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Abstract. - OBJECTIVE: The mesenchymal
stem cells (MSCs) have been widely studied for
their anti-tumor property, due to the characteris-
tic of homing towards tumor sites and immuno-
suppression. Nevertheless, the underlying mo-
lecular mechanisms that link MSCs to the tar-
geted tumor cells, such as glioma, are not clear.

MATERIALS AND METHODS: Here, we exam-
ined the inhibitory properties and new molec-
ular mechanisms of the human umbilical cord
(hUC-MSCs) derived exosomes on the human
glioma U87 cells using a co-culture system in
vitro. The cell counting kit-8 (CCK-8) assay was
performed to measure the anti-tumor activity of
hUC-MSCs derived exosomes. The cell apop-
tosis was assessed by flow cytometry and the
immunoblotting assay was applied in order to
assess the associated proteins level. The da-
ta revealed that hUC-MSCs derived exosomes
could repress cell proliferation and induce cell
apoptosis.

RESULTS: Mechanistically, we identified that
IncRNA PTENP1 could be packaged into exo-
some from hUC-MSCs, transferred to U87 cells,
and then stabilized PTEN by binding miR-10a-5p
competitively.

CONCLUSIONS: Therefore, our data suggest-
ed that the exosomes from hUC-MSCs possess
a higher anti-tumor capacity, at least partial-
ly, via regulating miR-10a-5p/PTEN signaling,
which thereby may represent a possible tar-
get for early diagnosis and treatment of glio-
ma clinically.
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Introduction

Glioma is one of the most usual malignant
brain tums worldwide, despite the great improve-
ments in early diagnosis and surgical techniques,
as well as adjuvant radio-therapies and che-
mo-therapies?. There are no curative treatments
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for this kind of cancer, thus the prognosis of glio-
ma patients is still poor and the mortality remains
high. Although the immune therapeutic effect
for glioma is making great progression, the war
is further challenging. Therefore, it is urgently
needed to understand the fully molecular mech-
anism of carcinogenesis and develop more novel
and effective strategies for glioma.

The stem cell-based therapy containing the ap-
plication of the induced pluripotent stem cells (iP-
SCs), neural stem cells (NSCs), and mesenchymal
stem cells (MSCs) has been promisingly used to
treat various diseases such as stroke, spinal cord
injury, idiopathic pulmonary fibrosis, liver dis-
eases, and malignant glioma’’. The human mes-
enchymal stem cells (hMSCs) act as multipotent
stem cells that could differentiate into different
kinds of stromal cells under certain conditions.
Besides, hMSCs are usually a key component
in the microenvironment of the kinds of tumors,
providing the potential application for cancer
therapy®. Nevertheless, the data about the effect
of hMSCs on the tumor features are contentious.
Khakoo et al’ reported that hMSCs could inhib-
it the growth of tumor cells in Kaposi’s sarcoma
model, while Yu et al'® showed that hMSCs could
promote the proliferative and invasive proper-
ties of osteosarcoma cells via in vitro co-culture
model. The opposite results may be due in part
to the different study systems and tumor types.
Therefore, the potential effects of hMSCs on gli-
oma cells need further investigation, which will
benefit their use for clinical cancer therapy.

hMSCs are commonly derived from two
sources including umbilical cord and bone mar-
row, named hUC-MSCs and hBM-MSCs accord-
ingly''2. Previously, Lu et al”® explored the in-
hibited functions of hBM-MSCs on glioma U251
cells via affecting the PI3K/AKT signaling path-
way. However, the effects and functional style of
hUC-MSCs on glioma cells remain unclear. hM-
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SCs-derived extracellular vesicles (EVs), mainly
exosomes, are recently being assessed for their
function in hMSCs-based cellular therapy. The
exosomes, which contain various IncRNA and
protein contents, participate in the communica-
tion and cell signaling between the cells. There-
fore, we managed to evaluate the special effects
and novel mechanisms of hUC-MSCs and their
derived exosomes on glioma U&7 cells via co-cul-
ture model.

