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PTENP1 suppresses bladder cancer progression

Rui Zheng'?", Mulong Du'*?", Xiaowei Wang'?", Weidong Xu*', Jiayuan Liang'?, Wenying Wang®, Qiang Lv°,

Chao Qin® Haiyan Chu'? Meilin Wang'?, Lin Yuan’®", Jing Qian®" and Zhengdong Zhang'*"

Abstract

Background: Extracellular communication within the tumor microenvironment plays a critical role in tumor progression.
Although exosomes can package into long non-coding RNAs (IncRNAs) to mediate extracellular communication, the role
of exosomal INcRNA PTENPT in bladder cancer (BC) remains unclear.

Method: We detected PTENPT expression between patients with BC and healthy controls; the expression occurred in
tissues and exosomes from plasma. We assessed the diagnostic accuracy by the receiver operating characteristic curve
(ROC) and the area under curve (AUQ). Cell phenotypes and animal experiments were performed to determine the effect
of exosomal PTENPI.

Results: PTENPT was significantly reduced in BC tissues and in exosomes from plasma of patients with BC (P < 0.05). We
found that PTENPT was mainly wrapped by exosomes. Exosomal PTENPT could distinguish patients with BC from healthy
controls (AUC =0.743; 95% confidence interval (Cl) = 0.645-0.840). Normal cells secreted exosomal PTENPT and
transmitted it to BC cells, thus inhibiting the biological malignant behavior of BC cells by increasing cell apoptosis
and reducing the ability to invade and migrate (P < 0.05). Exosomal PTENPT could suppress tumor growth in vivo.
Furthermore, exosomal PTENPT mediated the expression of PTEN by competitively binding to microRNA-17.

Conclusion: Exosomal PTENPT is a promising novel biomarker that can be used for the clinical detection of BC.
Exosomes derived from normal cells transfer PTENPT to BC cells, which reduce the progression of BC both in vitro
and in vivo and suggest that exosomal PTENPT participates in normal-cell-to-bladder-cell communication during

the carcinogenesis of BC.
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Background

Bladder cancer is one of the most prevalent malignancies
of the urinary system [1, 2]. The American Cancer Soci-
ety estimated that there were 79,030 new cases of blad-
der cancer and 16,870 deaths due to bladder cancer last
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year in the United States [3]. In China, the incidence
and mortality rates of bladder cancer have gradually in-
creased in recent years [4, 5]. Despite the improvement
of cystoscopy, the prognosis of patients remains poor.
Hence, these limitations prompted us to find new diag-
nostic indicators and therapeutic targets to improve the
clinical efficacy of treatment for patients with bladder
cancer.

Evidence has revealed that long non-coding RNAs
(IncRNAs) are abnormally expressed in human can-
cers, including bladder cancer [6, 7]. LncRNAs are
more than 200 nucleotides long with limited
protein-encoding potential [8, 9], and contribute to the
development of cancers by regulating several cellular
processes that are crucial to tumorigenesis, such as
cell proliferation, invasion, migration and apoptosis
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[10, 11]. Exosomes are extracellular vesicles with endo-
cytic origin that are secreted by most cell types. They
are considered as extracellular messengers between
tumor cells and their microenvironment by transmit-
ting and exchanging their diverse cargoes, which in-
cludes IncRNAs [12-15]. Additionally, exosomal
IncRNAs as clinical biomarkers are stable in blood and
have the capacity to distinguish whether an individual
has tumors or is healthy [16, 17].

In the present study, we selected 12 IncRNAs involved
in the development of multiple tumors, including H19,
SNHGI6, TUGI, UBCI, UCAIL, MALATI, MEG3, GASS,
ANRIL, HOTAIR, Kcnglot and PTENPI, and detected
their expression both in tissues and exosomes of plasma.
Our results revealed that PTENPI was significantly de-
creased both in bladder cancer tissues and exosomes
from bladder cancer plasma. PTENPI is one of the
pseudogene-expressed IncRNAs that plays a pivotal role
in carcinogenesis [18, 19]. Nevertheless, no data are cur-
rently available regarding the biological roles of exoso-
mal PTENPI in bladder cancer. The purpose of this
study was to find a potential biomarker that could be
used in the diagnosis of bladder cancer, and investigate
if exosomal PTENPI intervenes in cell-cell communica-
tion, which may result in the progression of bladder
cancer.

