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BMSC-derived exosomal IncRNA PTENP1 suppresses the malignant phenotypes of
bladder cancer by upregulating SCARAS5 expression

Shu-Cheng Liu, You-Han Cao, Li-Bo Chen, Ran Kang, Zhong-Xin Huang, and Xin-Sheng Lu

The First Affiliated Hospital, Department of Urology, Hengyang Medical School, University of South China, Hengyang, China

ABSTRACTLNCRNAS can be transported to tumor cells where they exert regulatory effects by bone marrow
mesenchymal stem cells (BMSC)-derived exosomes. Here, we aimed to investigate the functional mechan-
ism of BMSC-derived exosomal IncRNA PTENP1 in the progression of bladder cancer (BC). Methods of
BMSC were identified by detecting surface markers through flow cytometry. Exosomes from BMSC were
identified by transmission electron microscopy, nanoparticle tracking analysis (NTA), and western blot
analysis of exosome markers. Cellular internalization of BMSC-derived exosomes (BMSC-Exo) into BC cells
was detected by confocal microscopy. CCK-8, colony formation, flow cytometry, wound healing, and
transwell assays were adopted to estimate cell proliferation, apoptosis, migration, and invasion abilities,
respectively. Interplay between miR-17 and IncRNA PTENP1 or SCARA5 was verified by dual-luciferase
reporter, RNA pull down, and/or RNA immunoprecipitation (RIP) assays. Tumor xenograft assay was
conducted in nude mice to study the role of exosomal IncRNA PTENP1 in BC progression in vivo. We
showed exosomal IncRNA PTENP1 can be delivered into and suppress the malignant phenotypes of BC
cells. LncRNA PTENP1 was identified as a sponge of miR-17, and SCARAS5 was identified as a target gene of
miR-17. The exosomes derived from PTENP1-overexpressing BMSC (BMSCOSPTENPI_Exo) abolished the
promotive effects of miR-17 overexpression or SCARA5 knockdown on the malignant phenotypes of BC
cells. Moreover, exosomal INcRNA PTENP1 was demonstrated to inhibit BC tumor growth in nude mice by
miR-17/SCARAS5 axis. In conclusion, BMSC-derived exosomal PTENP1 suppressed the BC progression by
upregulating the expression of SCARA5 via sponging miR-17, offering a potential novel therapeutic target
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for BC therapy.

Introduction

Bone mesenchymal stem cells (BMSC) are a group of multipotent
cells with the abilities of self-renewal and differentiation into
osteoblasts, chondrocytes, and adipocytes." Evidence has shown
that BMSC can secrete various bioactive agents that significantly
affect the critical cellular functions of neighboring cells, such as
apoptosis, proliferation, and maturation.” This secretome-based
property of BMSC is widely believed to be primarily mediated by
the smallest subset of extracellular vesicles, exosomes.>* Exosomes
are bilayer lipid vesicles containing various cellular agents, such as
nucleic acids, proteins, and RNAs, that are actively released by
mammalian cells with a diameter ranging from 50 to 150 nm.*
Accumulating evidence has shown that BMSC-derived exosomes
can regulate tumor cell proliferation, angiogenesis, apoptosis, and
metastasis by transferring signaling molecules and controlling
cellular pathways.z’5 6 Bladder cancer (BC) is a common tumor
in the urinary system with 80470 new cases diagnosed annually.”
The regulatory effects of BMSC-derived exosomes on the initia-
tion, development, and metastasis of BC have been recently inves-
tigated by several studies; however, the underlying mechanisms
remain largely unclear.®

Multiple species of non-coding RNAs (ncRNAs), such as
long non-coding RNAs (IncRNAs), microRNAs (miRNAs),
and circular RNAs (circRNAs), were found to be enriched in
BMSC-derived exosomes.” These functional ncRNAs

transported by exosomes to tumor cells can modulate the
expression of target genes to participate in the growth, apop-
tosis, and metastasis of tumor cells.>'° Among these species of
ncRNAs, the IncRNAs in exosomes have been extensively
investigated. LncRNAs have been revealed to be dysregulated
in various human cancers and play as oncogenes or suppres-
sors through a diversity of mechanisms.!'! LncRNA PTENPI,
the pseudogene of PTEN, was revealed to be an inhibitor in
numerous malignancies.'>'?> Nevertheless, only a few studies
have focused on the role of IncRNA PTENPI in the progres-
sion of BC,' the underlying molecular mechanisms of IncRNA
PTENP1 in BC and whether BMSC-derived exosomes can
carry and transport IncRNA PTENP1 to BC cells remain
unclear.