In the present study, we established that the
exosomes derived from hUC-MSCs could sup-
press the proliferation and promote the apoptosis
of U87 cells. Mechanically, we identified that In-
cRNA PTENPI1 in hUC-MSCs could be packaged
into exosomes and transferred to U87 cells and
relieved the suppressive effect of miR-10a-5p on
the tumor suppressor gene PTEN, thus impair-
ing the growth of glioma cells. In addition, the
IncRNA PTENPI level was decreased in tumor
samples as compared with normal tissues, and
was significantly associated with overall survival.
All the data implied that the exosomal IncRNA
PTENPI1 might be a promising therapeutic target
for clinical treatment in glioma.

Materials and Methods

Cell Lines and Culture

The human glioma cell line U87 was obtained
from the Cell Bank of Chinese Academy of Sci-
ence (Shanghai, China), and was cultured in Dul-
becco’s Modified Eagle’s Medium (DMEM; Gib-
co, Rockville, MD, USA) added with 10% fetal
bovine serum (FBS; Invitrogen, Carlsbad, CA,
USA) and 1% penicillin-streptomycin (HyClone,
South Logan, UT, USA) at 37°C with 5% CO,,.

hUC-MSCs Isolation and Culture Method
hUC-MSCs were isolated and cultured as pre-
viously described'"®. Briefly, after the cesarean
sections, the human umbilical cords were then
collected from full-term healthy infants. Informed
consent was obtained according to the institu-
tional guidelines. The human umbilical cord was
cut into 3-5 cm long segments, and the cord was
washed with Phosphate-Buffered Saline (PBS) to
remove blood as much as possible. The blood ves-
sels containing two arteries and one vein were re-
moved and the Wharton’s jelly was retained. The
retained Wharton’s jelly was cut into pieces with
1 mm? and then both pieces were grown in culture
MEM medium, supplied with 10% FBS, 1% pen-
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icillin-streptomycin, and basic fibroblast growth
factor (10 ng/mL) in a humidified atmosphere at
37°C with 5% CO,. After 1 week, the cells were
adherent. hUC-MSCs displayed robust expression
of the main MSC markers CD44 and CD105 by
immunophenotypic analysis. hUC-MSCs could
differentiate into adipogenic and osteogenic lin-
eages when tested for differentiation capabilities,
which suggested that hUC-MSCs are multipo-
tent'®. At 80-90% confluence, the cells were de-
tached and reseeded for the experiments up to a
maximum of 8 passages.

Exosomes Purification and Co-Culture

The exosomes were isolated from cultured
hUC-MSCs using ExoQuick™ solution according
to the manufacturer’s protocol (System Biosci-
ences, Palo Alto, CA, USA). Briefly, we collected
the hUC-MSCs culture medium and centrifuged
at 2800 g for 10 min in order to remove the cellu-
lar debris. Then, the supernatant was transferred
to a new tube and the exosomes were precipitat-
ed using ExoQuick™ solution at 4°C on rotations
overnight. Next day the pelleted exosomes were
centrifuged from the mixture at 4°C for 30 min at
1500 g, followed by washing and re-suspending
in PBS. The exosomes were stored at -80°C for a
long time. The Bradford protein assay (Bio-Rad,
Hercules, CA, USA) was applied to analyze the
protein concentration of the isolated exosomes.

U7 cells were incubated with the exosomes
in the serum-free medium at 37°C for 72 h. Then,
the cells were collected and further analyzed.

Cell Transfection

The miR-10a-5p mimic and/or inhibitor, as
well as the matching control, were obtained from
RiboBio Co. (Guangzhou, China). The miR-10a-
5p mimic/inhibitor or the matching control (150
nM) were transiently transfected into U87 cells
using RNAi Max (Invitrogen, Carlsbad, CA,
USA). The cells were collected and treated after
48 h transfection. The sequences were as fol-
lows: miR-10a-5p mimic: UACCCUGUAGAUC-
CGAAUUUGUG; miR-10a-5p inhibitor: CA-
CAAAUUCGGAUCUACAGGGUA; Scramble:
UUCUCCGAACGUGUCACGUUU.

