked myotubular myopathy

R Joubert, L Buscara, C Moal, K Poulard, A Vignaud,
S Martin, F Mavilio, A Buj-Bello

GENETHON

Gene therapy of muscular disorders that involve the skeletal
musculature but not the heart remains a challenge, in part be-
cause commonly used viral vectors are cardiotropic. Myotubular
myopathy (XLMTM) is a severe congenital disease that affects
skeletal muscles, which contain small myofibers with frequent
occurrence of central nuclei. The disease is due to mutations in
the MTM1 gene encoding a phosphoinositide phosphatase
named myotubularin. We have previously demonstrated the
efficacy of local administration of adeno-associated virus (AAV)
vectors carrying the Mtm1 cDNA to treat the disease in a mouse
model, and have more recently extended these studies to the
whole body. We found that intravenous delivery of a serotype 8
AAV vector that contains the Mtm1l cDNA under the potent
desmin promoter leads to high levels of myotubularin in muscles
throughout the body including heart, where lesions were ob-
served in Mtm1l-treated knockout mice. Therefore, to restrict
transgene expression to skeletal muscles, we constructed various
AAV8-Mtm1 vectors that contain miRNA208a target sequences
for cardiac detargeting. We show that a single target sequence in
the 3'UTR of Mtm1 mRNA is sufficient to reduce specifically
myotubularin level in the heart. Systemic administration of this
vector results in phenotype correction with prolonged survival
and no toxicity. Altogether our results show that this strategy is
important for gene therapy of disorders in which cardiac trans-
gene expression is not required and describe a novel vector
that represents a strong candidate for clinical trials in XLMTM
patients.
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Expansion of differentiated GDNF-producing carotid body
cells by reversible lentiviral gene transfer. Potential use in cell
therapy

D Macias, V Bonilla-Henao, ] Villadiego, P Garcia-Flores,
Ignacio Arias-Mayenco, Nela Suarez-Luna, A Bermejo-Navas,
L Garcia-Quintanilla, J ] Toledo- Aral, P Ortega-Saenz,

J Lépez-Barneo

Instituto de Biomedicina de Sevilla-IBiS, HUVR/Universidad de
Sevilla/CSIC

Previous studies have shown that intrastriatal carotid body
(CB) transplants induce trophic protection and restoration of the
dopaminergic nigrostriatal pathway in rodent and primate
models of Parkinson’s disease (PD). This action of CB trans-
plants seems to be due to a trophic effect of the grafts on ni-
grostriatal neurons, which survival is strictly dependent on the
production of glial cell line-derived neurotrophic factor
(GDNF). Indeed, in situ and transplanted CB glomus cells are
known to produce high levels of GDNEF. Application of CB
transplantation to the clinical setting is limited by the scarcity of
grafted tissue due to the small size of the CB. We have at-
tempted reversible expansion of CB tissue prior transplantation.
HLOX lentiviral backbone for CRE-dependent transgene exci-
sion was used. Lentivector-mediated transfer of immortalizing
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genes (Bmil and SV40 large T antigen) was performed in pri-
mary cultures of adult rat and mouse CB cells. Cells were left to
grow for a month and thereafter clones were obtained by single
cell deposition. In selected clones with high tyrosine hydroxy-
lase (TH) and low nestin expression, there were cells with var-
iable level of GDNF as determined by ELISA and quantitative
RT-PCR. Low and high GDNEF-producing cells were in-
trastriatally transplanted in adult mice (100.000-300.000 cells
per graft) after CRE-mediated deimmortalization. Experiments
performed so far indicate that high GDNF-expressing cells seem
to survive in the brain for up to 3 months without signs of
proliferation. Interestingly, low GDNEF-expressing cells fre-
quently generate tumour masses after transplantation. Further
experiments should be performed to investigate the cause of
tumourigenesis. The neuroprotective action of these transplants
is currently under evaluation.
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Towards improved predictability in pre-clinical research:
Human dopaminergic 3D in vitro model for development
of gene delivery strategies

D Simdo'?, C Pinto'?, P Fernandes'?, M Serra'?, A P Teixeira'?,
S Piersanti®*, S Ibanes®, A Gennetier®, I Saggio3’4, L Collinson®,
A Weston®, G Schiavo®, E ] Kremer®, P M Alves'?, C Brito!?

'ITQB-UNL - Instituto de Tecnologia Quimica e Bioldgica,
Universidade Nova de Lisboa, Oeiras, Portugal; IBET - Instituto de
Biologia Experimental e Tecnoldgica, Oeiras, Portugal; *Biomedical
Science Park San Raffaele, Rome, Italy; *Department of Genetics and
Molecular Biology, Sapienza University of Rome, Rome, Italy; *Cancer
Research UK, London, United Kingdom; ®Institut de Génétique
Moléculaire de Montpellier, Montpellier, France

The development of novel and efficient therapies for central
nervous system (CNS) disorders, such as Parkinson’s disease
(PD), remains a formidable challenge. Advances in gene therapy,
which could greatly impact PD treatment by acting directly on
the causes rather than symptoms, have been hindered by the lack
of robust CNS models. Human cells have great potential as
complementary tools in pre-clinical research, bridging the gap
between human clinical studies and animal models. Here we
describe the development of a human 3D neural in vitro model,
making use of human midbrain-derived neural progenitor cells
(hmNPCs).

hmNPCs were differentiated as neurospheres under dynamic
culture systems. Global gene expression analysis revealed the
activation of neurogenesis developmental pathways during 3D
differentiation, resulting in neurospheres enriched in neurons,
astrocytes and oligodendrocytes. 1H-NMR metabolic profiling
revealed a decrease in the reliance on glycolytic metabolism,
typical of differentiating cultures. Differentiated cells presented
dense filopodia, critical in axonal development, guidance and
synapse formation. Moreover, an increase in the expression of the
dopaminergic (DA) markers tyrosine hydroxylase (TH) and
Nurrl, along with an increase in synaptic functionality and
ability to synthesize and release dopamine, strongly indicated the
generation of DA neurons. Furthermore, gene transfer using
helper-dependent canine adenovirus vectors in differentiated
neurospheres led to stable transgene expression and low toxicity.

The 3D model developed herein, along with a flexible toolbox
of characterization methods, represents a powerful complemen-
tary tool to enhance the understanding of the mechanisms of
action of new therapeutics.
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Feasibility of selective intra-arterial infusions of mesenchymal
stem cells in children with Rasmussen Encephalitis

V Cantarin-Extremera’, A Friera-Reyesz, G Melen®, I de Prada®,
C Fournier’, MA Pérez—]iménezé, ML Ruiz-Falcé!, M Ramirez®

"Neuropediatria, Hospital Universitario Nifio Jestis; >Radiodiagnéstico,
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Hospital Universitario Nifio Jesiis; *Neuropsicologia, Hospital
Universitario Nifio Jestis; *Neurofisiologia, Hospital Universitario
Nifio Jesiis

Rasmussen encephalitis (RE) is a devastating pediatric syn-
drome of unknown etiology and characterized by a progressive
loss of neurological capacities in the presence of intractable focal
epilepsy. Cytotoxic T lymphocytes have an active role in the
pathogenic process of RE. The patients with RE receive symp-
tomatic therapies with antiepileptic and immunosuppressant
drugs, intravenous immunoglobulins, and eventually undergo
functional hemispherectomy as the only treatment to achieve
complete control of epileptic seizures. New therapies are needed
to improve the prognosis of this rare disease. We are evaluating
the feasibility of mesenchymal stem cells (MSCs) for patients
with RE, based on the known immunomodulatory and regen-
erative potential of these cells. A 12 years-old female diagnosed
of RE presented epilepsia partialis continua with generalized sei-
zure episodes. She received antiepileptic drugs, steroids and
immunoglobulin. After informed consent, autologous MSCs
were cultured from a marrow aspirate, and infused through
chateterization of the carotidal right system. The patient received
4 doses of MSCs in the 4 months before hemispherectomy. The
administrations were well-tolerated and no adverse effects were
seen after each infusion. A decrease in the frequency of gener-
alized seizure episodes was found in the first 2 weeks after each
infusion. Conners’ Continuous Performance Test (CPT II), a task-
oriented computerized assessment of attention disorders and
neurological functioning, significantly improved after cell ther-
apy. Though preliminary, this strategy appears to be safe and
feasible in patients with otherwise no curative options, and
should be evaluated in additional children with RE.
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Oligodendrocyte progenitor cell activation and remyelination
mediated by mesenchymal stem cell transplantation in
chronically demyelinated mice

P Cruz-Martinez, J Jones, S Martinez

Neuroscience Institute, Miguel Hernandez University, UMH-CSIC

Mesenchymal stem cell transplantation has been proven to
have beneficial effects in various degenerative diseases, including
demyelinating disorders. The aim of this work is to investigate
the therapeutic potential of mesenchymal stem cells (MSC) in a
chronically demyelinated mouse model. To this end, bone mar-
row-derived MSC were pre-incubated in vitro with iron nano-
particles and stereotaxically injected into both lateral ventricles of
mice fed with cuprizone for 12 weeks, inducing an irreversible
demyelinating state. After transplantation, all the animals were
analyzed by MRI at different time points (0-90 days). The MRI
images were processed to quantify myelin in the corpus callosum
using image analysis software. Also, several mice were sacrificed
at the same time points to perform immunohistochemistry
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analysis and corroborate the data obtained by MRI. In this re-
gard, myelin density as well as several immature and mature
oligodendrocyte markers were analyzed. As a result, the grafted
stem cells were detected near the injection site as well as in
several areas of the demyelinated corpus callosum. Oligoden-
drocyte progenitor cells were detected near the stem cells as early
as 1 month after transplantation. Furthermore, increased myelin
content was detected in the corpus callosum two months after
treatment. In conclusion, the findings of this study revealed
that MSC transplantation activates remyelinating processes
throughout the corpus callosum of cuprizone-treated mice. This
work might have major implications for the development of fu-
ture therapeutic strategies for chronic demyelinating disorders.
Mesenchymal stem cell transplantation has been proven to
have beneficial effects in various degenerative diseases, includ-
ing demyelinating disorders. The aim of this work is to investi-
gate the therapeutic potential of mesenchymal stem cells (MSC)
in a chronically demyelinated mouse model. To this end, bone
marrow-derived MSC were pre-incubated in vitro with iron na-
noparticles and stereotaxically injected into both lateral ventricles
of mice fed with cuprizone for 12 weeks, inducing an irreversible
demyelinating state. After transplantation, all the animals were
analyzed by MRI at different time points (0-90 days). The MRI
images were processed to quantify myelin in the corpus callosum
using image analysis software. Also, several mice were sacrificed
at the same time points to perform immunohistochemistry
analysis and corroborate the data obtained by MRI. In this re-
gard, myelin density as well as several immature and mature
oligodendrocyte markers were analyzed. As a result, the grafted
stem cells were detected near the injection site as well as in
several areas of the demyelinated corpus callosum. Oligoden-
drocyte progenitor cells were detected near the stem cells as early
as 1 month after transplantation. Furthermore, increased myelin
content was detected in the corpus callosum two months after
treatment. In conclusion, the findings of this study revealed that
MSC transplantation activates remyelinating processes
throughout the corpus callosum of cuprizone-treated mice. This
work might have major implications for the development of fu-
ture therapeutic strategies for chronic demyelinating disorders.
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Beneficial role of astrogliosis in promotion of functional
recovery of completely transected spinal cord following
transplantation of hESC-derived oligodendrocyte and
motoneuron progenitors

D Lukovic, I Sanchez, L Valdés Sanchez, S Bhattacharya,
S Erceg

CABIMER (Centro Andaluz de Biologin Molecular y Medicina
Regenerativa), Avda. Americo Vespucio s/n, Parque Cientifico y
Tecnoldgico Cartuja, 41092, Sevilla, Spain

Spinal cord injury (SCI) results in neural loss and consequently
motor and sensory deficit below the injury. Neural progenitors
derived from hESC and iPS cells neural induces locomotor im-
provement following their transplantation into the animal
models of SCI, but little is known about the effects and the un-
derlying mechanism of these grafted cells on local tissue and
endogenous neural stem cells. Recently, we have reported the
regenerative effects and significant improvement of locomotor
function in complete transection rat model of SCI following
transplantation of oligodendrocyte progenitors cells (OPC) and
motoneuron progenitors (MP) derived from hESC. In the present
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study, we further analyzed the underlying cell and tissue
mechanisms of functional recovery after cell transplantation of
OPC and MP hypothesized that beneficial effect is mediated by
regenerative signalling pathways activated in the host tissue by
transplanted cells. Here we show that transplantation of hESC-
derived OPC and MP promote astrogliosis, thorough activation
of jaggedl-dependent Notch and Jak/STAT signalling support-
ing axonal survival.
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Effects of the mesenchymal stem cell administration in an
animal model of subcortical cerebral infarct

L. Otero-Ortega, M. Gutiérrez-Fernandez, J. Ramos-Cejudo,
B. Rodriguez-Frutos , B. Fuentes, E. Diez-Tejedor

Neurology Department, Neuroscience and Cerebrovascular Research
Laboratory, La Paz University Hospital, IdiPAZ, UAM, Madrid,
Spain

Introduction: Despite its high incidence (15-22% of all ische-
mic strokes) subcortical cerebral infarct has not been deeply in-
vestigated, for this reason, no data is currently available on its
response to the treatment.

Objetive: To analyze the effect on functional recovery of the
mesenchymal stem cell (MSC) administration in an animal
model of subcortical cerebral infarct.

Methods: Subcortical cerebral infarct was induced in the in-
ternal capsule of rats by Endothelin-1 injection (0.25ug/uL). 24h
after stroke the animals were subjected to 2x 10° MSC adminis-
tration (iv) (treated group) or saline injection (control group).
Lesion size (MRI) and motor functional evaluation (Walking-
beam, rotarod, Rogers) were analyzed during 7 days after
treatment. Histological studies of proliferation (Ki-67), cell death
(TUNEL), immunofluorescence and western blot were per-
formed after they were sacrificed (day 7).

Results: MSC-treated animals showed a functional deficit
reduction (Walking-beam, p<0.05) compared to controls 72h
after treatment. Furthermore, at 7 d the lesion area (p <0.05) and
the cell death (p<0.05) was reduced compared to the control
animals. Thus in treated group we observed an increase of cell
proliferation (p<0.05) and higher levels of cerebral repair
markers as VEGF (p <0.001) and LINGO-1 (p <0.05) compared to
control group 7d after treatment.

Conclusion: In an animal model of subcortical cerebral infarct
MSC therapy was effective on functional recovery, lesion area
and cell death reduction. Furthermore, this treatment enhanced
brain repair processes.
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Comparison between xenogenic and allogenic adiposse tissue
mesenchymal stem cells in treatment of acute cerebral infarct
Concept proof in rats

M. Gutiérrez-Fernandez, B. Rodriguez-Frutos, J. Ramos-Cejudo,
L. Otero-Ortega, B. Fuentes, E. Diez-Tejedor

Neurology Department, Neuroscience and Cerebrovascular Research
Laboratory, La Paz University Hospital, IdiPAZ, UAM, Madrid,
Spain

Background: It has been suggested that mesenchymal stem
cells(MSC) are appropriate for stroke treatment, demonstrating
safety, feasibility and efficacy. However, more information re-
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garding appropriate cell type is needed from animal model.
Therefore, it would be interesting to perform a concept proof: to
administer the human Adipose Tissue-derived-MSC (hAD-MSC)
(xenogenic administration) to demonstrate the safety itself in the
animal model. Aims:To study the safety and the of acute intra-
venous (i.v.) xenogenic administration of hAD-MSC or allogenic
rat Adipose Tissue-derived-MSC (rAD-MSC) on functional
evaluation in rat model of permanent Middle Cerebral Artery
Occlusion (pMCAO).

Methods: Model of pMCAO in rats in 4 groups (n=10):
a) Sham; b) Control with Infarct; ¢) hAD-MSC: surgery infarct
i.v hAD-MSC (2x10° cells); d) rAD-MSC:surgery infarct i.v rAD-
MSC (2x10° cells). We analyzed:functional evaluation; infarct
volume by Magnetic Resonance Imaging (MRI) and Hematoxilin-
Eosin; cell implantation by MRI and inmmunohistochemistry. All
theses parameters were analyzed at 24h and 14 days. Cell death
by TUNEL at 14 days and tumor formation at 3 months.

Results: Compared to Control with Infarct group, a significant
improvement in recovery was found at 24h and continued at
14d after i.v. administration of either hAD-MSC or rAD-MSC
(p<0.05). No reduction in infarct volume or any migration/
implantation of cells into the damaged brain were observed in
the treatment groups. Nevertheless, cell death was reduced sig-
nificantly in both treatment groups with respect to the Control
with Infarct group (p<0.05). We did not observe tumor forma-
tion at 3 months in none treatment groups.

Conclusion: The administration of hAD-MSC or rAD-MSC
demonstrated equal efficacy on functional recovery and de-
creased ischemic brain damage(reduction cell death). Besides,
both treatment groups have demonstrated safety without side
effects nor tumor formation.
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Intravenous mesenchymal cells therapy in theacute phase
after traumatic brain injuy improves neurological recovery

E Pérez-Suérez!, I Mastro-Martinez!, F Casco?,
A Gonzalez-Murillo®, G Melen®, M Gutiérrez-Fernandez?,
A Serrano!, E Diez—Tejedor4, ] Casado-FLores!, M Ramirez®

Pediatric Intensive Care Unit, Nifio Jestis University Hospital,
Madrid; *Histiocitomed Institute, Madrid; *Onchohematology, Nifio
Jestis University Hospital, Madrid; *Neuroscience and
Cerebrovascular Research Laboratory, La Paz University Hospital,
Madrid

Objective: The aim of this study was to evaluate the effects of
intravenously (IV) administered allogeneic mesenchymal stem
cells (MSC), in the acute period after a traumatic brain injury
(TBI), in improving short term functional recovery.

Methods: MSCs were isolated from peritoneal fat of healthy
rats, expanded in vitro, and labeled with a fluorescent protein
GFP. Groups of 6 Sprague-Dawley rats received physiological
saline, a single dose of two million MSCs or three dosis of two
million MSCs respectively, within the first 24-72 hours after re-
ceiving a moderate, unilateral, controlled cortical impact. Histo-
logical examination and immunohistochemistry were used to
identify cell distribution. Motor and cognitive behavioural test-
ing (Rota rod, stickytape and modified Roger’s test) were per-
formed to evaluate functional recovery.

Results: No adverse effects were observed during or after the
administration of MSCs. MSCs were found in the perilesional
area 24 hours and 14 days after the IV infusion. There was
higher punctuation of all three cognitive behavioural tests in the
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multidoses treatment group compared to single dose group and
to placebo. These differences were statistically significant in the
Roger’s test.

Conclusions: IV infusions of multidoses of MSCs immediately
after a TBI were well tolerated. The multidoses treatment re-
sulted in better recovery of motor and cognitive functions com-
pared to single dose. This cellular therapy might be considered
for patients suffering TBIL.
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FGF8 and disease: a new role for an old friend

A Martinez-Ferre!, P Cruz?, A Estirado®, C Redondo®,
S Martinez®, ] Jones®

INeuroscience Institute, Miguel Hernandez University (UMH-CSIC),
San |, Alicante, 03550, Spain

Fibroblast growth factor 8 (FGES8) is an intercellular signaling
molecule which plays vital roles during embryonic development
of the central nervous system (CNS). Specifically, this growth
factor regulates neural induction, survival, proliferation, differ-
entiation and axon path-finding. Several studies have demon-
strated the importance of Fgf8 in the treatment of
neurodegenerative disorders such as Parkinson’s disease, how-
ever, our knowledge concerning the role of Fgf8 in CNS pathol-
ogies remains poorly understood.

In this work, we have observed a new possible role of this
factor in progenitor cell activation. In vitro, neural stem cells
(NSC) and oligodendrocyte progenitor cells (OPC) were cultured
with differentiating medium and in the presence of various
concentrations of FGF8. Differentiation and proliferation studies
were performed by immunocytochemistry, conventional and
quantitative PCR. Also, migration studies were performed in
matrigel, where NSC or OPC were placed at a certain distance of
a FGF8-soaked heparin bead. In this case, outgrowths from the
progenitor cell clusters were observed, indicating either a mi-
gratory or proliferation effect mediated by the growth factor. To
discern which effect was activated, migration and proliferation
markers were analyzed in the matrigel cultures. The results
shown in this work demonstrate that FGF8 is capable of acti-
vating progenitor cells (both NSC and OPC) in culture. This effect
may be interesting for neurodegenerative diseases, as FGF8 may
be injected either into the cerebral-spinal fluid or directly into the
region of interest to activate nearby NSC and OPC to induce
regeneration. Future work will be focused on this aspect using
neurodegenerative animal models.
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A new cell therapy approach: endogenous stem cell
mobilization against amyotrophic lateral sclerosis
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ALS is the most common adult-onset motor neuron disease
affecting humans. It is characterized by gradual degeneration of
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upper and lower motor neurons as well as a progressive damage
of skeletal muscle. Unfortunately, there is not an appropriated
therapy for treating this disease. Here we propose the use of
Pegfilgramstin, a pegylated form of the Granulocyte Colony
Stimulation Factor pegylated analog Filgrastim as a potential
treatment for Motorneuron disease. Our hypothesis is that he-
matopoietic stem cell (HSC) mobilization could be beneficial in
the treatment of neurodegenerative diseases such as Amyo-
trophic Lateral Sclerosis. To this aim, SOD1G93A mice were
treated with 300 ug/kg Neulasta®, subcutaneously, once a week
beginning at the age of 70 days. Then, behavioral tests, as well as
flow cytometry, qRT-PCR and Western Blot techniques were
carried out to evaluate the effect of Neulasta® treatment. Mobi-
lization of endogenous stem cells by Neulasta® showed a bene-
ficial effect on locomotor performance and prolongs the survival
of SOD1G9A mice. Neulasta® treatments prolonged on time the
HSC increase on peripheral blood. Moreover, the genetic ex-
pression profile of the muscle may indicate that under Neulasta®
treatment, the NMJ stabilization and muscle metabolic restora-
tion can be favored in the SOD1G93A mice model of ALS. These
results suggest that mobilizing stem cells, facilitating their
transformation and assisting in their recruitment by damaged
tissue could be a potential therapeutic approach. Further studies
will be needed to determinate its molecular mechanism of action.
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Delivery of the 135Kb human frataxin genomic DNA locus
gives rise to different frataxin isoforms by correct alternative
splicing

S Pérez-Luz'?, ] Diaz-Nido'*?
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Friedreich’s ataxia (FA) is the most common form of heredi-
tary ataxia among the Caucasian population and is caused by
recessive mutations in the FRDA (FXN) gene which encodes for a
protein referred to as frataxin.

Frataxin was thought to be mainly localized to mitochondria.
However recent results have indicated the presence of different
isoforms produced by alternative splicing. Thus, in addition to the
canonical FXN I isoform (which is localized to mitochondria), two
novel isoforms have been characterized: FXN II which is mainly
found at the cytoplasm and FXN III which localizes into cell nuclei.
Interestingly these novel isoforms seem to be expressed in tissues
such as cerebellum and heart which are severely affected in FA.

Our previous studies have demonstrated some potential
advantages of using high capacity herpes simplex virus type 1
(HSV-1) amplicon vectors containing the entire FXN genomic locus
as gene-delivery vehicles capable of ensuring physiologically-
regulated and long-term persistence of FXN gene expression.

Here we describe how expression from the 135 Kb human FXN
genomic locus renders all frataxin isoforms both in cultured
neuronal cells and also in vivo after the intracranial injection of
HSV vectors into the adult mouse cerebellum. Moreover, we
have also observed the correct expression of all frataxin isoforms
in patient-derived cells after the delivery of the 135Kb human
FXN genomic locus.

In a more general way, these results support the potential of
using high-capacity vectors containing entire genomic loci whose
expression is mediated by complex posttranscriptional mecha-
nisms for gene therapy applications.
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Astrocyte-specific silencing with a tetracycline-regulated
lentiviral vector
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Astrocytes represent the most abundant cell type of the brain
and are indispensable for neuronal function. They are implicated
in neuronal dysfunction and death observed in many neurode-
generative diseases, thus making them potential targets for gene
delivery systems. Among these systems, viral vectors and espe-
cially lentiviral vectors (LV) offer the possibility to overexpress a
transgene in the CNS. We have previously developed an LV
targeting specifically astrocytes by combining a Mokola G
(MOK/LV) pseudotyping and miRNA detargeting (miRT)
strategy (Colin et al. 2009). However, this system is not suitable
for astrocyte-specific silencing due to the maturation and cleav-
age of miR-embedded shRNA. To overcome this limitation, we
used four strategies: pseudotyping of LV with Mokola G protein
(MOK/LV), expression of miRNA-embedded shRNA under a
Tetracycline promoter, regulation of the transactivator using as-
trocyte specific glutamine synthetase promoter (GS) and miRT
detargeting. The efficacy of a vector encoding an shRNA tar-
geting the GFP was evaluated in BAC GLT1-GFP transgenic mice
expressing the reporter gene exclusively in astrocytes. To dem-
onstrate the specificity of the silencing, we used a bicistronic LV
expressing both GFP and mCherry into neurons. The mCherry/
GFP ratio was used to quantify potential residual silencing in
neurons. Our results demonstrate that astrocyte-specific gene
silencing can be achieved by an inducible system regulated by an
astrocytic promoter and miRT detargeting. We are currently
using this astrocytic LV to specifically silence mutant huntingtin
in astrocytes in order to evaluate the contribution of astrocytes
in HD

P218

Changes in DNA methylation and gene expression in human
periodontal ligament stem cells from healthy and Friedreich’s
ataxia patients throughout passages and under oxidative
stress

MP Quesada, J Jones, S Martinez
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Friedreich’s ataxia (FA) is the most common hereditary ataxic
disorder, caused by an expanded GAA repeat in the first intron of
the frataxin (FXN) gene. This repeat expansion is the cause for
decreased FXN protein in the cells, and ultimately in gene si-
lencing. The most affected cells are the cardiomyocytes and
proprioceptive neurons in the dorsal root ganglia of the spinal
cord. Several studies have demonstrated the existence of FXN
gene methylation patterns in human tissues from brain, heart and
blood, although with varied results due to the heterogeneity of
the cell populations. Thus, in our work, we strived to analyze
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DNA methylation patterns and transcriptional expression in
primary cultures of periodontal ligament cells isolated from
healthy and FA patients. This cell type derives from the neural
crest, and expresses both neural and mesenchymal stem cell
markers. Previous studies, both in our lab and others, have
demonstrated that cells isolated from FA patients are sensitive to
oxidative stress, causing premature death, and could be rescued
by trophic factors, mainly BDNF, present in adipose tissue-
derived stem cell-conditioned medium. In this work we com-
pared periodontal ligament cells both at different passages (as an
aging model) as well as under oxidative stress. Also, 5-aza-2
deoxycitidine, a DNA methylation inhibitor, was applied to the
cultures to study the possible reactivation of aberrantly epige-
netically silenced genes in FA. Finally, besides FXN, other genes
related to oxidative stress, trophic factors, epigenetics and cell
cycle were analyzed. The results of this study may help under-
stand how FXN is regulated as well as allow us to search for new
therapeutic pathways for FA.
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Restriction of Calpain 3 expression to the skeletal muscle
prevents cardiac toxicity and corrects pathology in a murine
model of Limb-Girdle Muscular Dystrophy

C Roudaut’, F Le Royl'z, L Suel, ] Poupiotl, K Charton?,
M Bartoli!, W Lostal’, I Richard®

IProgressive muscular dystrophies Lab, Genethon, Evry, 91000,
France; *Université d’Evry Val d’Essonne, Evry, 91000, France

Background: Genetic defects in calpain 3 (CAPN3) leads to
Limb-Girdle Muscular Dystrophy type 2A (LGMD2A), a disease
of the skeletal muscle that affects predominantly the proximal
limb muscles. We previously demonstrated the potential of
Adeno-Associated Virus (AAV)-mediated transfer of the CAPN3
gene to correct the pathological signs in a murine model for
LGMD2A after intramuscular and loco-regional administrations.
Methods and Results: Here, we showed that intravenous injec-
tion of calpain 3-expressing vector in mice can induce mortality
in a dose-dependent manner. An anatomo-pathological investi-
gation revealed large areas of fibrosis in the heart that we related
to unregulated proteolytic activity of calpain 3. To circumvent
this toxicity, we developed new AAV vectors with skeletal
muscle-restricted expression by using new muscle-specific pro-
moters that include the CAPN3 promoter itself and by intro-
ducing a target sequence of the cardiac-specific microRNA-208a
in the cassette. Our results show that CAPN3 transgene expres-
sion can be successfully suppressed in the cardiac tissue, pre-
venting the cardiac toxicity, while expression of the transgene in
skeletal muscle reverts the pathological signs of calpain 3 defi-
ciency. Conclusion: The molecular strategies used in this study
may be useful for any gene transfer strategy with potential tox-
icity in the heart.
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Murine muscle engineered from dermal precursors: an in vitro
model for skeletal muscle generation, degeneration and fatty
infiltration
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Skeletal muscle can be engineered by converting dermal
precursors into muscle progenitors and differentiated myo-
cytes. However, the efficiency of muscle development remains
relatively low and it is currently unclear if this is due to poor
characterization of the myogenic precursors, the protocols used
for cell differentiation, or a combination of both. In this study,
we characterized myogenic precursors present in murine der-
mospheres, and evaluated mature myotubes grown in a novel
3D culture system. After 5-7 days of differentiation we ob-
served isolated, twitching myotubes followed by spontaneous
contractions of the entire tissue-engineered muscle construct on
extracellular matrix (ECM). In vitro engineered myofibers ex-
pressed canonical muscle markers and exhibited skeletal (not
cardiac) muscle ultrastructure, with numerous striations and
presence of aligned, enlarged mitochondria, intertwined with
sarcoplasmic reticula (SR). Engineered myofibers exhibited Na
and Ca2 dependent inward currents upon acetylcholine (ACh)
stimulation and tetrodotoxin-sensitive spontaneous action po-
tentials. Moreover, ACh, nicotine and caffeine elicited cytosolic
Ca?2 transients; fiber contraction coupled to these Ca2 transients
suggest Ca2 entry is activating calcium-induced calcium release
from the SR. Blockade by d-tubocurarine of ACh-elicited in-
ward currents and Ca2 transients suggests nicotinic receptor
involvement. Interestingly, after one-month engineered muscle
constructs showed progressive degradation of the myofibers
concomitant with fatty infiltration, paralleling the natural
course of muscular degeneration. We conclude that mature
myofibers may be differentiated on ECM from myogenic pre-
cursor cells present in murine dermospheres, in an in vitro
system that mimics some characteristics found in aging and
muscular degeneration.
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The hybrid promoter providing the high level expression
in myoblasts

K Piekarowicz, M Machowska, R Rzepecki

Laboratory of Nuclear Proteins, Faculty of Biotechnology, University
of Wroclaw, Poland

Our laboratory has been working on the project aimed at the
development of a muscle-specific viral vector for use in gene
therapy of muscle specific genetic diseases such as DMD or
EDMD. One of the employed strategies is to design a muscle-
specific, highly active expression cassette containing hybrid
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promoter for such virus. High efficiency and long term ex-
pression of a genetic drug is the crucial, limiting factor for
designing the effective therapy for muscular dystrophies. We
designed the hybrid promoter, composed of various, muscle
specific regulatory elements, that provides a high level of a
gene expression in myoblasts. It contains control elements re-
sponsible for obtaining a stable, specific and high-level ex-
pression of a therapeutic gene needed for a correction of a
genetic defect in the muscle tissue. It consists of elements such
as enhancers, core promoter and intron with small intronic
enhancer. They originate from murine, muscle specific genes
chosen and modified basing on their expression profiles, pre-
vious research data and in silico analysis. The studies on the
activity of the hybrid promoter was performed by analyses of
expression of a reporter gene—secretory luciferase using lu-
minescence. Our data shows, that developed promoter provi-
des several folds higher level of the expression in C2C12 cell
line that promoter of desmin. The specificity of the promoter
was also examined using different cell lines: HOC2, NIH-3T3,
Hek 293, HepG2. The influence of the particular components of
the hybrid promoter on the expression level in muscular and
non-muscular cell lines was also investigated.
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Serum miRNA profiling of GRMD dog identified novel
cardiomyopathy biomarker candidates for DMD
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Duchenne Muscular Dystrophy (DMD) is a fatal, X-linked
neuromuscular disease that affects 1 boy in 3500. The GRMD
dog (Golden Retriever Muscular Dystrophy) is the best clini-
cally relevant DMD animal model. In the present study we
evaluated some newly identified circulating miRNA biomark-
ers for muscular dystrophy in the GRMD model. Additionally
we screened, using both RT-QPCR arrays and High Through-
put Sequencing, for new candidate circulating miRNA bio-
markers. We confirmed the dysregulation of the previously
described dystromiRs, miR-1, miR-133 miR-206 and miR-378,
and identified a new candidate, miRNA that might be classi-
fied in the same dystromiR group. We identified two other
classes of dysregulated serum miRNAs in muscular dystrophy.
The first are miRNAs associated with cardiac pathology. The
second are miRNAs belonging to the largest known miRNA
cluster that resides in the imprinting DLK1-DIO3 genomic
region. Finally we have confirmed a dysregulation of the
miRNAs associated with cardiac pathology also in a small
cohort of DMD patients.

This is the first report characterizing seric miRNA bio-
markers in GRMD, a highly useful preclinical DMD model.
Given the strong interspecies conservation of miRNAs, and our
preliminary data in DMD patients, these newly identified
dysregulated miRNAs in GRMD are strong candidate bio-
markers for DMD.
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Bone marrow engraftments in hind limb muscles of ALS
mouse model improves motor function and biological markers
of neuromuscular integrity

A Randol, D Pastorz, MC Viso-Leénz, J ]onesz, R Manzanol,
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Amyotrophic lateral sclerosis (ALS) is a motoneuron degen-
erative disease, characterized by degeneration of upper and
lower motor neurons; which leads to progressive paralysis and
death from respiratory failure within 3-5 years of symptoms
onset. In this work, SOD1 mutant mice were used to study the
potential neurotrophic effect of bone marrow cells grafted into
Quadriceps Femoris muscle.

Bone Marrow cells were grafted into Quadriceps Femoris of
SOD1 mice and behavour, trophic factors, muscle genetic
markers and lifespan were studied. Intramuscular engrafments
resulted in increased longevity with improved motor function
and decreased motoneuron degeneration in the spinal cord.
Moreover, certain muscle disease-specific markers, which are
alternated in SOD1 mutant mouse, and may serve as molecular
biomarkers for the early detection of ALS in patients, have been
studied.

This work demonstrated that stem cell transplantation in the
muscle increased motoneuron survival and showed the correc-
tion of muscular biomarkers of disease progression.
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In vitro study of MSCs human cultures differentiated into
osteoblasts and albumin scaffolds to repair bone defects:
preliminary results.
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Introduction: Bone healing is often impaired in clinical sit-
uations in which loss of bone is caused by disease, trauma or
tumour resection. The treatment with autologous bone grafting
presents some restrictions. Mesenchymal Stem Cells (MSCs)
constitute a cell type with promising possibilities in bone re-
generative medicine based on their high pro-angiogenic and
pro-osteogenic properties. In other hand, a cross-linked plas-
ma-based matrix is a biodegradable scaffold which have been
used successfully in several tissue engineering approaches.
Combination of these two components could mimic the ad-
vantages of autologous bone grafting while avoiding its main
limitations.