Notably, the critical function of IncRNAs rested on regulat-
ing biological events of tumor cells by controlling gene expres-
sion or competitively sponging miRNAs, rather than encoding
proteins.'” As an important subset of ncRNAs, miRNAs are
a group of transcripts with approximately 22 nucleotides."® It is
now widely recognized that miRNAs participate in multiple
biological events of cancer cells, thus becoming one of the most
promising diagnostic and therapeutic targets for tumors.'”
MiR-17 has been revealed to be overexpressed in BC.'* In
hepatocellular carcinoma, increased PTENP1 was proved to
inhibit the oncogenic PI3K/AKT pathway and promote pro-
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death autophagy by sequestering miR-17."” Nevertheless,
whether PTENP1/miR-17 axis has a role in BC progression
remains unknown. Moreover, based on the prediction results
of bioinformatics, there are binding sites between miR-17 and
IncRNA PTENPI or scavenger receptor class A member 5
(SCARAS5), which was proved to be a key tumor suppressor
in various cancers.””*' It was also regarded as a promising
biomarker for various human cancers, including colorectal
cancer, oral squamous cell carcinoma, and breast cancer.?>%4
However, whether SCARAS5 plays a role in BC tumorigenesis
remains undetermined.

Here, we aimed to investigate whether IncRNA PTENP1
could be transported by BMSC-derived exosomes to BC cells,
and whether the impacts of IncRNA PTENP1 on BC cell
malignant phenotypes are mediated by miR-17/SCARA5 axis.
Our results will certainly enrich the understanding of the role
of BMSC-derived exosomes in BC pathogenesis and provide
new ideas for BC treatment.

Results
Identification of BMSC and BMSC-derived exosomes

Previous studies suggested that CD29, CD44, and CD106 could
be used as positive biomarkers, and CD34 and CD45 could be
used as negative biomarkers for BMSC.** As expected, we found
positive expression of CD29, CD44, and CD106, as well as

negative expression of CD34 and CD45 in collected BMSC
(Figure la). Next, exosomes were isolated from the medium of
BMSC and observed under a transmission electron microscope
(Figure 1b), results indicated that most exosomes had a diameter
of around 100 nm. For further verification of BMSC-Exo, the
expression of CD9, CD63, and CD81 (exosomal markers) were
tested, which indicated a higher expression of these markers in
exosomes from BMSC; moreover, calnexin was not expressed in
BMSC-Exo (Figure 1c). In addition, nanoparticle tracking ana-
lysis (NTA) was performed to detect the size of the particles.
Results indicated that the main peak of the particle size was
among the typical size arrangement of exosomes (Figure 1d).
To examine whether BMSC-derived exosomes can be trans-
ported into bladder cancer cell line 5637, PKH67-labeled BMSC-
Exo were co-cultured with 5637 cells for 30 min, 2 h, and 24 h,
respectively. Using confocal microscopy, we can observe
a gradual increase in green fluorescence of PKH67-labeled exo-
somes in 5637 cells (Figure le), suggesting that BMSC-derived
exosomes can be taken up by 5637 cells.

BMSC-derived exosomes suppressed the malignant
phenotypes of bladder cancer cells

To test the impacts of BMSC-Exo on the malignant phe-
notypes of BC cells in vitro, 5637 and another bladder
cancer cell-line T24 were cultured with BMSC-Exo. As
shown in Figure 2(a,b) BMSC-Exo significantly repressed
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Figure 1. Identification of BMSC and BMSC-derived exosomes.(a and b) proliferative ability of BC cells after incubating with BMSC-derived exosomes (BMSC-Exo) or not
was evaluated by CCK-8 and colony formation assays. (c and d) impacts of BMSC-Exo incubation on BC cell migration and invasion were estimated by wound healing
and transwell assays, respectively. (e) flow cytometry analysis was carried out to assess the apoptosis of BC cells treated with BMSC-Exo. *P < .05, **P < .01.