To overexpress PTENPI, the vector, and the
pCDNA3.1-PTENP1 plasmids were transfect-
ed into the U87 cells in the serum-free medium
with Lipofectamine 2000™ (Invitrogen, Carls-
bad, CA, USA) according to manufacturer’s in-
structions. The medium in each well was changed
with DMEM containing 10% heat-inactivated fe-
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tal bovine serum after incubation at 37°C for 6 h.
The cells were collected and treated after 48 h of
transfection.

RNA Isolation and Quantitative
Real Time-PCR (qRT-PCR)

MiRNAs extraction was performed by a miR-
NA Extraction Kit obtained from Tiangen (Bei-
jing, China). After adding the Poly (A) firstly, 1
pg RNA including miRNAs was then reversely
transcribed into complementary deoxyribose nu-
cleic acid (cDNA). To detect the level of all miR-
NAs, we got the primers of the candidate miR-
NA and U6 from Sangon Biotech Co. (Shanghai,
China). Moreover, the total RNA was isolated
using TRIzol (Invitrogen, Carlsbad, CA, USA).
Then, the total RNA was reversely transcribed
into cDNA by a Promega reverse transcription
kit (Madison, WI, USA) for the detection of In-
cRNA PTENPI expression. The expression level
of miRNA or PTENP1 was analyzed using SYBR
Premix Ex Taq from TaKaRa (Dalian, China) in
an ABI QS6 system (ABI, Applied Biosystems,
Foster City, CA, USA). The endogenous control
was U6 or glyceraldehyde 3-phosphate dehydro-
genase (GAPDH). The qRT-PCR primers were
as follows: PTENPI-F 5-TCAGAACATGG-
CATACACCAA-3, PTENPI-R S5-TGATGAC-
GTCCGATTTTTCA-3; GAPDH-F 5-GGTG-
GTCTCCTCTGACTTCAACA-3, and GAPDH-R
5-GTTGCTGTAGCCAAATTCGTTGT-3.

Immunoblotting Analysis

The cells were collected after co-culture or
transfection. The total protein was extracted in
2X sodium dodecyl sulphate (SDS) sample buf-
fer 4% SDS, 10% Glycine, 10 mM EDTA, 100
mM Tris-HCI (pH 6.8)). The primary antibodies
to Bax, Cleaved caspase-3, Cyclin Bl, Cyclin DI,
PTEN, and GAPDH were obtained from Cell
Signaling Technology (Danvers, MA, USA).
The secondary antibodies containing anti-rabbit
horseradish peroxidase (HRP) and anti-mouse
HRP were obtained from Santa Cruz Biotechnol-
ogy (Santa Cruz, CA, USA).

Cell Counting Kit-8 (CCK-8)
Viability Assay

The CCK-8 assay (Sigma-Aldrich, St. Louis,
MO, USA) was performed to assess the growth of
U87 cells. An equal number of cells was planted
in 96-wells plate after transfection. After being
cultured for various durations (12, 24, 48, and
72 h), the CCK-8 reagent was added to the cell

culture medium and incubated for another 1 h at
37°C. The 450 nm absorbance was then quantita-
tively measured.

Flow Cytometric Apoptosis Analysis

After co-culture or transfection, the U87 cells
(250,000 cells/dish) were planted in 10 cm dishes.
The cells were harvested later (at a cell conflu-
ency of 80%), washed in PBS, and stained with
Annexin V and Propidium lodide (PI; BD Biosci-
ences, Detroit, MI, USA) for 30 min. The collect-
ed samples were subsequently evaluated using a
Flow Cytometer (FACSCalibur; BD Biosciences,
Detroit, MI, USA).