Objective: The aim of this study was to investigate the mi-
crostructure and biocompatibility of an albumin scaffold devel-
oped from human serum and human MSCs differentiated into
osteoblasts.

Material and Methods: MSCs isolated from human adipose
tissue were cultured in the noncalcified protein scaffold prepared
with plasmatic albumin crossed with a glutaraldehyde-type
agent. Measurement of the differentiation marker alkaline
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phosphatase were performed after 30 days of osteogenic differ-
entiation. These scaffolds were processed to be analysed at
Scanning Electron Microscope (SEM).

Results: Results showed that differentiated cells adhered to
the scaffold and these cells kept their cellular viability. Cultured
MSCs differentiated into osteoblasts showed comparable phe-
notypic profiles and expressed alkaline phosphatase in albumin
scaffold. The microanalyses showed the presence of calcium in
the samples of scaffolds with bone differentiated cells.

Conclusion: The results indicate that this scaffold is adecuate
for the growth and differentiation of MSCs into osteoblasts and a
promising material for bone tissue engineering.
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In vitro effects of hyaluronate on adipose tissue-derived
mesenchymal stem cells

F de Miguel', A Moreno®

Cell Therapy Laboratory, La Paz University Hospital Research
Institute (IdiPAZ), Madrid 28046, Spain

Local delivery of mesenchymal stem cells (MSC) could be a
useful treatment option for knee osteoarthritis (KOA), a de-
generative disease of the joint with no current completely ef-
fective treatment. Hyaluronate (HA) is injected within the joint
as a common therapy with a lubricant effect that decreases
pain. Recent clinical trials for KOA tested intraarticular injec-
tion of MSC, with promising benefits in reducing pain and
preventing cartilage degeneration. We evaluated if HA has any
effect on MSC in the likelihood of a combined treatment for
KOA. Human ASC were maintained quiescent for 1 week un-
der serum deprivation* HA(1 mg/ml). Cell proliferation was
evaluated at day 7 with CCK-8 assay. Total RNA was ex-
tracted, cDNA synthesized, and expression of CD44 (HA re-
ceptor), collagen type 2, and anti-inflammatory cytokines was
evaluated by QPCR. ASC proliferation significantly increased
after 7 days with HA (158 £39%, p <0.05), with no change in
the level of expression of CD44. Hyaluronate treatment did not
induce chondrogenic differentiation (undetectable COL2) in
ASC, nor change in TGFbeta expression. However, ASC with
HA showed a 2-fold increase in IL-10 expression and a 4-fold
decrease in IL-6 expression. Hyaluronate effects on ASC could
increase the benefits in a combined intraarticular injection for
KOA, reducing synovial inflammation that causes pain and
disability.
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Unexpected impaired autophagy in a model of premature
aging based on hMSCs
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The accumulation of immature forms of key component of
the nuclear lamina, the Lamin A proteins (prelamin A and
progerin), leads to the development of laminopathies. Among
these disorders are included the premature aging human syn-
dromes such as mandibuloacral dysplasia, LMNA-linked lipo-
dystrophies and Hutchinson-Gilford Progeria syndrome,
which mainly affect mesenchymal lineages. To date, the role of
nuclear envelope abnormalities in the physiological aging is
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unclear although recent studies have demonstrated an accu-
mulation of prelamin A and progerin in normal aging. This
result supports the idea that studies on in vitro progeroid cell
models are useful tools for studying the normal human aging
process.

Autophagy is a basic mechanism involved in degradation of
unnecessary or dysfunctional proteins and organelles. A com-
mon characteristic of aging cells is the accumulation of these
damaged proteins and organelles, in part due to a decrease in
their autophagic activity. However, the mechanisms by which
autophagy could be impaired in aging (pathological or physio-
logical) remain unclear.

Here we show that hMSCs which demonstrate a premature
aging phenotype due to prelamin A accumulation are more
susceptible to stress conditions. Surprisingly, these cells show
an enhanced mTOR pathway inhibition and autophagy acti-
vation. Gene expression analysis suggests that a specific
transcription factor could account for this phenotype. The si-
lencing of this transcription factor in hMSCs results in the
induction of senescence and activation of autophagy sug-
gesting that its dysregulation could account in part for the
premature aging phenotype observed in hMSCs which accu-
mulate prelamin A.
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Study of the osteoconductive and angiogenic potential
of Electron Beam Melting Titanium (EBMT)
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According with the increasing incidence of bone diseases with
great lost of tissue, it is necessary to employ new biomaterials
with capacity to host osteoprogenitor and angioprogenitor cells
to repair this bone tissue lack.

Otherwise, bone injuries are not the same in form and size in
every patient, so EBMT allows to obtain different kind of im-
plants according with the injury’s size and form on the way of the
personalized medicine.

In order to obtain a completed bone regeneration it is nec-
essary to employ bone progenitor cells seeded on an appro-
piated scaffold to proliferate and differentiate refilling the bone
injury. But it is also necessary to use angiogenic progenitor cells
to obtain blood vessels to ensure the viability of the repaired
tissue. So, on this work both kind of cells were seeded over
EBMT pieces to study the capacity of this biomaterial for be-
come a right support for these cells and favor their proliferation
and differentiation.

Different seeding situations were employed on this work to
evaluate the cell behaviour over EBMT implants: bone and
endothelial monoculture and bone-endothelial co-culture over
implants with and without fibronectin coating. Also an specific
endothelial inflamatory assay was included on this work. The
results were observed with confocal microscopy techniques
using specific trackers and antobodies during 21 days of cul-
ture. In conclusion, EBMT seems to be a nice scaffold for bone
and endothelial cells even without a fibronectin coating, no
endothelial inflamatory response was observed and cell pro-
liferation and differentation were observed over the implants
including the beginning of blood vessels formation in co-
culture groups.
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Bone marrow mesenchymal stem cells, collagen scaffold
and BMP-2 for rat spinal fusion
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The use of autograft for posterolateral spinal fusion, continue
being considered the gold standard for the treatment of spine
pathologies. However, due to complications such as donor site
morbidity, increased operating time, and limited supply, the use
of allograft has become an acceptable practice especially in
multisegment arthrodesis or in patients with previous graft
harvests. Since their use involves the risk of immune response or
disease transmission and fusion rates are not as good as with
autogenous bone, a variety of bone graft substitutes are being
studied to obtain a better alternative. Osteoinductive growth
factors, which initiate the molecular cascade of bone formation
and play a key role in the development and regeneration of the
skeletal system, have been shown to be effective in numerous
animal studies. These molecules must be used in combination
with a biomaterial to avoid their dispersion from the application
site. On the other hand, it is well known that cultured bone
marrow cells, harvested from adult bone marrow, may contrib-
ute to the regeneration of bone. Thus, hybrid constructs can be
used as alternatives to autologous and allogenic grafts.

In this study, we have evaluated different combination of
cultured bone marrow cells with recombinant human os-
teoinductive growth factors, all of them in combination with a
natural polimeric carrier, for the promotion of posterolateral
spinal fusion in rats.
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Characterisation of a collagen-targeted RGD biomimetic
peptide for bone regeneration
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Osteogenesis is a complex process in which many different
signals are involved. Although bone morphogenetic proteins
(BMPs) are the most potent inducers of osteoblastic differentiation
used in the clinics, very high doses of these pleiotropic growth
factors are needed, in combination with collagen type I formula-
tions, to achieve successful bone healing. To date, integrin-binding
Arginine-Glycine-Aspartate (RGD) peptides have shown some
promising abilities to promote the attachment of cells to bioma-
terials and to direct their differentiation. However, functionaliza-
tion of the biomaterials with these peptides implies chemical
linking steps. In this work we describe the design and character-
ization of a synthetic RGD biomimetic peptide (CBD-RGD)
formed of a collagen-binding domain derived from the von Wille-
brand and the integrin-binding RGD sequence from fibronectin.
This peptide was demonstrated to bind stable to absorbable
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collagen type I sponges (ACSs) without chemical manipulations,
and to induce the differentiation of preosteoblasts and bone
marrow-derived mesenchymal stem cells, as well as enhancing
matrix mineralization, without triggering apoptotic responses.
Furthermore, ectopic bone formation experiments in rats showed
that ACSs functionalized with this peptide and loaded with a
subfunctional dose of BMP-2 gave rise to ectopic bone, while non-
functionalized sponges loaded only with the same dose of BMP-2
did not. These results indicate that the combination of this bio-
mimetic peptide with the currently used collagen BMP system
might be a promising approach to improve osteogenesis and to
reduce the doses of BMPs needed in clinical orthopaedics.
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Improvements in gait function after mesenchymal stem cell
therapy for knee osteoarthritis
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Introduction: Mesenchymal stem cell therapy (MSCT) is a
promising approach in regenerative medicine. Quantitative analy-
ses of the effects will help in evaluating its potential. Knee osteo-
arthritis (KO) associates gait dysfunctions. Pain and stiffness are the
main findings of the clinical examination, but clinical gait analysis
using 3D motion capture systems could offer a more in detail
evaluation. We present here the effects of MSCT on gait function.

Patient & Methods: A 70 years old male patient with severe KO
received 3 doses of autologous adypose-derived MSCs. Therapy
was administered locally, with at least 1 month interval. A 3D Gait
Analysis was performed before and 1 month after each adminis-
tration. We used an 8 infra-red camera system (Smart-D from BTS
BioEngeneering) for kinematic adquisition. A correction of the
conventional gait model using a quad test for adjustment was done.

Results: We studied some critical kinematic values of the hip
and knee joints (maximum and minimum flexion and extension)
during stance phase expressed as a percentage of normal values.
In order to obtain a global index for gait modifications, Gait
Deviation Index (GDI) was calculated before and after therapy. A
normalization of all the values studied was observed. Values pre-
therapy were in the 30%-40% (control 100%), raised to 50%-70%
after 1 dose, and up to 80%-90% after the last dose. We also
observed a moderate improvement of the GDI (less than 5 points
in the rigth side and more than 5 in the left one).

Conclusions and Clinical Applications: The normalization of
knee extension in stance and the improvement observed at the
hip joint during gait were the main benefits found after cell
therapy. These preliminary results are promising, and show that
the effects of MSCT in patients with KO can be evaluated
quantitatively.
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Vascular permeability has shown to reflect changes in the
barrier function of the endothelium and its interendothelial
junctions. Molecular mechanisms regulating the permeability of
the endothelium are still obscure. Known common mediators of
vascular permeability and intercellular junction regulation are
growth factors, such as vascular endothelium growth factors
(VEGFs). Previously, therapeutic angiogenesis, utilizing VEGF-
induced vascular growth, has shown to induce blood vessel
growth and skeletal muscle perfusion. At present, the main
hurdle in Ad-mediated VEGF therapy is the increased plasma
protein extravasation and vascular hyperpermeability, leading to
tissue edema and instability of newly formed vessels. In this
study, vascular permeability caused by different VEGF family
members was studied ex vivo in mice using multiphoton laser
scanning microscopy (MPLSM). Amount of the extravasated
fluorescent microspheres, used as a detection marker for vascular
hyperpermeability, was shown to be dependent on the VEGF
type, whereas no leakage was detected in the negative control
without the permeability agents. Permeability response was also
shown to vary between VEGFs using the same VEGF receptor.
Knowledge of the cellular mediators causing VEGF-mediated
hyperpermeability in vivo is needed for further optimization of
the AAVEGEF therapy.
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Differences between methodological approaches and animal
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Liver diseases, ranging from congenital metabolic viral hepa-
titis, to the injuries from alcohol abuse, often result in the need for
liver transplantation. Insufficient supply of suitable organs for
transplantation has limited the ability to cure many cases of these
diseases.

Three techniques to make artificial organs have been de-
scribed: (1) To makeobtaining a collagen scaffold with the form of
an organ that will be covered by the patient’s cells, (11) developing
to make cell arrays, by “tattooing” cell groups and so forming a
body structure mounted layer by layer and (llI) removingTo
deplete completely all the cells of an organ and then recellular-
izinge it with the patient’s cells by regular techniques as the ones
tested here.

In the technique discussed here, we will use a donor organ -in
this case a liver- and we will remove all the cells, leaving only the
scaffold. This is achieved by ‘washing’ with enzymatic deter-
gents. Then, by infusion, the liver will be repopulated with the
patient’s new cells using the original structure, but obtaining a
compatible organ that could be implanted onto the patient.

In this work, we show how previously describedthe tech-
niques previously described for organ decellularization, showed
by several groups, do not show the same efficiency level, at least
for liver tissue. Moreover, the animal specie of study we has
beenve observed to bethat an important issue when obtainingto
obtain a total or partial decellularization would be the animal
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specie of study. Therefore, we conclude that the correct specie of
study and technique employed are essential for the success of the
total decellularization process.
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Lentivirus-mediated silencing of prothymosin o decreases the
incidence and severity of cigarette smoke-induced
emphysema in mice
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Emphysema, the major consequence of chronic obstructive
pulmonary disease (COPD), is characterized by permanent air-
flow restriction resulting from enlargement of alveolar airspace
and loss of lung elasticity. Cigarette smoking is associated with
the severity of emphysema, which also correlates with the degree
of progressive pulmonary inflammation. Although cigarette
smoking is the main risk factor, only about 25% of smokers de-
velop emphysema. Therefore, there may be unidentified genetic
or host factors that predispose individuals to emphysema. Pro-
thymosin o (ProT) possesses diverse functions that are involved
in proliferation, apoptosis, oxidative stress, immunomodulation,
and acetylation. We have generated ProT transgenic mice that
exhibit an emphysema phenotype, but the pathophysiological
role of ProT in emphysema remains unclear. Here we show that
ProT contributes to the pathogenesis of emphysema by increas-
ing acetylation of histones and NF-«B, particularly upon cigarette
smoke (CS) exposure. We find a positive correlation between
ProT levels and the severity of emphysema in ProT transgenic
mice. ProT overexpression increases susceptibility to CS-induced
emphysema, and CS exposure further enhances ProT expression.
To further support the physiological association of ProT with the
development of emphysema, we delivered lentiviral vectors ex-
pressing ProT short hairpin RNA (shRNA) into the lung of wild-
type FVB mice to knockdown the endogenous ProT expression.
This results in decreases in the incidence and severity of em-
physema after CS exposure. We further show that ProT inhibits
the association of histone deacetylasts (HDACs) with histones
and NF-«B, and that ProT overexpression increases expression of
NF-xB-dependent matrix metalloproteinase 2 (MMP2) and
MMP9. Taken together, our findings elucidate the pathophysio-
logical role of ProT and identify a potential novel molecular
mechanism in the pathogenesis of COPD.
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Laminitis is the most serious disease of the equine hoof and
causes dramatic loss of function. It consists in a failure of the
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attachment between the distal phalanx and the inner hoof wall,
causing pain and strong lameness in horses (1). Many therapeutic
options have been investigated and used, but to date, a definitive
treatment does not exist. Regenerative medicine, in particular
stem cells, has been suggested as a possible treatment option for
this disease (2). The aim of this study is to investigate the possible
implication of mesenchymal stem cells (MSCs) in the equine
laminitis. MSCs have been isolated for the first time from coronet
and lamellae of the dorsal hoof wall by enzymatic digestion. To
characterize the isolated cells, we have studied the expression of
different surface markers by Flow Cytometry and qRT-PCR, and
their tri-lineage differentiation capacity. Cells obtained from hoof
met the criteria for defining MSCs established by the ISCT (3).
Proliferation and differentiation ability of MSCs obtained from
hoof (HF-MSCs) were compared with the bone marrow MSCs
(BM-MSCs). Comparisons between HF-MSCs from healthy and
laminitic horses were carried out in order to better understand
the possible role of this type of cells in the hoof growth. The
present study could allow us to develop effective treatments for
this devastating disease.

(1) Pollit, C. C., 2004. pinesesimiientiiniesiinsnipnesin
Equine Practice 3, 1, 34-44

(2) Schnabel, L.V., et al. Therapeutic use of stem cells in horses:
Which type, how, and when? The Veterinary Journal (2013),
http: //dx.doi.org/10.1016/j.tvjl.2013.04.018

(3) Dominici, M., Le Blanc, K., Mueller, I., Slaper-Cortenbach, I.,
Marini, F., Krause, D., Deans, R., Keating, A., Prockop, D.,
Horwitz, E., 2006. Minimal criteria for defining multipotent
mesenchymal stromal cells. The international society for
cellular therapy position statement. Cytotherapy 8, 315-317.
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properties towards different pathologies
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Bone marrow-derived mesenchymal stem cells (MSCs) are
multipotent adult stem cells from mesodermal origin that are
present within the bone marrow stroma. MSCs are capable of
multilineage differentiation under appropriate stimuli. Due to
their ease isolation and their pluripotent nature, MSCs are an
ideal source for clinical and regenerative medicine in a great
variety of applications. One characteristic of MSCs is their ca-
pacity to migrate and to proliferate within areas of inflammation
and tumors, as part of the tissue remodeling process.

In this report, we demonstrated that when labeled mesen-
chymal stem cells are injected systemically and simulta-
neously into animals with different pathologies, they tend to
migrate naturally to the damaged tissue independently of the
pathology.



A128

To prove this hypothesis, we performed in vitro and in vivo
imaging techniques by using different reporter genes (GFP,
hNIS and R-Luc) and non-invasive techniques (PET, BLI or
fluorescence). As expected, MSCs engrafted tumors, targeted
the pancreas (for diabetes) or went to the skin (for injury/
wound healing), as those were the expected target organs. We
were not able to detect almost signaling in any other organs at
the different time points, but changes in the intensity of the
signal along the experiment were observed, suggesting that
MSCs possess migratory capacity to damaged areas indepen-
dently of the pathology and that they could be used to enhance
tissue repair.

P240

Combination of low oxygen tension and HIF-lalpha
overexpression in mesenchymal stem cells induces secretion
of exosomes loaded with anti-fibrotic and pro-angiogenic
microRNAs
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Background: Mesenchymal stem cells (MSCs) are effective for
treating ischaemic diseases and we have recently demonstrated
that HIF-1a overexpression in MSC (MSC-HIF) potentiates their
therapeutic effects. It is believed that paracrine mechanisms are
mediated at least in part by membrane vesicles. Among them,
exosomes are spherical particles that are released to the outside of
the cells and are capable of interact with a variety of cell types. In
this work we analyzed the changes in composition of MSC and
MSC-HIF derived-exosomes.

Methods: MSC or MSC-HIF were cultured in normoxia or
hypoxia and exosomes were isolated from the culture medium.
Exosome microRNA content was analyzed by qPCR.

Results: Exosomes released by hypoxia cultured MSC were
loaded with hypoxia-regulated microRNAs. Exosomes derived
from normoxia cultured MSC-HIF, but not MSC, contained miR-
93, a a pro-angiogenic microRNA and miR-193 that shows pro-
liferative effects on MSC, as well as miR-106b and miR-29b that
have been associated with HIF-1a regulation in hibernating
species. Moreover, culture of MSC-HIF induced exosomes con-
taining miR-138, a negative regulator of apoptosis, miR-29¢c, an
anti-fibrotic microRNA that directly targets a large number of
extracellular matrix genes and reduces intersticial fibrosis, and
miR-424, a pro-angiogenic microRNA also induced by hypoxia in
endothelial cells.

Conclusion: The combination of HIF-1o overexpression in
MSC with culture in low oxygen tension induce the production of
exosomes loaded with anti-fibrotic and pro-angiogenic micro-
RNAs that could be used as therapeutic tools in regenerative
therapies.
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Tracing the hallmarks of aging in an hMSC experimental
model
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Aging, defined as time-dependent functional decline, is a
natural consequence for every living organism. At least nine
phenotypic hallmarks have been proposed to establish the aging
phenotype. In the human aging process there is a clear correla-
tion between age and the gradual loss of functions of many or-
gans. Indeed, the process of aging is associated with an intrinsic
deficiency of mesenchymal stem cells (MSC) to regenerate tissues
and organs, as is the case with patients with premature aging
syndrome (e.g. progeria), which could be due to a premature
depletion of MSC reservoirs.

Alterations in the lamin A/C gene are responsible for the
diseases called laminopathies, among them progeria and LMNA-
linked lipodystrophy are characterized by the accumulation of
progerin or the immature precursor prelamin A, respectively.
Both disorders are accompanied by different metabolic compli-
cations with an increased risk of premature atherosclerosis and
coronary disease, besides progeroid features, all characteristics of
aging. Furthermore studies have revealed an accumulation of
low levels of prelamin A and progerin in normal aging.

In an attempt to investigate the hallmarks of aging (normal or
pathological) and the characteristics commonly involved in aging
we used a cellular model based on human MSC, generated in our
laboratory. This study demonstrated that prelamin A accumu-
lation in human MSC is responsible for the characteristic phe-
notype of aging. Moreover, it shows that this experimental model
could be an essential tool for the study of human aging and to
develop therapeutic strategies to increase the disease-free time of
life or healthspan.
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In autosomal recessive dystrophic epidermolysis bullosa
(RDEB), a severe inherited skin disease, mutations are located
within the gene COL7A1 encoding for type VII collagen. In this
work we concentrate on the correction of an internal exon of
COL7A1 by RNA trans-splicing. To overcome the size-associated
limitations in gene therapy we are using the combination of 5" and
3’ trans-splicing to exchange a short COL7A1 gene region. A double
RNA trans-splicing molecule (RTM) includes two binding domains
(BD) binding up- and downstream of the mutated gene region. We
have established a fluorescence reporter-based screening system to
identify the molecules with the highest trans-splicing efficiencies by
co-transfection experiments in HEK293 cells.

In this setup the reporter molecule acGFP was split up into
three parts. The internal part was cloned into the RTM whereas
the 5" and 3’ end of the reporter were part of an artificial target
molecule containing the mutated gene region. In our double
trans-splicing experiments we were able to achieve a GFP ex-
pression in up to 71% of all analyzed cells. The most efficient
RTM can then be selected for further experiments in RDEB pa-
tient cells. Prior RTM transduction in this more relevant endog-
enous model system the internal acGFP part will be replaced
with the wildtype sequence of COL7A1. We assume that double
RNA trans-splicing is a promising tool to correct hot spot mu-
tations in the gene COL7A1 involved in the severe blistering skin
disease epidermolysis bullosa.
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Fate and function of adipose-derived mesenchymal stem cells
(ADMSQ) in bioengineered skin equivalents in vitro and

in vivo
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Skin equivalents have been effectively tested therapeutically
using human fibroblasts embedded in a fibrin gel and seeded
with keratinocytes. These skin substitutes can be used to cover
areas of damaged skin in patients with various diseases, such as
chronic ulcers, as well as patients with severe burns. However, as
native human skin is composed of numerous mesenchymal cell
types and adnexa, Adipose-derived mesenchymal stem cells
(ADMSC) have turned into a prime candidate for replacing fi-
broblasts in current models. To assess the potential benefits of
ADMSCs for transient and permanent skin regeneration, our
team has analyzed both in vitro and in vivo the persistence of
“stemness” and the regenerative performance of ADMSCs in
comparison with that of human dermal fibroblasts. Studies were
performed both on bioengineered skins before (in vitro) and after
engraftment of bioengineered skins in immunodeficient mice
(in vivo). The studies included the analysis of dermal matrix re-
modelling, the effects on keratinocyte maturation, the degree of
angiogenesis promotion and the ability of ADMSCs to maintain
their differentiation abilities towards adipose and osteocyte lin-
ages upon recovery from engrafted tissue at different time points.
Overall, our results indicate that ADMSCs maintain their stem-
cell nature and show enhanced performance than dermal fibro-
blasts in all tests. Further studies are required to determine
whether ADMSCs, forming part of either autologous or allogenic
bioengineered skins, are beneficial under challenging clinical
situations involving sustained cutaneous inflammation with
concomitant impaired wound healing.

P247

Development of bioengineered skin-humanized mouse
models for inflammatory skin diseases
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The objective of the present study was to develop a skin-
humanized model for the two most common forms of inflam-
matory skin disease, atopic dermatitis and psoriasis. We have
previously developed in our laboratory a bioengineered-based
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skin-humanized mouse model for psoriasis. In this model, we
used skin biopsies and blood samples derived either from
psoriatic patients or from unrelated healthy donors. After en-
graftment in immunodeficient mice, phenotype was fully de-
veloped by intradermal injection in regenerated human skin of
in vitro differentiated Th1/Th17 lymphocyte subpopulations/
cytokines together with removal of stratum corneum barrier by
tape-stripping. Following the same experimental design, intra-
dermal injection of in vitro derived-Th2 lymphocyte subpopu-
lations together with tape-stripping was used to develop a skin-
humanized mouse model for atopic dermatitis. In both models,
major hallmarks of psoriasis and atopic dermatitis were con-
firmed by the evaluation of specific epidermal markers either by
immunohistochemistry or by RNA expression analyses. The
characterization of the dermal component (angiogenesis and
infiltrate) was also performed. Inflaimmatory and autoim-
mune cutaneous disorders constitute a major health and
social problem around the world. Establishing reliable animal
models for inflammatory cutaneous pathologies will allow for a
deeper understanding of the basic mechanisms underlying the
epidermal-immune cell interactions, and more importantly, will
provide a useful platform for the evaluation of potential ther-
apeutic strategies.
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The possibility to target tumor marker genes by RNA trans-
splicing molecules (RTMs) is a promising way to induce cell
death in a tumor cell specific manner. Thereby a new genetic
information (e.g. suicide genes) can be specifically expressed in
tumor cells using the cell’s own splicing machinery. The trans-
splicing process is induced by designed RNA frans-splicing
molecules leading to the recombination of the tumor marker gene
and the suicide gene on RNA level. The resulting chimeric pro-
tein consists of the endogenous target mRNA and the coding
sequence of a toxin and exhibits suicide activity. In order to im-
prove the specificity of RTMs specific for the tumor marker gene
solute carrier organic anion transporter family member 1B3
(SLCO1B3) overexpressed in recessive dystrophic epidermolysis
bullosa (RDEB)-associated squamous cell carcinoma (SCC) we
have established a HSV thymidine kinase-based RTM suicide
model system. Different SLCO1B3-specific RTMs were created
including thymidine kinase from herpes simplex virus (HSV-tk)
and analyzed in HEK293AD cells co-transfected with a SLCO1B3
minigene (SLCO1B3-MG) for their trans-splicing efficiency. Ex-
pression of the trans-spliced SLCO1B3-tk fusion molecule was
detected by semi-quantitative RT-PCR and Western blot analysis
on RNA and protein level, respectively. Additionally, MTT and
TUNEL assays showed the ability of the constructed RTMs to
induce toxin-mediated apoptosis in SLCO1B3-MG expressing
cells. Our inducible cell-death system provides a means to
identify optimal RTMs prior to their use in suicide gene therapy
approaches for RDEB-SCC.
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trans-splicing in the COL7A1 gene
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Mutations in the COL7A1 gene result in the dystrophic form of
the blistering skin disease epidermolysis bullosa (DEB). Due to
the huge size of the COL7A1 transcript with over 9kb and the
present packaging limitations of commonly used viral vector
systems for gene therapeutic applications we are using RNA
trans-splicing (SMaRT) as a potential tool to exchange mutated
gene regions of COL7A1 with its wildtype version on RNA level.

However, the trans-splicing efficiency is generally low. To
improve the trans-splicing potential of highly functional RTMs
specific for COL7A1 we therefore used antisense sequence-
mediated blocking of competitive 3" splice sites of a rational de-
signed COL7A1 target molecule. We performed co-transfection
experiments in HEK293 with RTM and COL7A1 target molecule
expressing plasmids together with different concentrations of
randomly designed antisense molecules (AM) specific for the
target intron/exon region. Dose dependent treatment of HEK 293
cells with an AM concentration ranging from 0,5 — 5ug revealed
an up to 3 fold increase of trans-splicing efficiency verified by
SQRT-PCR, western blot analysis and flow cytometry. The ability
of the antisense molecule to enhance the trans-splicing rate in the
nucleus will now be further tested in COL7A1 deficient patient
cells.
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Functional defects in type VII collagen are responsible for the
skin disease dystrophic epidermolysis bullosa (DEB). The size of
the COL7A1 transcript impedes the application of successful
gene-therapeutic approaches in DEB. RNA trans-splicing may
provide an alternative gene repair strategy on pre-mRNA level.
The trans-splicing reaction is achieved by RNA trans-splicing
molecules (RTMs) that bind to a target pre-mRNA thereby in-
ducing the gene correction. Using a screening system we are able
to identify efficient RNA-trans-splicing molecules for the target
intron 46 of COL7A1. This system features a COL7A1 minigene
carrying intron 46 and the 5" part of GFP and individual RTMs
including a specific binding domain for intron 46 and the missing
3’GFP part. Transfection into HEK293 cells resulted in the fusion
of both GFP parts by trans-splicing, leading to the expression of
full-length GFP.

To avoid varying COL7A1 mini gene concentrations the
COL7A1 minigene was stably integrated into the genome of
HEK293 cells using the PiggyBac transposon system to mimic an
endogenous target pre-mRNA expression at a constant level. We
treated the COL7Al1 minigene cell line with RTMs carrying
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different binding domains for the target region and analyzed
their trans-splicing efficiency by flow cytometry. The most effi-
cient RTM induced a GFP expression in about 95% of treated
cells. The identification of the most functional RTM will improve
trans-splicing in the COL7A1 gene in order to lay the basis for
gene therapy of DEB patients.
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Kindler Syndrome (KS) (OMIM 173650) is an autosomal re-
cessive skin disorder with a phenotype that has long intrigued
dermatologists. Skin blistering, photosensitivity, premature
aging and propensity to skin cancer are phenotypes usually
reported in patients affected by KS. Through a European col-
laborative effort, we have recently provided an overview of the
genotipic-phenotipic correlations in this disease (Hum Mutat
00:1-9, 2011). However, neither the pathognomonic signs nor the
genotype-phenotype correlations suffice to fully understand the
pleiotropic nature and clinical variability of this genodermatosis.
Mitochondrial oxidative stress has long been implicated in both
aging and cancer. Mitochondria contain the enzymes for energy
production, via oxidative phosphorylation. During this process,
reactive oxygen species (ROS) are generated as by-products.
Progressive defects in mitochondrial function during aging lead
to the increased production of ROS, resulting in accumulated
DNA damage and an increase of susceptibility towards cancer.
Thus, aging, mitochondrial dysfunction and cancer seems all
inextricably linked. We decided, therefore, to explore the po-
tential role of mitochondria-linked oxidative stress on the path-
ogenesis of KS. Patient-derived keratinocytes showed an increase
in ROS levels (observed by confocal microscopy (JC-1), gluta-
thione levels and redox biosensors experiments). Moreover,
electron microscopic studies of skin biopsies and cells from
the same patients showed morphological alterations in KS
keratinocyte’s mitochondria, including cristae disorganization.
Together, in vitro and in vivo alterations of mitochondrial archi-
tecture and function are consistent with a pro-oxidant state as a
hallmark in KS. To our knowledge, this study provides first link
between mitochondrial dysfunction and the pathogenesis of this
genodermatosis.
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The repair of defective pre-mRNAs by RNA trans-splicing has
become an emerging alternative to conventional gene therapy in
the treatment of genetic disorders involving large genes. Pre-
vious studies have made clear that the design of binding domains
(BDs) of mRNA-pre-trans-splicing molecules (RTMs) is crucial
for the trans-splicing efficiency. Even minor changes in length
and position can have vast effects on their functionality. We
developed a fluorescence-based screening system, which allows
selecting most efficient BDs from randomly generated variants
utilizing FACS. The applicability of pre-screening reporter RTMs
was validated in the repair of the COL7A1 mRNA in which
mutations are the cause of the skin disease dystrophic epi-
dermolysis bullosa (DEB). Comparison of single RTMs contain-
ing different BDs hybridizing to COL7A1 intron 64/exon 65
revealed different trans-splicing efficiencies. Three BDs highly
variable in length, binding position and trans-splicing efficiency
were selected and adapted for endogenous trans-splicing in a
recessive DEB (RDEB) keratinocytes cell-line expressing reduced
levels of COL7A1 mRNA. Retroviral transduction with the re-
spective RTM resulted in variable increases of COL7A1 mRNA
expression levels compared to the mock transduced RDEB cell-
line. High levels of endogenous COL7A1 mRNA repair were seen
with RTMs identified as being highly functional in our pre-
screening system. Thus, by using our reporter-based test system,
the efficiency of trans-splicing can be demonstrated easily prior to
testing RTMs in endogenous model systems, which marks an
important step forward towards optimization of our splice-
modulating therapy for use in a clinical context.
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Revertant mosaicism (RM) is the co-existence of mutant cells
carrying germline mutations and revertant cells that have spon-
taneously corrected the germline mutation by a somatic muta-
tion. RM has been reported for several hereditary diseases,
including the genetic skin blistering disorder epidermolysis
bullosa. Here, we investigated the feasibility of using the natu-
rally corrected keratinocytes harvested from a revertant, healthy
skin area for autologous cell therapy. A 6-mm punch biopsy was
taken of a revertant non-blistering patch of the forearm of a pa-
tient with epidermolysis bullosa due to mutations in the
COL17A1 gene. Subsequently, keratinocytes were cultured for
several passages. Stainings showed 40% and 25% revertant cells
after passage 1 and 2, respectively. When cultured longer the
percentage of revertant cells dropped further to 15%, 1% and
<1% after passage 3, 4 and 5, respectively. From cultured pa-
tient’s fibroblasts and passage 2 keratinocytes, a 75cm? bioen-
gineered skin equivalent was produced. A side sample taken
from this skin equivalent revealed 20% of revertant cells. Four
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immunodeficient nu/nu mice were transplanted, and biopsies
from the engrafted skin after 10 and 16 weeks showed a similar
percentage of 20%. Our data demonstrate that after a marked
decrease during in-vitro expansion on plastic, the percentage of
revertant keratinocytes stabilizes during skin equivalent pro-
duction and remains stable in-vivo. Further, we show long-term
survival of revertant keratinocytes because of transplantation of
revertant epidermal stem cells, thereby demonstrating the feasi-
bility of revertant cell therapy for patients with epidermolysis
bullosa.
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A keloid or hypertrophic scar is pathologic proliferations of
the skin dermal layer resulting from excessive collagen deposi-
tion. The pleiotopic hormone relaxin (RLX) inhibits the collagen
synthesis and expression in stimulated fibroblasts; however RLX
does not affect basal expression levels. We generated a replication-
incompetent adenovirus expressing RLX (dE1-RGD/lacZ/RLX)
to investigate the effects of RLX on the expression of collagen and
matrix metalloproteinase (MMP) on the keloid fibroblasts (KFs).
Here, we showed that f-galactosidase expression confirmed the
efficient transduction of dE1-RGD/lacZ/RLX into HDFs and
KFs, and high level of RLX expression was induced at 100 MOI
on KFs. The dE1-RGD/lacZ/RLX adenovirus decreased mRNA
levels of type I and III collagen as well as those of MMP-1 and
MMP-3 in infected KFs. Moreover, the expression of collagen
types I and III, elastin, and fibronectin were significantly de-
creased in keloid spheroids transduced with dE1-RGD/lacZ/
RLX. Taken together, gene therapy with relaxin-expressing ade-
novirus attenuated collagen synthesis and decreased MMP-1 and
MMP-3 expression in KFs and, therefore, functions to prevent
KFs invasion of peripheral normal area after keloid excision.
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Introduction: Large-surface or deep wounds often become
senescent in the inflammatory or proliferation stages and cannot
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progress to re-epithelialisation. In this stage the best current
treatment is autologous skin graft, or alternative therapies, such
as allogenic or autologous skin substitutes and synthetic dress-
ings. Amniotic Membrane (AM) is a tissue of particular interest
as a biological dressing due to its special structure and biologi-
cal properties: low immunogenicity, anti-inflammatory, anti-
fibrotic, anti-microbial, and re-epithelialisation effects. We have
used AM to dress the large wound in animal assays and in 5
patients on compassionate use with the aim to promote wound
epithelialisation. As a consequence of the good preliminary re-
sults in re-epithelialisation of wounds, we have initiated a pro-
spective clinical trial to test the feasibility and safety of AM. Here
we present the safety data obtained in the first patient included in
this clinical assay.