the proliferative ability of bladder cancer cells. Impacts of
BMSC-Exo administration on BC cell migration and inva-
sion were also evaluated. Compared to the control group,
administering BMSC-Exo dramatically suppressed the
capacities of migration and invasion of these two bladder
cancer cells Figure 2(c,d). Moreover, BC cell apoptosis
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was measured after the administration of BMSC-Exo,
which indicated that BMSC-Exo treatment markedly
increased the BC cell apoptosis rate (Figure 2e). These
findings implied that BMSC-Exo inhibited BC cell prolif-
eration, migration, and invasion, and promoted cell
apoptosis.
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Figure 2. BMSC-derived exosomes suppressed the malignant phenotypes of BC cells.(a) surface markers of BMSC including CD34, CD45, CD29, CD44, and CD106, were
detected through flow cytometry. (b) morphology of BMSC-derived exosomes was detected by transmission electron microscopy. (c) positive markers (CD9, CD63, and
(CD81) and negative marker (calnexin) of exosomes were tested by western blot. (d) NTA was performed to detect the size of the particles. (e) cellular internalization of
BMSC-derived exosomes into 5637 cells was detected by confocal microscopy. Scale bar: 50 um.
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BMSC-derived exosomal PTENP1 regulated the malignant
phenotypes of 5637 cells

Based on the previous conclusion that IncRNAs are enriched in
exosomes, and IncRNA PTENPI1 was reported to be a tumor
suppressor of BC, we speculate that the repressive effects of
BMSC-Exo on BC are achieved by transporting IncRNA
PTENPI into BC cells. To address this, BMSC were transfected
with PTENPI overexpression or knockdown vectors, and the
expression of IncRNA PTENPI in BMSC-Exo was measured
after 48 h. Results indicated that IncRNA PTENP1 was sharply
increased in the exosomes from PTENPI1-overexpressing
BMSC, while it was decreased in the exosomes from PTENP1-
silencing BMSC (Figure 3a). Next, the exosomes derived from
PTENPI1-overexpressing or PTENPI-silencing BMSC
(BMSCOFPTENPL By or BMSCMPTENPL _Eyo) were co-
cultured with 5637 cells, IncRNA PTENPI level in 5637 cells
was measured, which indicated an upregulation of IncRNA
PTENPI in BMSC®*™“Exo or BMSC*™ ™ Exo treatment
groups, and a further significant upregulation of IncRNA
PTENP1 in BMSCOFFTENPLExo treated 5637 cells, while
a significant downregulation of IncRNA PTENPI in BMSC™
PTENPL Exo-treated 5637 cells (Figure 3b). Functional experi-
ments showed that BMSC®*™N®_Exo or BMSC™"™“_Exo treat-
ment significantly repressed 5637 cell proliferation Figure 3(c,
d), migration (Figure 3e), and invasion (Figure 3f), while
promoted cell apoptosis (Figure 3g), these effects were found
to be further enhanced in BMSCO®PT™¥NPLExo-treated 5637
cells, but these effects were abolished by BMSC™" PTENPL_Exq
treatment Figure 3(c,g). These findings indicated that exosomal
IncRNA PTENPI1 from BMSC transported into and repressed
the malignant behaviors of BC cells.

LncRNA PTENP1 promoted the expression of SCARAS5 by
sponging miR-17

Since IncRNAs have been reported to serve as competing endo-
genous RNAs (ceRNAs) by sponging miRNAs, we then predicted
potential binding sites of PTENP1 on miR-17 using RNA
Interactome Database (Figure 4a). Moreover, we found miR-17
binding sites in SCARA5 by employing Starbase Database
(Figure 4b). These conclusions implied that PTENP1/miR-17/
SCARAS5 axis may work as a functional pathway for BC progres-
sion. Interplay between miR-17 and PTENP1 or SCARA5 was
determined using dual-luciferase reporter experiment. Luciferase
activities driven by PTENP1-WT or SCARA5-WT were signifi-
cantly suppressed by miR-17 mimics, while the activities driven by
PTENP1-MUT or SCARA5-MUT were not affected by miR-17
mimics or mimics NC Figure 4(c,d). Moreover, PTENP1 was
found to be pulled down by Bio-miR-17-WT probe rather than
Bio-NC and Bio-miR-17-MUT probes (Figure 4e). RIP assay was
carried out to examine whether PTENP1, miR-17, and SCARA5
could form RNA-induced silencing complex. Results indicated
that treatment with miR-17 mimic increased the enrichment of
PTENP1 and SCARA5 in Ago2 immunoprecipitation complex
compared to mimics NC group (Figure 4f). Moreover, miR-17,
PTENP1 and SCARA5 were all found to be enriched in Ago2
group compared to IgG group (Figure 4g), indicating that
PTENP1, miR-17, and SCARA5 could form RNA-induced

silencing complex. Additionally, we found that transfection of
PTENP1 overexpression vector elevated the expression levels of
PTENP1 and SCARA5 mRNA, while reduced the level of miR-17
(Figure 4h). MiR-17 mimics transfection elevated miR-17 level,
while it reduced SCARA5 mRNA level (Figure 4i). Western blot
analysis indicated that SCARA5 protein was decreased or
increased in miR-17 mimics or OE-PTENP1 group (Figure 4j).
These findings suggested that IncRNA PTENP1 could indirectly
regulate the expression of SCARA5 by sponging miR-17.

