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Abstract

Here we apply state-of-the-art CRISPR technologies to study the impact that PTENPT pseudogene transcript has on
the expression levels of its parental gene PTEN, and hence on the output of AKT signaling in cancer. Our data
expand the repertoire of approaches that can be used to dissect competing endogenous RNA (ceRNA)-based
interactions, while providing further experimental evidence in support of the very first one that we discovered.
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Main text

In our 2010 paper entitled “A coding independent func-
tion of gene and pseudogene mRNAs regulates tumor
biology”, we provided the first evidence that RNA mole-
cules, including non-coding RNAs (such as pseudogenes)
and mRNAs, may be endowed with a biological function
that specifically relies on their ability to compete for
microRNA binding [1].

Our findings have contributed to an evolving
microRNA-RNA interaction paradigm, where RNAs are
not only “passive” targets of microRNAs, but also “active”
regulators of microRNA availability, through a mechanism
termed competing endogenous RNA (ceRNA) [2, 3]. Since
our publication, a plethora of mRNAs and non-coding
RNAs (lincRNAs, pseudogenes, circular RNAs) have been
reported to function as ceRNAs in vitro and in animal
models. Furthermore, ceRNA functions have been demon-
strated to go beyond individual RNA-RNA interactions
and extend into complex transcript interaction networks
that can be severely dysregulated in cancer [4, 5].
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Subsequent to our 2010 publication, many studies in-
dependently confirmed PTENPI pseudogene as a ceRNA
for PTEN in prostate cancer, in other cancer types (e.g.,
bladder cancer, breast cancer, clear cell renal cell carcin-
oma, endometrial carcinoma, gastric cancer, head and
neck squamous cell carcinoma, hepatocellular carcin-
oma), and in other physio-pathological conditions (see
Supplementary references for a list). Nonetheless, a
number of articles published in prestigious journals have
repeatedly raised concerns about this functional inter-
action. Herein, we wish to address those concerns raised
regarding the techniques we used to modulate PTENPI
expression and show its impact on PTEN expression.

To rule out potential non-specific effects associated
with (1) supra-physiological expression of a 3'UTR [6—
9] and (2) congestion of RNA interference machinery
caused by siRNA transfection [7], we have chosen to
downregulate PTENPI expression at the transcriptional
or post-transcriptional level, taking advantage of CRISPR
technology.

To begin, we successfully replicated results reported in
our original paper, in spite of the fact that the source of
DU145 cells and the batch of siRNAs against PTEN and
PTENPI were different, and that the experiments were
performed in a different lab (Fig. 1).
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Fig. 1 siRNA-mediated knock-down of PTENPT RNA results in the downregulation of PTEN expression and in an increase in DU145 cell
proliferation. a Schematic representation of the location of the siRNAs used to downregulate PTEN (green), PTENPT (blue), PTEN + PTENP1
(orange), and PTENPT AS a + 8 (red) transcripts. The 5'UTR and open reading frame of PTEN and PTENPT are highly homologous (dark gray). Their
3'UTRs are composed of an R1 high homology region (dark gray), an R2 low homology region (gray), and an R3 region with no homology (light
gray). The first exon of PTENPT AS a and f3 is transcribed in antisense compared to the 5'UTR of PTENPI. The location of the siRNAs is chosen so
that only the intended transcript(s) are selectively knocked down. The location of qRT-PCR primers used to detect PTEN, PTENP1, and PTENPT AS a
+ B is indicated with green, blue, and red asterisks, respectively. b qRT-PCR quantification of PTEN, PTENPI, and PTENPT AS a + (8 transcripts
performed 24 h after the transfection of the indicated siRNAs. ¢ (upper left) Representative western blot detection of PTEN, pAKT, and GAPDH
proteins, performed 48 h after the transfection of the indicated siRNAs. (lower) Quantification of protein levels. d Growth curve of DU145 cells
transfected with the indicated siRNAs. T1/2/3/4/5/6/7: days after the transfection. The results reported in b—d confirm the data reported in [1]: the
knock-down of PTENPT negatively affects PTEN expression. Conversely, PTEN knock-down negatively affects PTENPT expression. As a consequence,
AKT gets hyper-phosphorylated and cell proliferation increases. The graphs represent the mean + SEM of three independent experiments.
Statistically significant differences are indicated with asterisks: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001
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Next, in order to downregulate PTENPI post-
transcriptionally, we used the recently reported CRISPR/
CasRx system [10]. For this, we utilized 4 gRNAs de-
signed on the same sequence of the 4 siRNAs compos-
ing the siPTENP1 mix (Fig. 2a, b) and we tested them
for their ability to decrease the expression of a reporter
construct in which PTENPI 3'UTR is cloned down-
stream of Luciferase coding sequence. As shown in Fig.
2¢, the gRNAs work similarly to the corresponding siR-
NAs, with the mix of all 4 gRNAs working best. There-
fore, we decided to use the combination of all 4, as we
had done with siRNAs. In Fig. 2d—h, we show the results
obtained upon the transient transfection of the gRNA
mix in GFP-sorted DU145 prostate cancer cells that sta-
bly express CasRx-eGFP (Fig. 2d, e). Consistent with the
RNA interference approach (Fig. 1), the gRNA mix