Methods: Inclusion criteria were: patient >18 years old, with
diagnosis of massive post-traumatic wounds more than 100 cm in
granulation stage. All patients have to sign the Informed Consent
before participating in the study. In total we will include ten
patients who provide enough guarantees to adhere protocol. The
protocol implies the application of AM each week during six
weeks. Primary endpoint is: a) Absence of severe treatment-
related adverse events (AE), graded according to the CTCAE.
b) Non inflammatory changes around the wound.

Results: One patient has reached the application period of 6
weeks of AM. During this time he has not shown severe and
non-severe treatment-related AE. He has neither developed
inflammatory changes around the wound. The wound has re-
epithelialize almost completely with normal skin in 6 weeks, and
this result will be showed graphically.

Conclusion: The preliminary results obtained in this patient
evidence that AM used as a biological wound dressing was safe
and did not produce any adverse side effects. These results are in
concordance with those obtained in patients on compassionate
use.
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019 grant from the Department of Pharmacy and Health Pro-
ducts of the Ministry of Health, Social Services and Equality and
RD12/0019/0001 grant from Carlos III Institute of Health.
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Background: Chronic leg ulcers often heal poorly necessitat-
ing the search for different lines of treatment such as skin grafting
and induction of angiogenesis. Amniotic membrane (AM) graft
can be used as it reduces fibrossis through down-regulation of
TGF-p and its receptor. Bone marrow derived mesenchymal stem
cells (MSCs) are capable of differentiation into structures found
in skin tissue. This work aims to compare the use of both (AM)
graft and autologous MSCs separately and in combination in
chronic ulcers.

Methods: 37 chronic leg ulcers were included, 11 controls
treated conventionally, 14 treated by AM graft, 6 by MSCs
injected into ulcer bed and edges, and 6 by both MSCs and
AM. Patients were followed up for 2 months using reduction
in ulcer size, rate of healing, ulcer characteristics and pain
score.
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Results: Reduction in ulcer size (cm?/day): control group
showed zero reduction in size, group II showed complete re-
duction in ulcer size with healing rate of 0.064-2.22 cm?/day with
mean of 0.896 +0.646, group III showed 50.4% to 100% reduction
in ulcer size with mean of 83.9%*24.9% and healing rate of
0.084-0.787 cm?/day with mean of 0.303+0.254. Group IV
showed 46.5%-100% reduction in ulcer size but with higher
healing rate than Group III, of 0.359-1.23 cm?/ day with mean of
0.759+£0.361. Reduction in ulcer size shows significant difference
between group I in comparison to group II (p=0.001), Group III
(p=0.001), and Group IV (p=0.001), and significant difference
between group II in comparison to group III (p=0.020), and
Group IV (p=0.003). Healing rate shows significant difference
between group I and group II (p=0.001), and significant differ-
ence between group I and group IV (p=0.002), also there is sig-
nificant difference between group II and group III (p=0.009).

Conclusion: Both MSCs and AM promote wound healing,
however in chronic wounds the combination of both modules
gives better results. As chronicity increases, the use of MSCs
alone becomes less effective.
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Gaucher disease (GD) is the most common lysosomal stor-
age disease caused by inherited mutations in the GBA gene
that result in a deficiency of the enzyme f-glucorebrosidase
(GCase), an important component of the sphingolipid metabo-
lism pathway. The disorder is characterized by a wide spectrum
of clinical manifestations and ranges from adult asymptomatic
cases to severe neurological forms in infants. At present, there is
no treatment available that could be successfully applied to GD
patients. A gene therapy approach based on the genetic cor-
rection of autologous hematopoietic stem cells (HSCs) poten-
tially offers a unique possibility to treat disease symptoms by
correcting their actual genetic cause. The proposed preclinical
gene therapy approach aims at genetic modification of murine
enzyme-deficient HSCs with a therapeutic construct delivered
ex vivo by a non-viral Sleeping Beauty (SB) transposon system.
Subsequent transplantation of the modified cells into murine
Gaucher recipients envisions sustained enzyme expression, se-
cretion and targeting to the central nervous system as a pre-
requisite to a successful therapeutic intervention. For that
purpose, a protocol of stable, SB-mediated gene delivery was
established and optimized for hard-to-transfect murine HSCs.
Therapeutic SB/GCase construct was created and successfully
validated in vitro in terms of vector excision/integration ability,
transient and persistent gene expression, and protein secretion.
Enzyme activity and inhibition studies performed in GCase-
deficient human fibroblasts and murine HSCs confirmed the
functionality of the exogenous protein. Further implementation
of the SB/GCase system in vivo utilizing two GD mouse models
is expected to estimate efficacy (genetic and phenotypic analy-
sis) and safety (vector genomic integration profile) of our gene
therapy approach.
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Background: Acute Intermittent Porphyria (AIP) is a rare ge-
netic disease, where mutations in the porphobilinogen deaminase
(PBGD) gene lead to insufficient activity of a protein necessary
for heme synthesis. This leads to the accumulation of toxic in-
termediate metabolites that produce a wide variety of clinical
symptoms, including acute and severe abdominal pain, muscle
weakness and psychiatric and neurological illnesses, decreasing
patient’s quality of life.

Methods and aim: This is a Phase I trial aimed to determine
the safety of the investigational GT product for the treatment of
AIP. We administered a single dose of a recombinant adeno-
associated serotype 2/5 vector expressing a codon-optimized
human PBGD transgene under the control of a liver-specific
promoter (rAAV2/5-PBGD) by peripheral infusion. Eight AIP
patients of both sexes are being sequentially enrolled in a dose
escalation design constituted by four cohorts with two partici-
pants in each. Participants are going to be followed for 12
months. Humoral and cellular immune responses against the
transgene and the viral capsid proteins were analysed by ELISA
and ELISPOT and viral shedding was determined by quantita-
tive PCR.

Results: As expected, we observed an increase in the levels of
total and neutralizing antibodies against AAV capsid, no total
antibodies against PBGD protein were detected. No T-cell-
mediated immune responses against AAV capsid proteins or
transgene were observed. Patients treated with lowest vector
doses, showed a complete disappearance of vector genome
copies of all body fluids after two weeks. However patients
treated with highest doses, showed a longer permanence of virus
genome copies that disappeared four weeks after treatment.

Conclusions: No immune responses against the vector or the
transgene have been detected in a phase I clinical trial for the
treatment of AIP after peripheral-vein infusion of rAAV2/5-
PBGD.
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Crigler-Najjar syndrome type I (CNSI) is a rare genetic dis-
order characterized by the inability to conjugate bilirubin due to
UGT1al deficiency. As a consequence, babies have high levels of
unconjugated bilirubin and are at constant risk of developing
neurological damage unless phototherapy (PT) is applied since
birth. However, during puberty PT becomes less effective, and
liver transplantation is required.

To find alternative therapies to permanently correct the ge-
netic defect we generated a mouse model of CNSI that shows
neonatal lethality and all major features of CNSI. We previ-
ously showed that neonatal gene transfer of the CMV-hUgtlal
gene rescued all the mutant mice by skeletal muscle expression
of the therapeutic protein. To promote liver-specific expression
we here used an AAV8 vector carrying the enhancer element of
ApoE gene and the minimal promoter region of alphalanti-
trypsin (AAT). Mutant mice were treated at P4 with a single
injection of the therapeutic gene. Bilirubin levels were 70-80%
lower than untreated controls at 1 and 2 months after injection.
At 17 months post-injection, injected mice showed serum bili-
rubin level 50% lower compared to untreated controls. We
compared the liver-specific gene therapy of ATT-hUGTlal
with that of the CMV-hUGT1al. Despite liver (AAT) expressed
25 times less hUGT1al compared to skeletal muscle (CMV),
bilirubin levels were significantly lower (3.1+1.5 and 6.4+2.0,
respectively). Western blot analysis revealed that less than 5%
of liver expression of hUGT1al, as compared to wt, is sufficient
to maintain lifelong low levels of plasma bilirubin. We specu-
late that the remarkable difference in bilirubin levels is related
to the expression in liver, but not in muscle, of the Mrp2
transporter, which accounts for the biliary excretion of conju-
gated bilirubin.

These data confirm that liver is the appropriate target organ
for long-term CNSI gene therapy, ruling out the possibility of
using extra-hepatic tissues.
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Type 1 I Mucopolysaccharidosis (MPS-I) is an inherited
lysosomal storage disorder caused by the deficiency of «-L-
iduronidase (IDUA), characterized by accumulation of muco-
polysaccharides within the lysosomes in different tissues,
leading to multisystemic impairment and mental delay. Avail-
able treatments such as enzyme replacement therapy and he-
matopoietic stem cell transplantation (HSCT), are poorly
effective on skeletal and brain disease manifestations. To im-
prove the therapeutic efficacy of HSCT, we developed a gene
therapy (GT) strategy based on lentiviral vector (LV) for HSC
transduction aimed at inducing supra-physiological enzyme
production by HSCs and their tissue-infiltrating progeny.
HSCGT showed a high efficacy in preventing disease onset
and/or in correcting neurological and skeletal defects of the
MPS-I murine model. A Based on these results, a clinical de-
velopment plan for moving this approach to clinical testing has
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started, including safety studies conducted in Good Laboratory
Practice. For studying the long-term toxic and tumorigenic po-
tential of the IDUA.LV transduced HSCs, murine HSCs have
been transplanted in MPS-I mice. The study will last 12 months,
including both primary and secondary transplants. IDUA.LV-
transduced HSCs efficiently engrafted in primary recipients,
resulting in enzyme over-expression in peripheral blood cells,
without any macroscopic abnormality. For studying the efficacy
and safety of IDUA gene transfer by clinical-grade LV into
human HSCs and their biodistribution properties, of human
HSCs transduced with a clinical-grade IDUA.LV, preliminary
in-vitro and in-vivo experiments have been performed. Trans-
duced Bone marrow-derived hHSCs were efficiently trans-
duced and consequently over-expressed IDUA up to 30 fold
above the normal healthy donor’s level, and maintained their
clonogenic potentialwithout any functional consequence. When
Indeed, cells showed a normal differentiation and growth po-
tential in vitro and, when transplanted into sub-lethally irradi-
ated immunodeficient mice, these cells showeddemonstrated a
normal long-term repopulation and differentiation potential
as compared to untransduced HSCs, maintaining IDUA over-
expression in vivo.
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Mucopolysaccharide (MPS) type IIIA (MPSIIIA, Sanfilippo A)
is a paediatric lysosomal storage disease caused by muta-
tions in N-sulphoglucosamine sulphohydrolase (SGSH). SGSH
deficiency results in heparan sulphate storage and a severe pro-
gressive neurodegenerative disease. Enzyme replacement ther-
apy is potentially feasible, but fails because enzyme cannot cross
the blood-brain barrier. Haematopoietic stem cell transplantation
(HSCT) circumvents this via monocyte trafficking and engraft-
ment in the brain as microglia. HSCT is curative for the similar
HS storage disease MPSI but is ineffectual for MPSIIIA which has
no treatments.

We previously used lentiviral mediated gene therapy to aug-
ment SGSH enzyme in WT HSCT, which improves neuropa-
thology and corrects behaviour of MPSIIIA mice. However,
correction could not be achieved with lentiviral transduced
MPSIIIA cells.

To improve expression and brain specificity, lentiviral vec-
tors expressing eGFP under ubiquitous PGK, or myeloid-
specific CD11b promoters were compared in transplanted
HSCs. CD11b gave significantly higher monocyte and B-cell
eGFP expression than PGK after 6 months. Subsequently,
MPSIIIA HSCs were transduced with PGK or CD11b lentiviral
vectors expressing codon-optimised SGSH and transplanted
into MPSIITA mice.
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Eight months after HSCT, PGK lentiviral vectors produced
more bone marrow SGSH (576% normal activity) than CD11b
(473%), but CD11b was more brain specific (11% vs 7%). CD11b
lentiviral vectors fully corrected MPSIIIA behaviour, brain heparan
sulphate, GM gangliosides and neuroinflammation to WT levels,
whilst PGK lentiviral vectors partly corrected neuropathology but
not behaviour. These data provide strong evidence of pre-clinical
neurological disease correction using an autologous myeloid-
specific lentiviral HSCT approach in the MPSIIIA mouse model.
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Obesity and type 2 diabetes (T2D) are very strongly associated
and are a major health problem because of their alarmingly
growing prevalence worldwide. Deregulation of metabolic and
endocrine functions of white adipose tissue (WAT), as well as
impaired brown adipose tissue (BAT) activity and/or decreased
mass, are considered among the main contributors to obesity,
insulin resistance and T2D both in experimental animal models
and in humans. To fully understand the metabolic and molecular
mechanism(s) involved in adipose dysfunction, in vivo genetic
modification of adipocytes holds great potential. Here, we
demonstrate that adeno-associated viral (AAV) vectors, espe-
cially serotypes 8 and 9, mediated efficient transduction of white
(WAT) and brown adipose tissue (BAT) in adult lean and obese-
diabetic mice. The use of short versions of the aP2 or UCP1
promoters or miRNA target sequences enabled highly specific,
long-term AAV-mediated transgene expression in white or
brown adipocytes. As proof of concept, delivery of AAV vectors
encoding for hexokinase or vascular endothelial growth factor to
WAT or BAT resulted in increased glucose uptake or increased
vessel density in targeted depots. This gene transfer methodol-
ogy also enabled the secretion of stable high levels of the alkaline
phosphatase marker protein into the bloodstream by transduced
WAT. Therefore, AAV-mediated genetic engineering of adipose
tissue represents a useful tool for the study of adipose patho-
physiology and, likely, for the future development of new ther-
apeutic strategies for obesity and diabetes.
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Mucopolysaccharidosis Type IIIA (MPSIIIA) or Sanfilippo
A syndrome is an autosomic recessive Lysosomal Storage
Disease (LSD) caused by deficiency in sulfamidase, a sulfatase
involved in the stepwise degradation of the glycosaminogly-
can (GAG) heparan sulfate (HS). As a consequence of enzyme
deficiency, HS accumulates in the lysosomes of cells, causing
cell dysfunction and, eventually, cell death, in tissues and
organs of the whole body, but affecting predominantly the
CNS. We previously demonstrated in MPSIIIA mice that in-
tracisternal (IC) delivery to the cerebrospinal fluid (CSF) of
sulfamidase-encoding AAV9 vectors mediated whole-body
disease correction through transgene expression throughout
CNS and liver as soon as four months after vector adminis-
tration. Here, we provide evidence for the long-term efficacy
of the approach in MPSIIIA mice, including data on functional
and behavioral correction. Moreover, we also demonstrate
that in healthy Beagle dogs, a single intra-CSF administration
of AAV9 vectors encoding for canine sulfamidase at the
therapeutic dose resulted in a long-term stable increase in
sulfamidase activity in the CSF, in the absence of any safety
concerns. Overall, these results support the clinical translation
of this approach for the treatment of MPSIIIA and other LSD
with CNS involvement.
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Lysosomal storage disorders (LSD), a group of inherited
metabolic diseases, stand for the most common cause of neu-
rodegeneration in children. Among LSD, Mucopolysacchar-
idosis (MPS) VII or Sly syndrome, is caused by f-glucuronidase
deficiency. This primary defect triggers glycosaminoglycan ac-
cumulation into enlarged vesicles in peripheral and CNS tissues
resulting in peripheral and neuronal dysfunction and death. No
effective treatment is currently available for patients with MPS
VII. Gene transfer with viral vectors conferring stable, long-
term correction could provide sustained therapy if a sufficient
level of enzyme was secreted. Canine adenovirus type 2 vectors
(CAV-2) appear particularly promising for CNS gene therapy
due to their neuronal tropism and a very efficient long-distance
targeting, via axonal transport. In addition, no neutralizing
antibodies against CAV-2 vectors seem to be present in human
population.

To test the therapeutic capacity of CAV-2 vectors, we injected
eight-week old MPS VII mice in the striatum with helper-
dependent CAV-2 vectors (HDCAV-2) expressing f--glucuronidase
(HDGusB). f-glucuronidase activity was observed in these ani-
mals six and sixteen weeks after injection of HDGusB. Trans-
duced mice showed a significant decrease of f-hexomaninidase
activity and glycosaminoglycans content consistent with global
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biochemical correction. Semi-thin sections showed complete
correction of lysosomal accumulation both in striatum and cortex
and in more distal areas, at short and long-term after transduc-
tion. Behavioural tests performed in mice six weeks after the
treatment exhibited significant improvements in learning and
long-term memory.

Thus, a single intrastriatal injection of helper dependent
CAV-2 could result in a global and sustained expression and may
have implication for a brain gene therapy in patients with
MPSVII or other lysosomal storage diseases.
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AAVS is an effective and safe vector for liver directed gene
therapy. Hepatocytes are the main target, but there is loss of
AAVS due to uptake by macrophages. Reducing this would in-
crease the efficacy of AAVS8 gene therapy. The receptor mediating
AAVS uptake by macrophages has not been identified, therefore
we looked if the scavenger receptor A (SR-A) can mediate AAVS
endocytosis. Expression of SR-A in CHO-cells induced endocy-
tosis of scAAV8 3 fold. The efficient endocytosis of AAVS by the
human macrophage cell line THP1 and primary human macro-
phages was significantly reduced by blocking SR-A with poly[i].
Since these data indicate a role of SR-A in AAVS8 uptake by
macrophages we decided to study its role in vivo. The Gunn rat is
the relevant model for Crigler-Najjar, inherited severe hyperbi-
lirubinemia due to lack of UGT1Al activity. In male rats a
low (1x10" gc/kg) and high (3x 10" gc/kg) dose of scAAVS-
LP1-UGT1A1 significantly corrected hyperbilirubinemia. Pre-
administration of poly[i] increased the efficacy of the low vector
dose (p <0.05). In female rats the correction of serum bilirubin by
scAAV8-LP1-UGT1Al was less pronounced. Blocking SR-A with
polyl[i] significantly increased the correction provided by both
vector doses (p<0.05). This effect was more pronounced in the
group treated with the low vector dose in which it also resulted in
a significant increase of bilirubin glucuronides in bile. In con-
clusion, our data show that SR-A mediates the endocytosis of
AAVS and that blocking it improves the efficacy of scAAVS liver
directed gene therapy in the Gunn rat.
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Background: Type II Neuropathic Gaucher Disease (nGD) is
caused by mutation of the glucocerebrosidase gene. Patients ex-
hibit aggressive neurodegeneration and die before two years of
age; no treatment exists. A neonatal lethal mouse model presents
the symptoms and neurodegeneration and dies before 14 days of
age. We conducted a spatio-temporal analysis of brain pathol-
ogy. We used this data to measure the efficacy of in utero gene
therapy to rescue this mouse model.

Methods: Brains from control and knockout mice were col-
lected at 1 day of age (P1), P9 (pre-symptomatic) and P12
(symptomatic). Microglial activation, astrogliosis, lysosomal
content and neurodegeneration were measured.

AAV9 carrying therapeutic glucocerebrosidase gene was ad-
ministered to the brains of fetal mice by in utero intracranial in-
jection. Survival, behavior and brain pathology were analysed.

Results: Pathology was observed in the brain stem of KO mice
at P1. Global and progressive spread of pathology was observed
at P9 and P12, although certain regions were more affected i.e.
the brain stem, VPL/VPM and cortex. This was accompanied by
rapid neurodegeneration.

In utero injection of AAV9 vector dramatically reduced pa-
thology and extended the lifespan of treated KO mice by tenfold
(day 131, n=5, p<0.005). As treated mice aged, behavioral ab-
normalities and weight loss became apparent. We are investi-
gating if this is nGD related or a novel phenotype.

Conclusion: In utero gene therapy is successful in rescuing an
early neonatal lethal mouse model of nGD. To date, this is the
most severe model of a neurodegenerative lysosomal storage
disorder to be rescued by gene therapy.
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Background: Gaucher Disease (GD) is a metabolic disorder
which is effectively treated by enzyme replacement therapy.
However treatment must be administered fortnightly through-
out the life of the patient and is not always effective in treat-
ing skeletal complications. Gene therapy and autologous
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transplantation of haematopoietic stem cells could provide a
method of treating Type I GD which overcomes these barriers.

Methods: We have created a number of lentiviral vectors
carrying the glucocerebrosidase (GBA) gene some of which
contain fusions of the GBA gene with various protein transduc-
tion domains including that of the HIV-1 TAT protein to provide
a method of uptake for GBA secreted by transduced cells that is
independent of the mannose receptor pathway.

Results: We show that all vectors express GBA enzyme by
means of functional assays and Western blot. We demon-
strate that when human embryonic kidney cells are transduced
with a high multiplicity of infection active protein is secreted
(p=<0.005) and that secreted enzyme can be used to correct
untransduced patient cells (<50% increase in GBA positive cells
after culture in conditioned medium). This presents an oppor-
tunity for the cross correction of tissues other than the haema-
topoietic system.

Conclusions: We have shown that lentiviral vectors can be
used to treat not only the directly transduced cells but also the
neighbouring cells of other systems. In the future we plan to test
these vectors further using a range of cell types and in vivo.
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Gaucher disease (GD), the most common of the lysosomal
storage disorders, is an autosomal recessive disorder affecting the
enzyme glucosylceramidase (GCase). In patients, the mutated
GBA gene encoding GCase gives rise to a deficient enzyme
unable to degrade the cell membrane lipid glucosylceramide
(GluCer), leading to a progressive build-up of GluCer in mac-
rophages. Macrophages laden with unprocessed lipids give rise
to hepatosplenomegaly, cytopenias and bone disease in patients.
Our conditional mouse model of type 1 GD displaying key
clinical symptoms can be cured with gene therapy using oncor-
etroviral vectors with a strong viral promoter (Enquist ef al,
PNAS 2006). To investigate whether safer vectors can correct the
enzyme deficiency we utilized SIN lentiviral vectors harboring
the human GBA transgene under the control of human phos-
phoglycerate kinase (PGK) and myeloid specific (CD68) pro-
moters, respectively, for correction of disease symptoms in the
type 1 GD mice. Here we show correction of manifest symptoms
after transplantation of gene corrected cells, resulting in enzyme
restoration of 25-44% of wild type levels in bone marrow. Five
months post transplant treated mice exhibit a clearance of GluCer
from tissues, reversal of splenomegaly and Gaucher cell infil-
tration and a restoration in hematological parameters. The find-
ings demonstrate the feasibility of developing safe clinical
vectors with cellular/tissue specific promoters for the correction
of symptoms in type 1 Gaucher patients. Furthermore, we
demonstrate that GBA-deficient mice with 6% normal macro-
phages are symptom-free, suggesting that 6% gene transfer may
be sufficient to cure type 1 Gaucher disease.
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of dThd and dUrd mediated by keratinocytes genetically
modified to produce high levels of TP
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MNGIE (mitochondrial encephalomyopathy neurogastro-
intestinal, OMIM: 603041) is a rare devastating autosomal re-
cessive disease caused by mutations in the TYMP gene encoding
thymidine phosphorylase (TP), a key enzyme in the degradation
of thymidine (dThd) and deoxyuridine (dUrd). TP deficiency
leads to the accumulation of dThd and dUrd reaching micro-
molar concentrations, both in plasma and tissues, which in-
terferes with the correct mtDNA replication resulting in
mitochondrial dysfunction.

We propose a sink therapeutic approach through the use of skin
cells producing high levels of TP able to reduce circulating levels of
toxic nucleosides. Here we have carried out in vitro and in vivo
studies with normal and TymP/dUrdP deficient mouse kerati-
nocytes (MNGIE mK) modified with lentiviral vectors containing
the TP gene. We have analyzed the metabolism of dThd and dUrd
in supernatants of transduced cells and after transplantation of TP
overexpressing keratinocytes into immunodeficient mice and
analysis of serum clearance of nucleosides. Western blot analysis
showed overexpression of TP both in MNGIE mK cells. Note-
worthy, normal keratinocytes expressed detectable levels of TP.
Clearance of nucleosides in vitro was highly efficient particularly
in TP overexpressing MNGIE mK cells.

Preliminary feasibility experiments demonstrated that, after
transplantation in immunodeficient mice, TP overexpressing
MNGIE mK were capable of regenerating a full epithelial tissue
with skin adnexa. New in vivo experiments will soon be con-
ducted with MNGIE mice to test the efficacy of the approach.
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Thymidine phosphorylase is both a therapeutic and a suicidal
gene in a murine model of Mitochondrial
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Suicide gene therapy (SGT) constitutes a promising strategy
for treating cancer. In this work, we show that thymidine phos-
phorylase (TP) deficiency, the underlying genetic defect in mi-
tochondrial neurogastrointestinal encephalomyopathy (MNGIE),
provides an opportunity for SGT using capecitabine, a prodrug
that is administered orally and that is converted to 5-fluorouracil
(5-FU) by this enzyme. Using an immortalized lymphoblastoid
B-cell line from a MNGIE patient, the tumorigenic murine EL-4
cell line, lentiviral vectors encoding TP and a double KO
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Tymp™~ Upp1”~ (dKO) murine model, we found that EL-4 cell-
derived TP tumours were exquisitely sensitive to capecitabine,
especially in the dKO mice, in which the TP tumour cells are
the only ones that express the prodrug-metabolizing enzyme,
whereas in these animals the TP” tumours were resistant to the
prodrug therapy. In addition, we found that there is a signif-
icant direct, but not an indirect bystander effect. In addition,
despite the fact that the EL-4 cell line and the mice used shared
the same MHC, we detected cytolytic anti-tumour immune
responses in a significant fraction of the animals surviving for
more than 20 days after the therapy was stopped. These results
have implications in gene therapy for MNGIE. As the use of
some gene therapy vectors is associated with a risk of inser-
tional oncogenicity, malignancies that can develop in MNGIE
patients as a complication of this therapy will represent a un-
ique setting in which the potential derived tumours, as they
will necessarily derive from the gene-modified cells, will be
selectively targeted by the prodrug.
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Human lipodystrophies are heterogeneous disorders charac-
terized by adipose tissue loss with a variable range of metabolic
complications, such as lipid profile disturbances (hypertriglycer-
idemia and low high-density lipoprotein (HDL) cholesterol), glu-
cose intolerance and insulin resistance, among others. Lamin A
(LMNA)-linked lipodystrophies belong to a group of clinical syn-
dromes called laminopathies which exhibit an altered nuclear
envelope. Both congenital (associated with LMNA mutations) and
acquired (associated with the use of human immunodeficiency
virus protease inhibitors (HIV-IP)) lipodystrophies share a non-
physiological accumulation of the lamin A precursor, prelamin A.

Given that affected tissues in lipodystrophies are mainly
mesenchymal in origin, we previously developed a LMNA-
linked lipodystrophy experimental model using human mesen-
chymal stem cells (hMSC) that accumulated prelamin A. This
experimental human model was able to recapitulate the different
phenotypes observed in LMNA-linked lipodystrophies. In fact,
this model has allowed us to identify a mechanism responsible, at
least in part, of the lipodystrophic phenotype as a consequence of
prelamin A accumulation. We have performed further charac-
terization of the metabolic phenotype on our lipodystrophy
model based on hMSCs. In order to achieve this goal, proteomic
profiling was performed with 2D-PAGE followed by MALDI
TOF/TOF, and endogenous lipid profiling was analysed using
UPLC-MS. Complementary ultra-structural studies and mea-
sures of lipolytic activity were assessed.

Taken together, the results confirm the useful of our human
cell-based model to study metabolic diseases, such as lipody-
strophies, and to extent the knowledge about the homeostasis of
adipocyte derived from adult human stem cells.
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A cutaneous gene therapy approach for the correction of
congenital generalized lipodystrophy
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Congenital generalized lipodystrophy is a rare autosomal re-
cessive disorder characterized by marked lack of body fat. Pa-
tients develop insulin resistance, dyslipidemia, hepatic steatosis,
acanthosis nigricans, polycystic ovarian disease and hyperten-
sion. These complications arise from low serum levels of leptin
and adiponectin, chemokines produced and secreted by subcu-
taneous and visceral fat. Mutations in the AGPAT2 gene, a key
player in triacylglycerol and phospholipid biosynthesis, lead to
lipodystrophy on one hand by triacylglycerol synthesis inhibi-
tion and on the other by interfering with signal transduction
leading to adipogenesis, resulting in absence of functional,
chemokine-secreting adipocytes. Our aim is to develop cellular
and gene therapy standardized protocols to obtain functional
adipogenic differentiation of dermal fibroblasts from lipody-
strophic patients.

In an attempt to make both lipodystrophic (LD) and normal
dermal fibroblasts (HDF) responsive to adipogenic stimuli,
we overexpressed Peroxisome Proliferator-Activated Receptor
gamma (PPARg, isoform 1), a master regulator of adipogenesis
by means of retrovirus transduction. As predicted, PPARgI-
overexpressing HDF grown under adipogenic conditions, effi-
ciently differentiated to functional adipocytes. Surprisingly, the
same was observed for AGPAT2 null fibroblasts. Analysis of
in vitro-differentiated adipocytes for several early and late adi-
pogenesis markers revealed that PPARgl-overexpressing cells
induced aP2 and C/EBPb, transcription factors involved in
the activation of adipogenic differentiation and were capable
of expressing leptin and adiponectin. Our results indicate that
basal expression of PPARg1, observed in pre-adipocytes but not
in HDF (or LD fibroblasts) is a key determinant overcoming
AGPAT2 deficiency. We believe that our model of PPARgl-
expressing lipodystrophic LD can be a promising approach to
combat this disease.
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Vasoactive Intestinal Peptide (VIP) stimulates post-prandial
insulin secretion and acts as an anti-inflammatory factor by
virtue of inducing immune tolerance. These features make this
molecule a promising gene therapy agent for the treatment of
Type 2 Diabetes. The expression pattern of VIP and its cognate
receptors (VPAC1 and VPAC2) were investigated in Diet In-
duced Obesity (DIO) coupled with STZ-induced Type 2 Dia-
betes (T2DM) in C57BL/6] mice. VIP, VPAC1 and VPAC2
content of the pancreas including insulin and glucagon were
revealed by immunohistochemistry. VIP expression was
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slightly reduced in mice fed with HFD compared to control mice
fed with standard diet (SD). Upon STZ injection, a significant
decrease in islet VIP content was observed in SD-fed lean mice.
No such change was observed in HFD-fed obese animals with
or without STZ injection. SD-fed STZ injected lean animals
displayed reduced VPAC1 expression in both pancreatic islets
and acinar cells while STZ injection did not alter VPAC1 ex-
pression in HFD-fed obese animals. Islet specific VPAC2 ex-
pression was not different between HFD-fed obese and SD-fed
lean animals while acinar VPAC2 expression was higher in
HFD-fed obese animals versus SD-fed lean animals. Although
STZ injection did not change islet VPAC2 expression in HFD-
fed obese versus SD-fed lean mice, acinar VPAC2 expression
was decreased in SD-fed lean mice but increased in HFD-fed
obese mice.

Financial support: This study is supported by Akdeniz Uni-
versity Scientific Research Administration Division and the Sci-
entific and Technological Research Council of Turkey
(TUBITAK-1115157).
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Glucagon-like peptide-1 (GLP-1) is a gut-derived incretin
hormone expressed from intestinal L cells located in distal jeju-
num, ileum and colon with glucoregulatory actions. Its functions
include but not limited to glucose-enhanced insulin secretion,
suppression of glucagon secretion, delay in gastric emptying, and
reduction in appetite and food intake causing weight loss. En-
hancement of insulin gene expression and its biosynthesis,
stimulation of beta cell proliferation and differentiation, and in-
hibition of beta cell apoptosis are the other known beneficial
effects of GLP-1. Despite all these beneficial effects, how high fat
diet and hyperglycemia influence pancreatic expression profile of
GLP-1 and its receptor remains to be clarified. An animal model
of Type 2 Diabetes (T2DM) was generated using C57BL/6] mice
to study the alteration in GLP-1 expression profile induced by
high fat diet and hyperglycemia. Obese mice fed with high fat
diet (HFD) exhibited insulin resistance and glucose intolerance
compared to lean mice fed with standard diet (SD). Hypergly-
cemia was induced by low dose streptozotocin (STZ) injection.
Immunohistochemistry analysis of pancreatic tissues demon-
strated low levels of GLP-1 and GLP-1R expressions in pancreatic
islets of both obese and lean mice. Intriguingly, proglucagon
cross-reactivity of anti GLP-1 antibodies resulted in strong
staining of pancreatic alpha cells in both group. Future experi-
ments are underway to reveal alterations of GLP-1 and GLP-1
receptor expression profile in HFD fed-STZ induced diabetic
mice.