Methods

Study design and subjects

All subjects gave written informed consent and this
study protocol was approved by the institutional review
board of Nanjing Medical University. This study in-
cluded analysis of plasma samples from 50 patients with
bladder cancer and 60 healthy controls, as well as 20
paired tumor and adjacent normal tissues, which were
obtained from patients with bladder cancer from the
First Affiliated Hospital of Nanjing Medical University
and Jiangsu Province Hospital of Traditional Chinese
Medicine.

Bladder cancer cell lines

Two bladder cancer cell lines (EJ and J82) and one nor-
mal human cell line (HEK 293A) were maintained under
5% CO, at 37 °C in RPMI-1640 medium (Gibco BRL,
Rockville, Maryland, USA) with 10% fetal bovine serum
(FBS, Gibco BRL).

Exosome isolation

The plasma and culture medium were collected and cen-
trifuged at 3000 g for 15 min to remove cells and cellu-
lar debris. Exosomes were isolated using the Exoquick
exosome precipitation solution (System Biosciences).
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The details of exosome isolation are shown in the
Additional file 1.

Transmission electron microscopy (TEM)

Exosomes were suspended in 100 pl of PBS and were
fixed with 5% glutaraldehyde at incubation temperature
and then maintained at 4 °C until TEM analysis. Accord-
ing to the TEM sample preparation procedure, we
placed a drop of exosome sample on a carbon-coated
copper grid and immersed it in 2% phosphotungstic acid
solution (pH 7.0) for 30 s. The preparations were ob-
served with a transmission electron microscope (Tecnai
G2 Spirit Bio TWIN, FEIL, USA).

Western blots

Protein were prepared with a detergent buffer, and the
protein concentration was determined using the bicinch-
oninic acid (BCA) protein assay (Beyotime Institute of
Biotechnology, Shanghai, China). Equal amounts (60 pg)
of protein samples were separated by a 12% gel using so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto PVDF membranes
(Millipore, Billerica, MA, USA). Monoclonal rabbit
anti-TSG101 (ab125011, Abcam), monoclonal rabbit
anti-CD63 (ab134045, Abcam), and anti-PTEN anti-
bodies (#9559, Cell Signaling Technology) were incu-
bated overnight at 4 °C with the membranes. Immune
complexes were detected by enhanced chemilumines-
cence (Cell Signaling Technology).

RNA isolation and quantitative real-time PCR

The total RNA was isolated from tissues and cell lines
using TRIzol reagent (Invitrogen, CA, USA), and exosomal
RNA was extracted from plasma and culture medium
using the exoRNeasy Midi Kit (Qiagen, Valencia, CA,
USA) according to the manufacturer’s protocol. The cDNA
was synthesized using a high capacity cDNA reverse tran-
scription kit (Thermo Fisher Scientific, Vilnius, Lithuania).
Quantitative real-time PCR (qRT-PCR) was conducted
with an ABI 7900 system (Applied Biosystems, CA, USA)
and SYBR Green assays (TaKaRa Biotechnology, Dalian,
China). We chose glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) to normalize IncRNA expression levels.
The fold change in the expression of IncRNA was calcu-
lated with the formula 2°“T. The primer sequences are
shown in Additional file 1: Table S1.

The stability of exosomal PTENP1

To determine the stability of exosomal PTENPI in
plasma, we randomly selected 4 plasma samples, each of
which was divided into 8 equal portions and frozen and
thawed repeatedly (0 cycle, 2 cycles, 4 cycles, and 8 cy-
cles) between - 80 °C and room temperature, or their in-
cubation at room temperature was prolonged for O h,
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4 h, 8 h, and 24 h. The qRT-PCR was used to detect the
expression of exosomal PTENPI.

Exosome labeling

Exosomes from 1.5 x 10° cells were suspended in 100 pl
of PBS with 1 ml of mixed PKH67 (Sigma, in Diluent C).
After 4 min of incubation at room temperature, 2 ml of
0.5% bovine serum albumin (BSA) was added to termin-
ate exosome labeling, and dyed exosomes were isolated
using Exoquick exosome precipitation solution. Exo-
somes were suspended in 9.6 ml of basal medium, and
250 pl was added to the sub-confluent layer of EJ and
J82 cells. After incubation for 3 h at 37 °C, cells were
washed and fixed at room temperature. To stain the nu-
clei, 4',6-diamidino-2-phenylindole (DAPI, Sigma) was
added for 10 min, and the stained cells were observed with
a fluorescence microscope (Zeiss, LSM700B, Germany).
The details of exosome labeling are shown in the
Additional file 1.

