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Background - Cord blood platelets, easily obtained from blood units not
suitable for haematopoietic stem cell transplantation, represent an abundant
source of growth factors for use in wound healing. Although several protocols
have been described for platelet lysate production, no standard manufacturing
protocol is available. The use of pooled cord blood platelets could thus facilitate
standardization. In this study, the effect of varying concentrations (up to 20%) of
a pooled pathogen-reduced lyophilized cord blood platelet lysate (PRL-CBPL)
was investigated in different cell types involved in the wound healing process.
The effect of heparin addition was also evaluated. In parallel, a comparison
was performed with a single donor cord blood platelet lysate (SD-CBPL).
Materials and methods- The effect of PRL-CBPL on theviability and proliferation
of different cell lines (L929 mouse fibroblasts and HaCaT keratinocytes) and
human primary cells (fibroblasts-NHDF, coronary artery smooth muscle cells-
HCASMC and coronary artery endothelial cells-HCAEC), on HaCaT migration
and the chemotactic effect on human monocytes (THP-1) was evaluated.
Results - PRL-CBPL showed a lower PDGF-AB amount compared to SD-CBPL.
Differing concentrations of both CBPL were necessary to influence cell viability
and proliferation. 3% was the optimal concentration for L929 and HaCaT
as well as for NHDF and HCASMC, while HCAEC required 10%. The effect of
added heparin was more evident on SD-CBPL and in particular on NHDF and
HCASMC proliferation. Keratinocyte scratch closure was obtained with 3 and
5% PRL-CBPL and SD-CBPL respectively. Both CBPLs caused an increase in the
number of migrated THP-1 monocytes in a concentration-dependent manner
up to 20% with a higher monocyte migration for SD-CBPL with respect to
PRL-CBPL and in cells treated with heparin.

Discussion - The data obtained suggest that PRL-CBPL is an effective
standardized alternative to SD-CBPL.
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INTRODUCTION

Platelets are an abundant source of vascular endothelial growth factor (VEGE),
platelet-derived growth factor (PDGF) and insulin-like growth factor (IGF), which are
involved in tissue healing and regeneration'. Platelet-rich plasma (PRP), which can be easily




obtained from peripheral blood, has been investigated to
promote healing in soft tissue injuries, bone fractures,
orthopedic surgery, osteoarthritis, joint degeneration
and wound care**. Kakudo et al.* cultivated human
adipose-derived stem cells and dermal fibroblasts with
different PRP concentrations, showing that 5% PRP
added to the culture medium promoted maximum cell
proliferation while 10 and 20% concentrations inhibited
proliferation. Mishra et al.*> and Wang et al.¢ found an
increase in mesenchymal stem cell proliferation with up
to 10% PRP, while 20% decreased proliferation.

Human platelet lysate (PL), an acellular product rich in
growth factors and cytokines, obtained by freezing and
thawing PRP, has been investigated as a source of growth
factors alternative to fetal bovine serum (FBS), to avoid the
drawbacks associated with the use of animal serum for in
vitro cell proliferation’. Human PL was successfully used
for human adipose tissue-derived stem cell culture®”.
Sovkova et al. showed that 7% human PL added to
serum-free culture media was sufficient to replace FBS for
mouse fibroblasts and keratinocytes. Human PL was also
used at 5% concentration for Vero and Hep-2 cell culture as
an effective alternative to 10% FBS". Recent reports have
described the effectiveness of 10% PL from umbilical cord
blood (CB) in promoting the growth and proliferation of
dermal fibroblasts?, human umbilical vein endothelial
cells®, and human mesenchymal stem cells™.

As a growth factor source, CB can be extremely useful
in cases of contraindications to or inconvenience for the
production of autologous platelet derivatives’s. Moreover,
PRP and PL from CB contain higher levels of growth factors
compared to platelets derived from peripheral blood™*7.
PL manufacturing protocols have not been fully
standardized”®, but allogeneic CBPL can facilitate
standardization as it can be easily obtained from units of
CBnotsuitable for hematopoietic stem cell transplantation
due to an insufficient number of stem cells”. In addition,
CBPL has been obtained from single-donor CB platelet
units with a standard platelet count ranging from 800
to 1,200x10°/L*2°*2, The biological variability observed in
individual PL units may cause variability in composition
and efficacy®. However, although using a pool of CB
platelet units may reduce the natural variability and
PL standardization>*?,
viral risks. Therefore, the pathogen safety of pooled
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platelet-derived materials is closely correlated to the
implementation of pathogen reduction treatment®.