Financial support: This study is supported by Akdeniz Uni-
versity and the Scientific and Technological Research Council of
Turkey (TUBITAK-1125114).
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Age-related macular degeneration is a major cause of
blindness in the elderly. Its neovascular form is characterized
by increased expression of the pro-angiogenic vascular en-
dothelial growth factor (VEGF). The current treatment, based
on often monthly and life-long intravitreal injections of anti-
VEGF antibodies, improves vision in about 30% of patients,
but may be accompanied by severe side effects and non-
compliance. We have postulated that subretinal transplanta-
tion of pigment epithelial cells genetically modified to stably
overexpress pigment epithelium-derived factor (PEDF), a
VEGEF inhibitor, may be more effective. To deliver the trans-
gene to pigment epithelial cells, we used the Sleeping Beauty
(SB100X) transposon system and cloned both the transposase
and the PEDF genes into pFAR4-plasmids, an expression
vector free of antibiotic resistance markers. Pigment epithelial
cells were electroporated with pFAR4-plasmids encoding the
SB100X transposase and the PEDF gene at ratios ranging from
1:12 to 1:28. Consistency of PEDF secretion was analysed by
immunoblotting and ELISA. The PEDF transgene was effi-
ciently delivered into as few as 10,000 primary pigment epi-
thelial cells. Recombinant PEDF was continuously secreted for
the 5 months that cells were followed, at stable levels of up to
0.64+0.021ng PEDF/h/104 cells. Merging of the SB100X and
pFAR4 technologies led to sustained PEDF expression and
improved safety by avoiding the transfer and potential inte-
gration of antibiotic resistance genes. Furthermore, this study
demonstrates the feasibility of our approach based on ex vivo
transfection of a low number of primary autologous pigment
epithelial cells followed by subretinal transplantation into the
same patient.
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Ocular angiogenesis is the primary cause of severe vision
loss in the western world. The balance between pro- and anti-
angiogenic factors in the eye regulates angiogenesis, and over-
expression of the pro-angiogenic factor VEGF has been found
to lead to aberrant neovessel formation in the case of AMD.
Anti-VEGF therapy has gained widespread acceptance as a
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treatment for angiogenic diseases, but since VEGF is required
for maintenance of the subretinal vasculature, this leaves the
optimal balance between pro- and anti-angiogenic factors del-
icate. To improve efficacy and biosafety in ocular gene therapy,
we have designed versatile lentiviral (LV) vectors with ex-
pression of both multiple miRNAs and proteins for long-term
suppression of VEGF. We have evaluated the capacity of LV-
encoded miRNAs to down-regulate VEGF gene expression in a
dual luciferase assay in vitro, and mature miRNA expression
and processing was verified by northern blot analysis. In these
vectors, we combine RNAi with overexpression of an anti-
angiogenic inhibitor and neuroprotective factor PEDF, as
verified by immunostaining and Western blotting of LV-
transduced cells. The effect of miRNAs and PEDF on tube
formation has been evaluated in vitro. Furthermore, an RPE-
specific promoter (VMD2) was included to limit transgene ex-
pression to RPE cells, the cells responsible for overexpression of
VEGF in AMD patients. The transduction profile and efficiency
of LV vectors incorporating the VMD2 promoter was evaluated
in mice following subretinal injection, and reporter gene ex-
pression demonstrated efficient gene transfer limited to RPE
cells. In conclusion, our results clearly show co-expression of
therapeutic anti-VEGF-miRNAs and PEDF, demonstrating the
potential applicability of our multigene LV vectors in ocular
anti-VEGF gene therapy, including treatment of AMD.
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Corneal transplantation is one of the most successful trans-
plant procedures due mainly to the relatively immune-
privileged status of the eye and the fact that the cornea is largely
avascular. However there is a 14% failure rate in the first year
and in high rejection risk patients (such as those with failed
grafts) it is considerably higher (50-90%) due to vascularisation
of the recipient corneal bed, and regrafting is consequently a
significant indication for corneal transplantation in many cen-
tres. The prognosis in these patients can be so poor that they are
not offered a replacement transplant and are left blind. The most
common reason for graft failure in patients is irreversible im-
munological rejection so it is unsurprising that neovascular-
isation (both pre- and post-grafting) is a significant risk factor
for subsequent graft failure. It is logical therefore to target
neovascularisation to prevent corneal graft rejection. Encor-
Stat® is a novel process to engineer the human donor corneal
tissue prior to transplant to prevent rejection by suppressing
neovascularisation. Modified corneas are engineered by the ex
vivo delivery of the genes encoding secretable forms of the
angiostatic human proteins, endostatin and angiostatin. The
ex vivo gene therapy product used to modify the cornea is a
non-replicating, recombinant lentiviral vector product derived
from the Equine Infectious Anaemia Virus (EIAV). Here we
present dose-ranging pre-clinical efficacy data to support the
EncorStat® programme in a rabbit model which closely mirrors
the clinical setting.
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Vector loss and silencing are major limitations to the success of
non-viral gene therapy. Our previous work focused on vector,
containing a scaffold /matrix attachment region sequence in the
backbone and reduced methylated CpGs, that allow the main-
tenance of the vector as an episome and and lesser susceptibility
to silencing effects, respectively. This vetor, named pEPito, dis-
played mitotic stability and prolonged gene expression both
in vitro and in vivo in retinal cells. Based on these, we decided to
modify our system, by cloning the anti-inflammatory and neu-
roprotective Pigment Epithelium-Derived Factor (PEDF) to be
used therapeutically in models of diabetic retinopathy.

The expression of PEDF was confirmed by immunocytochem-
istry and western blot analysis of the supernatant of D407 cells
transfected with pEPito-hCMV-PEDF. This vectors was injected
intravitreously and electroporated in diabetic Ins2**** mice and
PEDF expression monitored up to 2 months post-injection. The anti-
inflammatory potential of PEDF was verified by immunohisto-
chemistry for Ibal, which is specific for microglia and macrophages.

Immunohistochemistry of the sectioned eyes showed that after
2 months of injection, PEDF detection was more intense for in-
jected than for non-injected contralateral eye. PEDF protein ex-
pression was restored in the retina of the Ins2*** mice to levels
similar to C57Bl6 WT mice. Our results show that in non-injected
retina, active microglia morphology is more pronounced that the
injected retina of diabetic Ins2”**® mice.

In this study we show that pEPito vectors combined with
electroporation can efficiently be used as therapeutic vehicles for
retinal gene therapy.

Support: ~ PEst-OE/EQB/LA0023/2011;  PIRG-GA-2009-
249314-EyeSee; FCT Portugal (SFRH/BD/76873/2011, PTDC-
SAU-BEB-2008); IBB, LA
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Purpose: The corneal endothelium (EC) is an ideal target for
gene therapy. This is due to its anatomical location on the inner
surface of the cornea and due to its monolayer layout. The aim of
this study was to examine the efficacy and efficiency of recombi-
nant adeno-associated viral vectors (rAAV) for gene transfer to EC.
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Therefore, different rAAV pseudotypes were studied to compare
the expression and kinetic patterns of a reporter gene (GFP).

Methods: A comparison of GFP expression and kinetics after
EC transduction using a AAV 2/1,2/2,2/5,2/8,2/9,2/10 was
performed on both murine EC (Balb/C) and human EC (corneas,
cell line and primary cells). In addition, the effects of different
vector concentrations (3 x10/3/10"4, 105, 1016, 1077, 10"8IU/ ul)
were investigated. Analyses were performed using laser scan-
ning microscopy and flow cytometry.

Results: We detected significant differences between human
and murine EC as well as primary and immortalized EC.
Whereas in murine corneas transduction of EC with AAV2/2,
2/5 and 2/9 resulted in considerable protein expression, AAV 2/5
did not show considerable expression in human corneas. We also
detected a slow onset of GFP expression both in immortalized
and primary EC, leading to peak and stable expression around
2-3 weeks. However, peak expression was reached earlier in
primary EC and immortalized murine EC compared to immor-
talized human EC. In addition, the overall plateau of expression
was highest in primary EC (~80%).

Conclusions: Recombinant AAV pseudotypes differ in their
tropism and transduction efficiency between murine and human
corneas. In general high levels of gene expression can be obtained
with several of these pseudotypes. Characteristic slow-onset ki-
netics of protein expression have to be taken into account when
applying AAVs in translational applications, e.g. in corneal
storage in eye banks.
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Retinal diseases such as diabetic retinopathy are still among
the main cause of blindness. Hyperglycemia in diabetes produces
reactive oxygen species (ROS) and activates angiogenic cascades.
Vascular endothelial growth factors (VEGF) are implicated in
angiogenesis. By contrast, VEGFb isoforms have an anti-
angiogenic effect. In pathological conditions the effect of angio-
genic isoforms predominates over the anti-angiogenics. Our aim
was to evaluate the effect of glucose and H,O, upon VEGEF iso-
forms in retinal cells. D407 cells, a human retinal pigment epi-
thelial cell line, were exposed to increasing glucose and H,O,
concentrations. We found that VEGF and VEGF;4sb are present
in the cytoplasm of D407 cells. Glucose up-regulated VEGF and
VEGF;45b and caused an increase in the production of ROS by
overexpression of p22P"™ and catalase. Sub-micromolar H,0,
concentrations increased VEGF;5b and slightly decreased VEGF.
In contrast, micromolar H,O, concentrations increased VEGF
expression while the expression of VEGF;4sb was not affected.
Our results showed that the angiogenic and anti-angiogenic
VEGEF isoforms are co-localized in D407 cells and are differently
regulated by H,O.. It is suggested that H,O, at low levels may
act as a signalling molecule promoting the activation of anti-
angiogenic factors. In addition, the glucose-induced ROS
production may have a role in the altered expression of VEGF
isoforms. Altogether, these results contribute to elucidate the role
of glucose and oxidative stress in retinal cells, particularly in the
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differentiated expression of pro- and anti-angiogenic factors
normally involved in retinal diseases.

Acknowledgements: ~ SFRH/BPD/78404/2011/Foundation
Science Technology. PIRG05-GA-2009-249314-EyeSee. PEst-OE/
EQB/LA0023/2013. IBB-Institute Biotechnology Bioengineering
(Associated Laboratory).
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The eye is a desirable target for gene therapy due to its small
size, low immune and inflammatory responses and minimal
diffusion of drug to the systemic circulation. For cationic lipids,
one of the most studied nonviral vectors, usually possess either
rigid or non-rigid hydrophobic chains, leaving a gap in the effect
of chain rigidity in transfection efficiency to investigate. Our
objective is to evaluate the efficiency of DNA delivery to human
Retinal Pigmented epithelium (RPE) cells by novel lipoplexes,
designated C30-20, C20-20 and C20-18, that possess a highly
unsaturated, conjugated, rigid polyene chain plus a non-rigid
saturated alkyl C20:0 or C18:0 chain.

Lipoplexes, formulated by solvent evaporation of ethanolic
mixtures of the new carotenoid lipids with the co-lipids DOPE or
cholesterol, and complexed with DNA, were physically charac-
terized by size, zeta potential, and DNA complexation capacity.
Their biocompatibility and transfection efficiency were evaluated
using RPE cells. We observed all lipid formulations formed stable
lipoplexes displaying characteristics suitable for gene transfer.
The C20-20/DOPE and C20-18/DOPE formulations had trans-
fection efficiencies up to 8%, comparable to the efficiency of
commercial reagents in RPE cells. These results demonstrate that
these new vectors are promising for ocular gene therapy.

Support: IBB/LA; PEst-OE/EQB/LA0023/2011; PIRG-GA-
2009-249314; FCT Portugal (SFRH/BD/76873/2011, SFRH/BD/
70318/2010); Qatar National Research Fund under the National
Priorities Research Program (NPRP08-705-3-144, PI M. Pungente)
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in limbal deficiency: Optimization of primary cultures of
rabbit limbal cells

R Hernéez-Moyal, ] Etxebarria'?, V Freire!”}, M C Morales?,
J A Duran®*, N Andollo’

"Dept. of Cell Biology and Histology, University of the Basque
Country UPV/EHU, BioCruces Health Research Institute, Leioa,
48940, Spain; *University Hospital of Cruces, BioCruces Health
Research Institute, Barakaldo, 48903, Spain; SR& D Dept., Instituto
Clinico-Quirtirgico de Oftalmologia, Bilbao, 48006, Spain; *Dept. of
Ophthalmology, University of the Basque Country UPV/EHU,
BioCruces Health Research Institute, Leioa, 48940, Spain

A141

With the aim of establishing an animal model for preclinical
transplantation of limbo-corneal epithelial cells for the treatment
of limbal deficiency, we have tried to optimize the in vitro pri-
mary culture to maintain the undifferentiated phenotype of cells.

Stemness was measured in terms of number of cell colonies
with holoclone morphology as well as immunocytochemical
staining for cytokeratin 3. Duplication number and viability of
cells was also analyzed in each cell passage.

We studied the culture of limbal explants versus enzyme-
digested cells from limbal rings. Four different enzymatic treat-
ments were evaluated. Several substrates were used for culture,
such as a mitomycin-inactivated feeder-layer of 3T3 murine fi-
broblast, amniotic membrane (AM), AM upon a 3T3 feeder-layer
or cell-treated plastic. In addition, two different culture medium
were assayed, a hormone-based medium with 10% FBS and the
serum-free and low-calcium medium KSFM.

Our results show that the best conditions for ex vivo expansion
of limbo-corneal epithelial cells for transplantation consist in
enzymatic digestion of rings with dispase and trypsin, followed
by cell culture onto a mitomycin-inactivated feeder-layer of 3T3
murine fibroblast with the serum-free and low-calcium medium
KSFM. AM favors holoclon formation but doesn’t allow cell
passaging. For that reason, we prefer the use of other substrates
for cell expansion although it could be a very useful substrate for
cell transplantation.

We acknowledge the Basque Center for Transfusions and
Human Tissues for kindly providing the AM.
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Mesenchymal Stem Cells (MSCs) in the treatment of canine
indolent ulcers
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Indolent ulcers (also known as recurrent epithelial erosions or
SCCED) are common in middle to older aged dogs of all breeds.
Pathogenesis is thought to involve a defect in stromal-epithelial
adhesion, with resultant superficial ulceration and the inability of
the epithelium to adhere to the underlying stroma results in
abortive and prolonged healing. Although the exact mechanism of
this defect has not been fully resolved but one possible mechanism
could be the loss of regenerative potential of Mesenchymal Stem
Cells (MSCs). Current treatment recommendations consist of
identifying and treating the underlying cause and performing
procedures that stimulate epithelialization and adhesion of the
corneal epithelium. MSCs are being widely studied as new tools in
the treatment of a great number of pathologies in both human and
animal species. We isolated MSCs from multiple origins like bone
marrow, adipose tissue and limbus. In our preliminary studies
Limbal Stem Cells (LSCs) showed the highest regenerative po-
tential. We treated four cases of canine indolent ulcers, in which the
conventional treatment was failed. The treatment is based on the
application of contact lens with allogeneic LSCs in the damaged
eye. LSCs were obtained from the same animal and distributed
homogenously on contact lens. After two weeks, indolent ulcers
were totally regenerated. The fluorescein stain was negative and
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scars were not present. Our results show the regenerative effect of
LSCs on the corneal epithelium versus no response obtained with
the current treatments. These promising results could help us to
better understand the pathogenesis and to find new treatments for
this pathology which nowadays lacks an adequate treatment.
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Modulation of ATP: adenosine balance by exosome and RAIN
(Recombinant Anti-Inflammatory fusion) delivery of CD39
and CD?73 is effective in reducing pro-inflammatory cytokine
and chemokine production
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The conversion of ATP to adenosine is an important mecha-
nism of immune suppression by Tregs, and this is done by ex-
pression of ENTPD1 (CD39) and 5NTE (CD73). CD39 is a
membrane bound ATPase that converts ATP and ADP to AMP,
whereas CD73 is a membrane bound ecto-nucleotidase that
converts AMP to adenosine.

We have developed two novel systems for the delivery of
CD39 and CD73. The first is a Recombinant Anti-Inflammatory
fusioN protein (RAIN) that consists of soluble CD73 fused to
soluble CD39 by a flexible linker. This standalone molecule can
be expressed from a plasmid/vector or used directly as a protein
therapeutic and retains both CD39 and CD73 activity. The second
approach uses exosomes containing CD39 and CD73. These
exosomes are harvested from HEK 293T cells over-expressing
CD39 and CD73. An advantage of the exosome delivery system is
the increased specific activity of membrane bound CD39 com-
pared with soluble CD39 (~ 10 fold).

RAIN and exosomes demonstrated high specific activity and
were potent in reducing pro-inflammatory cytokine and/or
chemokine (IL-6, CCL2) expression in a THP-1 (human monocyte
cell line) based in vitro inflammation assay (CCL2 EC50: RAIN
44 pM=+1.13, exosomes 124 pM=*1.27; IL-6 EC50: RAIN
29.3 pM+1.1, exosomes 5.9 pM+£1.2). RAIN and CD39-CD73
exosomes were also effective in reducing IL-1f secretion in a
whole blood inflammasome activation assay (IL-1f EC50: RAIN
~4000 pM, exosome ~ 100 pM).

We have developed two novel biological therapeutics, RAIN
and exosomes expressing CD39 and CD73 that are able to si-
multaneously decrease a potent pro-inflammatory molecule
while increasing an anti-inflammatory molecule. The use of
CD39 and CD73 to modulate inflammation should be applicable
to broad spectrum of acute and chronic inflammatory disorders.
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Antigen-specific myeloid-derived suppressor cells generated
during retroviral transduction of murine bone marrow
ameliorate experimental autoimmune encephalomyelitis
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Our previous work showed that transferring bone marrow
(BM) cells transduced with the MOG40-55 autoantigen into
non-myeloablated mice with experimental autoimmune en-
cephalomyelitis (EAE) improved the disease. We also reported
that the vast majority of cells that are generated in the standard
retroviral transduction cultures of murine BM cells consisted of
myeloid cell populations (CD11b Gr-1'°") and (CD11b Gr-1hsh),
which correspond to the phenotypes of the monocyte-like and the
granulocyte-like myeloid-derived suppressor cells (mnMDSCs and
gMDSCs). In vitro, these MDSCs expressed arginase-1 and iNOS,
produced reactive oxygen species and suppressed splenocyte
proliferation from EAE mice. Besides these well known sup-
pressive mechanisms, both MDSCs subtypes expressed PD-L1
(Programmed Death Ligand-1). With this background, to fur-
ther investigate the contribution of these cells to the observed
therapeutic effect we performed in vivo studies using either
transduced unfractionated BM or purified MDSCs. In a pre-
ventive approach, in the EAE model, a single i.v. infusion of
5x10° MOG-specific MDSCs into non-myeloablated animals
significantly ameliorated the clinical course of the disease to a
similar extent as total MOG-specific BM cells, indicating that
MDSCs are contributing to the therapeutic effect. Remarkably,
this effect was absent in mice receiving sham-transduced cells,
indicating that antigen-specific mechanisms play a role in the
tolerogenic effect. Furthermore, the spleens of these mice con-
tained significantly less activated T cells (CD3 CD4 CD25
FoxP3") and more B regulatory cells (CD45 B220 CD5 CD1d)
than those of their counterparts. Adoptive cell therapy using
ex-vivo generated antigen-specific MDSCs constitute a useful
approach to induce tolerance in the context of autoimmune
diseases.
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The TSG-6 promoter is a promising candidate for disease-
induced expression of biological drugs in the joints of
rheumatoid arthritis patients
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Local and regulated expression of biological drugs in ar-
thritic joint for treatment of rheumatoid arthritis (RA) can
minimize side effects encountered with conventional drug
administration. Our approach is to obtain expression in an
offer-meets-demand fashion using disease-inducible promot-
ers. Microarray analysis of mice with experimental collagen-
induced arthritis (CIA) revealed a correlation between disease
severity and expression of TSG-6, an RA-associated gene that
was also upregulated ~ 6-fold in 20 human end-point RA sy-
novium samples, compared to 6 non-arthritic synovium sam-
ples (P=0.01).

We studied the disease-inducibility of the TSG-6 promoter
by developing a lentiviral construct in which the isolated
TSG-6 promoter controls the expression of a luciferase re-
porter transgene (TSGé6-luc). Expression of the TSGé6-luc re-
porter in mice peaked at day 7 after Streptococcal cell wall
induced arthritis 19-fold compared to naive mice. Next, we
transduced murine 3T3 cells with the LV TSG6-luc construct
and incubated the cells with serum from CIA mice with in-
creasing severity. The response of the promoter correlated
significantly with the macroscopically assessed disease
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severity (R® 0.47, P<0.0001) and with the circulating levels of
the neutrophil chemokine KC (R? 0.31, P=0.002). Serum from
human RA patients also showed a significantly higher acti-
vation of the TSG6-luc construct, compared to serum from
healthy patients (P=0.001).

An important characteristic of a successful disease-inducible
promoter is a reduced activation after successful treatment. We
tested this by comparing the response to serum from diseased
arthritic mice to serum from mice that were successfully treated
with the biological drug Enbrel. Serum from Enbrel treated
mice showed a significantly lower activation of the TSG-6
promoter, compared to serum from untreated mice (P=0.001).
These results show that the TSG-6 promoter is disease-
responsive in both mouse and man and therefore a promising
candidate for transcriptional targeted gene therapy in RA
patients
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Transgenic expression of IL-10 by lentiviral vectors for
increasing the anti-inflammatory efficacy of mesenchyaml
stromal cells
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Introduction: The potent anti-inflammatory activities of
mesenchymal stromal cells (MSCs) coupled with their
mesodermal-differentiation potential make this cell type the
ideal candidate for regenerative medicine applications, in-
cluding GVHD, arthritis and inflammatory bowel diseases.
Nonetheless, clinical results so far have been contradictory.
Possible reasons include the functional plasticity of MSCs and
the still poorly understood mechanisms by which MSCs exert
their therapeutic effects.

Aim: To develop a gene-therapy approach for increasing the
efficacy of MSC therapy.

Results: By using two sources, bone marrow and adipose
tissue, we found that the antiproliferative effects of MSCs on
T cells require cell-cell contact and the presence of antigen-
presenting cells (APCs), and is maximal after pre-stimulation
with IFN-g. These properties were maintained after expanding
MSCs with platelet-rich plasma lysate. Importantly, IFN-g pre-
stimulated MSCs did not directly produce the potent anti-
inflammatory cytokine IL-10, suggesting an indirect licensing
role of APCs. To by-pass the need for APCs, we have forced IL-
10 expression by transducing MSCs with a lentiviral vector (LV)
carrying a bidirectional promoter. High transduction efficiency
(50-70%) was reached at MOIs that did not interfere with MSC
vitality and expansion. Since genetically modifying MSCs
carries unpredictable genotoxic risks, we have co-expressed
the inducible caspase-9 suicide gene and demonstrated fast
(2—4hrs) and complete MSC ablation through a chemical-in-
ducer of dimerization.

Conclusions: The transgenic expression of IL-10 has the po-
tential to dramatically increase the anti-inflammatory efficacy
of MSCs. Co-expressing a non-immunogenic suicide gene is an
efficient antidotal measure in case of potentially associated
toxicities.
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miR-335 expression levels in human mesenchymal
stem cells correlate with age, and regulate cell
differentiation and immunoregulation through
modulation of AP-1 activity
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miR-335 is the most prominent miRNAs whose down-
regulation in human mesenchymal stem cells (hMSCs) is
critical for response to regulatory signals and cell differenti-
ation. Sustained expression of this miRNA dysfavour prolif-
eration, migration and differentiation of hMSC, rendering
them less responsive to activation stimuli (pro-inflammatory
and/or pro-differentiation signals) and more prompted to
aging/senescence. Analysis of miR-335 expression levels
along the ex vivo culture process demonstrated a significant
progressive increase that is paralleled by a decline in the
threrapeutic properties of the cells. hMSCs forced to express
this miRNA undergo early senescent-like alterations in com-
parison with naive hMSC, including: augmented SA-f-gal and
cyclin D1 expression, reduction of SOD2 expression, display-
ing of a senescent-associated secretory phenotype (SASP),
but no significant changes in p21 or p53 expression. In ad-
dition, miR-335 also negatively controls hMSC differentiation
and immunoregulatory capacities. In particular, exogenous
overexpression of miR-335 abolished their in vivo chondro-
osseous potential, as well as their protective effect in a model
of lethal endotoxemia. These effects were accompanied by a
severely reduced capacity for cell migration, and seemed to
be mediated by the very pronounced reduction measured in
AP-1 activity. Finally, analysis of miR-335 expression from
donors in different age groups demonstrated a strong direct
correlation between the endogenous levels of miR-335 and

aging.
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Intralymphatic administration of adipose mesenchymal stem
cells shows therapeutic effects in experimental models of
inflammation
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Mesenchymal stem cells (MSCs) of allogeneic origin have
been reported to reduce inflammatory processes and could
therefore have therapeutic effects in immune disorders. The
aim of our work was to determine potential anti-inflammatory
and therapeutic effects and biodistribution of human adipose-
derived MSCs (hASCs) in well-established models of rheu-
matoid arthritis and inflammatory bowel disease. In this
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study, we did compare the intralymphatic (IL) route of ad-
ministration, an innovative route for ASC administration de-
veloped by wus, with other more classical routes like
intraperitoneal (IP) and intravenous (IV). We administered
hASCs in the inguinal lymph nodes of mice and compared the
distribution of Luciferase-expressing hASCs in healthy and
diseased mice (colitic) using IL, IV and IP routes of admin-
istration. We examined the therapeutic action of hASCs (using
IV and IL routes) in arthritis induced by administration of
chicken collagen II in immunocompetent mice. Efficacy was
determined by clinical signs of the disease, inflammatory
markers and imaging techniques. For the first time to our
knowledge, we report here that IL administration of hASCs
ameliorates the severity of arthritis. Distribution of hASCs
varied depending on the route of administration and the in-
flammatory status, and a different mobilization throughout
the lymphatic system and main organs was observed de-
pending on the experimental conditions. Our results show
that the direct administration of adult human ASCs to the
lymphatic system is an effective alternative for cell-based
therapy for the treatment of inflammatory and autoimmune
disorders.
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Immunomodulatory effect of human adipose-stromal cells
is related to theadministration route
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Human adipose-derived stromal cells (hASCs) have a large
potential for cell therapy in inflammatory and autoimmune
diseases thanks to their immunomodulatory properties. In this
study, we evaluate, in an in vivo model of colitis, the efficacy
of hASCs to modulate inflammation when hASCs are ad-
ministered through intralymphatic administration (IL). This
route may have major benefits for the clinical use of the
hASCs since equal or even superior therapeutic effect to
conventional routes have been found. Colitis is induced by
intrarectal administration of TNBS in C57BL/6 mice. A single
dose of 3x10° hASCs is administered either IP, the most
commonly used in animal models of IBD, or IL and the score
of colitis (weight of mice, stools, histology and general aspect
of mice) is monitored. Human ASCs infused through both
routes of administration, IL and IP, were able to modulate the
acute inflammatory response induce by TNBS. The responder
mice within the IP group had very mild signs of colitis both at
24h and at 48h suggesting a protective effect of the hASCs.
When hASCs were administered IL, the responder mice had
similar degree of colitis than the TNBS-treated group at 24h,
but, interestingly, at 48h responder mice nearly recovered
their initial weight. These results indicate that it is feasible to
administer hASCs through the IL route and that the mecha-
nism of immunomodulation may be different according to the
route of administration.
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Characterisation of the cellular responses involved in the
therapeutic effects of hASCs in an in vivo model of
rheumatoid arthritis
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Human adipose-derived stromal cells (hASCs) are proposed
as a new treatment for rheumatoid arthritis (RA) due to their
immunoregulatory and regenerative properties. In this study,
collagen-induced arthritis (CIA) is induced into DBA/1 mice
and hASCs are administered intravenously (day 0) once the
onset of the disease reach between 2 to 4 score of arthritis.
Progression of the disease and cellular responses by FACS are
determined for 14 days. A single infusion of hASCs signifi-
cantly delays the progression of the arthritis. From day 3,
among the 32 mice treated with hASCs, 8 mice consistently
have an attenuated degree of arthritis (Responders) along the
14 days follow up than their corresponding counterparts (Less
Responders) and compared to mice within the CIA group. An
inverse correlation in the frequency of Tregs and the arthritis
score of the CIA group is observed. Upon infusion of the
hASCs, the frequency of Tregs in the hASCs-treated mice re-
mained constant along the experiment and is similar to the
healthy mice (11.5%). CIA mice have increased frequencies of
CD11b Grl myeloid cells (55%) compared to healthy mice
(22%). An inverse correlation in the frequency of CD11b Grl
cells and the arthritis score of the CIA group is observed. At
day 3, CIA mice treated with hASCs have increase frequencies
of CD11b Grl (72%) in the Responders and 60% in the Less
Responders suggesting a direct interaction between hASCs and
monocytes. In summary, therapeutic use of hASCs leads to a
delay in the progression of the disease. These results suggest
that hASCs are responsible for the maintenance of the Tregs in
circulation and may induce mobilization of cells within the
myeloid lineage.
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Cadherin-11, a molecule responsible for cell-cell adhesion, is
expressed in rheumatoid arthritis synovial fibroblasts (RASF)
and contributes to the pathogenic mechanisms involved in
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inflammation and cartilage erosion of rheumatoid joints.
Identifications of critical processes that regulate cadherin-11
expression and lead to the transformation of SF within rheu-
matoid joints would be of importance to the development of
therapeutic intervention targeting SF in RA. We hypothesized
that snail may regulate an epithelial-mesenchymal transition
(EMT)-like process and contribute to the transition of quiescent
SF into an invasive mesenchymal phenotype. We studied the
pathogenic role of snail in EMT-like changes and regulating
cadherin-11 in SF from RA patients and rats with collagen-
induced arthritis (CIA). We showed that SF from the synovial
lining undergo an EMT-like process and acquire mesenchymal
characteristics during arthritis progression. By modulation of
snail expression via lentivirus-mediated gene transfer in CIA
rats, we demonstrate the attenuation of SF-induced inflam-
mation and joint destruction through snail-specific ShRNA, as
well as down-regulation of cadherin-11 through induction of a
mesenchymal-epithelial transition (MET)-like process in CIA
rats. Taken together, these findings clearly indicate that regu-
lation of snail can modulate cadherin-11 expression and alter
the patterns of cell morphology and gene expression between
epithelial and mesenchymal phenotypes in SF. Our results also
implicate that snail-induced EMT-like process may serve as a
novel therapeutic target for RA.
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Treatments that replenish functional beta cell mass in dia-
betic patients are of great interest since both type-1 and type-2
diabetes involve loss of beta cell mass and function. TRAIL
(TNF-Related Apoptosis-Inducing Ligand), which selectively
induces apoptosis in a wide variety of tumor cells, has also
proven to promote survival and proliferation in various cell
types, such as vascular smooth muscle cells. Furthermore,
TRAIL is claimed to protect pancreatic beta cells against
cytokine-related harm. We hypothesized that TRAIL could also
induce proliferation of beta cells. To investigate this, we dis-
persed freshly isolated Wistar rat pancreatic islets into single
cells. Our cultures consisted of 73.3%+2.3 beta cells (insulin),
16.3%+1.6 alpha cells (glucagon), and 10.4%=*0.9 other cell
types (only DAPI). Dissociated islet cells were treated with
different concentrations of recombinant human sTRAIL (0, 1,
10ng/ml) for 48h. AnnexinV/PI staining was performed to
determine whether TRAIL induced apoptosis in islet cells. No
significant difference was evident between TRAIL-treated and
untreated group. The viability of islet cells tended to increase in
the TRAIL-treated group compared to the untreated group, as
examined by WST-1 assay. Beta cell proliferation was tested
by insulin-Ki67 staining. The percent of proliferating beta cells was
significantly higher in 1ng/ml sTRAIL-treated group (0.41%=*
0.04) compared to the untreated group (0.28%+0.04)(P<0.05).
Thus, sTRAIL does not induce apoptosis in primary Wistar rat
pancreatic beta cells, while increasing their viability and pro-
liferation. In conclusion, TRAIL may be a candidate molecule
with a potential to prevent beta cell loss and/or replenish beta
cell mass.
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Development of a new murine model for autoimmune
hepatitis useful for pathogenetic studies and preclinical trials
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Background and aims: Autoimmune hepatitis (AIH) consists
of an immune-mediated destruction of hepatocytes of unknown
etiology. Understanding the underlying molecular mechanism is
essential for the development of new effective therapies, so ani-
mal models able to resemble human AIH are required. This work
aims to develop a murine model able to reproduce these char-
acteristics.

Methods: An adenoassociated virus hepatospecifically
expressing murine IL-12 (AAVIL-12) was injected in C57BL/6,
IFN-)R”/", CD4- and CD8-deplected mice. At different time
points, serum transaminases, cytokines and auto-antibodies were
analyzed. Liver histopathology and FACS analysis of in-
trahepatic lymphocytic (IHL) populations were performed 30
and 60 days post-treatment. For adoptive transfers, syngeneic
naive mice received IHL from IL12-treated mice and were sac-
rificed 7 days post-transfer.

Results: AAVIL-12 induced increased IFN-y and transami-
nases serum levels and, animals treated for 60 days, also showed
anti-nuclear and anti-smooth muscle antibodies, but no anti-
mitochondrial or anti-LKM. Liver histopathology presented
dense inflammatory infiltrates and, 60 days post-injection, livers
showed portal inflammation and fibrosis with severe interface
hepatitis. We also observed increased number and activation of
CD8 and CD4 T cells; depletion experiments showed that both
populations were essential for the development of the disease, as
well as IFN-y responsiveness. Adoptive transfers showed that
IHL from IL12-treated mice were able to significantly proliferate
in naive syngeneic recipients.

Conclusions: AAV-mediated IL-12 expression breaks the im-
munological tolerance to liver antigens giving rise to an active
immune-mediated hepatic destruction. This scenario mimics
human type I AIH and constitutes the first reported model
without the use of transgenic animals.
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Immune Dysregulation, Polyendocrinopathy, Enteropathy,
X-linked (IPEX) syndrome is a monogenic autoimmune dis-
ease caused by mutations in the FOXP3 gene. Although
FOXP3 mutations lead primarily to dysfunction of T regula-
tory (Treg) cells, novel findings suggest that other lymphoid
subsets can be dysregulated and involved in IPEX pathogen-
esis. We have previously shown that both wild type and
patient conventional CD4 T cells can be efficiently converted
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into functional Treg by lentiviral vector (LV)-mediated
constitutive overexpression of FOXP3, thus suggesting that
gene-transfer based therapies can be envisaged for IPEX
Syndrome.

Aim of this work is to investigate the role of FOXP3 in shaping
human lymphoid cell development, in order to define the best
gene transfer strategy to be adopted to restore immune tolerance.
We have established in vitro and in vivo models to study lym-
phoid development of HSC transduced by LV expressing FOXP3
or anti-FOXP3 shRNA. In vitro models, including OP9-DL1 co-
culture, showed that FOXP3 constitutive expression affects HSC
differentiation and proliferation at early stages of hematopoiesis
and skews CD4/CDS8 differentiation at later stages. Preliminary
data from in vivo systems, including NOD/SCID common
g-chain'/ " (NSG) mice-based humanized models, confirm in vitro
findings and further suggest a wide role for FOXP3 in T cell
lineage commitment.

Overall, our results will help understanding IPEX pathogen-
esis and assessing the feasibility of HSC-based therapeutic
strategies for this disease, including HSC gene therapy and gene
correction approaches. Moreover, the development of this dis-
ease model might serve as a prototype pre-clinical model for
several autoimmune and lympho-proliferative disorders.
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Using an adeno-asociated virus to generate PTPN22-deficient
Jurkat T cell line
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Introduction: Protein tyrosine phosphatase PTPN22 is en-
coded by the PTPN22 gene. Polymorphisms in this gene are as-
sociated with several autoimmune diseases such as type I
diabetes and lupus erythematosus, indicating that this phos-
phatase could have a role in modulating immune response.

Objectives: To generate a PTPN22-knockout in the human
T cell line Jurkat, by gene targeting using an adeno-associated
virus (AAV2)

Materials and methods: Homology arms were amplified by
PCR. The pAAV-PTPN22 vector was generated containing the
respective homologous regions of PTPN22, with an in-frame in-
troduced STOP codon 12 bp downstream of the ATG start site of
the PTPN22 sequence and a blasticidin resistance cassette flanked
by two loxP sites. The viral particles were produced by co-
transfection of the recombinant plasmid, together with pRC and
pHelper in AAV293 cells. The viral titre was quantified by qPCR.
Jurkat cells were infected with virions at an MOI of 1000, and
heterozygous Jurkat for PTPN22 were obtained which carry one
mutant and one normal allele. The recombinant protein 6xHis-
TAT-NLS-Cre was used to remove the blasticidin resistance
cassette and again Jurkat cells were infected to obtain PTPN22
knockout cells. The absence of PTPN22 protein was confirmed by
Western-blotting.