Cell transfection

The PTENP1 overexpression plasmid, empty vector
(NC) and microRNA-17 (miRNA-17) mimics were syn-
thesized by RiBoBio (Guangzhou, China). The lentiviral
vectors containing PTENPI/NC were synthesized by
GeneChem (Shanghai, China). Cells were transfected
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) transfection reagent according to the instructions.

The malignant behaviors of bladder cancer cells

Using EJ and J82 cells, a series of assays were performed
to examine the effects of PTENP1 on malignant behav-
iors, including proliferation, colony formation, invasion,
migration, apoptosis, and cell cycle assay. Nuclear and
cytosolic fractions of 293A, EJ and J82 cells were sepa-
rated using the PARIS Kit (Thermo Fisher Scientific,
Vilnius, Lithuania). A detailed description of assay con-
ditions is shown in the Additional file 1.

Animal models

The EJ cell lines (1 x 10”cells in 0.1 ml of PBS) were sta-
bly transfected with PTENPI/ NC lentiviral vector and
then injected subcutaneously into the right flank of male
nude mice (5 weeks old, six mice per group). Tumor
growth was examined every two days. The mice were
sacrificed after two weeks, and tumor size and weight
were measured. To investigate the effect of exosomal
PTENPI in vivo, we only injected EJ cells subcutane-
ously into the right flank of male nude mice, and 15 days
later, when tumors grew to 100 mm?, isolated different
exosomes (10 pg) from 293A cells transfected with
PTENPI/ NC lentiviral vector were then injected into
the center of tumor every two days. After 15 days, all
mice were sacrificed and tumor from different groups
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were measured. The animal studies were approved by
the Institutional Animal Care and Use Committee of
Nanjing Medical University.

Immunohistochemistry (IHC)

Hematoxylin and eosin (H&E) staining was utilized to
select representative areas. Anti-Ki67 (ab15580, Abcam)
and anti-PTEN were applied for IHC. IHC staining was
performed according to our previous study [20].

Statistical analysis

Student’s t-test or Pearson’s x> test was used to access
the differences in characteristics between bladder cancer
cases and healthy controls. The threshold cycle (CT)
value was analyzed using SDS 2.4 software (Applied Bio-
systems, Foster City, CA, USA). The receiver operating
characteristic (ROC) curve was used to reflect the area
under the curve (AUC) values for exosomal PTENPI in
plasma. P<0.05 was considered statistically significant.
All statistical analyses were performed with SAS version
9.4 software (SAS Institute, Inc., Cary, NC, USA).

Results

Patient characteristics

The characteristics of the bladder cancer cases and
healthy controls are summarized in Table 1. There were
no differences between cases and controls in age, sex,
smoking status and pack-years of smoking (P> 0.05).
The majority of cases were in G1 (42%) and clinical
grade I (82%), as well as a large proportion of cases with
superficial bladder cancer (82%). The clinical character-
istics of paired bladder cancer tissue samples are sum-
marized in Additional file 1: Table S2.

Determination of candidate IncRNAs between bladder
cancer tissues and paired normal tissues

The characteristics of 12 candidate IncRNAs are summa-
rized in Additional file 1: Table S3. As shown in Add-
itional file 1: Figure S1 and Table S4, the expression of
HI19, SNHG16 and UCAI was significantly elevated in
bladder cancer tissues, while PTENP1 and MEG3 were
significantly decreased in bladder cancer tissues com-
pared with adjacent normal tissues (P < 0.05).

Expression of plasma exosomal PTENP1 in patients with
bladder cancer

Exosomes from plasma of patients with bladder cancer
and healthy controls were isolated and characterized.
TEM showed that the sizes of exosomes from cases were
consistent with exosomes from healthy controls (50—
120 nm, Fig. 1a). Western blots revealed the presence of
the exosome markers, TSG101 and CD63 (Fig. 1b). Exoso-
mal RNA was extracted from plasma. Subsequently, we
detected the expression of H19, SNHG16, UCAI, PTENP1
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Table 1 The characteristics of the bladder cancer cases and
healthy controls