In this study,
pathogen-reduced, lyophilized PL manufactured from
pooled CB platelet units (PRL-CBPL) were investigated in
in vitro cultures of different cell lines and human primary

the wound healing effects of a

cells involved in wound healing. Cell migration and the
chemotactic effect were determined in accordance with
the literature®°. The efficacy of PRL-CBPL was compared
with single donor CBPL (SD-CBPL), both with and without
the addition of heparin due to the possibility of culture
media clot formation.

MATERIALS AND METHODS

CBPL preparation

PRL-CBPL (Neofaster-Bio, Episkey S.r.l., Milan, Italy)
was obtained from White Nest Pharma S.r.l. (Milan).
Neofaster-Bio includes two glass vials containing the
lyophilized powder obtained from 10 mL of pooled
CBPL and from 10 mL of pooled CB platelet-poor plasma
(CBPPP) respectively. Neofaster-Bio was manufactured in
compliancewithlocalregulationsand good manufacturing
procedures at the Banc de Sang i Teixits (Barcelona,
Spain). The manufacturing comprised: 1) differential CB
centrifugation to obtain CB platelet concentrates (CBPC)
with a predefined platelet count of 800-1,200%x10°/L and
CBPPP; 2) three freeze-thaw procedures of CBPC and
CBPPP to promote platelet lysis and growth factor release
from platelet alpha granules; 3) aseptic pooling of 35 CBPC
(@bout 270-330 mL) and an equal volume of CBPPP into
two 600 mL plastic bags; 4) hard spin centrifugation to
sediment platelet stroma and collect CBPC and CBPPP
supernatants; 5) pathogen reduction with the Mirasol®
technology (Terumo BCT, Lakewood, CO, USA); 6)
lyophilization of 10 mL CBPC and CBPPP supernatant
aliquots in glass vials; 7) gamma sterilization at 25KGy.
In accordance with the manufacturer’s instructions,
PRL-CBPPP was reconstituted with 10 mL sterile water,
which was then transferred into the PRL-CBPL vial.
Aliquots of 500 uL of the reconstituted PRL-CBPL were
prepared and stored at —20°C until use.

SD-CBPL was prepared as previously described” at
the Division of Transfusion Medicine and Transplant
Biology, Pisa University Hospital (Italy), a structure
accredited by the Regional Health Authority in The Italian



Cord Blood Network, which has a programme to collect
whole blood and prepare platelet concentrates. Written
informed consent was obtained from parents, who were
informed that the CB units were to be used for research.
In brief, CB units were collected in plastic bags containing
citrate-phosphate-dextrose-adenine-1 anticoagulant and
processed within 48 hours of collection for CBPC preparation
with a target platelet count of 800-1,200x10°/L. Then the
SD-CBPLunitswere cryopreserved without cryoprotectant
in a -80°C mechanical freezer.

Figure 1 shows a schematic representation of the methods

used for assessing CBPL efficacy.

PDGF-AB quantification

ELISA was performed on both PRL-CBPL and SD-CBPL
to quantify the amount of PDGF-AB according to
manufacturer’s instructions (RAB0396, Merck KGaA,
Darmstadt, Germany). The assay was performed on
reconstituted, filtered, or centrifuged PRL-CBPL
and on thawed, filtered, or centrifuged SD-CBPL.
The PRL-CBPL and SD-CBPL were either
filtered using a 0.22 pm filter (ClearLine, Venice, Italy)

sterile

or centrifuged at 2,500 RPM for 15 min (Eppendorf,
Hamburg, Germany). The experiment was performed in
triplicate using three different lots for both CBPLs.
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Cell culture