Results and Conclusions: rAAV virions were produced to
target PTPN22 gene, and PTPN22 knockout Jurkat cells were
successfully obtained. The mean frequency of gene targeting was
2% in four independent experiments. This study describes the
generation of a new tool in order to better assess the relevance of
PTPN22 in T cell activation and function.
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BB02 improves therapeutical effectiveness of extracorporeal-
photopheresis with 8-MOP in a murine model of graft-versus-
host disease
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Introduction: Extracorporeal photopheresis (ECP) is a cell-
based immunomodulatory therapy involving the separation of
peripheral blood autologous mononuclear cells followed by
ex-vivo administration of 8-methoxypsoralen (8-MOP) and
UVA radiation before reinfusion. ECP is efficient for the
treatment of immune-mediated diseases such as graft-versus-
host disease (GVHD), the major complication after allogeneic
bone marrow transplantation. Our aim in the present work
was to compare the therapeutic effectiveness of 8-MOP with
other two new compounds (BBO1 and BB02) in a murine
model of GVHD.

Methods: Murine GVHD was induced after transplanting
bone marrow cells and splenocytes from donor Balb/c mice into
C57BIl6] recipients previously conditioned with a lethal dose of
10Gy. To investigate the therapeutic effectiveness of ECP with
either 8-MOP, BB01 or BB02, splenocytes from separate cohorts
of C57Bl6] with GVHD were isolated 12 days after transplan-
tation, incubated with the different compounds, irradiated with
UVA light and injected intravenously once a week for four
weeks. Survival after transplantation was monitored daily and
clinical GVHD was graded using a previously described score
analyzing weight loss, posture, mobility, skin integrity and fur
texture.

Results: Mice treated weekly with BB02 showed a significant
higher survival than those treated with 8-MOP (p=0.038), while
BBO01 had a similar effect to that of 8-MOP. Mice treated with
either compound improved their clinical GVHD score compared
to untreated mice, being significantly lower with BB02 than with
the others (p=0.023).

Conclusions: BB02 was more efficient than 8-MOP in the re-
versal of murine GVHD, while BB01 showed the same thera-
peutic effectiveness than 8-MOP.
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The dystrophic environment widens the activation and
functional contribution of immune cells after rAAV gene
transfer in muscle

M Ferrand'?, A Galy'?, F Boisgerault'?
IGENETHON; 2INSERM UMR_S951

Recombinant AAV2/1 vectors (rAAV2/1) have emerged as
strong candidates for therapeutic gene transfer for various ge-
netic diseases. However, preclinical evidence in muscular dys-
trophy models suggests that the development of immune
responses may limit the efficacy of treatment and prevent long-
term expression of the transgene in muscle. To explore the
impact of the skeletal muscle environment on the rejection of
gene-modified cells, we compared the activation and functional
contribution of immune cell subsets in dystrophic mice devoid
of alpha-sarcoglycan or in healthy C57Bl/6 mice. In both
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models, the intramuscular delivery of a tagged transgene with
rAAV2/1 induced strong transgene-specific CD4- and CD8
T cell-mediated immune responses in lymphoid organs, asso-
ciated with marked infiltrations of CD3 T cell and CD11b
myelomonocytic cell in muscles. Using various approaches for
selective cell subset depletion in the models, we found that CD4
T cells were essential for transgene rejection in all strains, but
macrophages and CD8 T cells also contributed as effectors of
transgene rejection in dystrophic mice. To investigate how CD4
T cells become activated following antigenic presentation, we
used mir142T-regulated rAAV2/1 vectors to control the en-
dogenous presentation of the transgene by Antigen-Presenting
Cells. The use of such approach was sufficient to fully circum-
vent CD4 and CD8 T cell activation in normal mice, but anti-
genic presentation was only delayed and still occurred in
dystrophic mice leading to secondary CD4 T cell activation.
Therefore, the dystrophic context modifies the cellular immune
response mechanisms with severe outcome in terms of immune
response against a gene therapy treatment.
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Immunological ignorance allows long-term gene expression
following perinatal rAAV-mediated gene transfer to murine
airways
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Introduction: Transduction of actively dividing tissue, such as
the airway epithelium, with a non-integrating rAAV vector re-
quires repeated vector administration(s) to achieve long-term
gene correction. Fetal or neonatal vector delivery resorts to the
immaturity of the immune system preventing the mounting of an
effective immune response to the viral vector and allowing
readministration in adult life.

Results: rAAV2/5 encoding the reporter genes Fluc or f-gal
was administered perinatally, by intra-amniotic injection to
mouse fetuses or by intranasal instillation to neonatal pups re-
sulting in 6.6+1.1% positive cells in the lungs of fetally and
8.9%£1.5% for neonatally treated animals. Although efficient,
transduction was transient, underscoring the need for vector
readministration to ensure long-term gene expression. Admin-
istration of a second vector dose increased reporter activity in
the lungs 5- to 6-fold in both groups that remained stable up to 7
months at the time of sacrifice. Only after the readministration,
neutralizing antibodies against rAAV capsid were detected in
the perinatally treated group indicating that a primary immune
response was elicited only after administration of the second
vector dose, but not after initial perinatal gene transfer. How-
ever, this immunological ignorance was lost after read-
ministration in adult life counteracting a successful third
administration.

Conclusions: We demonstrated long-term gene expression in
murine airways by readministration of rAAV2/5 after initial
perinatal gene delivery, resulting in efficient and stable gene
transfer up to 7 months without evidence for a decrease in gene
expression.
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Transient depletion of specific immune cell populations to
improve adenovirus-mediated transgene expression in the
liver
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the Netherlands

Background: Adenoviral (Ad) vectors are currently one of the
most efficient tools for in vivo gene transfer to the liver. However,
anti-Ad immune responses limit the safety and efficacy of these
vectors. The initial inflammatory reaction is a concern in terms of
toxicity, and it favors the development of cellular and humoral
responses leading to short transgene persistence and inefficient
vector re-administrations. Therefore, safe and simple ways to
interfere with these processes are needed.

Aims: Study ways to deplete specific immune cell populations
and their impact on liver-directed gene transfer.

Methods: First-generation Ad vectors encoding reporter genes
(luciferase or p-galactosidase) were injected intravenously into
Balb/c mice. Kupffer cells and splenic macrophages were de-
pleted by intravenous administration of clodronate liposomes. B
lymphocytes, CD4 or CD8 T lymphocytes were depleted by in-
traperitoneal injection of anti-M plus anti-D, anti-CD4 or anti-
CD8 monoclonal antibodies (mAbs), respectively. Long-term
evolution of luciferase expression in the liver was monitored by
bioluminescence imaging.

Results: The anti-CD4 mAb impaired cellular and humoral
anti-Ad immune responses, leading to efficient vector re-
administration. Clodronate liposomes had no impact on humoral
responses but caused a 100-1000 fold increase in liver trans-
duction, stabilized transgene expression, reduced the concen-
tration of inflammatory cytokines, and inhibited lymphocyte
activation.

Conclusions: Transient CD4 T cell depletion using mAbs is a
clinically feasible procedure that allows efficient Ad redosing.
Systemic administration of clodronate liposomes may further
increase the safety and efficacy of vectors.
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Expression of the M2-type cytokines IL4 and IL13 prevents
mesenchymal stem cell graft infiltration by microglia/
macrophages in the central nervous system of immune
competent mice
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Cell grafting in the central nervous system (CNS) is a
promising therapy for numerous neurological injuries and
diseases. However, it is well recognized that this approach is
limited by strong glial immune responses triggered by cellular
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grafts. In a model of mesenchymal stem cell (MSC) grafting in
the CNS of immune competent mice, we previously described
that MSC grafts become highly surrounded and invaded by
Ibal microglia. Here, we further characterized microglial
responses following grafting of blue fluorescent protein-
expressing MSC in the CNS of CX3CR1-eGFP transgenic mice
(where all microglia express eGFP). Our results indicate a
significant distribution of Ibal CX3CR1 microglia surrounding
and Ibal CX3CRI- microglia (or monocytes/macrophages)
invading the graft. Currently, bone marrow transplantation
experiments are performed to confirm the peripheral origin of
graft-infiltrating Ibal myeloid cells. As we previously also de-
scribed that graft-infiltrating Ibal cells display an M1-activated
phenotype (i.e. CD11b, MHCII and NOS2), we aimed to modu-
late the M1 phenotype of graft-infiltrating microglia/macro-
phages towards the neuroprotective M2 phenotype. First, we
evaluated the potential of interleukin (IL)4-, IL10- and IL13-
expressing MSC to inhibit in vitro activation of BV2 cells,
determined by absence of TNFa-secretion following LPS/IFNy-
stimulation. While all cytokines displayed immunomodulating
features, in vivo only IL4- and IL13-secreting, but not IL10-
secreting MSC, could inhibit microglia/macrophage infiltration of
MSC grafts and direct graft-surrounding Ibal microglia towards
the arginase-expressing M2 phenotype. In conclusion, we dem-
onstrate the potential of IL4 and IL13 to modulate the occurrence
and/or phenotype of MSC graft-infiltrating and -surrounding
microglia and/or macrophages in the CNS of immune competent
mice.
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Mannose Binding Protein: A therapeutic target for childhood
recurrent infections?
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Introduction: Mannose Binding Protein (MBP), a member of
the collectin superfamily, is a C-type serum protein produced by
hepatocytes, which plays an important role in the innate immune
defence. The human MBP gene is located on chromosome 10 at
10q11.2-q21. MBP is thought to play an important role in defence
against infections during childhood. The low seum concentra-
tions of MBP, which can lead to an opsonic defect, may be related
to a polymorphism at base 230 of exonl, causing a change of
codon 54 from GGC to GAC (AA homozygote). This results in
the substitution of aspartic acid by glycine in the translated
protein.

Materials and Methods: Corelation between this polymor-
phism and serum MBP levels were studied in children with re-
current infections. Forty children between the ages of 6-36
months with reccurent infections, in addition to 50 healthy in-
dividuals up to 16 years of age were included in this study. Blood
MBP levels were measured by nephelometric methods in serum.
Genomic DNA was isolated from peripheral whole blood, and
polymorphism analysis was performed by PCR-RFLP.

Results: The results of our study indicated that the AA ho-
mozygous genotype of codon 54 in MBP gene was significantly
associated with low serum MBP levels in recurrent infections.

Conclusion: This finding confirms a relationship between the
mentioned polymorphism and recurrent infections. Although it
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needs further investigation whether it could be a marker for
propensity for recurrent infections, this information might be
useful in the design of novel gene therapy modalities targeting
childhood recurrent infections.
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Adipose mesenchymal stromal cell function is not affected by
treatment with methotrexate and azathioprine
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Adipose mesenchymal stem cells (ASC) have been used in
recent years, given their capacity to modulate the immune re-
sponse, as therapeutic tools for the treatment of chronic inflam-
matory and autoimmune diseases in preclinical and clinical
studies. Patients enrolled in such clinical trials are often treated
with concomitant immunomodulatory drugs such as Metho-
trexate (MTX) or Azathioprine (AZA). Therefore it is needed to
investigate the possible impact of these drugs on the ASC func-
tion. ASC were cultured in vitro in the absence or presence of
meaningful physiologic concentrations of MTX or AZA and the
effects on the following features of ASC were studied: i) viability
and proliferation (MTT assay), ii) immunomodulatory properties
in vitro (IDO activity, inhibition of lymphocyte proliferation and
generation of regulatory T cells), and iii) immunogenic features
(expression of HLA-I, HLA-II, CD80 and CD86 and cytolytic
capacity of allogeneic NK and CD8 T cells). Drugs did not affect
the viability and proliferative capacity of ASC. When the drugs
and the ASC were concomitantly used to inhibit lymphocyte
proliferation, no synergistic or antagonizing inhibitory effects
were found. MTX and AZA did not impair the capacity of ASC to
induce the generation of Treg cells in vitro, confirming that the
immunomodulating features of ASC are fully functional after
exposure or treatment with these drugs. Whereas MTX did not
affect the capacity of NK or CD8 T cells to lyse allogeneic ASC
in vitro, AZA significantly did affect the capacity of NK cells,
likely by modulating the NK activation status.
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Efficient monitoring of the T cell receptor repertoire in
different immunological conditions by deep sequencing
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Dissection of T cell receptor (TCR) repertoire diversity at the
nucleotide level can provide important insights into immune
competence and ongoing immune reactions. We established
RNA-based quantitative TCR-LAM direct sequencing of the
o and f TCR loci.
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From the TCR sequencing analysis of 6 healthy non related
individuals we defined the occurrence of non random events in
the combinatorial and junctional diversity, the positive selection
of defined TCR specificities (up to 17%) by convergent recom-
bination and the presence of shared interindividual sequences
(on average 1.1% for a-chain and 0.4% for f-chain).

To demonstrate efficient monitoring of immunological re-
sponses, we restimulated in vitro PBMC from 2 CMV seropositive
donors at day 0, day 9 and day 15 with peptide pools of 2 highly
immunodominant viral proteins. CMV-specific TCR molecules
emerged already 9 days after restimulation. Less than 1% of the T
cells at day 0 were found to be reactive against the peptides used
and their identification was possible despite their very low fre-
quency contribution (down to 0.01%).

The potential of our approach as a diagnostic tool was shown
by the TCR repertoire analysis in 10 patients affected by different
forms of Sézary syndrome. We observed a dominating TCR
clonotype in the severe disease form and a less restricted oligo-
clonal repertoire in the mild disease form.

Our results highlight the robustness of TCR-LAM direct se-
quencing in performing a detailed non invasive monitoring of
immune reactions in humans and in mouse models and in dis-
secting the TCR repertoire in different immunological conditions.
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Development of genetic engineering strategies to prevent the
effects of antibody and complement on xenogeneic
chondrocytes
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The use of xenogeneic chondrocytes may benefit the devel-
opment of clinical tissue-engineering applications for cartilage
repair. Particularly, porcine cartilage is rejected by humoral
and cellular mechanisms that could be overcome by identifying
key molecules triggering rejection and developing genetic-
engineering strategies to counteract them. Accordingly, high
expression of ol,2-fucosyltransferase (HT) in xenogeneic carti-
lage protects from the galactose o1,3-galactose (Gal)-mediated
antibody response. Now, we studied whether the combination
of HT with a complement inhibitor provides further protection.
To this end, we isolated porcine articular chondrocytes (PAC)
from non-transgenic, single and double transgenic pigs ex-
pressing HT and human CD59 (hCD59) and assessed their re-
sponse to human serum. The effect of high recombinant
expression of human complement regulatory molecules hCD59
and hDAF attained by retroviral transduction of PAC, and
inhibiting C5a with mAb was also studied. Exposure of control
PAC to 20% human serum for 24 hours mainly triggered the
release of the pro-inflammatory cytokines IL-6 and IL-8 (de-
termined by ELISA in supernatants). This effect was only
partially reduced by the transgenic expression of HT and
hCD59, even in combination. However, high hCD59 expression
produced a higher protection that was further enhanced by
inhibiting anti-Gal antibody deposition or C5a-mediated ef-
fects. On the contrary, high hDAF expression alone attained the
most dramatic reduction in IL-6/IL-8 secretion and the addi-
tional inhibition of anti-Gal antibodies or C5a did not provide
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further improvement. In conclusion, our study shows that
complement activation contributes to rejection of xenogeneic
cartilage and provides valuable information for selecting ap-
proaches to prevent humoral rejection.
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Genotoxicity following AAV gene therapy for Methylmalonic
Acidemia (MMA) in mice
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Numerous toxicology studies have demonstrated the safety
of AAV vectors. However, Donsante et al. have reported an
increased incidence of hepatic cellular carcinoma (HCC) in
neonatal mice treated with AAV and they have implicated
insertional mutagenesis of the vector at the RIAN locus as a
causative factor. We have reported several pre-clinical AAV
gene therapy studies for MMA and demonstrated the efficacy
of this approach in a neonatal lethal murine model of this
disease. Although evaluating long-term genotoxicity was not
the intended focus of our studies, 75% (n=48) AAV8-CBA-Mut
treated mice developed HCC between 12 and 21 months,
conversely only 2% (n=41) uninjected mice developed HCC. In
addition, 50% of the mice treated with AAV8-CBA-GFP de-
veloped HCCs, indicating that overexpression of the Mut
transgene is not solely responsible for the development of
HCC. In a separate study, we performed an AAV dose esca-
lation study that showed increasing the AAV8 dose from
7x1011-12GC/kg (n=16) to approximately 1x1014GC/kg
(n=19) caused a corresponding increase in the occurrence of
HCC from 12% to 84%, respectively. As previously observed
by Donsante et al., our preliminary data indicates that inser-
tional mutagenesis of the vector at the RIAN locus may be a
causative factor. Determining why AAV gene delivery in
neonatal mice is infrequently associated with increased tu-
morigenesis and if such toxicity is relevant to humans will lead
to improved safety in AAV gene delivery. Alternatively, site-
specific integration vectors may offer greater efficacy and
safety for gene delivery in the neonatal period.
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Identification of genes involved in the resistance to targeted
anti-cancer therapies by lentiviral vector-based insertional
mutagenesis
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Insertional mutagenesis screens with retroviruses and
transposons have been extensively used in forward genetics
screenings for cancer gene discovery. We have recently dem-
onstrated the potential of modified lentiviral vectors (LVs) for
the discovery of cancer genes in solid tissues. Now, we show
that the new LV-based insertional mutagenesis platform, be-
sides cell transformation, can be successfully used for the
identification of the genetic culprits of resistance to targeted
anti-cancer drugs, one of the most daunting hurdles in clinical
oncology. An LV specifically tailored to deregulate genes upon
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integration was used to transduce at escalating doses different
HER? breast cancer cell lines, which were then exposed to the
clinically approved HER2-targeting drug lapatinib. LV trans-
duction induced, in a significative and dose-dependent fashion,
the emergence of resistant cell clones. Vector-genome junctions
were retrieved from resistant cells and untreated controls and
deeply sequenced with the Illumina technology. We identified
common integration sites specific of resistant cells, which har-
bor both known and novel putative lapatinib-resistance genes,
such as PIK3CA, MET, PIK3CB and RPS6KA5, whose validation
in clinical samples is ongoing. Additionally, we identified mo-
lecular circuits and novel genes which may play a relevant role
in shaping tumor response to lapatinib and other HER2-targeted
drugs. This forward genetics platform was applied to other
tumor types and compounds, leading to the identification of
different candidate drug resistance genes. The new acquired
knowledge might be seminal for the development of novel
targeted combinatorial therapies to overcome the occurrence of
resistance in human tumors.
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Gene therapy models of X-linked severe combined
immunodeficiency and Wiskott-Aldrich Syndrome using
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Vectors based on Simian Foamy virus (FV) have recently been
used to correct a number of genetic diseases. Over the conven-
tional gammaretrovirus vectors, FV vectors have several ad-
vantages including non-pathogenicity, stability in quiescent cells,
and the lack of insertional oncogenesis in nonhuman primate
natural hosts. The occurrence of leukemia in the clinical trials for
X-linked severe combined immunodeficiency (SCID-X1) and
Wiskott-Aldrich Syndrome (WAS) substantiates the need for
development of vectors alternative to gammaretrovirus vectors.
In this study, we have developed the FV-based vectors for SCID-
X1 and WAS, and assessed the use of FV vectors as a gene
transfer system for the primary immunodeficiency. Gamma
chain (gc) knock out mice (SCID-X1 mice) were treated with FV
vectors containing gc cDNA and the development of T and B
lymphocytes was observed in transplanted mice. Increased T cell
response to cytokines and the significantly elevated serum levels
of immunoglobulin indicated the functional reconstitution of
immune system by FV vectors.

Was knock out mice were also treated with FV vectors with
high transduction efficiency, and transplanted animal showed
functional multi-lineage reconstitution of hematopoietic cells
(T cells, B cells, dendritic cells and platelets). Analysis of
provirus integration site in spleen and bone marrow cells re-
vealed the lower likelihood of being located near the tran-
scriptional start sites and inside the gene transcriptional units.
These data may imply that FV vectors are less prone to in-
sertional oncogenesis due to the transactivation or destruction
of the cellular genes, as compared to gammaretrovirus and
lentivirus vectors.
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In vivo gentoxicity profile of a chimeric promoter driven
lentiviral vector for X-CGD in mice
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Gene therapy by retroviral vectors has proven its potential
to ameliorate the health status of patients suffering from in-
herited blood disorders or even offer a final cure for these
diseases. Earlier experiences in treating chronic granuloma-
tous disease (X-CGD) with LTR-driven gammaretroviral vec-
tors highlighted the importance of the vector design on the
clinical outcome. Therapeutic benefits were undermined by
silencing of the viral promoter and disturbed hematopoiesis
due to insertional mutagenesis. To overcome some of the
observed drawbacks, a lentiviral vector was developed, using
a synthetic chimeric promoter (CatG/Cfes) favouring high-
levels of gp91phox expression in the myeloid lineage. This
promoter is less prone to silencing and the insertional profile
of lentiviral vectors is believed to be safer regarding the dis-
tance to transcriptional start sites and other regulatory ele-
ments of active genes. We analyzed the genotoxic potential of
this vector in mice and compared it either to an LTR-driven
gammaretroviral vector (RSF91) or a lentiviral vector with an
internal SFFV promoter/enhancer. In total, we transplanted
47 mice with a low and high vector dosage and monitored the
animals for 26 weeks. We analyzed engraftment, body weight,
blood parameters and contribution of transgene positive cells
over time. Insertion site analysis by LAM-PCR and 454 pyr-
osequencing suggested a considerable level of clonal fluctua-
tion in all mice. Verification of overrepresented sequences by
locus specifc PCR (n=61) illustrated the challenges associated
with clonality assessment by deep sequencing. Both lentiviral
vectors, however, showed a favourable safety profile in mice
with polyclonal hematopoietic repopulation in comparison to
RSF91.
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I Kutschera®, A Fischer?*, M Cavazzana-Calvo>*, P Aubourg2’3,
M Schmidt!, C von Kalle!
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Descartes, Paris, France; 3Hopital Bicétre-Paris Sud, Le Kremlin-
Bicétre, France; 4Hopital Necker-Enfants Malades, Paris, France

Here, we report on an integration site (IS) analysis per-
formed on patient samples from the first clinical trial to treat a
monogenetic cerebral disease using autologous hematopoietic
stem cell transplantation with lentiviral SIN-vector, initiated
more than six years ago. The correction of hematopoietic stem
cell has not been accompanied by signs of clonal dominance
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or even premalignant disproportional distribution of cellular
contributions in the 4 treated patients. Our large scale IS
analysis performed on ex vivo transduced cells prior to re-
infusion and on engrafted cells by linear amplification medi-
ated PCR (LAM-PCR) and next generation sequencing (454
pyrosequencing and Illumina MiSeq) revealed a polyclonal
hematopoietic reconstitution. More than 30.000 unique exactly
mappable IS have been identified from distinct time points
and sorted cell fractions, suggesting a highly diverse clonal
repertoire. Our data revealed the characteristic integration
profile as described for lentiviral vectors, showing a preferred
integration within genes (P1: 73.1%; P2: 73.0%; P3: 71.5%; P4:
71.4%), a favored integration on chromosomes harboring gene
dense regions and in genomic sites described as lentiviral hot
spots, such as KDM2A, PACS1 and HLA genes. The land-
scape of ALD vector integration was very similar in all four
patients analyzed. A successful ex vivo transduction of early
hematopoietic progenitors is indicated by the detection of
identical IS identified in myeloid and lymphoid lineages as
well as in CD34 cells in P1, P2 and P3 (analysis is ongoing for
P4). Lentiviral gene therapy shows to be safe and effective,
the cerebral disease has been stabilized in 3 out of 4 patients.
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Self-inactivating alpharetroviral vectors have a low genotoxic
integration profile in human CD34" hematopoietic progenitor
cells

A Moiani?, ] Suerth?, A Miccio®, E Rizzi*, M Severgnini4,
G De Bellis*, A Schambach?, F Mavilio'”

1Genethon, Evry, France; Institute of Experimental Hematology,
Hannover Medical School, Hannover, Germany; 3Center for
Regenerative Medicine, University of Modena and Reggio Emilia,
Modena, Italy; *Institute for Biomedical Technologies, Consiglio
Nazionale delle Ricerche, Milan, Italy

Gammaretroviral and lentiviral vectors currently used in gene
therapy trials display a non-random integration pattern targeting
either regulatory regions or transcribed portion of expressed
genes and have the potential to deregulate gene expression at the
transcriptional and post-transcriptional level, respectively. A re-
cently developed self-inactivating (SIN) alpharetroviral vector is
able to sustain long-term transgene expression and shows a more
favorable integration pattern compared to SIN gammaretroviral
and lentiviral vectors in murine hematopoietic stem cells (Suerth
et al. 2012).

In this study, we performed a high-throughput analysis of
>6,000 SIN-alpharetroviral vector integration sites in human
CD34 hematopoietic stem/progenitor cells and compared them
to previously generated datasets of SIN-gammaretroviral and
lentiviral integration sites. We showed that SIN-alpharetroviral
vectors have no bias for integration inside transcription units or
in proximity to transcription start sites, enhancer and promoter
regions (marked by H3K4me3 and H3K4mel histone modifi-
cations), Polll binding sites and silenced regions marked by
H3K27me3. Interestingly, SIN-alpharetroviral integrations do
not cluster in specific genomic regions and hit at a very low
frequency MLV highly targeted loci, including the genes in-
volved in most of the severe adverse events observed in
clinical trials, i.e., LMO2. Therefore, alpharetroviral vectors,
showed a lower genotoxic potential compared to gammare-
troviral and lentiviral vectors, in human clinically relevant
cells.
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The genotoxic potential of lentiviral vector integration is
modulated by the interplay between vector design and mouse

genotype

D Cesana', M Ranzani', M Volpinl, C Bartholom#?, S Merella?,
F Benedicenti!, L Sergi Sergil, F SanVito®, C Brombin*, A Nonis*,
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E Montini'
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Retroviral vectors with self-inactivating (SIN) Long-Terminal-
Repeats (LTRs) have a superior safety profile than vectors with
active LTRs. However, weaker mechanisms of insertional mu-
tagenesis, could still pose a significant risk in clinical applications
when SIN.LTR vectors are used. We developed novel in-vivo
genotoxicity assays based on systemic vector injection into
newborn tumor-prone Cdkn2a-/- and Cdkn2a /- mice. Injection of
transgene-expressing SIN Lentiviral-Vectors (LVs) harboring
strong (SF, Cdkn2a-/- N=33, Cdkn2a /- N=17) or moderate
(human-PGK, Cdkn2a-/- N=31) enhancer/promoters in internal
position caused a significant acceleration in hematopoietic tumor
onset with respect to control mice (p <0.05). The genotoxicity of
these SIN.LVs was significantly lower than an LV with the SF
within the LTRs (LV.SF.LTR) (N=43 in both mouse strains
P <0.0001). Injection of a SINLV without any open-reading-frame
downstream the internal SF (ORF-less, N=9) caused a dramatic
acceleration of tumor onset (p <0.0001). Analysis of >8500 inte-
gration sites from vector-induced tumors confirmed that onco-
genesis was caused by insertional mutagenesis. The highly
genotoxic LV.SF.LTR and ORF-less-LVs induced oncogenesis in
both mouse strains mainly by Braf-activation throughout a read-
through/splicing-capture mechanism. The moderately genotoxic
SINLVs, being unable to activate Braf, activated other onco-
genes or disrupted tumor-suppressor genes through enhancer-
mediated and/or aberrant splicing mechanisms (Map3k$ or Pten
in Cdkn2a-/- mice of Sfil in Cdkn2a /-). Therefore, the cancer genes
deregulated by vector integrations in tumors were dependent on
a complex interplay among vector design and mouse genotype.
Hence, our approach shed light on the molecular mechanisms
and host genetic factors modulating the genotoxicity of SIN.LVs
with different backbone designs and internal promoters.
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Introduction: We recently introduced RGB marking - a
method based on combined expression of fluorescent proteins by
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integrating retroviral vectors — for investigating the clonal fate of
gene-modified cells. An alternative, expression-independent
method for assessing clonality relies on the introduction of short,
specific sequence tags (“barcodes”) into target cells. Barcodes can
be readily amplified by PCR and quantified by next-generation
sequencing (NGS). We here combined the virtues of both mark-
ing techniques by barcoding RGB vectors.

Methods: We designed four different barcodes, each specific
for one fluorescent protein. All barcodes consisted of eight pairs
of random nucleotides intersected by triplets of fixed nucleotides.
RGB-barcode vectors were used for transduction of different
cells, including murine primary hepatocytes and haematopoietic
stem cells prior to transplantation into uPA/SCID and condi-
tioned C57Bl/6 mice, respectively.

Results: We estimated the complexity of plasmid and high-titre
lentiviral-vector libraries by NGS to be in the range of 5x10° bar-
codes. Single-cell PCR revealed barcode combinations correspond-
ing to the RGB colours of individually picked RGB-marked cells
(in vitro). Barcodes could also be retrieved from single cells isolated
by laser-microdissection from regenerated RGB-marked liver tissue.
Finally, barcode marking allowed us to perform clonal follow-up
studies in our murine bone marrow transplantation model.

Conclusion: Genetic cell marking with barcoded vectors fa-
cilitates quantitative analysis of organ regeneration, e.g., of hae-
matopoiesis and liver. The use of barcodes ciphering for different
colours permits to verify genetic identity of RGB-marked cells.
RGB-barcode vectors thus provide a powerful tool for long-term
clonal cell tracking.
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In vivo safety evaluation of a novel insulated SIN LV reveals
escape-mechanisms leading to genotoxicity
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We used a sensitive in vivo genotoxicity assay, based on sys-
temic vector administration into newborn tumor-prone Cdkn2a™"
mice, to test whether the inclusion of a Chromatin Insulator (CI)
into the Self-Inactivating Long Terminal Repeats (SIN.LTRs) of a
lentiviral vector with a strong internal enhancer-promoter (IN-
S.SIN.LV.SFFV) could improve its safety profile in vivo.

Cdkn2a” mice treated with INS.SIN.LV.SFFV (N=22) or its
uninsulated counterpart (SIN.LV.SFFV, N=17) developed hema-
topoietic tumors significantly earlier than mock controls (p=0.006
and p=0.0095, respectively). Therefore INS.SIN.LV.SFFV, al-
though to a lower extent with respect to SIN.LV.SFFV (median
survival 203 days vs. 186 days), was still genotoxic.

To unravel the molecular mechanisms underlying genotoxi-
city we retrieved and mapped 4678 integrations from tumor-
infiltrated tissues and identified the Common Insertion Sites
(CIS), hallmarks of insertional mutagenesis. The comparison
between the CIS found in the two treatment groups showed re-
markable differences: in tumors induced by SIN.LV.SFFV the
most relevant CIS was represented by Map3k8 (targeted by 19
integrations), that was activated by a mechanism involving en-
hancer-mediated overexpression and transcript-truncation. In
INS.SIN.LV.SFFV marked tumors we observed a significant re-
duction of integrations targeting Map3k8 (only 2 integrations,
p=0.001) accompanied by a remarkable skewing towards tu-
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mors harboring inactivating integrations targeting Pten (11 inte-
grations). Therefore the genotoxicity of INS.SIN.LV.SFFV is
mainly caused by an “escape mechanism” represented by the
inactivation of a tumor suppressor gene.

Despite in our model the inactivation of tumor suppressor
genes, on which insulators cannot act, negatively impacted the
mouse survival, our results indicate that this CI is able to sig-
nificantly reduce enhancer-mediated activation in vivo.
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In-vivo selection and integration analysis after lentiviral
O°-methylguanine DNA methyltransferase (MGMTF"4%K)
expression in a human xenograft model
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MGMT"*%% mediated myeloprotection and in-vivo selection
of transduced cells have been demonstrated in numerous ani-
mal models and recently also in a clinical study. However, with
this strategy the genotoxic risk of integrating vectors may be
augmented by cytotoxic-agent induced lesions and the prolif-
erative stress during selection. Thus, we investigated
MGMTK iy vivo selection by transplanting SIN lentiviral
vector (EFSla internal promoter) transduced human cord
blood-derived CD34 cells into NOD.SCID.IL2Ryc”’/~ mice.
Chemotherapy (CTX) comprised two doses of combined O°-
benzylguanine (BG; 20mg/kg) plus 1,3-Bis-(2-chlorethyl)-1-
nitroso-urea (BCNU;5-10 mg/kg) given one week apart. While at
highest BCNU doses animals succumbed to myelosuppression,
intermediate doses (BCNU: 7.5&5 mg/kg, 5&5mg/kg) yielded
significant enrichment of transgenic human cells in the peripheral
blood and bone marrow (BM; 1.7+1.1% untreated versus
54.5+13.7% and 52.8+15.6% both P<0.05; n=3-6). Significant
enrichment upon CTX was observed in BM myeloid, B and
primitive cells. Specifically, significant expansion of transduced
cells was observed in the immature myeloid compartment
(0.64+0.33x10° versus 3.4+1.1x10° and 3.4+1.0x10°% P<0.05,
n=3-6). Clonal inventory analysis utilizing LAM-PCR followed
by high throughput sequencing revealed a characteristic lenti-
viral integration profile with 74.2% of insertions in genes (54.9%
intronic). Among the BM insertions 16.6% (treated; 13/78) and
8.6% (non-treated; 2/23) overlapped with previous MGMT
studies whereas 20.5% (treated; 16/78) and 26% (non-treated;
6/23) genes were common to cancer databases without signifi-
cant differences between the groups. Functional annotation of hit
genes using Panther Database did not yield significant enrich-
ment for specific gene-classes. These data indicate efficient in-vivo
selection without clonal imbalance using this SIN lentiviral vec-
tor for MGMT %% expression.
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A quantitative method for vector integration site retrieval
based on genomic DNA sonication and Illumina next
generation sequencing
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Vector integration in the host genome allows the stable and
robust expression of a therapeutic transgene in transduced cells.
However in some hematopoietic stem cell (HSC)-based clinical
trials, vector integration caused mutations triggering cell trans-
formation. To address these safety issues, PCR-based methods
selectively amplifying the vector/host genome junctions from
patients” cells and massive sequencing are required. Since inte-
gration sites (ISs) are unique genetic marks specific for each
transduced cell and its progeny, it is possible to monitor patients’
blood and bone marrow cells during time and follow the fate of
thousands vector-marked cell clones in a dynamic fashion. How-
ever, the most sensitive methods for IS retrieval generate DNA
fragments heterogeneous in size, whose abundance does not
precisely correlate to the abundance of vector-marked cell clones.
We developed a novel method for quantitative IS retrieval named
Sheared DNA Linker and Linear Amplification Mediated
(SDLLAM)-PCR. This approach, based on genomic DNA sonica-
tion and [llumina sequencing technology, can be used on relatively
small amounts of genomic DNA (150ng). ISs are quantified by
counting the different genomic shear sites, getting rid of product
size-related biases. Our data on test samples with known vector
copy number suggest that this approach allows to accurately de-
termine relative abundance of ISs. Moreover, the sequencing
depth granted by the Illumina platform dramatically increase the
number of IS retrieved (18 x10e6 reads in a single run), strength-
ening the power of the safety studies and allowing to study the
dynamics of hematopoiesis in HSC gene therapy trials.
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Modelling viral insertion sites via network based frameworks
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The non-random character of retroviral integration profiles
allows to determine the functional and mutagenetic potential of
the targeted regions. While the formal common insertion sites
(CIS) analysis is based on a rigid definition that takes into ac-
count the number of IS in a fixed window, previous studies have
shown that this definition is outdated, returning an excess of false
positive CIS.