Variables Case (n=50) Control (n =60) P?
N (%) N (%)
Age (years) (mean £ SD) 670£938 66.2+10.7 0.694
Sex 0.876
Male 36 (72.0) 44 (73.3)
Female 14 (28.0) 16 (26.7)
Smoking status 0935
Never 38 (76.0) 46 (76.7)
Ever 12 (24.0) 14 (23.3)
Pack-years of smoking 0976
0 38 (76.0) 46 (76.7)
0-20 3(6.0) 4(6.7)
>20 9 (18.0) 10 (16.6)
Tumor grade
Gl 21 (42.0)
G2 14 (28.0)
G3 15 (30.0)
Tumor stage
Superficial (pTa-pT1) 41 (82.0)
Invasive (pT2-pT4) 9 (18.0)
Clinical grade
| 41 (82.0)
Il 6 (12.0)
M1l 2(40)
I\ 1(20)

2Student’s t-test for age between cases and controls; Two-sided x? for other
variables between cases and controls

and MEG3 in exosomes from plasma (Additional file 1:
Figure S2A). The expression of PTENPI in exosomes from
cases was significantly lower than that from healthy con-
trols (P <0.05, Fig. 1c). Next, we conducted a subgroup
analysis by clinicopathologic features (tumor grade, tumor
stage and clinical grade) and found that exosomal
PTENPI levels gradually decreased with the deterioration
of clinicopathologic features. Moreover, the expression of
exosomal PTENP]I in high clinical grade (II + III + IV) was
significantly decreased compared with low clinical grade
(I) (P<0.05, Additional file 1: Figure S2B).

Furthermore, we evaluated the potential usefulness of
exosomal PTENPI as a noninvasive biomarker using
generated ROC curves. As shown in Fig. 1d, the AUC of
0.743 (95% CI = 0.645-0.840) was in exosomal PTENPI.
The sensitivity and specificity of exosomal PTENPI to
predict the presence of bladder cancer were 65.4% and
84.2%, respectively. Moreover, we found that exosomal
PTENPI expression did not obviously change along with
incubation time at different room temperatures (Fig. 1e),
as well as at different freeze-thaw times (Fig. 1f),
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indicating that PTENPI is stable in exosomes from
plasma. All these results indicated that exosomal
PTENPI might act as a useful biomarker for discriminat-
ing patients with bladder cancer from healthy controls.

Effect of PTENP1 on bladder cancer cellular phenotype

In the current study, we attempted to detect the bio-
logical role of PTENPI in vitro, because we found that
the downregulated expression of PTENPI in bladder
cancer tissues and exosomes from bladder cancer
plasma. PTENPI-expressing plasmid or NC vector was
transfected into EJ and J82 cells. We used qRT-PCR to
confirm the expression of PTENP1 (Fig. 2a). Firstly, pro-
liferation of EJ cells was significantly suppressed after
PTENPI overexpression for 48 h and 72 h, whereas pro-
liferation of J82 cells was remarkably inhibited after
PTENPI overexpression for 24 h, 48 h and 72 h, as com-
pared with cells transfected with NC vectors (Fig. 2b).
Additionally, we obtained similar results by colony for-
mation assays (Fig. 2c). Moreover, the two cell lines
transfected with PTENPI overexpression for 24 h re-
vealed remarkably impeded invasive and migratory abil-
ities (Fig. 2d and e). Additionally, flow cytometric
analysis showed that PTENPI overexpression induced
apoptosis of EJ and J82 cells (Fig. 2f), as well as an in-
creased percentage of EJ cells in S and G2 phase and an
elevated percentage of J82 cells in G2 phase (Fig. 2g).

Exosomal PTENP1 serves as a mediator in intercellular
communication

We explored the existing pattern of extracellular PTENPI.
The levels of PTENPI in the medium were unchanged
upon RNase treatment, but were significantly reduced
when simultaneously treated with RNase and Triton
X-100 (Fig. 3a and Additional file 1: Figure S3A), suggest-
ing that extracellular PTENP]I is packaged by a membrane
instead of being directly released. The sizes of exosomes
were confirmed by TEM (Fig. 3b), and western blots were
performed to show the presence of TSG101 and CD63
(Fig. 3c). We then found that PTENPI expression was sig-
nificantly higher in 293A cells than in J82 and EJ cells
(Additional file 1: Figure S3B). As expected, exosomal
PTENPI levels had significantly increased in 293A cells
compared with J82 and EJ cells (Additional file 1: Figure
S3C). Furthermore, PTENPI levels were enriched by at
least three-fold in exosomes compared to those in produ-
cer cells (Fig. 3d). Thus, exosomes from 293A cells con-
tained more PTENPI than those from J82 and EJ cells, in
agreement with our findings, and it was overexpressed in
healthy controls. Then, exosomes derived from 293A cells
were labeled with a green fluorescent marker, PKH67.
After recipient cells (J82 and EJ cells) were incubated with
labeled exosomes from 293A cells for 3 h, PKH67 was
localized in the cytoplasm of recipient cells (Fig. 3e).
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Effect of exosomal PTENP1 on bladder cancer cellular
phenotype