Dual-Luciferase Reporter Assays

The wild-type (WT) or mutated (MUT) In-
cRNA PTENPI sequence including the potential
binding sites of miR-10a-5p, as well as PTEN
3’-untranslated region (3’-UTR), were amplified
via PCR and cloned into the pmrGLO vector
(Promega, Madison, WI, USA). A mixture of 20
ng plasmids and 150 nM miR-10a-5p mimic were
together transiently introduced into U87 cells.
After transfection for 48 h, the firefly luciferase
activity and the relative Renilla expression were
measured using the Dual-Luciferase Reporter As-
say System (Promega, Madison, WI, USA)

Statistical Analysis

All the results were presented as mean + stan-
dard deviation (SD). We performed the statistical
analysis using the Prism 6 (GraphPad Software,
La Jolla, CA, USA), and the differences between
different groups were estimated by the Student’s
t-test or Wilcoxon test. The overall survival (OS)
rates were calculated using the Kaplan-Meier
method, and then the log-rank test was applied
for comparison. We considered it was statistically
significant when a p-value < 0.05.

Results

The Purification and Identification
of Isolated hUC-MSCs

hUC-MSCs were isolated and cultured accord-
ing to the protocol and the cells were attached after
1 day of culture (Figure 1A). After passaged for
5 times, the cells displayed an evident lengthened
morphology (Figure 1A). We then performed the
immunophenotypic analysis to identify the sur-
face marker of hUC-MSCs and found that the cul-
tured hUC-MSCs exhibited a strong expression
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Figure 1. The purification and identification of hUC-MSCs. A, Morphology of primary hUC-MSCs after culturing for 1
(magnification: 100%) and 5 days (magnification: 100x), respectively. The Alizarin red staining(magnification: 200x) and oil
red staining (magnification: 200x) results demonstrated osteogenesis differentiation and lipid differentiation, respectively.
B, Positive antigen CD44 and CDI105, as well as the negative antigen CD45, of isolated hUC-MSCs were identified by flow

cytometry.

of the positive antigen CD44 and CDI105, but not
the negative antigen CD45 (Figure 1B), suggest-
ing that the isolation of hUC-MSCs is successful.
hUC-MSCs were considered to possess multipo-
tent capacities to differentiate into adipogenic and
osteogenic lineages. Subsequently, the Alizarin
red staining and oil red staining were performed
to test the differentiation capabilities. As expect-
ed, the data demonstrated that hUC-MSCs can
differentiate into osteogenic and adipogenic lin-
eages (Figure 1A), which suggested that the hUC-
MSCs that we isolated are multipotent and could
be applied for the following experiments.

Co-Culture of hUC-MSCs-
Derived Exosomes Inhibits
the Proliferation and Promotes
the Apoptosis of U87 Cells

In order to investigate the function of hUC-
MSCs-derived exosomes on glioma cells, we iso-
lated the exosomes from hUC-MSCs and added
them into the culture medium of U87 cells for a
different time. The cell viability was then detect-
ed by the CCK-8 assay. The results showed that,
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compared to the control group, the viability of
U87 cells was remarkably decreased after treated
with hUC-MSCs derived exosomes for 48 h and
72 h (Figure 2A). Consistent with attenuated cell
growth, the protein level of the cell cycle-related
molecules, including Cyclin Bl, and Cyclin D1,
were remarkably reduced after treated with hUC-
MSCs derived exosomes (Figure 2B). Moreover,
the flow cytometry data revealed that the apopto-
sis was significantly increased when challenged
with hUC-MSCs derived exosomes (Figure 2C).
Besides, the cleaved caspase-3, another marker
of apoptosis, as well as apoptosis-related protein
Bax, were also increased after hUC-MSCs derived
exosomes treatment by immunoblotting assay
(Figure 2D). Intriguingly, we found that the reg-
ulation of hUC-MSCs derived exosomes on these
genes expression including Cyclin Bl, Cyclin DI,
Bax, and Bcl-2 were dosage-dependent (Figure
2E, 2F), which further verifies the specificity of
exosomes. In summary, the data proved that the
co-culture of hUC-MSCs derived exosomes could
suppress the proliferation and promote the apop-
tosis of the U87 cells.