Exosomes derived from PTENP1-overexpressing BMSC
abolished the promotive effects of miR-17 overexpression
on the malignant phenotypes of 5637 cells

Next, rescue experiments were conducted to determine the influ-
ence of BMSCO* "™ PLExo on miR-17-mediated promotive
impacts on 5637 cells. Compared with mimics NC group, miR-
17 level was significantly elevated in miR-17 mimics-transfected
5637 cells (Figure 5a). The upregulation of miR-17 was partly
reversed by the treatment of BMSC®*™N“-Exo, and further abol-
ished by the treatment of BMSCOEPTENPL By (Figure 5a). Results
from functional experiments indicated that miR-17 overexpres-
sion promoted 5637 cell proliferation Figure 5(b,c) migration
(Figure 5d), and invasion (Figure 5e), and reduced cell apoptosis
(Figure 5f). Moreover, the promotive effects of miR-17 overex-
pression on 5637 cell malignant phenotypes were partly reversed
by the treatment of BMSC®*™N-Exo, and totally abolished by the
treatment of BMSCOEPTENPL gyq Figure 5(b,f). These results
indicated that exosomal IncRNA PTENP1/miR-17 axis plays
a role in regulating the malignant phenotypes of BC cells.

Exosomes derived from PTENP1-overexpressing BMSC
abolished the promotive effects of SCARA5 knockdown on
the malignant phenotypes of 5637 cells

Similarly, rescue assays were performed on 5637 cells to test the
roles of SCARA5 in exosomal PTENP1-mediated repressive
impacts on BC cells. SCARA5 mRNA and protein levels were
significantly decreased in sh-SCARAS5-transfected 5637 cells
compared with control group (Figure 6a). The sh-SCARAS5-
induced downregulation of SCARAS5 was partly reversed by the
treatment of BMSCOF PT*NPLExo and totally abolished by the
treatment of BMSCCOEFTENPL Exo (Figure 6a). Results from
functional experiments indicated that SCARAS5 knockdown
promoted 5637 cell proliferation Figure 6(b,c) migration
(Figure 6d), and invasion (Figure 6e), and reduced cell apop-
tosis (Figure 6f). Moreover, the promotive effects of SCARA5
knockdown on 5637 cell malignant phenotypes were partly
reversed by the treatment of BMSC®* ™“_Exo and totally abol-
ished by the treatment of BMSCOEPTENPL By Figure 6(b,f).
These results indicated that SCARAS5 played as a downstream
regulator of exosomal IncRNA PTENPI in BC cells.

Exosomes derived from PTENP1-overexpressing BMSC
repressed BC tumor growth in vivo

Xenograft tumor growth assay was carried out to evaluate the
impacts of exosomal IncRNA PTENP1 on tumor growth in
nude mice. Treatment with BMSCOF PTENPLExo significantly
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Figure 3. BMSC-derived exosomal PTENP1 regulated the malignant phenotypes of 5637 cells.(a) BMSC-derived exosomes were isolated and the expression of INCRNA
PTENP1 in exosomes was examined by qRT-PCR. (b) after 48 h of co-culture with the exosomes derived from NC- or PTENP1-overexpressing BMSC (BMSCOF™C-Exo,
BMSCOEPTENPT_Eyo), 5637 cells were collected and subjected for qRT-PCR analysis of INcRNA PTENP1. (c and d) proliferative ability of 5637 cells treated with BMSCO®NC-
Exo or BMSCOEPTENPLExo was evaluated by CCK-8 and colony formation assays. Impacts of treatment with BMSCO®N“-Exo or BMSCOEFPTENPLExo on 5637 (e) cell
migration, (f) invasion, and (g) apoptosis were measured by wound healing, transwell, and flow cytometry assays. *P < .05, **P < .01.