L929 mouse fibroblast cell line (ICLCATL9s5001, Interlab
Cell Line Collection, Genoa, Italy), THP-1 human
acute monocytic leukaemia cell line (ICLC HTL97014,
Interlab Cell Line Collection) and HaCaT keratinocytes
(Istituto Zooprofilattico Sperimentale della Lombardia
e dell’Emilia Romagna “Bruno Ubertini”) were cultured
at 37°C, 5% CO, in RPMI medium supplemented with
10% FBS, 1% penicillin-streptomycin and 1% glutamine.
Normal human dermal fibroblasts (NHDF, Promo Cell,
Heidelberg, Germany) were cultured at 37°C, 5% CO,
in high glucose Dulbecco’s modified Eagle medium
(DMEM) with 10% FBS, 1% penicillin-streptomycin and
1% glutamine. The medium was changed every three
days, and the L929, HaCaT, and NHDF cells were split at
70-80% confluence, while THP-1 was maintained at a cell
density of 2 to 9x10° cells/mL. All the reagents for these cell
cultures were purchased from Merck.

Human coronary artery smooth muscle cells (HCASMC,
PromoCell) and human coronary artery endothelial cells
(HCAEC, PromoCell) were cultured at 37°C, 5% CO, in
smooth muscle cell growth medium added to growth
medium supplement mix and 1% penicillin-streptomycin,
and endothelial cell growth medium MV2, added to

Single donor cord blood
platelet lysate (SD-CBPL)
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Figure 1 - Schematic representation of the study methods
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growth medium MV2 supplement pack and 1% penicillin-
streptomycin, respectively. All the reagents for human
coronary artery cells were purchased from PromoCell.
The medium was changed every three days, and the
HCASMC and HCAEC cells were split at 70-80%
confluence. Primary cells were used at passages 4-10.
Preliminary investigations were performed to identify
the proper heparin concentration to avoid gel formation
in in vitro cell cultures with CBPL (Online Supplementary
materials).

Cell viability assay

The L929 and NHDF (4x10® cells/well), HaCaT
(8x10° cells/well), HCAEC (8x10? cells/well) and HCASMC
(3.5x10° cells/well) were seeded into 96-well plates. After 24
hours of incubation, the complete medium was replaced
with 200 uL/well of serum-free medium containing 1, 3, 5,
10, or 20% (v/v) of PRL-CBPL or SD-CBPL with or without
4.88 U/mL of heparin (Epsoclar, Pfizer, New York, NY,
USA). After 72 h of cell treatment at 37°C, an MTT assay
was performed to assess the viability of L929, HaCaT,
HCAEC, and HCASMC while an XTT assay was performed
on NHDF cells.

For the MTT assay, 20 uL of MTT phosphate-buffered
solution (0.5 mg/ml) was added to each well and
incubated for 3 h at 37°C. The supernatant was removed
and replaced with 100 pL/well of DMSO to solubilize the
MTT tetrazolium dye. A microplate reader (Spectrafluor
Plus; TECAN Austria GmbH, Grodig, Austria) was used to
measure the optical density (OD) at 550 nm.

For the XTT assay, 100 pL of XTT solution was added to
each well and, after 4 h of incubation at 37°C, and the
absorbance of the supernatant was measured at 450 and
620 nm using the microplate reader.

For both of the assays performed, the percentage of
cell viability was calculated vs. the complete medium
(assumed as 100%) considered as positive control, while the
serum-free medium was considered as a negative control.

Cell proliferation assay

Cell proliferationwas evaluated by 5-bromo-2-deoxyuridine
(BrdU) assay (Roche Diagnostics, Mannheim, Germany).
In short, L929 and NHDF (4x10® cells/well), HCASMC
(3.5x10% cells/well), HaCaT and HCAEC (8x10* cells/well)
were seeded into 96-well plates. After 24 h of incubation,
the medium was replaced with 200 pL/well of

serum-free medium containing 1, 3, 5, 10, or 20% (V/v)

of PRL-CBPL or SD-CBPL with or without 4.88 U/mL of
heparin. Cell proliferation was assessed in accordance
with manufacturer’s instructions after 48 hours of cell
incubation with treatments. The OD was measured at
450 nm using the microplate reader. The percentage of
cell proliferation was calculated vs. the complete medium
(positive control) assumed as 100% of proliferating cells.