hUC-MSCs secreted exosomes inhibit glioma

_ 1.5 mm Control
1.0 —— Control Coutrel  Exccancs % mm Exosomes
—_ —=— Exosomes —————— =%
& 08 Cyclin B1 § 910
-
3 0.6- : _ 25
° : Cyclin D1 2 20.5-
3 0.4+ 20
- 8L
0.2 GAPDH S
6 B ©  0.0-
0.0 T : . . Cyclin B1  Cyclin D1
12 24 48 72
Time (hours)
Control Exosomes
A Ja1 a2 a1 Q2 15+
0.073 0.073 Jo.083 0.23
10 3 100'5 § %
] ] @ 10
105' 107 3 g
3 - o
Pl g 5
©
3
(8}
a3 0-
4.41 Control Exosomes
C 10 10 10 10 o
Annexin V-FITC "
5-mmm Control 2.0-ymmm control
T I Exosomes - mms  Exosomes+
> L4 Exosomes++
2 4 - 3 _1.5-
c o -
- ) < D
3 E E E1 0
o 04
&85 ES
] ez
° =0
z 9 §1w0.54 k3
© — 3
) o
= 0.0-
Bax Cleaved E CyclinB1 Cyclin D1
S5-mmm control caspase-3
—_ ===  Exosomes+
g 44 Exosomes++
3 =
: T T
= 23~
@2
£C 2. .
0T
20
S .
[
o =
0_
F Bax Bcl-2

Figure 2. Co-culture of hUC-MSCs derived exosomes inhibits the proliferation and promotes the apoptosis of U87 cells. A, The via-
bility of U87 cells treated with hUCMSCs-derived exosomes was analyzed by CCK-8 assay at the indicated time. B, The protein level
of Cyclin B1 and Cyclin D1 in U87 cells were detected by Western blotting after the co-culture of hUC-MSCs derived exosomes. The
protein level of GAPDH was used as the loading control. C, The apoptotic cells ratio was quantified by staining with Pl and Annexin
V-FITC using flow cytometry after treatment with hUCMSCs-derived exosomes. D, The expression of Bax and Cleaved caspase-3
in U87 cells was detected through Western blotting. The protein level of GAPDH was used as the loading control. E, The mRNA
level of Cyclin Bl and Cyclin D1 in U87 cells were detected by qRT-PCR after the co-culture of hUC-MSCs derived exosomes with
different concentration. F, The mRNA level of Bax and Bcl-2 in U87 cells were detected by qRT-PCR after the co-culture of hUC-
MSCs derived exosomes with different concentration. N > 3, results shown as the mean + SD. *p<0.05.
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Exosomes-Mediated Transfer
of LncRNA PTENP1 Caused
the Decreased Cell Growth

It is reported that the IncRNA PTENPI acts
as the tumor suppressor gene by stabilizing
PTEN in various cancer types'”!”; however, the
function of IncRNA PTENPI in glioma remains
to be determined. Thus, we first detected the
expression of IncRNA PTENPI in U87 cells af-
ter treatment of hUC-MSCs derived exosomes
by qRT-PCR assay. Of note, we found that In-
cRNA PTENPI was increased after the treat-
ment of hUC-MSCs derived exosomes (Figure
3A). Moreover, we found that the expression of
IncRNA PTENP1 was apparently lower in tumor
samples than that in normal tissues (Figures 3B,
3C). We further performed the Kaplan-Meier
survival analysis and the log-rank tests to evalu-
ate the clinical significance of IncRNA PTENP1
in the prognosis of glioma patients. The data
demonstrated that an increased level of IncRNA
PTENPI was associated with better overall sur-
vival in glioma (Figure 3D). To confirm that
IncRNA PTENPI can be packaged into exo-
somes, we overexpressed IncRNA PTENPI in
hUC-MSCs (Figure 3E); we found that IncRNA
PTENPI level in exosomes was indeed augment-
ed in a dosage-dependent manner (Figure 3F).
All the data implied the possible role of IncRNA
PTENPI in glioma.