caused a downregulation of the intended target PTENPI
RNA, as well as of PTEN mRNA (Fig. 2f). The decrease
in mRNA level was mirrored by a decrease in PTEN
protein level and accompanied by increases in pAKT
levels (Fig. 2g) and cell proliferation (Fig. 2h).

We also adapted the CRISPR/Cas9-based gene re-
placement strategy [11] in order to achieve the downreg-
ulation of PTENPI at the transcriptional level.
Specifically, we engineered an sgRNA-mediated cut be-
tween the promoter and the transcribed region of
PTENPI gene. Then, by exploiting homology-mediated
recombination, we “knocked-in” a GFP expression cas-
sette in the reverse orientation, which interferes with
PTENPI transcription (Fig. 3a). Using this strategy, we
identified 11 GFP-positive KI clones (Fig. 3b), of which 7
harbored correct recombination of both homology arms
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Fig. 2 CRISPR-mediated knock-down of PTENPT RNA results in the downregulation of PTEN expression and in an increase in DU145 cell proliferation. a, b
Schematic representation of the location of the 4 gRNAs used to knock down PTENPT expression (a). The sequence of PTENPT gRNAs (#1 to #4)
corresponds to the sequence of the siRNAs described in Fig. 1, extended by 3 nt (blue, b). ¢ Luciferase assay performed in HEK293T cells to compare the
efficiency of single SiRNAs and gRNAs, as well as their mixes, in downregulating the expression of PTENPI. The assay was performed 36 h after the co-
transfection of pGLU/W3'UTR plasmid with the indicated siRNAs (siCT; SiPTENP1 #1,2,3,4) or gRNA-expressing plasmids (pCasRx-gRNA (SCR); pCasRx-gRNA-
PTENPT #1,2,34). In pGLU/Y3'UTR plasmid, the R1 high homology and the R2 low homology regions of PTENPT 3'UTR are cloned downstream of Luciferase
coding sequence [1]. d Cartoon summarizing the experimental protocol used to test the gRNAs in DU145 cells. DU145 cells were stably infected using the
lentiviral vector pEF1a-CasRx-2A-eGFP, then sorted for high eGFP expression and, finally, electroporated with pCasRx-gRNA plasmid or the mix of pCasRx-
gRNA-PTENPT #1,2,34 plasmids. e gRT-PCR quantification of CasRx mRNA in DU145 cells that were stably infected with pEF1a-CasRx-2A-eGFP and then
sorted for high eGFP expression (DU145-CasRx). f gRT-PCR quantification of the indicated transcripts 24 h after the transfection of pCasRx-gRNA (SCR) or
pCasRx-gRNA-PTENPT #1,2,34 mix in DU145-CasRx cells. g (left) Representative western blot detection of PTEN/GAPDH and pAKT/GAPDH proteins,
performed 48 h after the transfection of pCasRx-gRNA (SCR) or pCasRx-gRNA-PTENPT #1,2,34 mix in DU145-CasRx cells. (right) Quantification of protein
levels. h Growth curves of DU145-CasRx cells transfected with pCasRx-gRNA (SCR) or pCasRx-gRNA-PTENPT #1,2,34 mix. T1/3/5/7: days after the
transfection. The results reported in f~h confirm the data obtained using siRNAs: the knock-down of PTENPT negatively affects PTEN expression. As a
consequence, AKT gets hyper-phosphorylated and cell proliferation increases. The graphs represent the mean + SEM of three independent experiments.
Statistically significant differences are indicated with asterisks: *p < 0.05, **p < 001, **p < 0001, ***p < 0.0001