Cell migration assessment

Scratch closure assay was performed as previously
reported® to evaluate the PL effect on cell migration
ability. In short, HaCaT (2x10°/well) were seeded into
24-well plates, cultured up to confluence, and scratched
with a 10 pL pipette tip. Following PBS washes, cultures
were treated with 500 pL/well of serum-free medium
containing 1, 3, 5, 10, or 20% (v/v) PRL-CBPL or SD-CBPL
with or without 4.88 U/mL heparin. Control wells received
serum-free medium and complete medium (positive
control) as references.

Digital cellimages were captured 20 hours afterscratching
by a phase-contrast microscope (Axiovert 25, Zeiss, Milan,
Italy; O.M. 50X) equipped with a digital camera (EOS
1000D, Canon, Milan) for a qualitative analysis of scratch
closure with respect to time o.

Chemotactic effect assessment

Polycarbonate membrane transwell inserts with 8.0 pm
pore size (Corning Costar, Cambridge, MA, USA) were
used to evaluate monocyte chemotaxis. The lower well
chamber was filled with 400 1L of medium containing 1, 3,
5, 10, 20% of PRL-CBPL or SD-CBPL with or without 4.88
U/mL heparin while 1x10° THP-1 cells in 200 L serum-free
medium were transferred to the upper chamber of each
transwell. THP-1 cells migrate through the polycarbonate
filter pores in response to chemoattractant stimuli. After 4
hours of incubation at 37°C and 5% CO,, the migrated cells
were counted by a Biirker chamber under phase-contrast
microscopy. Serum-free medium and medium added with
10% FBS were considered as negative and positive control,
respectively.

Statistical analysis

Data are presented as the mean + SD of at least three
independent experiments. Statistical analysis was carried
out using StatViewIM 5.0 (SAS Institute, Cary, NC,
USA). Data were compared using the non-parametric
Kruskal-Wallis test with Bonferroni correction as post



hoc test. A non-parametric Mann-Whitney test was used
for HCASMC due to the lack of SD-CBPL data. Values of
p<o.05 were considered statistically significant.
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Figure 2 - Mean content of PDGF-AB in ready to use, filtered,
or centrifuged PRL-CBPL or SD-CBPL
*p<0.05 PRL-CBPL vs SD-CBPL.
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RESULTS

PDGF-AB quantification

Figure 2 shows the mean content of PDGF-AB in ready to
use, filtered, or centrifuged PRL-CBPL and SD-CBPL.

The mean content of PDGF-AB in reconstituted,
filtered and centrifuged PRL-CBPL was 13+2, 11+3 and
11+3 ng/mL respectively. For the thawed, filtered, and
centrifuged SD-CBPL, the PDGF-AB mean content was
46+9, 38+7, and 37+5 ng/mLrespectively. The mean content
of PDGF-AB in SD-CBPL was significantly higher (p<0.05)
than in PRL-CBPL.

Cell viability and proliferation assay

Figure 3 shows the effect of 1, 3, 5, and 10% PRL-CBPL or
SD-CBPL in culture medium with and without heparin on
viability and proliferation of L929 and HaCaT cell lines.
When added to the culture medium atlow concentrations
(1 and 3%) both PLs produced an increase in HaCaT
keratinocyte viability and proliferation, as well as in
L929 mouse fibroblast proliferation in comparison
to the serum-free medium. However, when higher
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Figure 3 - Effect of 1, 3, 5, and 10% (v/v) PRL-CBPL or SD-CBPL, with and without 4.88 U/mL of heparin on a-b) L929 and

c-d) HaCaT viability and proliferation

Cell cultured in medium with 10% FBS were assumed as positive control and 100% cell viability and proliferation. Data shown as mean + standard
deviation of three independent experiments. °p<0.05 PRL-CBPL with vs without heparin; #p< 0.05 SD-CBPL with vs without heparin.



concentrations of PRL-CBPL were added (5 and 10%), there
was a reduction in L929 viability compared to the 3% and
the serum-free medium while only the 10% concentration
affected L929 cell proliferation. SD-CBPLadded at 5% affected
L929 proliferation while the 10% concentration resulted in a
reduction in both viability and proliferation. The same trend
was observed as regards HaCaT cell viability and proliferation
for both CBPLs added at high concentrations.