To better explore the function of IncRNA
PTENPI in glioma, we overexpressed IncRNA
PTENPI1 in U87 cells (Figure 3G). We found that
the IncRNA PTENPI1 overexpression signifi-
cantly decreased the proliferation of U87 cells in
all examined time points using the CCK-8 assay
(Figure 3H), indicating that IncRNA PTENPI1
exerts a key role in the inhibition of the prolif-
eration of U87 cells. Consistent with this pheno-
type, the protein level of Cyclin Bl and Cyclin
D1 were also decreased after IncRNA PTENP1
overexpression (Figure 31). We further applied
flow cytometry to assess the effect of IncRNA
PTENPI1 on apoptosis. As expected, the num-
ber of apoptotic cells significantly increased
after IncRNA PTENPI overexpression (Figure
3J), indicating that IncRNA PTENPI1 exerts
an anti-apoptotic effect. The Bax and cleaved
caspase-3 level both showed a significant upreg-
ulation trend when overexpressed with IncRNA
PTENPI1 (Figure 3K). Collectively, all the above
data demonstrated that IncRNA PTENPI trans-
ferred from exosomes mediated the decreased
glioma cells growth.
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LncRNA PTENP1 Affected
Cell Growth by Targeting MiR-10a-5p
in U87 Cells

It has been demonstrated that IncRNAs usu-
ally function as miRNA sponges, thereby tightly
regulating the binding of endogenous miRNAs to
their target mRNAs*. We predicted by bioinfor-
matic tools that miRNAs is a potential binding to
IncBRM. Among these miRNA candidates, we
noticed five important miRNA, miR-10a-5p, miR-
107, miR-let-7a-5p, miR-619-5p, and miR-6720-
5p, which are predicted to directly target PTEN
using TargetScan software. MiR-10a-5p was se-
lected, as it was largely decreased after IncRNA
PTENP1 overexpression (Figure 4A). The Ka-
plan-Meier survival analysis displayed that lower
miR-10a-5p level predicted better overall survival
in glioma (Figure 4B). Further analyses exhibited
that miR-10a-5p level in glioma tissues was dra-
matically higher than those observed in the paired
adjacent healthy tissues (Figure 4C), suggesting
the oncogenic role of miR-10a-5p in glioma.

To further determine the role of miR-10a-5p
in glioma, the U87 cells were transfected with a
particular miR-10a-5p inhibitor to decrease the
level of miR-10a-5p than the control group (Fig-
ure 4D). CCK-8 assay displayed that miR-10a-5p
deficiency in U87 cells leads to reduction of the
the cell growth (Figure 4E). The flow cytometry
assay showed that, compared to the control group,
the miR-10a-5p inhibitor treatment remarkably
increased the cell apoptosis (Figures 4F-4G), also
as reflected by increased cleaved caspase-3 and
Bax (Figure 4H). The protein levels of Cyclin Bl
and Cyclin D1 were also reduced after miR-10a-
Sp inhibitor treatment (Figure 4H). These analy-
ses consistently suggested that IncRNA PTENP1
might affect cell growth by targeting the onco-
genic miR-10a-5p in U87 cells.