Here we address the challenge to find 1) a definition of CIS
that is constraint-free independent from the IS database size
based on a representation of IS based on graph, 2) return a rep-
resentation of CIS that is immediate and easy to manage and 3)
discover new potential genes that might be involved in tu-
morgenesis.

In this work we propose a new graph based framework to
model common insertion sites and is implemented as a plugin for
Cytoscape (2.x) in order to simplify the CIS analysis and to in-
tegrate directly the data in the context of system biology net-
works.

Five dataset were used to test our framework. The the x-linked
adrenoleukodystrophy (lenti-virus, LV) clinical trial, the Wiskott-
Aldrich syndrome (y-retro-virus, GV) clinical trial, a HIV study, a
human preclinical unpublished study (LV) and the Retrovirus
and Transposon tagged Cancer Gene Database (RTCGD, GV).
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Accurate deep-sequencing of vector integration sites using
mutually dependent sequencing barcodes
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Stable integration of retroviral vector DNA into the host
genome is a mutagenic event that may directly contribute to
unwanted side effects. A comprehensive and accurate analysis
of the integrome is indispensable to study clonality in trans-
duced cells obtainedfrom gene therapy patients. We have ex-
plored the use of the Illumina MiSeq Personal Sequencer
platform to sequence vector integration sites (IS) amplified by
LAM-PCR. The MiSeq sequencing technology provides much
higher read numbers (up to 15 million) compared to estab-
lished 454 pyrosequencing technology (up to 1 million), thus
enabling a more profound representation of the IS repertoire.
However, deep-sequencing of LAM-PCR products by the
MiSeq platform showed a much higher degree of collisions —
identical IS detected in unrelated samples — compared to 454
pyrosequencing. This was especially evident in samples with
low numbers of IS that have been sequenced in parallel with
samples containing high number of IS. To overcome high fre-
quency of false-positive IS observed in MiSeq sequenced LAM-
PCR products, we used a double barcoding strategy to filter
raw sequences after deep-sequencing. Only sequences that
matched the unique combination of both barcodes were con-
sidered for downstream analyses. Using double barcoding
strategy, contaminating sequences were efficiently removed.
Similarly, removing sequence reads with wrong combination
of barcodes eliminated identification of contaminating IS in
untransduced samples.

Our data show that reliable identification of IS by the MiSeq
system is feasible by barcode labeling of PCR products ab initio
and applying filtering of raw reads based on double barcode
usage.
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The study of chromosomal vector integration sites (ISs) in
vector marked cells from hematopoietic stem cell gene therapy
patients is instrumental to assess the safety and efficacy of the
treatment and studying stem cell biology and hematopoiesis.
Exploiting PCR-based methods, DNA fragments containing the
vector/genomic junction were amplified and sequenced using
the Illumina MiSeq platform. Currently up to 18 million PCR
products are sequenced in a single run. The huge amount of data
generated required a new bioinformatic framework for IS map-
ping and data mining. We also set-up algorithms to analyze the
Shear Sites (SS) of sequences obtained by a novel non-restrictive
PCR method for IS retrieval developed in our laboratory and
perform clonal abundance estimates.



A154

The framework is composed by: (1) raw sequence data pro-
cessing and SS quantification for each IS; (2) IS mapping and
dataminig (3) SS saturation assessment and for each IS to esti-
mate the relative abundance of cell clones in a given sample.

To fine tune and validate both the new technology and the
bioinformatic framework we analyzed a number of test DNA
samples composed by a highly polyclonal pool of vector marked
cells (JY cells) mixed with a clone with 6 known integrations
serially diluted in the DNA of JY cells.

Testing the SS relative quantification approach in the experi-
mental environment, allowed to correctly estimate and quantify
clonal abundance, supporting the development of this promising
technology.
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The conventional replication competent retroviruses (RCR)
have significant therapeutic effects in glioma cancer model.
However, their in vivo applications are restricted by the one
vector amphotropic murine leukemia virus (MuLV) system.
Furthermore, so far, the therapeutic genes that can be delivered
by this system are limited to relatively small-size genes, such
as cytosine deaminase (CD). We constructed a semi-murine
leukemia virus-based, gibbon ape leukemia virus envelope-
pseudotyped replication competent retrovirus (spRCR) system
that circumvents these limitations. In this study, we found that a
spRCR vector spread more efficiently than a semi-Murine leu-
kemia virus-based RCR (sRCR) in human glioblastoma cells
in vitro. Furthermore, injections of equal numbers of infectious
units into pre-established intracranial U-87 MG human glio-
blastomas in nude mice demonstrated that the spRCR vector
had significantly enhanced transduction efficiency and also
expressed the therapeutic genes more rapidly than the sRCR
vector. Finally, intratumoral injection of spRCR successfully
delivered the herpes simplex virus 1-thymidine kinase (HSV-
TK) gene into intracranial U-87 MG glioblastomas and resulted
in both tumor eradication and prolonged survival upon ad-
ministration of ganciclovir (GCV). Our data suggest that the
semi-GaLV-Env-pseudotyped RCR system provides signifi-
cant advances for delivery of therapeutic genes into cancerous
tumors.
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Tissue-specific regulation of adenoviruses byincorporation
of miR target sites controlling the late-phase fiber protein
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Adenovirus antitumour activity is based on their ability to lyse
infected cells during viral release. However, adenoviruses do not
have a natural tropism towards tumor cells, so it is necessary to
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provide them with tumor selectivity. Commonly, selectivity has
been approached by controlling viral entry to tumor cells or by
focusing on the control of early expressed regulatory proteins to
achieve conditional viral replication. In this work, we have
studied the feasibility of providing replication-competent ade-
noviruses with tissue-specific selectivity through the regulation
of the late structural fiber protein. Since late proteins are all
transcribed from the common MLP, we have engineered a 3'UTR
containing microRNA binding sites to provide tumor selectivity
to the adenenoviral fiber (Ad-Fiber-miRT). The results were
compared to an engineered virus containing the same miRNA
binding sites controlling the early E1A protein (Ad-E1A-miRT).
We present in vitro and in vivo evidences of a miRNA dose-
dependent regulation of Ad-Fiber-miRT. Such regulation was
specific to Fiber-miRT expression and no effect was observed on
other early or late viral proteins such as E1A or hexon. As a
consequence, viral release of infective particles was impaired in
miRNA expressing cells. Despite intracellular viral genomes
were only reduced in Ad-E1A-miRT, production of infective viral
particles was similarly observed in cells infected with Ad-E1A-
miRT, and Ad-Fiber-miRT.

Thus, miRNA-control of late proteins like the fiber constitutes
a novel strategy for providing specificity to adenoviruses. Be-
sides, the combination of late proteins control with already pro-
ven selective strategies for early proteins, may confer oncolytic
adenoviruses enhanced selectivity.
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The two-step transcriptional amplification (TSTA) system
was previously reported to enhance the tissue-specific gene
expression driven by weak promoters, but the enhancement of
the gene expression is limited to use in in vitro and in vivo ex-
perimental situations. To achieve robust tissue-specific gene
expression using the TSTA system, we developed an advanced
TSTA system which includes polyglutamines and rat gluco-
corticoid receptor sequences between the GAL4 and VP16 se-
quences in the region of the first step of transcription. We herein
evaluated the advanced TSTA system as a method to enhance
the human telomerase reverse transcriptase (hTERT) promoter-
driving cancer-specific transcription in various cancer cell lines.
We also demonstrated the utility of the advanced TSTA system
for cancer-specific gene expression and imaging, we constructed
a luciferase gene encoding adeno-associated virus (AAV) vector
in which the hTERT promoter-mediated expression was driven
by the advanced TSTA systems. In an orthotopic liver tumor
model, mice were treated with the vector via tail vein injection.
An optical imaging device was used to visualize the in vivo
luciferase expression in the orthotopic tumor. The advanced
TSTA system significantly enhanced the luciferase expression
compared with the one-step and conventional TSTA systems
(18.0£1.0- and 15.9+0.85-fold gain, respectively). The ad-
vanced TSTA method is expected to become a valuable tool
enabling in vivo site-specific targeting in the field of gene ther-
apy and molecular imaging.
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Systemic tumor targeting with oncolytic viruses is limited by
poor extravasation. Cyclic peptide iRGD (CRGDKGPDC) binds to
integrins on tumor vasculature and, upon cleavage by proteases,
binds to neuropilin-1 (NRP-1) to promote vascular extravasation
and tumor penetration. We inserted iRGD in the fiber of an on-
colytic adenovirus to increase tumor targeting and penetration.
In vitro, NRP-1 interaction improved binding and internalization
of the virus in different cancer cells over-expressing integrins and
NRP-1. In vivo, iRGD enhanced tumor transduction, intratumoral
dissemination, and antitumor efficacy in several tumor models.
iRGD insertion into the Adenovirus 5 fiber C-terminus is useful to
improve the therapeutic outcome of oncolytic adenoviruses.

In conclusion, this GFAP biosensor appears suitable for
achieving prolonged somatic transgenesis and astrocyte-selec-
tive. We now plan to use this construct in an HIE model, which
would locate areas of perinatal brain injury and provide regions
for delivering therapeutic transgenes.
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targeting and drug delivery
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Despite recent advances in drug delivery systems (DDS), drug
delivery to cancer sites remains difficult because DDS lack active
motility and because physical barriers, are encountered in solid
tumors. The present study describes a bacterium-based micro-
robot (bacteriobot) in which the avirulent S. typhimurium is at-
tached to a microstructure enabling the microrobot swim toward
tumors; the microstructure acts as a therapeutic molecule con-
taining high amounts of drugs and/or imaging signals and the
bacterium acts as a combination of microsensor and micro-
actuator. We used a high-motility strain of attenuated S. typhi-
murium that expresses bacterial luciferase (lux) or green
fluorescent protein (gfp). Strong attachment of the bacterium to
the microstructure was achieved by exploiting the high-affinity
interaction between biotin and streptavidin. The biotin-labeled
bacteria were then attached to microstructures (PerCP-Cy5.5).
The Bacteriobots showed higher average velocity when migrat-
ing toward tumor cell lysates or spheroids than when migrating
toward normal cell lysates or spheroids. To validate tumor tar-
geting in vivo, bacteriobots were injected systemically into CT-26
tumor-bearing mice via tail veins. Bioluminescence was detected
in the tumors from the bacteria- and bacteriobot-injected animals,
but not in the tumors from the microbead-injected control
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animals. Subsequently, Cy5.5 fluorescence was observed in tu-
mors from the bacteriobot-injected animals, but not in the tumors
from the bacteria- or microbead-injected control animals. The
present study suggests that the bacteriobot concept will be of
great influence in the development of biomedical theranostic
microrobots that can carry on versatile functions such as the
detection and eradication of incurable malignancies.
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Cytotoxicity of replication-competent adenoviruses are
enhanced by co-transduced p53 gene
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Human tumors are often resistant to type 5 adenoviruses
(Ad5)-mediated gene transfer. We examined cytotoxicity of
replication-competent Ad5 of which the receptor-binding site
was replaced with that of serotype 35 (AdF35) and investigated
possible combinatory effects of the AdF35 and Ad5 expressing
the wild-type p53 gene (Ad5/p53). We firstly tested AdF35 in-
fectivity to 9 kinds of human esophageal carcinoma with flow
cytometry and found that AdF35 infected better than Ad5. We
then examined cytotoxicity of replication-competent AdF35
powered by the midkine or the survivin transcriptional regulatory
region. Replication-competent AdF35 in general achieved greater
cytotoxic effects to esophageal carcinoma cells with a low ex-
pression level of coxsackie adenovirus receptor than the corre-
sponding replication-competent Ad5. Cytotoxicity of the AdF35
was accompanied by cleavage of caspase-8, —9 and -3, but was
not linked with autophagy-linked pathways. Cell cycle analyses
demonstrated hyperploidy fractions followed by increased sub-
G1 populations in the Ad infected cells. Transduction of esoph-
ageal cells with Ad5/p53 in combination with replication-com-
petent AdF35 further enhanced the AdF35-mediated cytotoxicity
in a synergistic manner. We also demonstrated the combinatory
effects of Ad5/p53 and replication-competent AdF35 in an ani-
mal model. Co-transduction with Ad5/53 was rather inhibitory
to production of replication-competent AdF35 progenies, but the
AdF35 infection augmented p53 expression levels and the
phosphorylation. These data suggests that combination of repli-
cation-competent AdF35 and Ad5/p53 achieved synergistic cy-
totoxicity due to enhanced p53-mediated apoptotic pathways.
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A new Oct3/4-activated oncolytic adenovirus mediated by
hypoxia exert enhanced antitumor activity in bladder cancers

J-L Hsieh!, P-C Shen!, A-L Shiau? and C-L Wu®
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Most solid tumors experience hypoxia to lead to rapid cell
division, metastasis and cancer stem cells (CSC) formation. The
viral replication and antitumor activity of oncolytic adenovirus
can be hindered due to the deprivation of oxygen. There is a need
to develop more potent virus that could exert the antitumor effect
under hypoxia. We previously developed a targeted oncolytic
adenovirus, Ad90C that specifically kill tumor cells over-
expressing Oct-3/4. A new hypoxic-activated oncolytic adeno-
virus, AALCY, was created by inserting a hypoxia-response
element, HIF-2¢, in the upstream of Ad9OC promoter. The ex-
pression of HIF-2¢ under hypoxia in bladder cancer cell lines was
analyzed by Western blotting. CSCs targeting of AdLCY was
examined by Flow cytometry and immunohistochemistry. The
cytolytic and antitumor activity of AALCY on bladder cancer
cells were evaluated in vitro and in vivo. HIF-2o and Oct-3/4 were
overexpressed in bladder cancer cells under hypoxia. AALCY
exhibited better cytolytic effects than Ad9OC after hypoxia in-
duction whereas spared normal cells. More CD44 and CD133
positive tumor cells can be targeted by AALCY than Ad90OC
under hypoxia. Efficient replication of AALCY was detected in
bladder cancer cell lines and tumor tissues. Treatment of AALCY
could effectively retard tumor growth in subcutaneously bladder
tumor model. Therefore, under hypoxia, AALCY was more ef-
fective for treating Oct-3/4-expressing tumors, especially for
targeting CSCs within bladder tumor mass. The newly modified
Oct-3/4 -activated oncolytic adenovirus provides more potential
ways to treat bladder cancers.
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Evaluation of the efficacy of different oncolytic vaccinia
viruses on primary canine mammary tumour cells
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Over the last fifteen years, oncolytic viruses have emerged as
promising therapeutic agents against cancer due to their selec-
tivity for replication in cancer cells and their limited off-target
toxicities. Amongst them, vaccinia viruses (VV) are currently in
clinical trial.

Classical research and development experiments, involving
in vitro testing in human established cell lines as well as in vivo
xenografts in nude mice, have shown convincingly that oncolytic
VV have anti-tumour activities against breast cancer. However,
the development of these oncolytic viruses in humans, in the
context of breast cancer, is hampered by the competition with
other new treatments (small molecules or antibodies).

In this context, in order to emphasise the potential of VV
against breast cancer and to strengthen the case for early-phase
clinical trials with these oncolytic viruses, we have used primary
cells obtained from canine mammary tumours to demonstrate
the efficacy of VV against this cancer.

For this purpose, we have benefited from a collaboration with
a company, OncoBioTek, that specialises in collecting samples
from canine tumours and we have characterised the samples
obtained using classical markers used to classify human tu-
mours. For each sample, primary cancer cells have been culti-
vated, dose-response curves assessing the potency of alternative
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VV designs have been established and viral replication has been
monitored.

Our data show that different sub-types of breast cancer re-
spond differently to vaccinia viruses and emphasize the rele-
vance of primary canine mammary cancer cells to predict the
efficacy of cancer agents.
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Treatment of soft-tissue sarcoma with a combination of
chemotherapy and oncolytic adenovirus coding for GM-CSF
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and A Hemminki'
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Oncolytic viruses represent a novel approach to the treatment
of cancer types that lack effective therapies. Yet, their efficacy
alone might not be sufficient to cure cancer. Efficacy can be im-
proved by using them in conjunction with conventional chemo-
therapy. We have studied the antitumor efficacy and
immunological parameters of the capsid-modified and GM-CSE-
coding conditionally replicating adenovirus Ad5/3-D24-GMCSF
in combination with the chemotherapeutic agents doxorubicin
and ifosfamide which are the most common first line option for
the treatment of soft-tissue sarcoma (STS). In vitro experiments
have focused on the immunogenicity of cell death (ie. calreticulin
exposure, HMGBI release, ATP release) induced by adenovirus
and drug combinations. Coinfection of the human fibrosarcoma
cell line HT-1080 with adenovirus and doxorubicin resulted in
increased levels of extracellular HMGB1 and ATP when com-
pared to single agents. Antitumor efficacy of the combination
approach was evaluated in a semipermissive and immunocom-
petent Syrian hamster model for STS. Doxorubicin and ifosfa-
mide administered together with Ad5/3-D24-GMCSF had highly
synergistic antitumor activity and significantly prolonged the
survival of combination treated animals over mock (p=0.002,
Kaplan-Meier log-rank test), virus only (p=0.002) and chemo-
therapy only (p=0.003) treated animals. Furthermore, increased
serum levels of HMGB1 were measured from combination trea-
ted hamsters compared to other treatment groups. These results
suggest that immune response is an important characteristic of
the synergistic antitumor effect produced by the combination of
oncolytic virotherapy and conventional chemotherapy.

P343

AduPARE1A oncolytic adenovirus targets pancreatic cancer
stem cells
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Pancreatic adenocarcinoma is usually diagnosed in an ad-
vanced state where there are little or no effective therapies.
Emerging evidences suggest that the capability of a tumor to
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grow and propagate is dependent on a small subset of tumor
cells, termed tumor-initiating cells or cancer stem cells. The
identification of therapies that can be effective on this cell pop-
ulation might provide with more effective treatments. In the
current work we have evaluated the potential of oncolytic ade-
noviruses to act against pancreatic cancer stem cells (PCSC) and
compared to gemcitabine treatment. PCSC from two patient-
derived xenograft models were isolated and characterized based
on the cell surface marker combination CD24, CD44, ESA and the
CD133 marker, plus the capacity of tumor cells to grow as tu-
morspheres. Mice bearing orthotopic pancreatic tumors were
treated with saline, gemcitabine or the oncolytic adenovirus
AduPARE1A. Antitumor effects were observed in gemcitabine
treated tumors, although stronger responses were observed in
mice receiving a single dose of AduPARE1A intravenously.
PCSC analysis in treated tumors revealed an enrichment in the
PCSC population expressing CD133, and a marked enhancement
of tumorspheres formation capacity in the gemcitabine group. In
contrast AduPARE1A treatment did not result in an enrichment
on tumor spheres neither on stemness markers. These results are
in line with the elevated cytotoxicity observed in vitro in neo-
plastic sphere-forming cells exposed to AduPAREI1A infection,
indicating the susceptibility of PCSC to adenoviral-mediated
killing. Therefore, our data provides evidences of the relevance of
uPAR-controlled oncolytic adenoviruses for the elimination of
PCSC.
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Development of replication-competent adenovirus for
gemcitabine-resistant bladder cancer
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Background: Gemcitabine is a commonly-used chemothera-
peutic agent for bladder cancer patient, but many of them ex-
periences relapse after treatment. Survivin is a member of
inhibitors of apoptosis protein (IAP) family. For the development
of new therapeutic agent for gemcitabine-resistant patient, we
constructed the recombinant adenovirus of which replication
was under the control of survivin promoter by replacing ade-
noviral Ela and E4 promoters.

Materials and Methods: First of all, we established gemcita-
bine-resistant bladder cancer cell. Survivin promoter was en-
gineered to control adenoviral early genes Ela and E4. The
adenovirus-mediated killing efficacies in gemcitabine-resistant
bladder cancer cell were evaluated in comparison with surviv-
ing-negative L132 cell as a negative control. Finally, we tested
whether AdEla/psurvivinE4 would suppress the tumor growth
using gemcitabine-resistant Kul9-19/Luc xenograft models
subcutaneously induced in nude mice.

Results: As reported previously, gemcitabine-resistant and —
sensitive cells turned out positive for survivin expression. Such
expression pattern implicated the regulatory element mediating
survivin protein expression could be utilized for discriminating
cancer from normal cells. As expected from abundant survivin
expression in gemcitabine-resistant bladder cancer cell, AdEla/
psurvivinE4 actively replicated in gemcitabine-resistant bladder
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cancer cell as green fluorescence intensity gradually increased
with more days post infection. Consistent with replication ability,
Ad5/35Ela/psurvivinE4 exerted the greater cytotoxic effect on
all bladder cancer cells tested, but not in L132 cells. Importantly,
Ad5/35Ela/psurvivinE4 inhibited the growth of gemcitabine-
resistant Kul9-19/Luc orthotopic xenograft in nude mice.
Conclusion: AdEla/psurvivinE4 implicates that survivin
promoter could be utilized for developing the replication-compe-
tent adenovirus to target gemcitabine-resistant bladder cancers.
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Exploring the use of new oncolytic adenoviruses for the
treatment of head and neck squamous cell carcinomas in
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Patients with Fanconi Anemia (FA) are at high risk for de-
veloping hematological and solid cancers. Squamous cell carci-
nomas of the head and the neck (HNSCCs) are the most
commonly diagnosed solid tumors in FA patients. Surgery is not
an option for multifocal lesions and chemo and radiotherapies
are highly toxic for these patients, so new therapeutic approaches
are needed. We have explored the feasibility of using virotherapy
for the treatment of HNSCCs in FA patients. ICOVIR17 and
ICOVIR17K are 2 oncolytic adenoviruses with the RGD domain
(higher expression for the K version), and with replication re-
stricted to cells with an activated RB pathway, a hallmark of
cancer cells. For this study we used the following cell lines:
VU1131 (FA-C derived HNSCC), VU1365 (FA-A derived
HNSCC), HN6 and HN12 (non FA derived HNSCC), and HN12-
FANCA™". To determine the susceptibility to ICO17 and ICO17K,
we infected cells at different MOIs (0-500) and cell viability was
studied by flow cytometry and by crystal violet staining at dif-
ferent timepoints. We observed a mild susceptibility of FA-
HNSCC to ICOVIR oncolysis in vitro, while non-FA cell lines
presented mortality even at low MOIs. To explain these differ-
ences, we compared the permissiveness to virus infection and the
levels of E2F1 expression of FA-HNSCC versus FA-HNSCC. We
also analyzed the effects of virotherapy on cancer-initiating cells
(C-IC), and observed a high susceptibility of C-IC from
FA-HNSCC obtaining 50% died (7AAD annex) cells at MOI 50.
We suggest that oncolytic adenoviruses may be an alternative
therapy in FA patients with solid tumors, with especial tropism
to C-IC.
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Targeted gene therapy of colon cancer using Clostridium
perfringens enterotoxin (CPE)
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For the treatment of therapy-refractory tumors use of bacterial
toxins represents an applicable option. The most extensively used
toxins are Diphteria toxin (Corynebacterium diphteriae) and Pseu-
domonas exotoxin A (Pseudomonas aeruginosa), which both inhibit
protein synthesis. Alternatively, the pore-forming bacterial tox-
ins streptolysin O (Streptococcus pyrogenes) and Clostridium per-
fringens enterotoxin (CPE) came into focus as alternative cancer
therapeutics.

The CPE, produced by Clostridium perfringens bacterial type
A strain is an enterotoxin, that binds to claudin-3 and -4 tight
junction transmembrane proteins, which were shown to be
highly upregulated in several human epithelial cancers, in-
cluding colon, breast, ovarian, pancreatic carcinoma. Binding
of CPE to claudin-3 and -4 initiates formation of multiprotein
membrane pore complex, resulting in rapid cell lysis. In our
approach we used the CPE ¢cDNA expressing vector for tar-
geted gene therapy of claudin-3 and -4 overexpressing human
colon cancer cell lines and for patient-derived tumor models
(PDX) in wvitro. Transfection of the CPE-expressing vector
caused rapid cytotoxic effects by membrane disruption in all
claudin-3 and —4 overexpressing cell lines, but did not affect
claudin-negative control cells. The CPE-mediated cytotoxic ef-
fect correlated well with claudin-3 and/or -4 expression level
in the colon carcinoma cells. Furthermore, the CPE-gene
transfer was also associated with a “bystander effect”, poten-
tiating the CPE-mediated cytotoxicity. Therefore, this novel
approach demonstrates, that CPE gene transfer can be em-
ployed for a targeted suicide gene therapy of claudin-3 and —4
overexpressing colon carcinomas, leading to the rapid and ef-
ficient tumor cell killing.
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Combination of temozolomide chemotherapeutic drug and
promoter of the glucose-regulated protein 78 improves
bacteriophage-mediated cancer gene therapy
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Glioblastoma multiform (GBM) is the most common and
deadly primary brain cancer in adults, affecting ~4500 patients
every year in the United Kingdom alone. Despite continuous
improvement of conventional treatments, patients have a me-
dian survival of about 15 months even after aggressive surgery,
chemotherapy and radiotherapy. Novel therapeutic ap-
proaches are therefore urgently needed. Combination of che-
motherapy and gene therapy is a promising practice in cancer
therapy. Temozolomide (TZM) is a DNA-methylating chemo-
therapy drug used as a standard treatment for glioblastoma
multiform. It has been shown that treatment of tumour cells
with TZM induces expression of the glucose-regulated protein
78 (Grp78) gene which is associated with glioblastoma che-
moresistance to this drug. In this study, we aimed at combining
temozolomide with cancer gene therapy driven by the Grp78
promoter by using a novel tumor-targeted bacteriophage vec-
tor able to target therapeutic gene expression in tumors spe-
cifically.

Our findings showed, dose-dependent chemotherapeutic
drug induction of gene expression from bacteriophage in glio-
blastoma cells. Subsequently, we found dramatic increase of tu-
mor cell killing when temozolomide was combined with
bacteriophage expressing a cytotoxic gene under the control of
Grp78 promoter.
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A genetically engineered mouse model (GEMM) of pancreatic
ductal adenocarcinoma (PDAC) is induced by activation of
constitutively active Kras®'*" in combination with a deletion of
p53, which shows the typical changes of human disease.

In previous proof-of-principle studies using xenograft mouse
models the sodium iodide symporter (NIS) as well characterized
theranostic gene allowed detailed molecular imaging of trans-
gene expression and highly effective application of therapeutic
radionuclides. As a next step towards clinical application, here
we investigated tumor specificity and transduction efficiency of
tumor-targeted polyplexes as systemic NIS gene delivery vehi-
cles in the advanced GEMM of PDAC. Therefore, we used tumor-
targeted polyplexes based on linear polyethylenimine (LPEI),
polyethylene glycol (PEG), and the synthetic peptide GE11 as an
epidermal growth factor receptor (EGFR)-specific ligand (LPEI-
PEG-GEL11) to target a NIS-expressing plasmid to the high EGFR-
expressing PDAC.

In vitro iodide uptake studies with cell explants derived from
murine EGFR-positive and EGFR-knockout PDAC lesions dem-
onstrated high transduction efficiency and EGFR-specificity of
LPEI-PEG-GE11/NIS. In vivo ' y-camera-imaging and 3-di-
mensional high-resolution ~'**I-PET-imaging experiments
showed significant tumor-specific accumulation of radioiodine.
These results were further confirmed by NIS-specific qPCR
analysis and immunohistochemistry. A first series of therapy
studies indicates that the tumoral accumulation is high enough
for a dramatic therapeutic effect of "*'I as demonstrated by sig-
nificant reduction of tumor volume measured by magnetic res-
onance imaging.

In conclusion, our preclinical data in an advanced GEMM of
PDAC clearly demonstrate the enormous potential of EGFR-
targeted synthetic polymers for systemic NIS gene delivery al-
lowing for targeted radionuclide therapy of non-thyroidal
cancers.
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Enhancing hybrid bacteriophage-mediated gene therapy for
cancer treatment through extracellular matrix modulation
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The adeno-associated virus/phage (AAVP) is a novel systemic
gene delivery vector for use in cancer gene therapy. It is a hybrid
of a mammalian AAV transgene cassette contained within an fd
filamentous bacteriophage capsid. Its effectiveness in targeting
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the delivery of suicide transgenes to cancer cells specifically, both
in vitro and in vivo, has been shown in numerous studies. Al-
though it is superior in safety and economy of production com-
pared to mammalian viruses, due to non-mammalian cell
tropism, it has still to catch up on benchmarks of successful
transduction rates. However, many physiological barriers hinder
such efforts. We hypothesized that the extracellular matrix
(ECM) presents an obstacle for AAVP transduction in applica-
tions of phage cancer therapy. Our findings demonstrate that
collagenase and hyaluronidase-mediated degradation of the
ECM significantly increases AAVP transduction efficiency up to
6.7-fold. We show that this enhanced efficacy can be translated
into tangible cell-killing, eliminating up to 98% of tumour cells
through suicide gene therapy, from the transduction of the her-
pes simplex virus-thymidine kinase and co-application of gan-
ciclovir. Moreover, we proved that ECM modulation is relevant
in clinically applicable settings by using 3D multicellular tumour
spheroids, simulating in vivo environments more accurately. In
addition, we substantiated an alternative non-enzymatic method
to clear the ECM collagen component with losartan, a clinically
approved drug, and subsequently observed significant im-
provements of up to 2.4-fold in transduction rates. This combi-
nation therapy of AAVP-mediated anticancer treatment and
ECM depletion approach represents a powerful strategy that
could advance targeted bacteriophage-mediated cancer gene
therapy.
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Increased miR135a induced by Helicobacter pylori suppresses
cancer cell invasion and migration through down-regulation
of ROCK1 in gastric cancer
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Introduction MicroRNAs are known to play a role in the de-
velopment and progression of gastric cancer. Several studies re-
ported that Helicobacter pylori (H. pylori) status is associated with
good prognostic factor in gastric cancer patients. However, its
mechanism is unknown. We investigated the role of H. pylori,
miR-135a and its potential target, ROCKI in gastric cancer me-
tastasis. Methods The expression of miRNAs in gastric cancer by
H. pylori (G27 and ATCC43504) infection was analyzed by mi-
croarray and qRT-PCR. Mimic-miR-135a and anti-miR-135a were
transfected into gastric cancer cells. Luciferase assay with point
mutation, cell migration and invasion assays were performed. The
expression of miR-135a and ROCK1 were detected in 160 early
gastric cancers and their corresponding non-tumorous tissues by
qRT-PCR and western blot. Results H. pylori infection resulted in
increased expression of miR-135a and decreased expression of
ROCKI1, and suppressed cell migration and invasion abilities.
Mimic miR-135a treatment reduced the protein level of ROCK1,
and decreased cell migration and invasion in gastric cancer cells
and anti-miR-135a vice versa. miR-135a directly bound to the
3’'UTR of ROCKI. An inverse correlation was found between the
expressions of miR-135a and ROCK1 in gastric cancer patient
tissues (r=—0.789, P<0.001). Downregulated miR-135a and in-
creased ROCK1 protein expression were associated with numbers
of lymph node metastasis. Conclusion miR-135a functions as a
lymph node metastasis suppressor in gastric cancer. H. pylori may
act as a migration inhibitor by upregulating miR-135a through
down-regulation of ROCK1 expression in gastric cancer cells.
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Advanced proteomic and transcriptomic analyses to identify
diagnostic biomarkers predictive and/or indicative of response
to gene therapy treatment in patients with pancreatic cancer
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We have recently completed the first phase I gene therapy trial
for patients diagnosed with advanced and metastatic pancreatic
cancer using non-viral vectors to deliver chemo-sensitizing genes.
We found that the intra-tumoral injection of the gene therapy
product was safe and feasible and resulted in the presence and the
expression of the therapeutic genes in the tumors. Consequently,
tumor progression was inhibited and we speculate that patients
with locally advanced PDAC at the time of diagnosis may clinically
benefit from this approach. The identification of any biomarkers that
helps refine our therapeutic decision making would be immensely
helpful and represents a worthy goal. If validated, getting such a test
into routine clinical practice for patients with locally advanced
PDAC entering anticancer gene therapy clinical trial would still,
undoubtedly, represent a formidable challenge, but one very much
worth tackling. Consequently, we carried out several advanced
proteomic analyses to identify diagnostic biomarkers predictive
and/or indicative of treatment response and follow-up, to select
clinical trial participants and/or to tailor therapy for individual
patient. At present, it is unlikely that a single class of biomarkers will
be sufficient to reach our objective. Consequently, we also scruti-
nized other class of clinical biomarkers such as circulating miRNAs
that have the potential to revolutionize diagnosis and treatment of
pancreatic cancer. We already identified several biomarkers of
clinical interest using either nanoHPLC-Chip-MS/MS (nanoHPLC-
microfluidic chip cube interfaced to mass spectrometercapillary
electrophoresis coupled with mass spectrometry) or high through-
put qRT)PCR for peptide and miRNA identification, respectively.
The data collected herein that will be presented during this meeting
will offer the great opportunity to identify patient subpopulations
with differential response to the treatment to create a clear pre-
scription path for gene therapy in forthcoming clinical trials.
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Molecular and cellular mechanism of tumor dissemination
in the peritoneal cavity
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Peritonitis carcinomatosis is an advanced and intractable state
of gastrointestinal and ovarian cancers. Because this pathology
remains highly resistant to the current standard therapeutics and
shows high mortality ratio, its underlying mechanism requires
elucidation. Although organ distribution of peritoneal dissemi-
nation seems not to be completely random, the mechanism of
homing of cancer cells to the dissemination favor sites has been
largely unknown.

Here we demonstrate the molecular and cellular mechanism of
tumor dissemination. Surprisingly, we first identified hematopoi-
etic progenitors and stem-like cells in the peritoneal cavity lavage
fluid (PCLF), and these cells existed on SCF /CXCL12 cell niches at
the border area of mesenteric perivascular adipose tissue. Of
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interest, PLCF dramatically facilitated the process of the spheroid
formation of CT26 cancer cells with mediation by peritoneal col-
lagen type IV and plasma fibronectin, and spheres large enough to
be grossly visible within several hours and were promptly directed
to SCF/CXCLI12 cell niches in a CXCR4-dependent manner. Im-
portantly, spheroidal expression of CXCR4 was induced by
sphere-formation itself via the transcription factor Spl. These re-
sults are the first demonstration of the overall process of directional
tumor dissemination, and provide clues to the metastatic processes
of malignancies that could assist in treatment development.
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The overexpression of a RUNX1 truncated protein generated
by a novel (1;21)(p32;q22) chromosomal translocation impairs
the proliferation and differentiation program of human
hematopoietic progenitors
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RUNX1 gene chromosomal translocations and mutations are
frequent in acute myeloid leukaemia (AML), many times resulting
in the aberrant expression of C-terminal-truncated RUNX1 pro-
teins lacking the transactivation domain (TAD). Interestingly,
some AML-M2 patients anomalously over-express a RUNXla
splice variant with the same TAD deficit. We performed an in-
depth in vitro study of the role of TAD-defective RUNX1 proteins
in AML development in human hematopoietic/progenitor stem
cells. Transformation ability, maturation phenotype and differen-
tiation/proliferation effects were assessed. Short RUNX1 protein
expression seemed to increase both proliferation and self-renewal
ability, disrupting the differentiation program and interfering with
wild-type RUNX1b protein, in a dominant-negative, dose-depen-
dent manner. Expression microarray analysis showed that short
RUNX1 and RUNX1/ETO models had similar aberrant expres-
sion patterns. Genes known to be broadly involved in self-renewal
and leukemogenesis were found to be altered; specifically ob-
served were overexpression of homeobox genes, downregulation
of primitive erythroid genes and alterations in leukemogenic
transcription factors. The Wnt/b-catenin and RhoA pathways
were also observed altered, whereas short RUNXI1 proteins ap-
peared not to affect the Notchl pathway, which is altered in the
RUNX1/ETO model. Therefore, we propose that TAD-defective
RUNX1 proteins may contribute to leukemogenesis and could
form the basis of a new genetic category of AML.