The effect of heparin addition to CBPL was more evident
with SD-CBPL. However, an increase in L929 and HaCaT
cell viability and proliferation was also observed with
PRL-CBPL. For both CBPLs, a 3% concentration could be
used instead of 10% FBS for L929 and HaCaT cell culture.

Figure 4 shows the effect of CBPL on NHDF, HCAEC, and
HCASMC cell viability and proliferation. These primary
cells were responsive at 1% concentrations of both CBPLs,
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Figure 4 - Effect of 1, 3, 5, and 10% (v/v) PRL-CBPL or SD-CBPL, with and without 4.88 U/mL of heparin on viability and

proliferation of a-b) NHDF, c-d) HCAEC and e-f) HCASMC

Data shown as mean + standard deviation of three independent experiments. Cells cultured in complete medium were assumed as positive
control and 100% cell viability and proliferation; °p<0.05 PRL-CBPL with vs without heparin; #p<0.05 SD-CBPL with vs without heparin.



Human cord blood platelet lysate for wound healing applications

but for PRL-CBPL, the optimal concentration for NHDF
and HCSMC was 3%, while 10% was required for HCAEC.
Heparin addition to PRL-CBPL showed no significant
increase in cell growth and proliferation except on HCASMC
treated with 1 and 3% PRL-CBPL. Regarding SD-CBPL,
the same percentage suggested for PRL-CBPL could
be added in serum-free media for NHDF, HCAEC, and
HCASMC culture. Unfortunately, due to clot formation,
no data was available on SD-CBPL for HCASMC viability.
However, NHDF and HCAEC showed increasing cell
viability and proliferation up to 20% of CBPL added
to serum-free culture media while HCASMC showed
decreasing viability and proliferation for incremental

concentrations higher than 3%.

Cell migration assessment

Figures shows images captured after 20 h of cell exposure
to the treatments. Both CBPLs promoted HaCaT cell
migration in the scratch assay. Samples treated with 5%
SD-CBPL without heparin were associated with scratch
closure. A similar scratch closure rate was observed with
3% PRL-CBPL without heparin. Samples treated with 1%
PRL-CBPL or SD-CBPL with and without heparin, with
3% PRL-CBPL or SD-CBPL with heparin, as well as the
sample treated with 5 and 10% SD-CBPL with heparin,
showed a scratch closure rate similar to 10% FBS. On
the other hand, the samples treated with 5 and 10%
PRL-CBPL with and without heparin showed a lower
closure rate than the positive control. In particular,
after 20 h of incubation, according to the MTT assay,
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PRL-CBPL + Heparin SD-CBPL

PRL-CBPL
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Figure 5 - Images were captured immediately before and after scratching, and after 20 h of HaCaT cell exposure to
serum-free medium, culture medium with 1, 3,5, and 10% of PRL-CBPL or SD-CBPL with and without heparin, and complete

culture medium (10% FBS, assumed as positive control)

Images are representative of three independent experiments. Scale bar 500 pm.
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Figure 6 - Chemotactic effect of 1, 3, 5, 10, and 20% PRL-CBPL or SD-CBPL with and without heparin on THP-1 cells
Serum-free and complete medium (10% FBS) were considered as negative and positive controls, respectively. All samples showed statistically
significant differences (p<0.05) vs serum-free medium; *p<0.05 vs complete medium; °p<0.05 PRL-CBPL with vs without heparin; #p<0.05

SD-CBPL with vs without heparin.

the 10% concentration had a scratch closure rate similar
to the negative control. Overall, the scratch closure rate
was higher for the samples treated with the lower CBPL
concentrations (1 and 3%) without heparin with respect to
the samples with heparin added.