repressed the volume and weight of tumors compared to (Figure 7d). Western blot analysis confirmed the upregulation
BMSCP*NC_Exo group Figure 7(a,c). In addition, we found of SCARAS5 protein in BMSC?* P"¥NPLExo group (Figure 7e).
that PTENP1 and SCARA5 mRNA were sharply increased, These results showed that exosomes derived from PTENPI-
while miR-17 was decreased in tumors treated with BMSC®®"  overexpressing BMSC repressed BC tumor growth in nude
PTENPL_Exo compared to those treated with BMSC®*NC.-Exo  mice.
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Figure 4. LncRNA PTENP1 promoted the expression of SCARA5 by sponging miR-17.(a and b) the binding sites of miR-17 with PTENP1 or SCARAS. (c and d) interplay
between miR-17 and PTENP1 or SCARA5 was validated by dual-luciferase reporter assay. (e-g) RNA pull down and RIP assays were performed to examine the interaction
between miR-17 and PTENP1 or SCARA5 in 5637 cells. (h and i) after transfecting with OE-PTENP1 or miR-17 mimics, as well as their negative controls, the expression
levels of INcRNA PTENP1, miR-17, and SCARAS5 in 5637 cells were tested by gRT-PCR. (j) western blot analysis of SCARA5 in 5637 cells treated with OE-PTENP1 or miR-17

mimics, as well as their negative controls. *P < .05, **P < .01, and ***P < .001.

Discussion

Accumulating studies have suggested that exosomes contain-
ing IncRNAs can be captured by tumor cells and trigger a series
of cellular response, which may also affect the dysregulation of
IncRNA expression profile in tumor cells.”® With the

tremendous advancement of sequencing technologies,
IncRNA dysregulation has been evaluated more accurately
during each step of the malignant process."” The abundance
and specific stable expression of exosomal IncRNAs in blood

and tissues make them ideal biomarkers for early diagnosis and
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Figure 5. Exosomes derived from PTENP1-overexpressing BMSC abolished the promotive effects of miR-17 overexpression on the malignant phenotypes of 5637 cells.(a)
relative expression level of miR-17 in 5637 cells treated with miR-17 mimics and BMSC®P®P'_Exo was measured by qRT-PCR. (b and ) proliferative ability of 5637 cells
treated with miR-17 mimics and BMSCEPT™P1Exo was evaluated by CCK-8 and colony formation assays. impacts of treatment with miR-17 mimics and BMSCOEPTNP1_Exo
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metastasis prediction in cancer.”” For instance, plasma exoso-
mal IncRNA PTENPI1 and serum exosomal IncRNA H19 were
demonstrated to be promising noninvasive markers for BC
diagnosis.”®* Moreover, exosomal IncRNA PTENP1 was
revealed to be transported to BC cells and repressed its malig-
nant behaviors by promoting cell apoptosis.”® Here, we
demonstrated that BMSC-derived exosomes can transport
IncRNA PTENPI into BC cells. Exosomal IncRNA PTENP1

indirectly increased the expression of SCARAS5 by sponging
miR-17, and thus alleviating the malignant phenotypes of BC

cells.

Tumor growth and metastasis require the formation of
a favorable microenvironment in which mesenchymal stem
cells (MSCs) act as important participants. MSCs interact
with the surrounding cells and exchange the information that
is orchestrated by the cancer cells,” thus regulating the pro-
gression of tumors. The regulatory impacts of MSCs on tumor
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Figure 6.
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Exosomes derived from PTENP1-overexpressing BMSC abolished the promotive effects of SCARA5 knockdown on the malignant phenotypes of 5637 cells.(a)

relative mRNA and protein expression of SCARA5 in 5637 cells treated with sh-SCARA5 and BMSCOEPTENPT_Exo were measured by qRT-PCR and western blot,
respectively. After treatment with sh-SCARAS5 and BMSCO®PT™"P"_gxo, 5637 cells were subjected for the analysis of (b and c) proliferation, (d) migration, () invasion,

and (f) apoptosis. *P < .05, **P < .01, and ***P < .001.

cells are believed to be dependent on paracrine mechanisms
and exosomes have been implicated as one of the most com-
mon mediators of MSC actions.” > For instance, IncRNA
PVT1 encapsulated in MSC-derived exosomes was found to
facilitate osteosarcoma growth and metastasis by miR-183-5p/
ERG pathway.'® Other research groups indicated that MSC-
derived exosomes regulated survival of tumor cells by invol-
ving IncRNA RUNX2-AS1 and IncRNA Sox2ot.***> For BC,
exosomal IncRNA LNMAT2 was demonstrated to facilitate

lymphatic metastasis by transcriptionally increasing the
expression of PROX1.*® Moreover, IncRNA PTENP1 was
found to be mainly wrapped by exosomes, and normal cells
secreted exosomal PTENPI and transported it to BC cells, thus
repressing the malignant phenotypes of BC cells.”® Here, we
examined the shape and size of BMSC-derived exosomes using
transmission electron microscopy and NTA, and the exosomal
markers were also detected by Western blot. Consistent with
other studies, fluorescence microscopy suggested that BMSC-
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Figure 7. Exosomes derived from PTENP1-overexpressing BMSC repressed BC tumor growth in vivo.(a) representative images of tumors formed by the 5637 cells treated
with BMSCOENC.Exo or BMSCOEPTNP1_Exo. (b and ¢) tumor volume and weight in each group. (d) relative expression levels of IncRNA PTENP1, miR-17, and SCARAS

mRNA in the tumors formed by the 5637 cells treated with BMSC®*N“-Exo or BMSC®*

ENPT_Exo were examined by qRT-PCR. (e) western blot analysis of SCARAS protein

in the tumors formed by the 5637 cells treated with BMSCO*N -Exo or BMSCOFPTENPLExo, *p < 05, **P < .01, and ***P < .001.