and 5 showed the expected drop in PTENPI mRNA
levels (clones #A, 2, 5, 8, and 13 reported in Fig. 3¢, d).
In these clones, we also observed a decrease in both
PTEN mRNA and protein levels (Fig. 3d, e). In addition,
clones #A, 2, and 13 had accompanying increases in
pAKT levels (Fig. 3e) and cell proliferation (Fig. 3f). Cru-
cially, in Fig. 3g, we show that endogenous PTEN mRNA
levels are rescued in clone #13, if PTENP1 3'UTR is
reintroduced by means of a plasmid that expresses it
downstream of Luciferase coding sequence.

In summary, using 2 CRISPR-based technologies (Figs.
2 and 3), we confirmed our results achieved using RNA
interference (ref. [1] and Fig. 1): knock-down of PTENPI
leads to the repression of PTEN expression, hence the
hyperactivation of oncogenic AKT signaling. In addition,
we confirmed that siRNA-mediated knock-down of
PTENPI antisense alpha + beta transcripts results in a
downregulation of PTENPI and PTEN transcripts (Fig.
1b), as previously reported in [12]. Conversely, we
showed that the knock-down of PTEN plus PTENPI
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Fig. 3 CRISPR-mediated knock-in of a GFP expression cassette in PTENPT gene results in the downregulation of PTEN expression and in an
increase in DU145 cell proliferation. a Schematic representation of the CRISPR/Cas9-mediated cleavage of PTENPT gene region, followed by the
homology recombination-mediated knock-in of a GFP expression cassette. Being oriented in the opposite direction, the cassette interferes with
the transcription of PTENPT itself. The double-strand cut of genomic DNA produced by Cas9/sgRNA-PTENPT (blue) is located within the 5'UTR
region of PTENP1, upstream of the promoter of PTENP1 AS a and f. Therefore, the transcriptional unit of the antisense transcripts is preserved.
Besides the arms required for homology recombination and the GFP expression cassette, the knock-in construct contains 2 insulators and 2 loxP
sites. b Cartoon summarizing the experimental protocol used. DU145 that constitutively express Cas9 and sgRNA-PTENPT were electroporated
with pHR410PA-1-PTENPT plasmid that contains the knock-in construct. Then, Cas9-mediated cleavage of PTENPT genomic DNA was induced by
adding doxycycline. After waiting 10-14 days in order to allow the dilution of non-integrated plasmid, cells that stably express GFP were sorted
and seeded at 1-cell/96-well density to obtain individual knock-in clones. ¢ PCR-based screening of the clones that are correctly knocked in. The
junction regions located upstream and downstream of the knock-in construct were amplified using the primers shown in panel a as purple and
dark red arrows, respectively. The purple forward and the dark red reverse primers (they give a PCR band only on wt alleles, not on knocked-in
alleles) were also used to test whether the integration of the construct occurred on all chromosome 9 copies or not (het). The genomic DNA
extracted from parental DU145 cells was used as negative control (C—). The genomic DNA extracted from DU145-GFP-KI cells right before 1-cell/
96-well seeding was used as positive control (C+). Clones #A, 2, 5, 8, and 13 all show the correct integration of the construct, although non-
knocked-in copies of chromosome 9 remain. d gRT-PCR quantification of the indicated transcripts in DU145 cells (taken as control) and clones #A,
2, 5,8, and 13. e (left) Quantification of PTEN/GAPDH and pAKT/GAPDH protein levels in DU145 cells (taken as control) and in clones #A, 2, 5, 8,
and 13. (right) Representative western blot detection of PTEN, pAKT and GAPDH proteins in DU145 cells and in clone #13. f Growth curves of
DU145 cells and clones #A, 2, and 13. T1/3/5/7: days after seeding. g gqRT-PCR quantification of the indicated transcripts 24 h after the
electroporation of 1.5 ug of pGLU empty plasmid or of pGLU/Y3'UTR plasmid in clone #13. The results reported in d-g confirm what obtained by
RNA interference and CRISPR/CasRx: the knock-down of PTENPT negatively affects PTEN expression. As a consequence, AKT gets hyper-
phosphorylated and cell proliferation increases. The graphs represent the mean + SEM of three independent experiments. Statistically significant
differences are indicated with asterisks: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001