Chemotactic effect assessment

An increase in the number of THP-1 migrated cells was
observed at up to 20% concentrations of both CBPLs.
However, SD-CBPL showed a higher number of migrated
cells with respect to PRL-CBPL. Moreover, SD-CBPL
with and without heparin showed a significant increase
(p<0.05) in migrated cells at all concentrations tested
compared to serum-free samples, while 5, 10, and 20%
concentrations also produced a significant increase
(p<0.05) in comparison to 10% FBS. Heparin addition to
both CBPLs caused an increase in migrated cells, which
was significant (p<0.05) for 1, 3, 5 and 10% concentrations
of PRL-CBPL and for 1 and 3% concentrations of SD-CBPL
(Figure 6).

DISCUSSION

This study investigated the effect of concentrations of
PRL-CBPL, anovellyophilized PL obtained from pooled CB
platelet units, on the viability and proliferation of different
celllines and primary cells, on keratinocytes migration, as
well as its chemotactic effect on human monocytes. As a
comparator, we tested a single donor PL from CB, whose
efficacy in wound healing applications has already been
reported in in vitro and clinical studies'32,

The amount of PDGF-AB was lower in PRL-CBPL with
respect to SD-CBPL, whose PDGF-AB was in line with data
reported in the literature®?¢. This was probably an effect
of the treatment performed for pathogen reduction®.
However, in order to properly evaluate the effect of
pathogen reduction on the amount of growth factor, more
growth factors need to be considered, and quantification
also needs to be carried out on untreated samples.

Both PRL-CBPL and SD-CBPL contain platelet fragments
related to the freeze-thaw procedure used to promote



platelet activation and growth factor release. We
investigated sterile filtration and centrifugation to
remove platelet fragments and reduce the risk of clot
formation®*. The amount of PDGF-AB in PRL-CBPL was
not affected by filtration and centrifugation while in
SD-CBPL the additional physical process caused a
significant reduction in the amount of PDGF-AB.
Moreover, there was a great variation in the amount of
PDGF-AB in the three production lots tested. These results
point to an advantage in using PRL-CBPL with respect to
SD-CBPL in terms of standardised product.

Since PL is also rich in fibrinogen, thrombocyte-derived
factors, and clotting factors which can lead to fibrin clot
formation¥, when it is used in culture medium instead
of FBS, other substances like heparin must be added to
prevent coagulation®®. Moreover, heparin is a drug with a
similar structure to heparan which binds and potentiates
the signalling of angiogenic growth factors, including
fibroblast growth factor (FGF) 2 and vascular endothelial
growth factor (VEGF)-A%».

Based on data reported in the literature*, heparin
was added at concentrations up to 4.88 U/mL to both
CBPL. Gel formation was occasionally observed only for
SD-CBPL even though 4.88 U/mL heparin was added
to 1, 3, or 5% supplement concentrations in high glucose
DMEM and smooth muscle cell growth medium leading
to the choice of a different viability assay, the XTT, to
quantify NHDF and HCASMC cell viability. Moreover,
SD-CBPL showed clot formation in the same heparin and
supplement concentration conditions observed among the
three tested production lots. This difference in behaviour
might be due to the concentration of calcium ions in
different culture media. In particular, high glucose
DMEM and smooth muscle cell growth medium are richer
in calcium ions than other tested media, causing a reduced
effect of citrate anticoagulant**". Therefore, PRL-CBPL
has the additional advantage that it can be used without
heparin.

The tested CBPL induced different biological effects in
the cells involved in wound healing. In particular, the
L929 mouse fibroblast cell line could be cultured using 3%
PRL-CBPL or SD-CBPL instead of 10% FBS. Heparin had
no significant effect on L929 viability and proliferation.
The same effect was observed on HaCaT human
keratinocytes. However, both cell lines were responsive

in a positive way to higher CBPL concentrations up to
5%, while concentrations above that resulted in reduced
cell viability and proliferation, probably due to an excess
of nutrients. Our results are in line with previous data
by Baik et al.#, who used three pooled peripheral PL on
HaCaT cells and found that the most effective supplement
concentration was 5%, while 10% resulted in reduced cell
proliferation.