Exosomes are known to play important roles in cell-cell
communication, which may change the physiological
function of the recipient cells by bioactive factors, in-
cluding IncRNAs [21]. The frequent silencing of
PTENPI in patients with bladder cancer and bladder
cancer cell lines but not in controls indicates that
PTENPI may act as a tumor suppressor. As described in
this study, we have found that the transfer of PTENPI
from 293A cells into EJ and J82 cells occurs via

exosomes. We then predicted that exosomal PTENPI
derived from 293A cells could change the biological
function of EJ and J82 cells. However, exosomes contain
diverse cargoes, such as transcriptional regulators, vari-
ous RNA species, DNA and lipids [12]. To establish
functions of exosomal PTENPI, we isolated exosomes
from 293A cells transfected with PTENPI-expressing
plasmid or NC vector, namely PTENPI-Exos or
NC-Exos. We added PTENPI-Exos or NC-Exos at vari-
ous concentrations (0, 20, 40, 60, 80, or 100 pg/ml) to EJ
and J82 cells for 24 h. The results showed that
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PTENPI-Exos could significantly reduce proliferation of
EJ and J82 cells in a concentration-dependent fashion
when the concentration of exosomes was higher than
60 pg/ml (Fig. 4a). Thus, all bladder cancer cellular phe-
notypes were examined with the following treatment of
60 pg/ml of exosomes for 24 h in the further study. The
levels of PTENPI in EJ and J82 cells exposed to PTEN-
PI-Exos were significantly increased compared to EJ and
J82 cells exposed to NC-Exos for 24 h (Fig. 4b). In
addition, we used colony formation assays to obtain
similar results (Fig. 4c). Furthermore, PTENPI-Exos
inhibited the invasive and migratory abilities of EJ and
J82 cells (Fig. 4d and e). Additionally, PTENPI-Exos in-
creased the numbers of apoptotic EJ and J82 cells (Fig.
4f), as well as promoted cycle arrest of EJ cells at the S
and G2 phase and stimulated cycle arrest of J82 cells at

the G2 phase (Fig. 4g). Thus, after exposure to PTEN-
PI-Exos derived from 293A cells, PTENP1 was overex-
pressed and the biologically malignant behavior was
inhibited in recipient EJ and J82 cells.

Effect of PTENP1 overexpression and exosomal PTENP1 on
tumor in vivo

To further explore the role of PTENPI overexpression
and exosomal PTENPI in bladder cancer in vivo, we
injected EJ cells with PTENP1/ NC lentiviral vector or
PTENPI/NC Exos derived from 293A cells transfected
with PTENPI1/ NC lentiviral vector into nude mice. In line
with in vitro analysis, PTENP1 overexpression significantly
decreased the mean tumor weight and average tumor vol-
ume (Fig. 5a-d) as compared with NC group. As shown in
Fig. 5a-d, the tumor tissues of nude mice injected with
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PTENPI-Exos also attenuated tumor size and weight. The
tumor tissues of mice inoculated in PTENPI vector and
PTENPI-Exos presented an increased expression of
PTENPI (Fig. 5e). Moreover, H&E staining and immuno-
histochemistry for proliferation marker Ki67 was per-
formed to investigate Ki67 expression. As shown in Fig.
5f, Ki67 expression was significantly reduced in PTENPI
overexpression and PTENP1-Exos models.