Vitiello et al. Journal of Hematology & Oncology (2020) 13:73

transcripts by RNA interference (Fig. 1b) and of PTENPI
by CRISPR/CasRx technology (Fig. 2f) represses the ex-
pression of PTENPI antisense transcripts, whereas the
upregulation of PTENPI transcript elicits the opposite
effect (Fig. 3g). In sum, we provide evidence that un-
covers a dynamic cross-talk between PTENP1 and PTEN
sense transcripts on one side and antisense PTENPI
transcripts on the other.

In the decade since our discovery, numerous groups
have independently validated the regulatory interaction
between PTENPI and PTEN. Altogether, these data pro-
vide a persuasive body of work to support the existence
of a robust and reproducible functional interaction be-
tween this gene-pseudogene pair [13]. Finally, the new
data presented herein further reinforces the PTENPI-
PTEN paradigm and highlights the utility of CRISPR
technologies for investigations of pseudogene-parental
gene transcript relationships in cancer and other
diseases.
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SUPPLEMENTARY METHODS

Cells and culture. HEK293T cells were grown in DMEM low glucose medium plus 10% foetal
bovine serum. DU145 were grown in RPMI medium plus 10% foetal bovine serum. Both cell lines
were grown in 1% glutamine (Sigma-Aldrich) and 1% penicillin/streptomycin (Euroclone) containing
medium, at 37°C in a humidified atmosphere with 5% CO..

Oligos. PCR and gRT-PCR oligos were purchased from Eurofins Genomics. The non-targeting
siCT and the siRNAs for PTEN and PTENP1 knock-down were purchased from Dharmacon. The
siRNA for PTENP1 AS a+8 knock-down was purchased from Eurofins Genomics. For sequences,
see below:

Sequence of qRT-PCR primers

Gene

Forward primer

Reverse primer

ref

PTEN GTTTACCGGCAGCATCAAAT CCCCCACTTTAGTGCACAGT PMID: 20577206
PTENP1 TCAGAACATGGCATACACCAA TGATGACGTCCGATTTTTCA PMID: 20577206
PTENP1 AS a+B | AAGGCTGCACTGTCAACTTCCCTA| TCCCACAATAGGTCTTCTGCAAGC | PMID: 23435381
CasRx AGCTGACCAACTCCTTCTCC AGCATCACTTCCCTGAGCTT

GAPDH CGCTCTCTGCTCCTCCTGTT CCATGGTGTCTGAGCGATGT PMID:28445987
PBGD TCCAAGCGGAGCCATGTCTG AGAATCTTGTCCCCTGTGGTGGA PMID:28445987
SDHA CCACTCGCTATTGCACACC CACTCCCCATTCTCCATCA PMID:28445987