LncRNA PTENP1/MiR-10a-5p/PTEN
Cascades Contributed to the U87
Cell Growth

In order to further elucidate the molecular
mechanism, we next cloned wild-type (WT) In-
cRNA PTENPI luciferase plasmids containing
potential miR-10a-5p binding sites or mutants
(MUT) for each site. Then, the luciferase assays
were performed to confirm whether miR-10a-5p
interacts with IncRNA PTENPI1 after co-trans-
fecting these plasmids with miR-10a-5p mim-
ics and miR-10a-5p inhibitor into U87 cells. As
Figures 5SA-5B shown, miR-10a-5p mimics sub-
stantially inhibited, while miR-10a-5p inhibitor
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that were derived from hUC-MSCs. G, LncRNA PTENPI expression in U87 cells was analyzed by qRT-PCR analysis. H, The
viability of U87 cells after IncRNA PTENP1 overexpression was analyzed by CCK-8 assay. I, The protein level of Cyclin Bl and
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PTENP1, miR-10a-5p, miR-107, miR-let-7a-5p, miR-619-5p, and miR-6720-5p expression in U87 after IncRNA PTENPI over-
expression. B, The Kaplan-Meier survival analysis of the high and low miR-10a-5p patient groups in TCGA database. C,
qRT-PCR analysis of miR-10a-5p expression in adjacent tissue and glioma tumor samples. D, qRT-PCR analysis of miR-10a-5p
expression after the treatment with miR-10a-5p inhibitor. E, The effect of miR-10a-5p on U87 cell growth was measured by
CCK-8. U87 cells were treated with miR-10a-5p inhibitor. F-G, The effect of miR-10a-5p on U87 cell apoptosis were quanti-
fied by staining with Annexin V-FITC and PI using flow cytometry. H, The effect of miR-10a-5p on expressions of Cyclin B1,
Cyclin D1, Bax, and Cleaved caspase-3 in U87 cells were evaluated by Western blotting. The protein level of GAPDH was used
as the loading control. N > 3, results shown as the mean + SD. *p<0.05.

increased the luciferase activity of WT IncRNA
PTENPI. However, they failed to affect the lucif-
erase activity of the IncRNA PTENP1 mutants,
suggesting that miR-10a-5p directly bind IncRNA
PTENPI1 (Figures 5A-5B). We further confirmed
the interaction by comparing the effect of the orig-

inal miR-10a-5p mimics or miR-10a-5p mutants
with a mutation in potential IncRNA PTENPI
binding sites. Although the luciferase activity of
the IncRNA PTENPI was inhibited after trans-
fection with miR-10a-5p mimics, it was unaffect-
ed by miR-10a-5p mutants (Figure 5C).
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Figure 5. LncRNA PTENPI affected the cell growth by targeting miR-10a-5p in U87 cells. A, qRT-PCR analysis of miR-
10a-5p expression after treated with miR-10a-5p inhibitor and mimics. B, The effect of miR-10a-5p on the activity of luciferase
reporter containing either wild-type (WT) or the mutated (Mut) IncRNA PTENP1 3°UTR was tested by the luciferase reporter
gene assays. U87 cells were transfected with WT or the Mut PTENP1 3’UTR luciferase reporter plasmids and the miR-10a-5p
mimic or inhibitor. C, The effect of wild-type (WT) or the mutated (Mut) miR-10a-5p on the activity of luciferase reporter con-
taining IncRNA PTENP1 3’UTR was studied by the luciferase reporter gene assays. D, The sequence alignment between miR-
10a-5p and the 3-UTR of PTEN mRNA predicted by TargetScan. E, The causal effect of miR-10a-5p and IncRNA PTENPI1 on
the activity of the luciferase reporter containing PTEN 3’UTR was examined by the luciferase reporter gene assays. F-G, The
effect of miR-10a-5p and IncRNA PTENPI on the protein level of PTEN was evaluated through Western blotting. The protein
level of GAPDH was used as the loading control. N > 3, results shown as the mean = SD. *p<0.05.

We next wondered whether IncRNA PTENP1 sion promoted the PTEN expression, which was
regulated PTEN expression via interacting with abolished after miR-10a-5p mimics transfection
miR-10a-5p due to the prediction by bioinformat- (Figure 5G). In total, we identified that the exo-
ics (Figure 5D). To test this hypothesis, the lucif- some-derived IncRNA PTENPI regulates the
erase reporter vector containing PTEN 3’UTR PTEN expression in glioma by competitively

was co-transfected with miR-10a-5p mimics into binding miR-10a-5p, suggesting the potential clin-
the U87 cells with or without IncRNA PTENPI. ical application of targeting IncRNA PTENPI/
Likewise, miR-10a-5p mimics repressed the lucif- miR-10a-5p/PTEN cascades in glioma.