derived exosomes labeled with PKH67 could be transported
into BC cells. The malignant phenotypes, including prolifera-
tion, migration, and invasion of BC cells exposed to BMSC-
derived exosomes, were significantly repressed. Moreover, we
found that exosomes derived from PTENPI-overexpressing
BMSC further inhibited the malignant phenotypes of BC cells
in vitro. These findings suggested that BMSC-derived exo-
somes transport PTENP1 to BC cells, thus inhibiting malignant
phenotypes of BC cells. The repressive effects of exosomal
IncRNA PTENP1 on BC were also verified in in vivo assays.
To the best of our knowledge, we are the first group to report
this finding.

Evidence has shown that IncRNA PTENP1 could competi-
tively bind miRNAs to regulate the expression of PTEN in
various tumor cells.’’ > Therefore, we speculate that IncRNA
PTENP1 may serve as a competing endogenous RNA (ceRNA),
participating in the regulation of BC cell malignant pheno-
types. Consistently, we found that BMSC-derived IncRNA
PTENP1 can regulate BC tumorigenesis by sponging miR-17.
SCARAS5 was found to be modulated by MEG3/miR-141 axis
to suppress BC cell growth.* Here, we firstly reported that
SCARA5 can be targeted by miR-17 in BC cells. As
a mechanism, we revealed that IncRNA PTENPI1 indirectly
increased the expression of SCARA5 by sponging miR-17.
Additionally, we showed that miR-17 overexpression or
SCARA5 knockdown abolished the repressive effects of

exosomal IncRNA PTENP1 on BC cell malignant phenotypes.
These findings suggested exosomal IncRNA PTENPI
inhibited BC cell malignant phenotypes by sponging miR-17
to increase the expression of SCARAS.

Taken together, our results indicated that exosomal IncRNA
PTENP1 secreted by BMSC suppresses BC cell malignant phe-
notypes by regulating miR-17/SCARAS5 axis. Our findings not
only enriched the understanding of exosomal IncRNA
PTENP1 in the tumorigenesis of BC but also provided
a novel therapeutic target for BC treatment.

Materials and methods
Cell lines and BMSC identification

Human BMSC and BC cell lines 5637 and T24 were all oftered by
the American Type Culture Collection (ATCC, USA). Both BC
cells and BMSC were cultured in DMEM (Hyclone, USA), sup-
plemented with 10% fetal bovine serum (FBS, Gibco, USA) and
penicillin/streptomycin (100 U/mL, Gibco, USA). To identify
BMSC, the BMSC were collected and re-suspended on PBS,
adjusting the cell density to 2 x 10° cells/mL. Then, 10 uL. CD29-
PE, CD44-PE, CD106-FITC, CD34-FITC, or CD45-FITC anti-
bodies (Invitrogen, USA) were added into 200 pL cell suspension
and allowed for 30 min incubation in dark. Cell suspension was
then centrifuged for 5 min at 1000 g. The sediment was re-
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suspended in PBS, and the expression levels of these biomarkers
were determined by flow cytometry (FACSCalibur, BD
Biosciences, USA).

BMSC-derived exosomes (BMSC-Exo) isolation and
identification

An exosome isolation reagent (Thermo Fisher Scientific, USA)
was employed to separate exosomes from the culture medium
of BMSC. In brief, the medium of BMSC cultured in DMEM
containing exosome depleted FBS was collected and centri-
fuged for half an hour at 2000 g to remove cells and debris,
then transferred the supernatant (1 mL) into new Eppendorf
tubes. We added 0.5 mL of the Total Exosome Isolation reagent
into the supernatant and mixed them well by vortexing. After
incubation at 4°C overnight, the samples were centrifuged at
10,000 g for 1 h. Aspirated and discarded the supernatant, then
re-suspend the pellet in 100 uL PBS. The isolated BMSC-Exo
were observed under transmission electron microscopy
(1200EX, Jeol, Japan), and identified by nanoparticle tracking
analysis (NTA) and detecting the exosomal markers (CD9,
CD63, CD81, and calnexin) using western blot.