Sequence of siRNAs

Gene Sequence

siCT #D 001210-02-20
SIPTENP1 #1 * TGAATAAAGGGTTCGAATA
SIPTENP1 #2 * GCCAGAATGATGATTATTA
SIPTENP1 #3 * CATCAGAGATCATATAGGA
SIPTENP1 #4 * CCTCACACATTGACGATAG
SIPTEN #1 * GGAAATTAGAGTTGCAGTA
SIPTEN #2 * ACTTATTGGTGCTGAAATT
SIPTEN #3 * GGCAAATAGATTACCCAGA
SIPTEN #4 * GATTCTACAGTAAGCGTTT
SIPTEN/PTENP1 #1* GAUCAGCAUACACAAAUUA
SiPTEN/PTENP1 #2* GACUUAGACUUGACCUAUA
SiPTEN/PTENP1 #3* GAUCUUGACCAAUGGCUAA
SIPTEN/PTENP1 #4* CGAUAGCAUUUGCAGUAUA
SIPTENP1 AS a+p** UGUACUGUCUGAUAUCUCC

* siRNA reported in PMID:20577206
** PTENpg1 asRNA Ex2 shRNA sequence reported in PMID:23435381

Plasmids.

pRL-TK. The pRL-TK plasmid expresses Renilla Luciferase and is cotransfected with pGLU
plasmids as normalization control.

pGLU/W3'UTR. This plasmid expresses the R1 high homology and the R2 low homology regions of
PTENP1 3'UTR downstream of Firefly Luciferase coding sequence. The empty pGLU plasmid is
used as negative control [1].

pXR001:pEF1a-CasRx-2A-eGFP. This lentiviral vector, which expresses CasRx and eGFP from a
bicistronic transcript, was purchased from Addgene (#109049).

pCasRx-gRNA-PTENP1 #1,2,3,4. The 4 gRNAs against PTENP1 (see Fig.2b for sequences) were
cloned into pXR003:pCasRx-gRNA plasmid (Addgene, #109053), using BbSI restriction site.
pCasRx-gRNA plasmid, which expresses a non-targeting gRNA, was used as control (SCR).




pCW-Cas9. This lentiviral vector, which expresses a doxycycline-inducible version of Cas9 and
carries puromycin resistance, was purchased from Addgene (#50661).

pLX-sgRNA-PTENP1. In order to obtain pLX-sgRNA-PTENP1 lentiviral vector, first of all the
sequence of the sgRNA for PTENP1 was chosen using CHOPCHOP online tool
(https://chopchop.cbu.uib.no/) and double-checked for its inability to target PTEN gene
(Supplementary Fig.1a and b). Then, according to the protocol available at www.addgene.org,
the PCR product corresponding to sgRNA-PTENP1 was generated using as template pLX-AAVS1-
sgRNA lentiviral vector (Addgene, #50662), Phusion Flash High-Fidelity PCR Master Mix (Thermo
Scientific) and the following primers: F2 5-
GCGGCAGCAGCTGCTGGATGGGTTTTAGAGCTAGAAATAGCAA-3, R2 5-
CCATCCAGCAGCTGCTGCCGCGG-3'. Finally, the PCR product was cloned into pLX-AAVS1-
sgRNA lentiviral vector itself, using Xhol and Nhel restriction sites, so that pLX-sgRNA-PTENP1
lentiviral vector was obtained. Being derived from pLX-AAVS1-sgRNA, this vector carries
blasticidine resistance. The electropherogram reported in Supplementary Fig.1c confirms the
ability of pLX-sgRNA-PTENP1 to cut the intended region within PTENP1 gene.
pHR410PA-1-PTENP1. This plasmid was used as template for homologous recombination, after
Cas9/sgRNA-PTENP1-mediated cleavage at PAM site. The genomic regions located upstream
and downstream of the PAM were amplified using the following primers: PTENP1 upstream Fw 5’-
catgtcgacctgaagcccctctcagcaacccg-3’; PTENP1 upstream Rv 5-
atgggatccctactgggcctgcttctcctcage-3’; PTENP1 downstream Fw 5-
catagatctgcagctgctgccgecagcecattacc-3’; PTENP1 upstream Rv 5- atggaattctatgcataaatcattataccag-
3. The amplified regions were then cloned into pHR410PA-1 plasmid (kind gift from Dr. Landi,
University of Pisa, Italy) using Sall/BamH| (PTENP1 upstream region) and EcoRI/Bglll (PTENP1
downstream region) restriction sites. In between the upstream and downstream homology regions,
pHR410PA-1-PTENP1 plasmid contains a GFP expression cassette flanked by 2 insulators and 2
loxP sites.