P354

Nucleus-targeted maspin as genetic drug for gene therapy of
breast cancer
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Maspin (Mammary Serine Protease Inhibitor) is classified as
class II tumor suppressor. Maspin demonstrates antiapoptotic,
antimetastatic and antiangiogenic properties but its expression is
downregulated in malignant breast cancer and in most breast
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cancer cell lines. Maspin subcellular localization in cancer may be
cytoplasmic, nuclear or mixed. Our recent study on archived
breast cancer specimens from patients indicated positive corre-
lation between the level of maspin in cell nuclei and survivability
of patients and negative correlation with Ki-67 protein expression
in breast cancer tissue.

In order to evaluate the use of nucleus — targeted maspin for
breast cancer gene therapy we studied the effect of maspin lo-
calization and expression level on proliferation of breast cancer
cells. Three breast cancer cell lines: MCF-7, MDA-MB-231, SKBR-
3, and normal epithelial cell line from breast - MCF10A, were
transfected with plasmid encoding maspin — EGFP (fusion pro-
tein locates in cytoplasm) and maspin-NLS-EGFP (fusion protein
with nuclear localization signal locates in nucleus), and Ki-67
protein expression was evaluated. We observed the inhibitory
effect of maspin located in nucleus on cell proliferation in breast
cancer cell lines. A statistically significant correlation was found
between nuclear maspin and loss of Ki-67 protein in breast cancer
cell lines. There was no significant effect of nuclear maspin on cell
proliferation in MCF10A cells. The anti-proliferative effect of
nuclear maspin on breast cancer cells was also statistically sig-
nificant in comparison to cytoplasmic maspin. Thus the use of
exogenous nucleus - targeted maspin may have a strong potential
in gene therapy against breast cancer.
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BCR-JAK?2 gene fusion drives a myeloproliferative neoplasm
in transplanted mice
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Chromosomal translocations in tumors frequently produce fu-
sion genes encoding for chimeric proteins with a key role in on-
cogenesis. Recent reports described the presence of BCR-JAK2
fusion gene in patients with atypic chronic or acute myeloid leu-
kemia, however its role in leukemogenesis has not been demon-
strated. BCR-JAK2 encodes for a protein containing the BCR
oligomerization domain fused to the JAK2 tyrosine-kinase do-
main. We have recently described the functional behavior of this
chimeric protein, consisting of a constitutively phosphorylated IL-
3-independent tyrosine-kinase located at the cytoplasm and sig-
naling downstream via STATS5, thus eliciting the expression of
genes related to proliferation and survival such as Osm, Socs2 and
Bcl-XL. The expression of BCR-JAK2 in mouse hematopoietic
progenitors (Lin') increased the in vitro proliferation and survival
capacity of these cells. We also demonstrated the ability of a highly
selective JAK?2 inhibitor, TG101209, to abrogate this signaling and
trigger apoptosis in BCR-JAK2 expressing cells. BCR-JAK2 ex-
pressing Ba/F3 cells were also proved to induce tumorogenesis in
an immunodeficient mouse model. Finally, in vivo experiments in
which BCR-JAK2 Lin~ expressing cells were transplanted into le-
thally irradiated mice lead to a myeloproliferative syndrome
characterized by various malignant features including spleno-
megaly, leukocytosis and presence of immature cells in peripheral
blood. Immunophenotypic analysis also revealed expansion of the
myeloid lineage. Some mice showed dyserythropoiesis with
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defective development of erythrocytes and anisocytosis. Integra-
tion of the retroviral vector as well as BCR-JAK2 expression were
confirmed in different hematopoietic tissues. Taken together these
findings support the oncogenic properties of BCR-JAK2 both
in vitro and in vivo, and suggest that JAK2 inhibitors should be a
good therapeutic approach for these patients.
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Off-tumor expression of the target antigen does not predict
CAR-T cell killing: a foundation for the safety of CD44v6-
targeted T cells
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Introduction: Off-tumor expression of the target antigen raises
justified safety concerns about newly designed chimeric-antigen
receptors (CARs). We have recently developed a CAR targeting
CD44v6 and demonstrated potent antitumor effects against acute
myeloid leukemia and multiple myeloma. Since CD44v6 im-
munotoxins have caused severe adverse events, it is crucial to
pre-clinically evaluate the potential off-tumor toxicities of
CD44vé6-targeted T cells.

Aim: To profile the off-tumor expression of CD44v6 and to
verify the susceptibility of expressing cells to CAR-T cell killing.

Results: Quantitative PCR analysis on a wide panel of cDNA
from normal tissues revealed low-level CD44v6 expression only on
flat stratified epithelia, e.g. skin, oral mucosa. Of the different cells
of the hematopoietic system analyzed, including CD34 hemato-
poietic stem cells (HSCs), only circulating CD14 monocytes ex-
pressed CD44v6. Interestingly, tissue-resident monocyte-derived
cells analyzed by immunohistochemistry, e.g. lymph-node mac-
rophages, brain microglia and liver Kuppfer cells, were completely
CD44v6-negative. In co-culture experiments, at the E:T ratios that
result in the complete elimination of tumor cells and monocytes by
CD44vo6-targeted T cells, keratinocytes were strikingly completely
spared. Interestingly, CD44v6-targeted T cells also failed to pro-
duce cytokines in response to keratinocyte, suggesting non-pro-
ductive CAR-mediated recognition. Comparative analysis of
accessory molecules, showed that, differently from tumor cells and
monocytes, keratinocytes expressed significant lower levels of
adhesion/costimulatory molecules (ICAM-1, LFA-3, CD86), but
higher levels of the critical check-point molecule PD-L1.

Conclusions: Differently from CD44v6 immunotoxins, thera-
peutic doses of CD44v6-targeted T cells may be at low risk for
causing skin toxicity due to lack of costimulation/PD-L1 ex-
pression on keratinocytes.
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Development and preclinical evaluation of a lentiviral based
anti-HIV therapeutic vaccine
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Theravectys, spin-off the Pasteur Institute, develops a new
generation of prophylactic and therapeutic vaccines using
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optimized lentiviral vectors. It's most advanced product, a
therapeutic anti-HIV vaccine treatment, has entered clinical
Phase I/11. This vaccination should allow seropositive patients to
gain an immunological status identical to the so-called “Func-
tional Cured” patients who develop an efficient immunological
response capable of controlling the infection without therapy.

Vaccine candidates are integrative and self-inactivated live-
recombinant lentiviral vectors. They encode an HIV antigen,
under the regulation of a patented promoter that is preferentially
induced in APC (generating of a strong, specific and long lasting
T-cell immune response), and showing a basal level expression in
all cells (allowing their elimination by the settled immune re-
sponse). Furthermore, Theravectys developed a vaccination
regimen based on iterative immunizations with lentivectors en-
coding the same HIV transgene, relying on different VSV-G se-
rotypes for pseudotyping without generating cross-neutralizing
antibodies. These vaccine candidates are classified as “Live re-
combinant vectored vaccines” (EMA, 2011).

Theravectys set up an innovative manufacturing process
combining high production yields, impurity profiles compatible
with direct injections into humans and high immunogenicity.
Pilot and GMP batches have been manufactured and GLP pre-
clinical studies (amongst which biodistribution, shedding and
toxicity) performed, that showed the restricted diffusion of the
vaccine candidates after injection and their fast disappearance
within few weeks, correlated with an absence of macroscopic and
microscopic toxicity.

These data allowed the settlement of an anti-HIV therapeutic
Phase I/1I clinical trial that has received the authorizations of the
French and Belgium regulatory agencies in 2012. This trial will be
held in France and Belgium and is enrolling of 36 HIV-1 infected
patients. Theravectys’ anti-HIV vaccine treatment will be as-
sessed at three doses and safety, tolerability and immunogenicity
compared to a placebo group. Results are expected by 2014 with
intermediary analyses in November 2013.
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Serotype 5/3 chimeric oncolytic adenovirus coding for GM-
CSF for treatment of melanoma: results in vitro, in rodents and
humans
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Metastatic melanoma can be highly aggressive and refractory
to irradiation and chemotherapy. Consequently, approaches
such as ipilimumab and vemurafenib have gained attention re-
cently. Malignant melanoma patients could benefit from onco-
lytic immunotherapy, since melanoma is classically an
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“immunogenic tumor” and oncolytic virus replication is an im-
munogenic phenomenon.

This study evaluated the effect of the oncolytic adenovirus
Ad5/3-D24-GMCSF (CGTG-102) on a panel of melanoma cell
lines and animal models, and summarized the available mela-
noma specific human data from the Advanced Therapy Access
Program (ATAP), in preparation for further clinical development.

Efficacy was seen in all the human melanoma cell lines ana-
lyzed. Furthermore, due to the chimeric capsid, coxsackie-ade-
novirus receptor (CAR) deficiency of primary melanoma cells
such as low-passage pMelL, that renders them resistant to viru-
ses with Ad5wt capsids, is overcome.

Ad5/3-D24-GMCSF displayed effective antitumor activity in
nude mice bearing subcutaneous SK-MEL-28 melanoma xeno-
grafts, particularly when combined with low-dose cyclophos-
phamide. A total of 9 patients with treatment refractory
melanoma were treated in the ATAP. The treatment appeared
safe and well-tolerated. In 4 patients, the radiological benefit was
evaluated by RECIST, detecting minor response in one case, two
cases of stable disease and one of progressive disease. All patients
were progressing and refractory to other forms of therapy prior
to treatment with Ad5/3-D24-GMCSF. Interestingly, 2 patients
are still alive at 1501 and 559 days after virus treatment.

Thus, Ad5/3-D24-GMCSF appears to be promising for treat-
ment of melanoma. Further clinical testing is important to sup-
port and expand the data in more uniform patient populations.
Additional studies are currently ongoing to investigate the im-
munostimulatory effects of GM-CSF in this context.
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Adeno-associated virus vectors expressing IFN-f induction
pathway activating elements as alternative antiviral treatment
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Detection of pathogens by cells is a key event of defense
against infections. RIG-I like receptors (RLRs) detect specific
RNAs produced by virus replication and activate a signaling
cascade that results in the production of interferon beta (IFN-f)
as well as several other antiviral and proinflammatory cytokines.
Conventional type I IFN treatments are based on administration
of recombinant purified protein or administration of different
vectors that can produce type I IEN. Despite its proven antiviral
and antitumoral effects, many individuals do not respond to
administration of such type I IFNs. This is particularly relevant in
the treatment of patients with chronic hepatic infections and
those with certain type of tumors. We hypothesize that triggering
of RLR pathways instead of direct IFN administration is a valid
alternative for the induction of antiviral, antiproliferative and
proinflammatory genes. We have developed adeno-associated
virus (AAV) vectors expressing different elements of the RLR
dependent pathway. We have observed an efficient IFN-f in-
duction by the constructs generated in a broad spectrum of cells
from different species. Those vectors have been tested for their
ability to induce IFN-f, creating an antiviral state in different
in vitro and in vivo models and to synergize with the host immune
system to combat viral infections. We propose the use of our
strategy as an alternative of malignancies currently treated with
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recombinant type I IFN as well as those that are refractory to such
type I IEN treatment like some IFN-treated resistant chronic viral
infections.
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Immunomodulation and anti-cancer activity of REIC/Dkk-3
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The REIC/Dkk-3 gene has been reported to be a tumor sup-
pressor gene and the expression is significantly downregulated in
a broad range of cancer cell types. Our previous study has re-
vealed a cytokine-like role of REIC/DKkk-3 protein in monocyte
differentiation to dendritic cells and it is likely that REIC /Dkk-3
possesses anti-cancer immunemodulatory function. We herein
investigated the anti-tumor effects and immunological aspects of
recombinant REIC/Dkk-3 protein in an orthotopic murine renal
cancer (RENCA) model with pre-established lung metastases. As
a result, significant inhibition of tumor growth was observed in
the high-dose (100 microgram i.p. x 13 times) treatment group in
comparison to the PBS and low-dose (10 microgram i.p.x13)
treated groups. In the flow cytometric analysis, the percentage of
dendritic cells (DC), active cytotoxic T lymphocytes (CTL) in the
blood of high-dose group was significantly increased in com-
parison to those in PBS and low-dose treatment groups. Inter-
estingly, the percentage of myeloid derived suppressor cells
(MDSC) in the high-dose group was significantly down-regu-
lated in comparison to that in PBS group. These results indicate
that recombinant REIC/DKkk-3 protein serves as novel protein
therapeutics of cancer, activating systemic anti-cancer immunity.
Currently, a clinical trial for prostate cancer using adenoviral
vector encoding REIC/DKkk-3 gene is on-going in our institution
and some definite therapeutic effects have been observed. As
well as the utility of REIC/Dkk-3 based gene therapy, the protein
therapy with recombinant REIC/Dkk-3 protein could be useful
in the treatment of some types of cancer diseases.
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Malaria, caused by Plasmodium parasites, remains one of the
most prevalent infectious diseases due to the lack of an efficient
and safe vaccine. In mice, genetically-attenuated parasites (GAP)
that arrest in the liver have been shown to induce sterile immu-
nity upon triple administration. To better understand the host
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factors controlling the Plasmodium liver stage, we profiled hepatic
miRNAs in mice after inoculation with wildtype (wt) or GAP
sporozoites. Strikingly, microarray and qRT-PCR data revealed a
dysregulation of 31 miRNAs. The strongest upregulation was
noted for miR-155, a miRNA known to exert critical functions in
mammalian immunity. Using AAV8 vectors, we could artificially
inhibit or over-express host miR155 in vivo to study its effect on
GAP-mediated protective immunity. Interestingly, treating mice
with a miR-155 sponge vector reduced GAP-induced immunity.
Vice versa, we found that GAP vaccination capacity could be
significantly improved by miR-155 over-expression, as in these
mice single GAP priming already sufficed to confer complete
protection against wt challenge. To dissect the underlying
mechanisms of this protection, we investigated miR-155 targets
with negative regulatory functions in immunity. Remarkably we
found that in vivo suppression of these targets closely recapitu-
lated the results of miR-155 over-expression. Our work provides
the first in vivo evidence for a substantial involvement of the
mammalian miRNA/RNAi machinery in the Plasmodium liver
stage. The use of well established AAV vectors to regulate miR-
NA or target gene expression is a new approach to improve the
protective capacity of attenuated parasites in an anti-malarial
vaccination regime.
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Interleukin-12 (IL-12) is an immuno-stimulatory cytokine that
has shown strong antitumor effects in animal models of liver
cancer. In order to overcome the severe toxicity associated with
its systemic administration, we have previously assayed strate-
gies based on IL-12 gene transfer to tumor cells or to the sur-
rounding liver tissue. Promising results were obtained with both
a recombinant Semliki Forest virus (SFV) vector expressing high
levels of IL-12 (SFV-IL-12) after intratumoral injection, and with a
plasmid vector (pTonL2(T)-mIL12) that allows liver-specific and
inducible IL-12 expression. The aim of the present study was to
compare the antitumor responses induced by both systems in a
clinically relevant animal model of hepatocellular carcinoma
(HCC) developed in L-PK/c-myc transgenic mice. These animals
overexpress c-myc oncogene in the liver, giving rise to sponta-
neous hepatic tumors with latency, histopathology, and genetic
characteristics similar to human HCCs. We observed that in-
tratumoral inoculation of SFV-IL-12 induced growth arrest in
most tumors providing 100% survival rate, in contrast to no
survival in control animals. Similar results were obtained with
hydrodynamic injection of pTonL2(T)-mIL12 and long-term in-
duction of IL-12 expression in the liver. However, tumor arrest
was less evident in plasmid-treated mice and the survival rate
was slightly lower, despite higher and more sustained levels of
IL-12 and IFN-gamma in serum. The fact that SFV-IL-12 was able
to induce apoptosis of tumor cells and a type-I IFN response
specifically in the tumor could explain why short-term IL-12
expression from this vector was sufficient to mediate an antitu-
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moral response as strong as that induced by long-term IL-12
expression provided by pTonL2(T)-mIL12. Since SFV-IL-12 could
reduce the possible toxicity associated to long-term IL-12 ex-
pression we believe that this vector could have potential appli-
cation for HCC gene therapy.

P366

Enhanced proliferation and tyrosine kinase pathway
engagement in 4-1BB domain-containing CAR T cells
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Chimeric antigen receptor (CAR)-expressing T cells incorpo-
rating a 4-1BB signaling domain in the CAR have impressive
efficacy in patients with B cell leukemia. We have compared a
third generation (3G) CAR including CD3-zeta, CD28 and 4-1BB
signaling domains with an otherwise identical CAR that lacks 4-
1BB (2nd generation CAR; 2G). CAR T cells targeting CD19 were
generated from healthy donors and patients with chronic lym-
phocytic leukemia by retroviral transduction. CAR expression,
cytotoxicity and phenotype were unaffected by incorporation of
4-1BB. T cells made from healthy individuals reacted equiva-
lently to CD19 target cells with proliferation and reduced tumor
growth in mice equally well. However, when the 3G CAR T cells
were derived from leukemic patients they showed better prolif-
eration than 2G CAR T cells. To compare the activation status of
intracellular signaling pathways in 3G and 2G CARs, the CAR T
cells were stimulated with CD19 targets and analyzed with a
tyrosine kinase array (PamGene). 3G CAR T cells had less acti-
vation of tyrosine kinases at 1 hrs than 2G cells. Since both types
of CAR T cells were normalized at 3hrs post stimulation, the
difference at 1hrs may represent a faster reset of the tyrosine
kinase pathways in the 3G cells. Signaling molecules, including
ZAP70, LAT and Jakl, were phosphorylated in both groups
while LCK, and Jak2 were more active in 2G. Conversely, cal-
modulin was phosphorylated in 3G. Taken together, these data
show that 4-1BB signaling gives a proliferative benefit as well as a
modulated tyrosine kinase response in T cells from leukemia
patients.
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Adoptive immunotherapy using Chimeric Antigen Receptor
(CAR) gene modified T cells, which can recognize antigen in
HLA independent manner, is a promising strategy to treat cancer
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and autoimmune diseases. First-generation CARs consist of the
intracellular domain (ICD) of CD3z, while second-generation
CARs have an additional ICD from various co-stimulatory pro-
tein receptors (e.g. CD28, 41BB, ICOS) to enhance effector func-
tions and prolong in vivo survival of CAR expressing T cells.

Glucocorticoid-induced TNF-receptor (GITR), a member of the
TNF receptor superfamily, is known to inhibit the suppressive
activity of regulatory T cells and extend the survival of T-lym-
phocytes. In order to extend T cell survival and inhibit the sup-
pressive activity of regulatory T cells, we have developed our
novel second and third generation CARs containing GITR ICD.
We found that the position of GITR ICD in the signaling domains
was crucial for proper expression of CARs, as our second gen-
eration CARs having a signaling domain “CD3z-GITR” were
efficiently expressed, while expression of CARs with “GITR-
CD3z” was extremely low. With a comprehensive evaluation of
the CAR constructs, we have optimized the construction of CAR,
and our novel second and third generation CARs containing
GITR ICD were highly expressed with antigen specific cytokine
secretion in vitro. And we have examined the persistence and
tumor suppression activities of the second and third generation
CAR’s gene modified T cells in tumor-bearing NOD/SCID (non-
obese diabetic/severe combined immune-deficient) mice. We
believe our novel CARs containing GITR ICD may be promising
for CAR gene therapy.
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Cell surface expression of HLA class I molecules (heavy chain
with beta2-microglobulin) in tumor cells is required for the pre-
sentation of tumor-associated peptides to cytotoxic T cells.
Hence, the elimination of tumor cells by the immune system and
the success of cancer immunotherapy depend on the proper ex-
pression of HLA class I molecules. However, frequently, tumor
cells lose HLA class I expression and escape immune recognition
leading to dissemination of HLA-negative tumor cell variants
with underlying structural genetic defects. We have previously
demonstrated that generation of progressing post-immunother-
apy metastatases in melanoma patients or local tumor recurrence
in bladder carcinoma patients after Bacillus Calmette-Guerin
(BCG) therapy correlates with alterations in tumor HLA class I
expression. More profound structural alterations in HLA class I
expression were found in post-BCG recurrent tumors than in
pre-BCG lesions. These results suggest that immunotherapy
stimulates elimination of HLA-positive tumor cells and immune
selection of HLA-negative cells with underlying genetic alter-
ations in HLA genes. Therefore, the concept of recovering the
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tumour HLA class I expression using gene therapy has emerged
as an attractive new strategy. In particular, this approach could
be successfully applied to increase the efficacy of BCG immu-
notherapy in bladder cancer, since it involves local treatment in a
form of intravesicular instillations. In addition, selection of an
appropriate vector, as well as in vitro bioassays characterizing
vector transduction efficiency are becoming increasingly impor-
tant. Here we present pre-clinical data demonstrating the efficacy
of adenoviral vector coding for b2m protein and adeno-associ-
ated vectors to restore tumor HLA class I expression in various
types of malignancy with the focus on bladder carcinoma. We
believe that upregulation of tumor HLA class I expression by
gene therapy in combination with immunotherapy and chemo-
therapy, is a promising approach in fighting cancer.

P369
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Oncolytic vaccinia viruses have many appealing characteris-
tics as cancer therapeutics. Furthermore, arming the virus with
immunomodulatory proteins can activate the immune system at
the tumor site. CD40 ligand can suppress tumor cell proliferation,
induce apoptosis of tumor cells and triggers several immune
mechanisms. CD40 is expressed on CD4 T-cells, macrophages
and dendritic cells and binds to the CD40 receptor on the
membrane of antigen-presenting cells. Interactions between
CD40L and its receptor CD40 provide critical co-stimulatory
signals that trigger T-lymphocyte expansion and increase IL-12
production which is required for the engagement of cytotoxic T
lymphocytes in the anti-tumor immune response. Therefore, we
constructed a double-deleted oncolytic vaccinia virus expressing
human soluble CD40L (vvdd-hCD40L). We also sought to assess
the induction of immune responses in a immunocompetent
syngeneic mouse model. For this purpose we also constructed
vvdd-mCD40L which is based on the same backbone virus but
expressing murine CD40L. For the detection and imaging of the
virus also tdTomato fluorochrome was cloned into the virus
construct.

We show effective expression of functional CD40L both in vitro
and in vivo. In a xenograph model of bladder carcinoma, we
show that tumor growth was significantly inhibited by the on-
colysis and apoptosis. We also show that the vvdd-CD40L pro-
motes more immunogenic form of cell death compared to the
control virus. To gain a more in-depth understanding of the
mechanisms of CD40L in modulating the immune response, we
analyzed tumors for different markers of the immune system in a
immunecompetent murine melanoma model.
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Treatment with Ad5/3-D24-hGMCSF results in redistribution
of T-cell subsets in a murine melanoma model
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A Kanerva'”?, M Vihi-Koskela!, and A Hemminki'
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Background and hypothesis: Oncolytic virotherapy is the use
of tumor cell specific, conditionally replicative viruses in the
treatment of cancer. Besides lysing tumor cells, viruses trigger
immune responses that may participate in tumor destruction. We
have observed transient lymphopenia (i.e. decrease of lympho-
cyte levels in blood) in cancer patients treated with Ad5/
3-D24-hGMCSF, a 5/3 capsid modified adenovirus coding for
granulocyte macrophage colony-stimulating factor (GMCSF).
We hypothesize that oncolytic virus infection can induce re-
cruitment of T cells from blood to the tumor.

Methods: We compared T cell distribution in immunocom-
petent C57/BL6 mice harboring subcutaneous B16.OVA mela-
noma tumors treated with six consecutive daily injections of
Ad5/3-D24-hGMCSF to control mice treated with saline. We
assessed kinetics of both total lymphocytes as well as tumor
(OVA)-specific CD8 T cells in blood, spleen and tumor by FACS
at three time points post treatment.

Results: We observed that virus induced accumulation of
OVA specific CD8 T cells at the tumor site over time, concomitant
with a low count of these cells in blood and a transient spike in
the spleen. Moreover, the total amount of CD3, CD8 and CD19
immune cells increased in the adenovirus treated tumors at later
time points.

Conclusions: Intratumoral adenovirus infection can result in
redistribution of immune cell subsets and thus induce anti-tumor
responses in our animal model. Whether this phenomenon is
linked to the transient blood lymphopenia seen in cancer patients
remains to be studied.
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In vitro generation of regulatory T Lymphocytes is improved
at physiological oxygen levels

TMA Neildez—Nguyenl, ] Bigotl, S Da Rocha?, G Corre!,
A Paldi !, and A Galy'

"mserm UMRY51, Ecole Pratique des Hautes Etudes, UEVE,
Généthon, Evry, France

Regulatory T cells (Tregs) are central element of cell-mediated
immune tolerance. In this regard, CD4 CD25 Foxp3 Tregs could be
used for immunotherapy, as well as for immune tolerance to
therapeutic proteins expressed by means of gene transfer. Such
cells can be obtained in vitro in mice by stimulation of naive CD4 T
cells with anti-CD3/CD28 beads, in the presence of TGF-b and IL-
2. It has been reported that the oxygen levels used for the culture of
primary lymphocytes can impact on their proliferation rate and
function, and modulate the activity of some proteins involved in
the maintenance of Treg cell compartment. This led us to investi-
gate if oxygen levels (atmospheric (20%) or physiological (5%)
oxygen levels), could influence the efficiency of Treg induction in a
culture system. Using bead-stimulated splenic CD4 T cells from
Foxp3 KI-GFP TCR transgenic mice, we found that greater yields
of induced-Tregs were obtained under physiological oxygenation,
resulting not from better viability but from a higher proliferative
rate of the committed Tregs, which could be facilitated by a higher
expression at the cell membrane of Glutl. These results have im-
portant implications in developing in vitro protocols for optimi-
zation of the induction of Treg lymphocytes from naive T cells.

A165

P372

Oncolytic adenovirus expressing IL-23 and p35 elicits IFN-y-
and TNF-a-co-producing T cell-mediated antitumor immunity

I-K Choi!, Y Li!, E Oh!, and C-O Yun!

"Department of Bioengineering, College of Engineering, Hanyang
University, 17 Haengdang-dong, Seongdong-gu, Seoul, Korea

Cytokine immunogene therapy is a promising strategy for cancer
treatment. Interleukin (IL)-12 boosts potent antitumor immunity by
inducing Th 1 cell differentiation and stimulating cytotoxic T lym-
phocyte and natural killer cell cytotoxicity. IL-23 has been proposed
to have similar but not overlapping functions with IL-12 in inducing
Th1 cell differentiation and antitumor immunity. However, the
therapeutic effects of intratumoral co-expression of IL-12 and IL-23
in a cancer model have yet to be investigated. Therefore, we in-
vestigated for the first time an effective cancer immunogene therapy
of syngeneic tumors via intratumoral inoculation of oncolytic ade-
novirus co-expressing IL-23 and p35, RAB/IL23/p35. Intratumoral
administration of RdB/IL23/p35 elicited strong antitumor effects
and increased survival in a murine B16-F10 syngeneic tumor model.
The levels of IL-12, IL-23, interferon-y (IFN-y), and tumor necrosis
factor-a (TNNF-a) were elevated in RdB/IL23/p35-treated tumors.
Moreover, the proportion of regulatory T cells was markedly de-
creased in mice treated with RdB/IL23/p35. Consistent with these
data, mice injected with RdB/IL23/p35 showed massive infiltration
of CD4 and CD8 T cells into the tumor as well as enhanced in-
duction of tumor-specific immunity. Importantly, therapeutic
mechanism of antitumor immunity mediated by RdB/IL23/p35 is
associated with the generation and recruitment of IFN-y- and TNF-
a-co-producing T cells in tumor microenvironment. These results
provide a new insight into therapeutic mechanisms of IL-12 plus IL-
23 and provide a potential clinical cancer immunotherapeutic agent
for improved antitumor immunity.
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Natural killer cell production under good manufacturing
practice conditions to treat cancer patients

A Pérez-Martinez', S. Santamaria?, MA Varela®, A Leivas®,
J Valentin®, L Fernandez®, and ] Martinez’

Interest in natural killer (NK) cell based cancer immunother-
apy has emerged since biotechnology allows purification and
expansion of large number of clinical grade cells.

NK cell selection from leukaphereses and NK cell expansion
from peripheral blood mononuclear cells remain the most com-
mon cell procedure. In the present study, we demonstrate the
feasibility of both methods for the large-scale NK cell production
under good manufacturing practice (GMP) conditions. Fourteen
NK cell products were obtained and infused, 8 from un-
stimulated healthy donor leukaphereses using immunomagnetic
CD3 T-cell depletion, followed by a CD56 cell enrichment step
and overnight exvivo IL-15 activation, and 6 from 2 weeks co
culture of myeloma patients peripheral blood mononuclear cells
(PBMCs) with irradiated GMP K562mb-IL15-41BBL cell line. The
immunomagnetic process resulted in a median number of
1,15% 107 cells with both purity and viability of 94% and 85%,
respectively. The T cell population was lower than 1x10°. The
expansion and activation process resulted in a median number of
1,02 x 10° cells with both purity and viability higher than 93% and
86%, respectively. The T cell population was 11x10°. In vitro
cytotoxic activity against various cancer cell lines was enhanced
respecting non-tumour cells in both processes. In vivo antitumor
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effect was also observed in tumour xenograft NSG mice models
with both processes. No toxicities were observed during infusion
either autologous neither allogeneic setting. In conclusion, anti-
tumour activated NK cells can be obtained in a GMP-compliant
facility and may be infused without any side effects.
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RGD sequence beside Mda-7 protein for tumor targeting; not
always works?!

S-Y Hosseini!, N Erfani?, S Ahmadian®, F Shenavar?, S Bina®,
M Khodadad', M-R Fattahi!, R Hajhosseini 4 M-R Fattahi', and
R Hajhosseini*
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University Of Medical Sciences, Iran; *Cancer institute, shiraz
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Biophysics (IBB), University Of Tehran, Iran; *Department Of
Biochemistry, Payame noor University, Tehran Shargh Branch

Background and Aims: Based on previous achievements for
mda-7 therapy as an antitumor cytokine, to improve its bystander
effect we decided to construct and evaluate vectors including
Mda-7 conjugated with two types of RGD peptide at the end.

Materials and methods: Three sequences including Mda-7
alone, Mda-RGD full and Mda-RGD truncate were amplified by
PCR and cloned into TA-cloning vector. Thereafter three resul-
tant genes were sub-cloned into expression vector then evaluated
by colony PCR, restriction digestion analysis and sequencing.
They were transfected into Hep-G2 cell then their expression
evaluated by RT-PCR and immunofluorescent assay. The sur-
vival rate of cells was first measured using MTT assay. Apoptosis
was analyzed by flow cytometry using PI/ Annexin staining kit.
The expression of BAX and MCL-ImRNA also were evaluated by
Real time-PCR as final step.

Results and conclusion: Suitable Expression of three genes
were confirmed by RT-PCR and IF. The IF result showed the
coincidence expression of Mda-7 in those transfected cells which
were shined in green due to plasmid GFP expression. Results
from the MTT assay showed significant increase of proliferation
inhibition by plasmid expressing Mda-7 and those with trun-
cated RGD. Surprisingly flow cytometry analysis showed sig-
nificant apoptosis induction by Mda-7 gene but not for those
RGD tagged Mda-7 containing plasmids. The expression level of
BAX was increased again in Mda-7 and Mda-RGD truncated but
it was not the case in Mda-RGD full and in opposite MCL-I
mRNA level was similar in all gene indicating it, s relative sup-
pression by all test groups. Conclusively opposite to our expec-
tation RGD full and even truncated form didn’t improve our
Mda-7 protein anti-apoptosis property demonstrating further
need to precise design of new constructs again.

Key words: Mda-7, RGD peptide, apoptosis.
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Modulating co-stimulation during antigen presentation to
enhance cancer immunotherapy
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Dendritic cells (DCs) are the most potent professional antigen
presenting cells (APCs) of the immune system. DCs provide three
different signals to activate effector T cells during antigen pre-
sentation. Signal 1 is delivered by the binding of the T cell re-
ceptor (TCR) to the peptide antigen complexed to MHC
molecules, which is exposed on the surface of DCs. Signal 2 is
provided by the integration of positive and negative co-stimu-
latory interactions on the surfaces of DCs and T cells. In order to
direct the differentiation of T cells into different subtypes a third
signal is induced by the secretion of cytokines by the DCs.

To enhance cancer immunotherapy we have developed a
lentivector, which simultaneously modulates these three signals.
First, an antigen of interest is included in the lentivector to pro-
vide signal 1. Second, a PD-L1-targeted shRNA that eliminates
PD-L1 expression on DCs reinforces positive co-stimulation
(signal 2). And finally a cytokine array to modulate signal 3 is
expressed to induce the desired anti-cancer effector T cell re-
sponse.

Using this lentivector expression system, we expressed a col-
lection of Thl-, Th2-, Th17-, and Treg-inducing cytokines and
evaluated their antigenicity in cultured DCs. We also evaluated
these lentivectors by vaccination in mice and found that we could
induce distinct T cell profiles combined with low Treg numbers.
Finally, we have data demonstrating anti-tumour activities of
some of these constructs in a mouse model for melanoma.

Concluding, we have developed a lentivector system that is
capable of activating as well as fine-tuning adoptive T cell re-
sponses according to the disease in question and that induces
in vivo anti-tumour responses in mice.
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Interference with PD-L1/PD-1 co-stimulation during antigen
presentation enhances the multifunctionality of antigen-
specific T cells

K Breckpotl, J7J. Pen!, B De Keersmaecker!, C Heirman',
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Immunology-Physiology, Vrije Universiteit Brussel, Brussels,
Belgium; “Division of Infection and Immunity, Rayne Institute,
University College London, London, United Kingdom;
*Navarrabiomed-FMS, Pamplona, Spain

The release of cytokines by T cells strongly defines their
functional activity in vivo. The ability to produce multiple cy-
tokines has been associated with beneficial immune responses
in cancer and infectious diseases, while their progressive loss is
associated to T cell exhaustion, senescence and anergy. Conse-
quently, strategies that enhance the multifunctional status of T
cells are key for immunotherapy. Dendritic cells (DCs) are
professional antigen presenting cells that regulate T cell func-
tions by providing positive and negative co-stimulatory signals.
A key negative regulator of T cell activity is provided by
binding of programmed death-1 (PD-1) receptor on activated T
cells, to its ligand PD-L1, expressed on DCs. We investigated the
impact of interfering with PD-L1/PD-1 co-stimulation on the
multifunctionality of T cells, by expression of the soluble ex-
tracellular part of PD-1 (sPD-1) or PD-L1 (sPD-L1) in human
monocyte-derived DCs during antigen presentation. Expres-
sion, secretion and binding of these soluble molecules after
mRNA electroporation were demonstrated. Modification of
DCs with sPD-1 or sPD-L1 mRNA resulted in increased levels of
the co-stimulatory molecule CD80 and a distinct cytokine
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profile, characterized by the secretion of IL-10 and TNF-«, re-
spectively. Co-expression in DCs of sPD-1 and sPD-L1 with
influenza virus nuclear protein 1 (Flu NP1) stimulated Flu NP1
memory T cells, with a significantly higher number of multi-
functional T cells and increased cytokine secretion, while it did
not induce regulatory T cells. These data provide a rationale for
the inclusion of interfering sPD-1 or sPD-L1 in DC-based im-
munotherapeutic strategies
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Long-term expression of interferon alpha fused
toapolipoprotein A-I allows the development of vaccine-
induced adaptive immuneresponses

M Vasquez], F Aranda’, N Ardaiz!, ] Fioravanti!, C Gomar',
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G GonzéleZ-Aseguinolazal, ] Prieto!, and P Berraondo®
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Interferon alpha (IFNw) is a key cytokine for the development
of adoptive immune response due to its role as signal 3 in CD8
activation. However, the high and frequent doses used for the
treatment of chronic viral hepatitis and cancer subvert the im-
munomodulatory capacity of IFNa, boosting the NK cell activi-
ties and abrogating the CD8 -mediated immune responses.