NHDF cells were responsive to 1% concentrations of
both CBPLs. However, the optimal concentration of both
PRL-CBPL and SD-CBPL was 3%, showing cell viability
and proliferation data comparable with 10% FBS.
Hashemi et al.”* reported 5 and 10% as being the most
effective concentrations of CB PRP with regard to primary
human skin fibroblast proliferation. These differences in
optimal concentrations are probably due to the immediate
availability of growth factor in CBPL with respect to PRP.

To the best of our knowledge, this is the first study to
evaluate the effect of CBPL on HCAEC and HCASMC.
The HCAEC and HCASMC primary cells were more
susceptible to the CBPL concentrations added to the
culture media than the previously described cell lines.
Both primary cells were responsive to the lowest tested
concentration (1%) of both CBPL, although 3% PRL-CBPL
or SD-CBPL was the optimal concentration for HCASMC,
while 10% was required for HCAEC. SD-CBPL required
heparin addition to avoid clot formation in culture media
for HCASMC. This effect was not observed for PRL-CBPL
probably due to a smaller amount of fibrinogen or clotting
factors. Moreover, HCASMC showed decreasing viability
and proliferation for incremental CBPL concentrations
higher than 3%. In L929, HaCaT, and HCASMC, reduced
viability was observed at higher CBPL concentrations,
as previously observed using SD-CBPL onto L929 and
human umbilical vein endothelial cells®*. However, more
investigations need be performed taking into account
more concentrations of both CBPLs, as well as other cell
types to determine the optimal concentration for in vitro
cell culture and regenerative applications.

With regard to the effect of CBPL on HaCaT cell migration,
the optimum concentrations were 3 and 5% for PRL-CBPL
and SD-CBPL respectively, confirming our previous
results on SD-CBPL®. In this study, adding heparin to
the culture medium caused a reduction in the scratch
closure rate. PRL-CBPL proved to be more effective than



SD-CBPL. Thereduced HaCaT cell migration observed with
10% concentrations of both CBPLs is in accordance with
data obtained on HaCaT cell viability and proliferation.
Both CBPLs caused a significant increase in the number
of migrated THP-1 cells in a concentration-dependent
manner up to 20%. The chemotactic effect of SD-CBPL
was more evident compared to PRL-CBPL, probably due
to the higher amount of chemokines as demonstrated for
PDGF content*. In particular, 5% PRL-CBPL added with
4.88 U/mL heparin achieved the same migration value as
10% FBS, while for SD-CBPL the optimum concentration
was between 3 and 5% with added heparin.

CONCLUSIONS

This study points to the potential use of PRL-CBPL as a
standardized alternative to SD-CBPL, which could reduce
the biological variability between individual donors. In
addition, CBPL would avoid the risk of animal protein
carryover associated with the use of FBS.
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Materials and methods

Clot formation assessment

Heparin was added at a final concentration of 0.61, 1.22, 2.44 or 4.88 U/mL to both CBPLs which were added at 1, 3, 5,
10 and 20% supplements in RPMI, high glucose DMEM, Smooth Muscle Cell Growth or Endothelial Cell Growth MV2
serum-free culture media.

200 uL/well of medium containing 1, 3, 5, 10, or 20% (v/v) of PRL-CBPL or SD-CBPL with heparin were plated into a
96-well plates. After 72h of incubation at 37°C and 5% CO2 in humidified conditions, the medium was sucked to verity
if it was in a liquid or not state.

Results

All culture media added with PRL-CBPL did not show signs of clot formation in samples prepared with and without
heparin for all tested concentrations. Conversely, SD-CBPL gel formation was occasionally observed even though
4.88 U/mL heparin was added to 1, 3, or 5% supplement concentrations in high glucose DMEM and smooth muscle
cell growth medium. Moreover, with SD-CBPL variability in clot formation in the same heparin and supplement
concentration conditions was observed among the three tested production lots. The heparin concentration selected for
experiments with cells was 4.88 U/mL.
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