Exosomal PTENP1 regulates PTEN expression via miR-17

It is well known that PTENPI is a processed pseudogene
of PTEN, and exerts high degree of homology to PTEN
[22]. Thus, we added PTENPI-expressing plasmid/NC
vector or PTENPI-Exos/NC-Exos to EJ and J82 cells,
and detected PTEN expression. The results revealed that

overexpression of PTENPI could increase PTEN expres-
sion levels (Fig. 6a). Interestingly, PTENPI-Exos also ele-
vated the expression of PTEN in bladder cancer cells by
western blot (Fig. 6b). Furthermore, a substantial
increase of PTEN expression was identified in vivo
with PTENP1 overexpression and PTENPI-Exos (Fig. 5e
and f). As described in this study, we have demonstrated
that extracellular PTENP1 was mainly wrapped by exo-
somes. These data prompted us to focus on the molecu-
lar mechanisms of exosomal PTENPI. Many studies
have reported that PTENPI can competitively bind
miR-17 to modulate PTEN expression [19, 23, 24]. Thus,
we sought to investigate whether exosomal PTENPI
could regulate PTEN levels by competitively binding to
miR-17. The bioinformatics analysis revealed that
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exosomal PTENPI may exert its antitumor effect by
regulating the expression of PTEN (Fig. 6¢). As shown
in Fig. 6d, miR-17 mimic reduced the expression of
PTEN, whereas exosomal PTENPI substantially elimi-
nated this effect.

Discussion

Bladder cancer is a urinary system malignancy that is
common worldwide, and its etiology is complex [2]. We
identified that PTENPI was mainly in exosomes, and
found that PTENPI was downregulated in bladder
cancer tissues and plasma. Additionally, this study
showed that normal cells could package PTENPI into
exosomes and secrete it into bladder cancer cells, which

significantly suppressed malignant behaviors of bladder
cancer cells by decreasing the ability to proliferate, in-
vade and migrate. Exosomal PTENP]I also inhibited the
growth of tumor in vivo. Thus, exosomal PTENPI could
be a potential candidate of bladder cancer detection. In
addition, we confirmed that exosomal PTENPI pro-
tected PTEN and suppressed biological malignant behav-
ior of bladder cancer by sponging miR-17 (Fig. 7).
Several studies have revealed that dysregulated IncRNAs
were expressed in many cancers, including bladder cancer
[25, 26]. In the present study, we enrolled a total of 12
major IncRNAs with important roles in multiple tumors
until December 2016, among which Kcnglotl and
PTENPI have not been investigated in bladder cancer.
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This study showed that H19, SNHG16, UCAI, PTENPI
and MEG3 were aberrantly expressed in bladder cancer tis-
sues. To date, accumulated evidences have shown that exo-
somal IncRNAs reflect the physiological condition of the
donor cells, and being captured by recipient cells induces a
series of cellular responses [27, 28]. Additionally, exosomal
IncRNAs have been reported as potential cancer bio-
markers for patients with bladder, gastric, colorectal and
cervical cancer [28—31], suggesting that exosomal IncRNAs
can be potential biomarkers for identifying cancers.

Here, we performed TEM to reveal the shapes and size
of exosomes from plasma. Exosomes were also verified
using the exosome markers TSG101 and CD63 [32, 33].
We then detected the expression levels of H19, SNHGI6,
UCAI, PTENPI and MEG3 in exosomes from plasma.
Interestingly, we found that exosomal PTENPI levels
were downregulated in patients with bladder cancer, and

lower exosomal PTENPI expression was associated with
higher tumor and clinical grade, as well as more ad-
vanced stage. After repeated freeze-thaw cycles and in-
cubation at room temperature, there was no significant
change in the expression of exosomal PTENPI, suggest-
ing that PTENPI is stable in the exosomes of plasma.
Although our ROC analyses revealed that exosomal
PTENPI could be useful in detecting bladder cancer, we
needed to further analyze large samples to evaluate its
diagnostic accuracy. Accumulating evidences have
shown that IncRNAs play critical roles in controlling a
variety of biochemical cellular processes, including pro-
liferation, invasion, migration and apoptosis [34, 35].
These results led us to further examine the putative
tumor suppressor function of PTENPI in human bladder
cancer cells. We carried out a series of assays and found
that overexpression of PTENPI reduced cell proliferation,
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migration and invasion, as well as induced cell apoptosis.
Furthermore, previous studies have reported that the dif-
ferentiation level of bladder cancer is assessed routinely in
the clinic, poorly differentiated tumors generally exhibit-
ing the worst prognoses [36, 37]. Therefore, we chose EJ
(poorly differentiated) and ]82 (well-differentiated) cell
lines to evaluate the effect of PTENP1 on cellular pheno-
types. Interestingly, we found that PTENPI decreased the
well-differentiated J82 cell viability was more obvious than
poorly differentiated EJ cells in 24 h, 48 h and 72 h time
points (Additional file 1: Figure S4A). Meanwhile, animal
experiments also supported the tumor suppressor func-
tion of PTENPI in bladder cancer.