In this work, we modeled the long-term treatment with IFNo
expressing in the liver of mice this cytokine by a recombinant
adenoassociated virus.

The sustained production of IFNu« exerted a potent antiviral
effect in hepatitis B transgenic mice and in mice infected by a
lethal dose of encephalomyocarditis virus. However, these anti-
viral effects were associated with a profound hematological
toxicity, and with a chronically activated immune system that
presented an exhausted phenotype.

Interestingly, the long term expression of IFNu« fused to apo-
lipoprotein A-I exerted a similar antiviral effect but minimized
the hematological toxicity and the exhaustion of the immune
system. In this case, the activity of vaccines designed to boost the
adaptive immune responses was preserved.

In conclusion, IFN« fused to apolipoprotein A-I maintains the
potent antiviral activity of IFN« and the capacity of the adaptive
immune system to respond to other immunotherapies designed
to boost cytotoxic T cell responses able to eradicate established
tumors or chronic viral infections.
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Pre-T cell receptor for improved expansion of TCR« disrupted
T cells

R Galetto!, C Lebuhotel®, L Poirot!, C Schiffer Mannioui’,
J Smith!, and A Scharenberg1

ICellectis Therapeutics

Recent data have emerged from adoptive T-cell therapies
where exogenous expression of a chimeric antigen receptor
(CAR) has been shown to confer cancer recognition on autolo-
gous T cells. However, the ability to apply this technology in an
allogeneic setting would permit the generation of universal “off
the shelf” T cells that would overcome many current technical
and logistic hurdles to the practical application of adoptive im-
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munotherapies. Transcription Activator-Like Effector Nucleases
(TALEN™) can be used to inactivate the T cell receptor (TCR)
alpha gene, eliminating the TCR and thus the potential of graft
versus host disease (GVHD), one of the major obstacles towards
an allogeneic approach. However, TCR disruption also results in
the elimination of the CD3 signaling complex from the T-cell
surface, and thus may alter the cells’ capacity for expansion and/
or survival.

The pre-T cell receptor (pre-TCR) is expressed by immature
thymocytes and is crucial for T cell development. Pre-TCR con-
sists of an invariant pre-T alpha chain, variable rearranged TCR
beta chains and CD3 signaling components. In contrast to the
TCR, which requires interaction with peptide-loaded major his-
tocompatibility complexes to initiate T cell signaling, the pre-TCR
is thought to signal through a ligand-independent mechanism
that occludes TCR surfaces required for MHC interaction. Here
we demonstrate that the expression of the invariant pre-T alpha
chain, in the absence of TCR alpha, results in the restoration of
CD3 at the cell surface in association with a pre-TCR. Cells with
preTCR/CD3 complexes have an improved life span, and can be
expanded ex vivo through standard CD3/CD28-based bead
methods. Application of this technology in association with al-
logeneic CAR modified T cells will also be presented.
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Targeted disruption of endogenous TCR expression by
transcription activator-like effector nucleases
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The introduction of high avidity T-cell receptor (TCR) genes
into T-cells for adoptive T-cell therapy holds a lot of promises
for the clinics, but still comprises certain challenges. The parallel
expression of endogenous and exogenous TCR-chains provokes
competition for surface expression, thereby reducing the avidity
for their respective antigens. Furthermore, mispairing of en-
dogenous and exogenous «- and f-chains may occur and result
in the generation of TCR with unpredictable specificities, po-
tentially leading to autoimmunity. Designernucleases like
transcription activator-like effector nucleases (TALEN) can be
used for targeted genome editing. Upon dimerization of a TA-
LEN-pair, specific DNA double strand breaks (DSB) are intro-
duced, potentially resulting in permanent gene knockout
during DSB repair. To disrupt endogenous TCR expression, we
assembled seven TALEN monomers targeting the constant re-
gions of the TCR a-chain (TRAC) and the TCR f-chain (TRBC1
and TRBC2), respectively. The TALEN monomers where
designed for possible dimer combinations with 12 bp-and 15 bp-
spacers. In order to minimize unspecific off-target activity,
obligate heterodimeric TALEN were included. TALEN activity
at the target sites was examined in 293T, K562 and Jurkat cells
using Cell-Assay and deep-sequencing. Here we show the
specific DSB induction by homodimeric and obligate hetero-
dimeric TALEN with mutation frequencies of up to 22%. In-
deed, only TALEN separated by a 15bp-spacer were active.
TALEN specificity was examined by the identification of in-
tegrase-deficient lentiviral vector (IDLV)-marked TALEN-
induced DSB by LAM-PCR. TALEN that show high efficiency
and specificity to their target sequence will be used for safe and
effective TCR knockout in primary T-cells.
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Lymphatic regeneration and de novo antigen-specific human
T and B cell responses in humanized mice after dendritic cell-
mediated gene therapy
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We explored dendritic cells (DC) to address a major problem in
hematopoietic stem cell transplantation (HSCT), namely several
weeks of profound immune deficiency and lack of functional
adaptive immune responses. We performed human HSCT with
CD34 cells from G-CSF mobilized peripheral blood into NO-
D.Ragl-/-IL2r gamma-/— (NRG) mice. These humanized im-
mune system NRG mice (“HIS-NRG”) show incomplete
hematopoiesis, lack of lymph nodes (LN) and scarce adaptive
immune responses. Since DC are pivotal for the organization of
LN and activation of naive T and B cells, we therefore infected
autologous human monocytes with integrase-defective lentiviral
vectors expressing huGM-CSF, hulFN-alpha and the human cy-
tomegalovirus (CMV) antigen pp65 protein, to generate highly
viable DC (Self-differentiated myeloid-derived lentivirus-induced
Smyle DC”). Remarkably, ten weeks after SmyleDC immuniza-
tion, HIS-NRG mice showed developed peripheral lymph nodes
(LN) and recovered lymphatic flow. SmyleDC immunization was
further associated with several relevant findings: 1. Several human
cytokines in mouse plasma; 2. Significantly higher frequencies of
human T cells in PBL and spleens; 3. Accumulation of human
effector memory T cells in PBL, spleens and LN; 4. Presence of
human terminally differentiated plasma B cells and follicular T
helper cells in spleens and LN; 5. Functional human T cell re-
sponses against pp65, and 6. Human IgM and IgG reactive to
pp65. Our results demonstrated the important role of potent and
long-lasting human DC functions after HSCT for peripheral lymph
node and lymphatic flow regeneration in order to activate, mo-
bilize, and finally mature lymphocytes towards full immune
function in the HIS-NRG mouse model.

P381

Antigen-presenting cell subset specific targeting has
immunological consequences

C Goyvaertsl, C Heirmanl, P De Baetselierl’z, G Raes'?,
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Antigen-presenting cells (APCs) represent a heterogeneous
population characterized by their functional specialization.
Consequently, targeting specific APC-subsets offers opportuni-
ties to induce particular immune responses. To validate this, we
targeted lentivectors (LVs) specifically to APC-subsets using the
nanobody (Nb) display technology. This approach enables
pseudotyping of LVs by combining a binding-defective but fu-
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sogenic form of VSV.G with a membrane-bound APC-specific
Nb. Three Nbs were selected: DC1.8, R3_13 and DC2.1. The re-
spective LVs are referred to as DC1.8-, R3_13- and DC2.1-LVs.
Flow cytometry performed on cells obtained from in vivo trans-
duced murine or ex vivo transduced human lymph node cells
demonstrated that DC1.8-LVs and R3_13-LVs specifically trans-
duced murine and human myeloid dendritic cells (DCs) respec-
tively. In contrast, DC2.1-LVs transduced both human and
murine macrophages, plasmacytoid and myeloid DCs. Next we
examined the immune response elicited by intranodal immuni-
zation of mice with ovalbumin (OVA) encoding DC1.8- or DC2.1-
LVs. DC2.1-LVs outperformed DC1.8-LVs in expansion of func-
tional OVA-specific CD8 T cells. Whereas the expansion of CD4 T
cells was comparable upon DC1.8- and DC2.1-LV immunization,
the cytokine profile of these CD4 T cells revealed that DC1.8-LVs
primarily induced the secretion of IL-17 and IFN-y while DC2.1-
LVs primarily induced the production of IFN-y and IL-2. This
difference in CD4 and CD8 T cell response was reflected in
therapy, demonstrating lower efficacy of DC1.8-LVs when
compared to DC2.1-LVs. In conclusion, these findings open the
perspective of a vaccination strategy that induces very particular
immune responses by targeting a specific DC-subset hence en-
ables full exploitation of the immune system.
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Plasmid vector design and technologies for DNA vaccine
development

S Iurescia'?, D Fioretti"?, P Pierimarchi®, E Signori4,
M Zonfrillo®, V M Fazio®®, and M Rinaldi'

! Medical Biotechnology Unit, Institute of Translational Pharmacology,
National Research Council (CNR), Rome, 00133, Italy; 2ﬁrsif co-
authorship; *Flow Cytometry Unit, Institute of Translational
Pharmacology, National Research Council (CNR), Rome, 00133, Italy;
*Laboratory of Molecular Pathology and Experimental Oncology,
Institute of Translational Pharmacology, National Research Council
(CNR), Rome, 00133, Italy; *Laboratory of Molecular Medicine and
Biotechnology, CIR, University Campus BioMedico, Rome, 00128,
Italy; *Oncology Research Laboratory, IRCCS Casa Sollievo della
Sofferenza, San Giovanni Rotondo, Foggia, 71013, Italy

Nucleic-acid based DNA vaccines represent a novel class of
biodrugs with great therapeutic potential as competitive alter-
native approach to conventional protein vaccines both as pro-
phylactic and therapeutic treatment of infectious diseases, cancer
and allergy. Despite safety concerns have been overcome, low
immunogenicity profiles of DNA vaccines has hindered their
progress in humans. DNA vaccines need to make up for this
limitation by altering plasmid construction through comple-
mentary vector design innovations that, in combination with
improved delivery platform, may enhance DNA vaccine per-
formance and clinical outcomes. DNA vaccination platform takes
advantage of in vivo processes and has the potential to harness
the full power of the immune system, through engagement of
multiples routes to activate both branch of the immune system
(i.e. innate immunity as well as adaptive immunity). Current
knowledge of the molecular and immunological mechanisms by
which DNA vaccines work can be used to bring about im-
provements in their efficacy. Advanced technologies such as
immunoinformatics (i.e. in silico prediction of potential T cell
epitopes), antigen/epitope optimisation and expression, provi-
sion of CD4 T cell help, intracellular antigen targeting ensuring
efficient MHC I and MHC II compartment addressing, inclusion
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of genetic adjuvants have been applied to improve the efficacy of
DNA vaccines. In order to translate these approaches into a
therapeutic strategy, we have developed a series of modular anti-
idiotypic DNA vaccines and have assessed the induction of an-
titumor immunity in an aggressive murine B-cell lymphoma
model. Here we report that the DNA vaccine variants, in com-
bination with electroporation delivery platform, are suitable to
engage both humoral and cellular immune responses, thus re-
sulting in efficacious DNA vaccines performance.

P383

AdCD40L immunostimulatory gene therapy shifts the MDSC-
and macrophage profiles and promotes T cell infiltration in the
tumor microenvironment
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Immunotherapy is becoming an important new treatment op-
tion for cancer. CD40 ligand (CD40L) is a potent stimulator of
tumor immunity via its activation of dendritic cells, which initiate
T cell activation. However, T cells are effectively suppressed by
myeloid-derived suppressor cells (MDSCs), which contribute to
tumor immune evasion. We hypothesized that CD40L may create
a positive T cell milieu including an effect on MDSCs because of its
broad effects as an immune activator and this was investigated in
the experimental murine bladder cancer model MB49/C57BL6.
Upon adenoviral CD40L (AdCD40L) gene therapy, MDSC tumor
infiltration was significantly reduced. In vitro, CD40L-expressing
MB49 cells could shift the MDSC subpopulations in favor of the
granulocytic MDSCs instead of the highly suppressive monocytic
MDSCs. Further, MB49 tumor cells expanded macrophage-like
cells in splenocyte cocultures. However, MB49 cells expressing
CD40L shifted the macrophages to M1-like cells. T cells from
transgenic pmel mice were utilized to demonstrate that T cells
indeed infiltrate better into B16 tumors treated with AdCD40L.
Hence, these data supports that AdCD40L creates a favorable
milieu in tumors and can be an interesting partner to combine with
other immunotherapies such as adoptive T cell therapy.
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Correlation between the early expression of ctla4 and foxp3
genes and the failure of the anti-tumour response employing
genetically modified tumor cell vaccines
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Introduction: Currently it is known that the failure of the anti-
tumour response of antitumor vaccines may be due to the ex-
pression of immunosuppressive genes as ctla4 and foxp3 gene
expression. The objective of this study is evaluating the relation
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between tumor development and ctla4, foxp3 and cd25 expres-
sion in mice vaccinated with B16 genetically modified cells in a
murine melanoma model.

Methodology: C57BL6 mice were vaccinated with 2x 10° irra-
diated B16 cells genetically modified to produce GM-CSF and then,
B16 tumor was transplanted. The survival mice to this antitumor
vaccine were injected with 10° B16 mouse melanoma cells six
months after vaccination. Blood samples were collected on days 0,
2,5, 14 and 21 after tumor injection. The RNA of blood cells was
isolated. The ctla4, foxp3 and cd25 RNAm expression was mea-
sured by RT and qPCR. The tumor development was controlled.

Results: In mice that developed the tumor a peak of ctla4,
foxp3 and c¢d25 mRNA expression appeared between 2 and 5
days after tumor injection whereas in mice that did not develop
the tumor the peak of this mRNA gene expression was observed
on day 21 after tumor injection.

Conclusions: The early mRNA expression (days 2-5) of ctla4,
foxp3 and cd25 genes appears to be related with the tolerance to
tumor growth, while the late expression (day 21) seems to be
linked to the success of the antitumor immune response and
protection against tumor. Partially supported by SAF 2011-27002.
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Soluble PD1 enhances anti-immunity in orthotopic bladder
tumors by strengthening CD8 T cell response

H-H Seo!, N-R ]eongl, HKSeo? YS ]ungS, and S-J Lee!

Genitourinary Cancer Branch, Research Institute National Cancer
Center, Gyeonggi-do, Republic of Korea 460-719; *Center for Prostate
Cancer, Research Institute National Cancer Center, Gyeonggi-do,
Republic of Korea 460-719; *Center for Thyroid Cancer, Research
Institute National Cancer Center, Gyeonggi-do, Republic of Korea
460-719

Background: Adenoviruses harboring the HSV thymidine
kinase (HSVtk) gene under the regulation of a trans-splicing ri-
bozyme targeting human telomerase (hTERT-TR) show marked
and specific antitumor activity. In addition to inducing tumor cell
death by direct cytotoxicity, it is becoming clear that HSVtk also
induces anti-tumor immunity. PD-L1 expressed on tumor cell
surfaces mediates tumor-induced immunoresistance by inhibit-
ing PD1-expressing tumor-infiltrating T cells.

Materials and Methods: In order to explore whether a soluble
form of PD1 (sPD1-Ig), which blocks PD-L1, could synergize with
TERT-TR-regulated HSVtk to enhance the adenoviral therapeutic
efficacy, we constructed adenovirus expressing both HSVtk and
sPD1-Ig. Then we characterized its cytotoxicity to bladder cancer
cell and its tumor suppressive activity in orthotopic MBT-2/Luc
syngeneic mouse model.

Result: Adenovirus expressing HSVtk and sPDI1-Ig was
demonstrated to exert cytotoxic effects on mouse bladder cancer
cell by inducing cell cycle arrest and apoptosis. Regression of
MBT-2/Luc murine subcutaneous and orthotopic tumors was
markedly enhanced when sPD1-Ig was incorporated into the
adenovirus compared with a single-module adenovirus expres-
sing only HSVtk. This effect was abolished by CD8 T cell de-
pletion. Additionally, secondary tumor challenge at a distal site
with no treatment was completely suppressed in mice, when
primary site was treated with a dual-module adenovirus.

Conclusion: These results suggest that a dual-targeting strat-
egy to elicit both direct tumor cell lysis and breakage of tumor-
induced immune-tolerance could be utilized for immunothera-
peutic agent for bladder cancer.
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Interference with PD-L1/PD-1 co-stimulation results in
effective anti-tumour immunity by preventing ligand-induced
T cell receptor down-modulation in effector CD8 T cells

D Escorsl’z, T Liechtensteinl’2’3, N Perez—]anicesz, A Lannal,

C Bricognel, K Karwaca!, D Guerrero-Setas?, and K Breckpot3

"University College London, London, United Kingdom;
“Navarrabiomed-EMS, Pamplona, Spain; *Vrije Universiteit Brussels

T cell receptor (TCR) down-modulation after antigen presen-
tation is a fundamental process that regulates TCR signal trans-
duction. Current understanding of this process is that intrinsic
TCR/CD28 signal transduction leads to TCR down-modulation.
We demonstrate a novel mechanism whereby the interaction
between programmed cell death 1 ligand 1 (PD-L1) on dendritic
cells (DCs) and programmed death 1 (PD-1) on CD8 T cells
triggers ligand-induced TCR down-modulation. This occurred
via Cbl-b E3 up-regulation in CD8 T cells. PD-L1 silencing in DCs
with lentiviral vectors delivering microRNAs markedly inhibited
TCR down-modulation. PD-L1 silencing hyper-activated CD8 T
cells as assessed in vitro and in vivo in an arthritis model. Anti-
tumour immune responses (lymphoma and melanoma) were
accelerated and DC anti-tumour capacities potentiated, when
combined with mitogen-activated kinase (MAPK) modulators
that promote DC activation, or with cytokine priming.
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CMYV-specific and EBV-specific T cells for adoptive
immunotherapy in viral diseases resistantto conventional
therapies

T Martin-Donaire', R M Gonzalo-Daganzol, R Sanchez',
Y Gutiérrez!, Y Garcia-Berciano?, A Laiglesial, C Regidorl, and
J R Cabrera®

"Unidad de Produccion Celular y Laboratorio de Criobiologia, Cultivos
Celulares y Terapia Celular del Trasplante Hematopoyético. Servicio
de Hematologia y Hemoterapia. Hospital Universitario Puerta de
Hierro Majadahonda (Madrid)

In transplanted patients, CMV, EBV or other viruses’ re-
activations may occur, needing treatment with antiviral drugs
with adverse side effects. In recent years the use cytotoxic T
lymphocytes (CTLs) specific for different pathogens allows to
consider adoptive immunotherapy.

We have used the IFN-gamma Capture Secreting Cells for
isolating CMV and EBV specific stimulated T cells under GMP
conditions. This method allows obtaining CTLs for clinical use in
short time and minimum HLA restriction. 35 CMV-positive do-
nors were studied and 10 selected for isolating CTLs because
their CMV-CTLs frequency were® 0.3%. We assayed different
methods of stimulation. The best results were obtained using
specific CMV peptides and a short time of stimulation (6 h) with a
median purity of 90% of IFNy producing cells, 78.3% CD8 and
7.2% CD4 (n=3). Also contaminating non-T cells were fewer than
with other conditions. Only 3 donors out of 17 EBV-positive
donors were selected because their EBV-CTLs frequency was’
0.05%. In this case the final product (n=3) had a median purity of
63.3% of IFNy producing cells, 38.3% CD8 and 5.5% CD4 cells.

CMV-specific CTLs have been used for compassionate use in 3
hematopoetic transplanted patients with positive effect, one of
them with well documented analytical and clinical disease con-
trol. In our experience, the isolation of CMV-specific CTLs works
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better using peptides and a short stimulation. Under these same
conditions, EBV-specific CTLs selection did not reach the same
quality. The use CMV specific CTLs could have a beneficial effect
in immunosuppressed patients.
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Nucleotide sequence optimization of TRIM5a rhesus-human
chimeric gene enhances HIV-1 antiviral activity of the gene

D V Glazkoval, EV Bogoslovskayaz, Y A Zhogina3,
M L Markelov?, and G A Shipulin®

Central Research Institute of Epidemiology, Novogireevskaya str. 3a,
Moscow, 111123, Russia

The host restriction factor TRIM5alpha provides intrinsic de-
fense against retroviral infections in mammalian cells in a spe-
cies-specific manner. It was shown that rhesus macaque
TRIMbalpha protein, but not its human ortholog, blocks HIV-1
production through rapid degradation of HIV-1 Gag poly-
proteins. Another study reported generation a chimeric human-
rhesus TRIMbalpha in which an 11-amino acid was replaced with
the rhesus 13-amino acid. The expression of this chimera gene in
cells conferred resistance to HIV infection as well as a selective
survival advantage on HIV-1 challenge. We optimized nucleo-
tide sequence coding for Trim5a chimera protein by increasing
GC-content. We have shown that codon optimization signifi-
cantly improved the expression level of TRIM5a chimeric gene
and enhanced its antiviral activity in MT4 cell line.
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Alternative splicing variants of STING present a differential
ability inhibiting human wild type STING

E Rodriguez-Garcia], E Nistal—Ville’m], C Olagl'ie],
R Ferrero-Laborda', G Gonzalez-Aseguinolaza'

Division of Hepatology and Gene Therapy, Center for Applied
Medical Research (CIMA), 31008, Pamplona, Spain

The innate immune system provides a defense system based on
the detection of pathogens followed by the activation of a coordi-
nated response culminating in the suppression of infection. Chor-
dates present a complex detection system of pathogen associated
molecular patterns (PAMPs) that leads to the activation of inter-
feron (IFN). Stimulator of interferon genes (STING) is a critical
protein involved in IFN-f induction in response to some DNA and
RNA pathogens infection, including herpes simplex virus-1 (HSV-
1), Listeria monocytogenes and vesicular stomatitis virus (VSV). We
have found that in addition to the previously described Wt STING
several other species are expressed. In the present work we have
cloned and sequenced alternative splicing variants of STING.
Preliminary experiments revealed the inability of alternative
spliced variants to induce IFN-f. However, they are able to inhibit
Wt STING mediated IFN-f induction with different strength. We
are exploring the effect of shRNA delivery to target alternative
spliced STING isoforms to derepress such proteins effect on Wt
STING activity. Eliminating this repression could be of interest for
the treatment of some chronic viral infections. In particular, we
have found that STING mRNA is less expressed in the liver of
patients with chronic viral hepatitis B or C than in the liver of
healthy individuals. In such context, the inhibition of STING al-
ternative spliced isoforms could restore some of Wt STING activ-
ity, including its antiviral potential during chronic liver infections.
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Breaking T cell tolerance against viral antigens in an animal
model of chronic HBV infection by genetic transfer of
interferon-alpha and interleukin-15 to the liver

M Di Scala', I Gil-Farifia', L Vanrell', I Otano', M R Scarpinoz,
C Olagiiel, A Vales!, M Galarraga3, L Guembe?, Jesus Prieto™>®,
and G Gonzalez-Aseguinolaza'

"Division of Hepatology and Gene Therapy, Center for Applied
Medical Research (CIMA), Pamplona, Spain; *Imaging Unit and
Cancer Imaging Laboratory, Center for Applied Medical Research
(CIMA), University of Navarra, Pamplona, Spain; 3Department of
Morphology, Center for Applied Medical Research (CIMA),
Pamplona, Spain; *University Clinic of Navarra, University of
Navarra, Pamplona, Spain; SCIBERehd, University of Navarra,
Pamplona, Spain

Chronic HBV infection is characterized by a weak and ex-
hausted T cell response. To promote sustained viral clearance it is
necessary to boost a viral specific immune response of the host.
Hepatitis B virus (HBV) transgenic mice are immunologically
tolerant to HBV antigens, representing a good model to test
strategies aiming at breaking T cell tolerance. We now provide a
novel strategy to induce functional T cell in HBV transgenic mouse
model based on the genetic transfer of immunostimulatory cyto-
kines. Sustained liver specific interleukin-15 (IL-15) expression
expands the population of HBV-specific CD8 T cells in the liver.
However, IL-15 expanded T cells failed to kill peptide loaded cells
indicating that they remained functionally silent. However, when
IL-15 expression is combined with interferon-alpha (IFN-o) the
HBV specific expanded T cells are able to kill in vivo antigen
loaded cells. Furthermore, a synergistic antiviral effect was ob-
served in animals receiving both cytokines. Interestingly we found
that IL-15 liver expression induces a significant increase of PD-1
expression and of PD-L1 in the liver, and treatment with IFN-o
reduced the expression of both molecules licensing the HBV-spe-
cific T cells to kill the infected cells. Thus, our study defines a
potent new approach to break the tolerance in a model of chronic
viral infection by (1) expanding virus-specific CD8 T cell with IL-
15 and (2) blocking negative signals with IFN-o. Our study defines
a potent new approach to break immune tolerance with broad
applications in chronic viral infections and neoplastic conditions.
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Mimicry of anti-HIV retrotransposition events by TALEN
mediated Cyclophilin insertion into the human TRIMS5 locus

E Chan', C Mussolino?, A Thrasher!, T Cathomen?, G Towers?,
and W Qasim’

"nstitute of Child Health, University College London; *Llnstitute for
Cell and Gene Therapy, University Medical Center Freiburg,
Freiburg, Germany; *MRC Centre for Medical Molecular Virology,
University College London

Strategies against HIV include gene therapy based approaches
to transfer HIV-1 restriction factors to immune cells. Certain
primate species have demonstrated a resistance to HIV-1
infection mediated by the expression of the restriction factor
TRIM5-Cyclophilin A (TRIMCyp), a fusion protein formed by
retrotransposition of Cyp cDNA into the TRIM5 gene.

Previously we have generated humanised versions of TRIM-
Cyp and showed that they elicit potent anti-HIV-1 effects when
delivered to human lymphocytes using lentiviral vectors. As an
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alternative to gene-addition, we are now investigating transcrip-
tion activator-like effector nuclease (TALEN) mediated integration
of Cyp DNA into the TRIM5 gene at one of two possible loci.
Firstly, integration of a Cyp cDNA into exon 7 of TRIM5, which
would closely mimic primate retrotransposition events and sec-
ondly, insertion of a full length TRIM5Cyp gene downstream of
the TRIMS5 transcriptional start site. Both strategies would poten-
tially allow regulated, interferon inducible expression of TRIMCyp
under control of the endogenous TRIM5 promoter.

Plasmids encoding TALEN sequences targeting either of the
two loci in the human TRIM5 gene were delivered to cell lines by
transfection. Cleavage at both of the target sites was confirmed
by surveyor nuclease assay and by direct sequencing. Delivery of
an engineered donor template encoding either TRIMCyp or Cyp
cDNA flanked by TRIM5 homology arms allowed site directed
insertion into the TRIMS5 gene. Investigations are now underway
to characterise human cells modified to express targeted TRIM-
Cyp sequences, and to assess whether the resistance to HIV can
be conferred through this approach.
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Genome-wide landscape of NHE]-repair activity and DNA
double strand breaks in the human genome

P K Zimmermann'?, R Fronza'?, C Weber!?, C von Kalle!?,
M Schmidt!, and A Nowrouzi?

"Department of Translational Oncology; National Center for Tumor
Diseases (NCT) Heidelberg and German Cancer Research Center
(DKFZ); Heidelberg; Germany

The specificity and toxicity of ZFNs, TALENSs, and RNA-gui-
ded DNA endonucleases is being explored extensively. How-
ever, genomic factors and intervals influencing the frequency of
DSB and DNA repair activity are not fully evaluated in this
context. Therefore, we hypothesize that generating a genome
wide map of DSB and DNA repair activity will enable the
identification of genomic vulnerabilities influencing both fidelity
and safety of DSB induction and repair for genome editing. DNA
templates serving as molecular tags which are incorporated via
NHE]J were used to stably trap DSB in surviving cells or were
applied for enzymatic DSB labeling in situ in real-time. Accord-
ingly, we have induced genome wide DSB by radiation and se-
quenced >10.000 unique repaired NHE] sites in A549, PC3 and
U87 tumor cell lines and primary cells. Distribution of DSB and
NHE]J-repair activity is not enriched in RefSeq genes and not
associated to mRNA transcriptional activity. The majority of
targeted genes (54%) are transcriptional inactive, 25%, 13% and
8% show low, medium and high transcriptional activity, re-
spectively. Interestingly, in irradiated A549 and PC3 cell lines as
well as primary human fibroblasts small genomic intervals were
detected showing massive and significant accumulation
(p<0.0001) of induced and trapped DSB with up to 200 trapped
breaks in a 200 kb linear genomic window. These sites potentially
resemble regions of increased DNA repair activity or fragility.
We are able to clonally track these repaired breaks in the genome
of living cells and measure NHE] activity in correlation to ge-
nomic intervals influencing safety and stability of genome edit-
ing in different cell types and diverse differentiation stages. With
the established genomic landscape of NHE]J-activity, we are
identifying novel potential “safe-harbors” with an increased
probability of DNA repair and homologous recombination and
may dissect cell type intrinsic factors influencing off-target ac-
tivity of designer nucleases.
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Long term persistence of TK-cells and dynamics of memory
T cells in patients treated with suicide gene therapy for
hematological malignancies

G. Oliveiral’z, M.T. Lupo Stanghellini3, N. Cieril’z, R. GreC02’3,
M. Noviello!, V. Valtolina®, L. Vag02'3, C. Traversari*, F. Ciceri®,
C. Bordignon2’4, and C. Bonini!

"Experimental Hematology Unit, Division of Regenerative Medicine,
Stem Cells and Gene Therapy, PIBIC, San Raffaele Scientific Institute,
Milan; *University Vita-Salute San Raffaele, Milan; *Hematology and
Bone Marrow Transplantation Unit, San Raffaele Scientific Institute,
Milan, Italy; “MolMed S.p.A, Milan, Italy

Suicide gene therapy applied to allogeneic hematopoietic
stem cell transplantation is one of the widest clinical applica-
tions of gene therapy. By the infusion of donor lymphocytes
transduced to express the Herpes Simplex Virus Thymidine
Kinase (TK) suicide gene, patients achieve a rapid immune re-
constitution and substantial protection against tumor recur-
rence. TK-cells are promptly eliminated in case of graft versus
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host disease, with complete resolution of the adverse reaction.
In the present work we studied the long term fate of TK-cells,
and exploited TK gene marking to shed light on memory T cell
dynamics.

We analysed 14 patients in complete remission after receiving
post-transplant TK-cell infusions for hematological malignancies.
At a median follow-up of 8,7 years (range 3-16), a complete re-
covery of the T-cell compartment, comprising of physiological
levels of circulating naive and memory CD4 and CD8 cells is
observed. TK-cells are detected in the majority of analyzed pa-
tients (88%), at low levels (median=0,43% +6,9%). The number
of TK cells/mcl detectable at the longest follow-up does not
correlate with the number of infused cells, but instead with the
peak of TK cells observed within the first months after infusion,
suggesting a role for antigen recognition. While infused cells
displayed a predominant effector memory phenotype, TK-cells
persisting long-term are enriched for central memory (CD45RA-
CD62L) and stem memory (CD45RA CD62L CD95) T cells.
Ganciclovir sensitivity is preserved in persisting TK-cells, inde-
pendently from their phenotype. Further studies on T cell rep-
ertoire and vector integrations will elucidate the in vivo dynamics
of infused memory T cells.
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G-CSF+Plerixafor-mobilized blood represents an optimal
graft source for gene therapy of thalassemia

N. Psatha’, E. Sgouramalil, A. Siametis!, E. Siapatiz, P. Baliakas!,
V. Constantinou', A. Anagnostopoulos’, T. Papayannopoulou®,
G. Stamatoyannopoulos®, E. Yannaki'

'Gene and Cell Therapy Center, Hematology Dpt-BMT Unit, George
Papanicolaou Hospital, Thessaloniki, Greece; *Biomedical Research
Foundation of the Academy of Athens, Athens; *University of
Washington, Seattle;

The therapeutic effect of gene therapy (GT) in f-thalassemia
largely depends on the infusion of high numbers of genetically
modified hematopoietic stem cells (HSCs). We investigated the
Lin-sca-1+ckit+ cell (LSK) and CFU-GM yields after mobilization
with G-CSF, Plerixafor or Plerixafor+G-CSF in thalassemic
(Hbbth3/45.2+) mice and the engraftment kinetics of the differ-
ently mobilized cells after transplantation. In competitive trans-
plantation experiments, mobilized peripheral blood (PB) cells
from Hbbth3/45.2+ donors were infused into lethally irradiated
PepBoy (45.1+) recipients, along with an equal number of
competitor bone marrow (BM) cells. Six months after primary
transplantation, BM cells from competitively engrafted mice

were injected into lethally-irradiated secondary recipients in a
noncompetitive manner. The Plerixafor+G-CSF combination re-
sulted in significantly higher yields of LSKs and CFU-GM,
compared to G-CSF- or Plerixafor-alone ( p <0.004). Plerixafor+G-
CSF-mobilized cells achieved faster hematologic reconstitution
and higher engraftment levels when transplanted at a 3:1
(donor:recipient) ratio to PepBoy recipients (p<0.05). Although
this could simply reflect the higher LSK and CFU-GM fre-
quencies in the Plerixafor+G-CSF grafts, the superiority in en-
graftment was maintained when equal number of LSKs (1x 10%)
were transplanted in a competitive manner again. Furthermore,
secondary Plerixafor+G-CSF recipients presented similar or even
higher donor chimerism levels (p <0.05) compared to G-CSF- or
Plerixafor-alone, implying an enhanced self-renewal activity. The
qualitative superiority of Plerixafor+G-CSF-mobilized cells was
not associated with differences in surface CXCR4 and CD26
expression or cell cycle status, however, Plerixafor+G-CSF-
mobilized c-kit+ cells showed higher migration capacity towards
SDF-1 as compared to G-CSF- or Plerixafor-mobilized progeni-
tors (p<0.0002). In conclusion, Plerixafor+G-CSF-mobilized
HSCs potentially represent an optimal graft source for GT of
thalassemia because of the higher HSC yields, the faster hema-
tological recovery and the superiority in long-term engraftment
over single-agent-mobilized cells.
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