Nanoparticle tracking analysis (NTA)

The size of isolated exosomes was measured by a ZETASIZER
Nano series-Nano ZS (Malvern Panalytical, Malvern, United
Kingdom). In brief, 1 mL PBS was used to resuspend the
exosomes, and then exosomes were injected into a clean sam-
ple pool. Next, the sample tool was placed into the instrument
to detect the size of the exosomes.

Fluorescent labeling and transfer of exosomes

Extracted BMSC-Exo were incubated with the lipophilic dye
PKH67 (10 uM, Sigma-Aldrich, USA) for 30 min at 37°C. After
washed with PBS and removed the residual PKH67 by gel
filtration chromatography, the 20 pug/mL PKH67-labeled exo-
somes were incubated with 5637 cells for 24 h. After washed
with PBS, the 5637 cells were stained with DAPI (Sigma-
Aldrich, USA) to label the cell nucleus. Finally, the internaliza-
tion of BMSC-Exo into 5637 cells was observed under
a confocal microscope (Olympus, Japan).

Cell transfection

LncRNA PTENP1 overexpression (OE-PTENP1) and knock-
down (sh-PTENP1) plasmids, miR-17 mimics, sh-SCARAS5, as
well as their negative controls, were all purchased from
GenePharma (Shanghai, China). Transfection was conducted
using Lipofectamine 3000 (Invitrogen, USA).

Evaluation of cell proliferation

For CCK-8 experiment, treated cells were collected and cultured
in 96-well plates. After cultured for the indicated time, CCK-8
solution (10 uL) was added and allowed for 2-h incubation. The
OD values of each well were measured in a microplate reader
(450 nm, Bio-Rad, USA). For colony formation, 1 x 10° cells

were seeded into a petri dish (diameter: 35 mm) and incubated
at 37°C for 2 weeks. The cultural medium changed every 2 days.
Next, colonies were fixed in 4% paraformaldehyde and stained
by 0.5% crystal violet. Colony number was counted under
a microscope (Olympus, Japan).

Evaluation of cell migration and invasion

For cell migration analysis, treated cells at exponential growth
phase were collected and seeded into 6-well plates. After cells
reached to 100% confluence, a straight line was made in the
middle of the cell layer by a pipette tip, cells were cultured for
another 24 h. Images were made 0 and 24 h of making the scratch,
and the width of the scratch was measured under a microscope
(Olympus, Japan). For cell invasion evaluation, 8 um pore size
transwell chambers coated with Matrigel were used. Culture
medium (500 puL) containing 10% FBS was added into the lower
chamber, 1 x 10° cells cultured in 200 uL serum-free medium
were placed into the upper chamber. Cells that remained in the
apical chamber were removed after 24 h, and those invaded into
the undersurface were fixed with paraformaldehyde and stained
with crystal violet.

Evaluation of cell apoptosis

Treated cells were collected and re-suspended in PBS, adjusting
cell density to 1 x 10° cells/mL. Cells were fixed by cold 70%
ethanol solution for 12 h at 4°C, and then 100 uL cell suspension
was re-suspended in 200 pL binding buffer containing 10 uL
Annexin V-FITC and 5 pL propidium iodide (PI). After 15 min
of incubation in the dark, cell apoptosis was analyzed by flow
cytometry (FACSCalibur, BD Biosciences, USA).

Dual-luciferase reporter assay

The recombinant luciferase reporter plasmids: wild type of
IncRNA PTENP1 (PTENP1-WT), mutant IncRNA PTENPI1
(PTENP1-MUT), wild type of SCARA5 (SCARA5-WT), and
mutant SCARA5 (SCARA5-MUT) were designed and pro-
vided by Genepharma (Shanghai, China). For the validation
of the interplay between IncRNA PTENP1 and miR-17, 5637
cells were co-transfected with miR-17 mimics or mimics NC
(Genepharma, China) and PTENP1-WT or PTENP1-MUT,
and allowed for incubation at 37°C for 48 h. Next, luciferase
activity of cells was determined by Dual-Luciferase Reporter
Assay System (Promega, USA). Interplay between miR-17 and
SCARAS was also verified in the same way as above.