As described in our data, we have identified that
PTENPI was mainly secreted from cells via exosomes.
Exosomes are extracellular vesicles of endocytic origin
and incorporate into components of donor cells, includ-
ing signaling proteins, various RNA species (including
IncRNA and other species), transcriptional regulators,
DNA and lipids that can be taken up into neighboring
or distant cell types to regulate the function of recipient
cells [21, 38, 39]. The roles of exosomal IncRNAs have
been intensely investigated in cancers [40, 41]. For ex-
ample, exosomes released from sunitinib-resistant cells
transferred [ncARSR to sensitive cells, which induced
sunitinib resistance in renal cancer [42]. Exosomal
linc-VLDL derived from hepatocellular cancer cells ex-
posed to sorafenib and doxorubicin was transferred into
recipient tumor cells, which increased linc-VLDL expres-
sion and decreased chemotherapy-induced cell death in
recipient cells [43]. In the present effort, we discovered
that levels of PTENPI were increased in normal cells
and their exosomes, and its expression in exosomes was
approximately three times greater than that in producer
cells. Similar to other reports [44, 45], fluorescence mi-
croscopy revealed that exosomes derived from normal
cells that were labeled with PKH67 could transfer into
bladder cancer cells. These findings indicate the possibil-
ity that 293A cells secrete exosomal PTENPI for
transferring to the surrounding bladder cancer cells. Al-
though normal cells exposed to exosomal IncRNAs se-
creted from cancer cells have been widely studied, there
have been few reports describing exosomal IncRNAs re-
leased from normal cells that are transferred into cancer
cells. Our results showed that PTENPI1-Exos from 293A
cells enhanced PTENPI expression and suppressed pro-
liferation, migration and invasion of bladder cancer cells;
in addition, it induced apoptosis in bladder cancer cells.
However, exosomal PTENP1 was not significantly re-
duced the viability of well-differentiated J82 cells com-
pared to poorly differentiated EJ cells (Additional file 1:
Figure S4B). This could be due to the variety of cargoes
in exosomes, indicating that we will comprehensively
evaluate antitumor effects of intercellular/exosomal

Page 11 of 13

PTENPI between well-differentiated J82 cells and poorly
differentiated EJ cells. Consistent with our previous find-
ings in vitro, exosomal PTENPI also repressed tumor
growth in vivo. Hence, our findings suggest that
PTENPI is directly transferred from normal cells to
bladder cancer cells via exosomes and regulate the bio-
logical functions of bladder cancer in vitro and in vivo.

Previous studies have reported that PTENPI is a
pseudogene-expressed IncRNA located at 9p13.3, which
competitively binds miRNAs to modulate PTEN expres-
sion by serving as a competing endogenous RNA
(ceRNA) in several cancers [46—48]. Thus, we speculated
that PTENPI may act as a ceRNA, participating in
tumorigenesis of bladder cancer. Our findings revealed
that exosomal PTENPI could regulate PTEN levels by
competing for the effect of miR-17. Our results showed
that PTENPI and exosomal PTENPI were also enriched
in the nucleus of cell lines, suggesting that it may also
physically localizes to the PTEN promoter, where it at-
tracts some chromatin modification enzymes that cause
epigenetic silencing (Additional file 1: Figure S5A and
B). Therefore, further studies should be performed to
comprehensively investigate the biology of intercellular
PTENPI and exosomal PTENP]I involved in bladder can-
cer development and progression.

Conclusion

In conclusion, our results indicated that exosomal
PTENPI was a promising novel biomarker for diagnosis
of bladder cancer. In addition, normal cells released exo-
somes containing PTENPI, and that exosomal PTENPI
was transported from normal cells to bladder cancer
cells, and exogenous PTENPI relieved the malignant
phenotype of bladder cancer cells both in vitro and in
vivo. Furthermore, exosomal PTENPI may act as a
miR-17 decoy to regulate PTEN and suppress bladder
cancer progression. Together, our results revealed that
exosomal PTENPI serves as a mediator in cell-cell
communication during carcinogenesis of bladder
cancer.
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Additional file 1: Table S1. Primer sequences in the study. Table S2.
Clinical characteristics of paired bladder cancer tissue samples. Table S3.
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