pMD2.G and pSpax2. These two plasmids were used for lentiviral packaging and they were
cotransfected with pCasRx, pCW-Cas9 or pLX-sgRNA-PTENP1 for the production of specific
lentiviruses. They were a kind gift from Dr. Hernando, New York University, New York, USA.

siRNA transfection. DU145 cells (3.3x10°) were seeded in 6-well dishes. The following day they
were transfected with 100nM siRNAs using Dharmafect | according to the manufacturer’s protocol.
Six hours later, cells were trypsinized and seeded for the specific assays.

Plasmid electroporation. For plasmid electroporation, DU145 cells (1.5x10°) were seeded in
10cm dishes. The following day, 10° cells were electroporated with 2ug of plasmidic DNA in total,
using Amaxa Nucleofector™ Il (Lonza) and following the manufacturer’s protocol.

Viral infection. HEK293T cells were plated in 10cm dishes (3x10%/dish) and 24h later they were
transfected with 12ug of pEF1a-CasRx-2A-eGFP, pCW-Cas9 or pLX-sgRNA-PTENP1, 4ug of
pMD2.G and 8ug of pSpax2 using PEI. Six hours later, the medium was changed. Virus containing
media was collected at 48h and 72h after transfection. Then, it was filtered and the virus was
pelleted using LentiX Concentrator (Takara, #631231). Once quantified, the virus was added to
DU145 cells using 4ug/ml polybrene.

Generation of GFP knock-in clones. DU145 cells were stably infected with pCW-Cas9 and pLX-
sgRNA-PTENP1. Once DU145-Cas9/sgRNA-PTENP1 cells were obtained, they were
electroporated with pHR410PA-1-PTENP1 and then Cas9 was induced using 2ug/ml doxycycline
(Merck, #D9891). 10-14 days later, green DU145-GFP-KI cells (i.e. cells in which the GFP cassette
is stably inserted within the PTENP1 gene) were sorted using FACSJazz (BD) and seeded in a 96-
well plate at 1 cell/well density, in order to isolate individual Kl clones.



Genomic DNA extraction and analysis of PTENP1 genomic status. Genomic DNA was
extracted from parental DU145 cells (used as negative control C(-)), unsorted DU145-GFP-KI cells
(used as positive control C(+)) and Kl clones (10° cells), following the protocol reported in [2].
PTENP1 status was evaluated using two couples of primers: PTENP1 UP primers that amplify the
junction region located upstream of the knock-in construct (Fw: TCTCCTCTCAGAAGCTGCAG;
Rv: GTGTCTGCAGGCTCAAAGAG (purple arrows in Fig.3a)) and PTENP1 DOWN primers that
amplify the junction region located downstream of the knock-in construct (Fw:
GTGTCTGCAGGCTCAAAGAG; Rv: CGCCTCTGACTGGGAATAGT (dark red arrows in Fig.3a)).
PTENP1 UP Fw and PTENP1 DOWN Rv were used to detect non knocked-in copies of
chromosome 9.

Luciferase reporter assay. HEK293T cells were seeded at a density of 7.5x10* cells per 24-well
dish. The following day, 50ng of pGLU/@W3’'UTR and 10ng of pRL-TK were co-transfected with 5nM
of specific siRNAs or 300ng of pCasRx plus 500ng of pCasRx-gRNA-PTENP1 #1,2,3,4 mix, using
Lipofectamine 2000 (Life Technologies). Luciferase activity was measured 36 hours after
transfection.