erase activity of PTEN 3’UTR, whereas IncRNA
PTENPI overexpression totally abolished these

effects (Figure SE). The protein level of PTEN Discussion

was also impaired after miR-10a-5p mimics

transfection, however, it was rescued by IncRNA Glioma, one of the most common and lethal
PTENP1 overexpression (Figure SF). Besides, solid brain tumor, has a poor prognosis despite
we also found that IncRNA PTENPI overexpres- the great effect in conventional therapeutic ap-
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proaches??%; thus, developing novel therapeutic
strategies is extremely crucial. Recently, stem cell
therapy for different kinds of cancer has been pro-
posed and tested because of its evident advantag-
es in many ways®. The mesenchymal stem cells
(MSCs) are a mesenchymal cell type that pos-
sesses strong self-renewal ability and multidirec-
tional differentiation capacity*. Previous studies
have shown that MSCs could affect the behavior
of cancer cells in a context-dependent manner,
which may be due to diverse communication
concerning MSCs and tumor cells. Thus, explor-
ing the comprehensive effects of MSCs on glio-
ma cells systematically, and dissecting the novel
mechanism of such an effect are urgently needed.

In the present study, we investigated the re-
pressive effects of hUC-MSCs derived exosomes
in glioma U87 cells and elucidated the novel un-
derlining molecular mechanisms. We first exam-
ined the effects of hUC-MSCs derived exosomes
on U7 cells proliferation and apoptosis by co-cul-
turing with U87 cells. Our data clearly exhibited
that those hUC-MSCs derived exosomes could in-
hibit the proliferation and further promote the cell
death of U87 cells in vitro. As well known, the
cell cycle progress is finely controlled by the cell
cycle regulatory proteins, involving Cyclins, Cy-
clin-dependent kinases (CDKs), and CDK inhib-
itors®. Cyclin Bl and Cyclin D1 are essential to
cell cycle regulatory proteins and the hUC-MSCs
derived exosomes markedly downregulated Cy-
clin Bl and Cyclin D1 in U87 cells. Consistent
with the augmented apoptosis, immunoblotting
demonstrated that the cleaved caspase-3 that is
triggered by pro-apoptotic molecules, such as cy-
tochrome c releasing from mitochondria, as well
as Bax, were remarkably increased after co-cul-
turing with hUC-MSCs derived exosomes, which
is consistent with the previous results®.

The various types of cells could release exo-
somes into the extracellular microenvironment
and the exosomes are tightly involved in inter-
cellular communication through the cell contents
(DAN, RNA, proteins, and lipids)?’. In this study,
we showed that the transfer of exosomal IncRNA
PTENPI1 from MSCs to glioma cells inhibited
the glioma cells growth by decreasing the abil-
ity to proliferate and increase apoptosis. These
data led us to further investigate the molecular
mechanism of putative tumor suppressor IncRNA
PTENPI in human glioma cells. Many stud-
ies'182830 reported that IncRNA PTENPI1 could
serve as a competing endogenous RNA (ceRNA)
to bind miRNAs competitively, thus modulating

PTEN expression in several cancers. Thus, we
performed a series of assays and found that In-
cRNA PTENPI protected PTEN degradation by
sponging miR-10a-5p, and suppressed the biolog-
ical malignant behavior of glioma U87 cells. Be-
sides, we firstly identified the oncogenic function
of miR-10a-5p in glioma cells, as there have been
few reports describing the function of miR-10a-
Sp. MiR-10a-5p was augmented in cancer tissues
compared to normal tissue and lower miR-10a-5p
levels predicted a better overall survival, raising
the possibility of miR-10a-5p as a promising novel
diagnostic biomarker for glioma. Whether miR-
10a-5p participates in the migration and invasion
of glioma remain to be determined in the future.

Conclusions

We demonstrated that hUC-MSCs could pack-
age IncRNA PTENPI into exosomes, and then
transfer it into glioma cells. That exogenous In-
cRNA PTENPI may act as a miR-10a-5p decoy to
regulate PTEN expression, and then suppress gli-
oma cell viability, which suggested that the exo-
somal IncRNA PTENP1 could mediate the cell-
cell communication and that hUC-MSCs derived
exosomes may provide the alternative strategies
for the treatment of glioma.
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