RNA pull down assay

Wild-type and mutant biotinylated miR-17 probes (Bio-miR
-17-WT and Bio-miR-17-MUT, Genepharma, China) were
used to pull down IncRNA PTENPI according to the
MagCapture RNA Pull Down Kit (Lumiprobe, USA). In total,
5637 cells were lysed in a cell lysis buffer from this kit, and cell
lysates were incubated with Bio-miR-17-WT or Bio-miR-17-
MUT probes for 2 h. Next, cell lysates were incubated with pre-



coated M-280 streptavidin beads for another 4 h. After washed
with washing buffer for three times, the enrichment of IncRNA
PTENP1 was examined using qRT-PCR.

RNA immunoprecipitation (RIP) assay

The binding between miR-17 and IncRNA PTENP1 or
SCARA5 was further examined using the Magna RIP RNA-
Binding Protein Immunoprecipitation Kit (Millipore, USA).
Cells were lysed in RIPA buffer (Beyotime, China) and then
centrifuged at 12,000 g for 10 min. Collected the supernatant
and incubated with a RIP buffer containing magnetic beads
conjugated to human anti-argonaute2 (Ago2) antibody
(Abcam, USA). IgG antibody (Abcam, USA) was used as
negative control. RNA was isolated from the sample and
detected by qRT-PCR.

Tumor xenograft assay

BALB/c nude mice (male, 4-6 weeks old, n = 5 mice in
each group) provided by SLAC Laboratory Animal Center
(Shanghai, China) were housed at SPF grade animal room
at a constant temperature of around 26°C. In total, 5637
cells at logarithmic growth phase were collected and re-
suspended in PBS, adjusting cell concentration to 1 x 10’
cells/mL. Next, 100 pL cell suspension was subcutaneously
delivered into the right armpit of nude mice. After 7 days
of inoculation, the exosomes derived from IncRNA
PTENPI1 overexpressing BMSC or its negative control exo-
somes (BMSCCEPTENPL Evo or BMSCCOENC.Exo) were
injected into nude mice through tail vein injection.
Tumor size was measured every 5 days after inoculation
according to the formula: (Long x Width?)/2. Tumors were
collected and weighed after 30 days of inoculation. All the
animal experiment procedures were approved by the
Animal Ethics Committee of the First Affiliated Hospital,
Hengyang Medical School, University of South China.

Western blot

Proteins from exosomes, cells, and xenograft tumors were
extracted by RIPA buffer (Beyotime, China). After determining
the concentration of proteins using BCA Kit (Beyotime), 50 ug
(proteins from cells and xenograft tumors), or 20 pug (proteins
from exosomes) samples were subjected for the isolation
through SDS-PAGE. Next, proteins were transferred into
nitrocellulose membranes and blocked in 5% BSA for 2 h.
Primary antibodies against CD9 (1:1000, ab263019, Abcam),
CD63 (1:1000, ab271286, Abcam), CD81 (1:5000, ab109201,
Abcam), calnexin (1:2000, ab22595, Abcam), SCARA5 (1:2000,
ab118894, Abcam), and GAPDH (1:5000, ab9485, Abcam)
were applied to probe indicated antigens, and HRP-
conjugated secondary antibodies were employed to probe pri-
mary antibodies. Bands were visualized by enhanced chemilu-
minescence reagent (Millipore, USA) and analyzed in Image
J (NIH, USA).

CANCER BIOLOGY & THERAPY 1

Quantitative real-time PCR (qRT-PCR) analysis

Total RNAs of exosomes, cells, and xenograft tumors were
isolated by TRIzol reagent (Invitrogen, USA), and the concen-
tration was determined by NanoDrop 2000 (Thermo Fisher
Scientific, USA) following the manufacturer’s protocols.
Primers were designed and synthesized by Sangon Biotech
(Shanghai, China). The RNA sample (2 pg) was reversely
transcribed into ¢cDNA by PrimeScript RT reagent Kit
(Takara, Japan), and the PCR process was conducted in
StepOnePlus Real-Time PCR system (Applied Biosystems,
Thermo Fisher Scientific, USA) with the SYBR Premix Dimer
Eraser Kit (Takara, Japan). GAPDH or U6 was employed as
internal control to detect gene expression in cells and xenograft
tumors. The synthetic miRNA Caenorhabditis elegans miR-39
(cel-miR-39) was used as internal control to detect gene
expression in exosomes. Relative expression levels were calcu-
lated using the 272" method.

Statistical analysis

All the experiments were repeated at least three times.
GraphPad Prism (version 7.0, USA) was adopted for data
analysis and data were expressed as mean * standard devia-
tion (SD). Statistical analysis was conducted by two tailed
Student’s t-test between two groups or one-way analysis of
variance (ANOVA) with Tukey’s post hoc test for multiple
groups. P value less than 0.05 was considered statistically
significant.
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