Real-time PCR (qRT-PCR). RNA was extracted using QIAzol reagent (Qiagen), following the
manufacturer’s instructions. RNA was subsequently quantified using Nanodrop Lite (Thermo
Scientific). DNAse treatment and retrotranscription of the mRNA was performed using QuantiTect
Reverse transcription Kit (Qiagen), according to the manufacturer’s protocol and using a S1000
Thermal Cycler (Bio-Rad). gRT-PCR was performed with SsoAdvanced Universal Supermix (Bio-
Rad) on a CFX96 Real-Time System (Bio-Rad).

Protein extraction and western blot. DU145 cells (10°) were resuspended in 40ul of Lysis buffer
(50mM Tris HCI, 1% TritonX100, 0.25% NaDeoxicholate, 1mM PMSF, 2mM Orthovanadate,
proteinase inhibitors cocktail). Then proteins were extracted as described in [2]. The following
antibodies were purchased from Cell Signaling and used according to the manufacturer’'s
instructions: PTEN (#9559), pAKT-Ser*”® (#4060) and GAPDH (#2118). Quantification of band
intensities was performed using ImagedJ software (http://rsb.info.nih.gov/ij/).

Growth curve. DU145 cells (7x10%) were seeded in 12-well plates (3 wells per time point). Each
time point was fixed with 4% PFA and stained using a crystal violet solution (0.1% crystal violet,
20% methanol, in water) as reported in [2]. Each sample was normalized on the time 1 (T1) sample
and the data were graphed as cell percentage compared to time 1.

Statistical analyses. Data were analysed using unpaired t test (GraphPad Prism, GraphPad
Software Inc.). The mean + SEM of 3 independent experiments is reported. Values of p<0.05 were
considered statistically significant (*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001).

REFERENCES

1. Poliseno L, Salmena L, Zhang J, Carver B, Haveman WJ, Pandolfi PP: A coding-
independent function of gene and pseudogene mRNAs regulates tumour biology.
Nature 2010, 465:1033-1038.

2. Vitiello M, Tuccoli A, D'Aurizio R, Sarti S, Giannecchini L, Lubrano S, Marranci A,
Evangelista M, Peppicelli S, Ippolito C, et al: Context-dependent miR-204 and miR-211
affect the biological properties of amelanotic and melanotic melanoma cells.
Oncotarget 2017, 8:25395-25417.



SgRNA-PTENP1 CGGCAGCAGCTGCTGGATGG

B PTENP1 gene PTEN gene
5’-CCACCATCCAGCAGCTGCTGCCG-3’ 5’-CAACCATCCAGCAGCCGCCGCAG-3’
3’-GGTGGTAGGTCGTCGACGACGGC-5’ 3’-GTTGGTAGGTCGTCGGCGGCGTC-5’

C

PAM SgRNA
:VGGCCC?G\rGClGlCC cc T CCA GC GCTGCTGCCGICA ACCATTACCC GGCTGCGGTCCAGAGCCAA

Il

| \/0\ \/ﬂ |

i p 1l
{“,/\/ 1 e
|

i

\/
o

Supplementary Figure 1.

a sgRNA-PTENP1 sequence. b (left) PTENP1 genomic sequence recognized by sgRNA-PTENP1 (bold), and
PAM sequence (5’-TGG-3’, underlined). (right) Orthologous PTEN genomic sequence. sgRNA-PTENP1 cannot
mediate the cleavage of PTEN because of 4 mismatches (red), one of which falls in the PAM sequence. ¢
Electropherogram of PTENP1 genomic sequence, where the consequences of the cut by Cas9/sgRNA-
PTENP1 are shown. The electropherogram was obtained by PCR analysis of the genomic DNA extracted
from DU145-Cas9/sgRNA-PTENP1 double infected cells, 3 days after Cas9 induction using 2ug/ml
doxycycline. The primers used for amplification were: Fw-attcgtcttctccccattec; Rv-tctgcaggaaatcccatagce.
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