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PP242 suppresses bladder cancer cell proliferation and migration
through deactivating the mammalian target of rapamycin
complex 2/AKT1 signaling pathway
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Abstract. While most cancer types are resistant to mamma-
lian target of rapamycin complex 1 (mTORCI) inhibitor
rapamycin, recent studies have identified mTORC?2 as an
important prospective therapeutic target for cancer. The
present study assessed the effects of mMTORC?2 inhibitor PP242
on the proliferation and migration of bladder cancer cells by
using Cell Counting Kit-8, 5-ethynyl-2'-deoxyuridine incor-
poration, wound healing and Transwell assays. Furthermore,
the phosphorylation status of downstream signaling proteins
of mMTORC1 and mTORC2 was assessed using western blot
analysis. The results demonstrated that PP242 concentra-
tion-dependently inhibited the proliferation of bladder cancer
cells. Simultaneously, the migration ability of bladder cancer
cells was suppressed by PP242. In addition, PP242 markedly
restrained the phosphorylation of AKT1 and mTORC?2, while
the phosphorylation status of S6K1 and mTORCI was not
affected. These results suggested that PP242 exerts potent
inhibitory effects on bladder cancer cells by modulating the
activity of the mTORC2/AKT]1 pathway.

Introduction

As the most common malignant tumor type of the urinary
tract, bladder cancer remains one of the major causes of
cancer-associated mortality worldwide (1). Due to its high
recurrence rate and requirement of costly lifelong follow-ups,
the development of novel and effective therapies for bladder
cancer is necessary, for which the elucidation of the underlying
mechanisms of oncogenic urothelial cell transformation is
vital.
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Mammalian target of rapamycin (mTOR) has a central
role in regulating cellular catabolism and anabolism and
is important in tumorigenesis and cancer progression (2).
mTOR kinase exists as mTOR complex (mTORC)I and 2,
two distinctive cellular protein complexes, which each have
a unique molecular composition, substrates and mecha-
nisms of activation (3). mTORCI regulates autonomous cell
growth in dependent on the availability of growth factors
and nutrients, whereas mTORC?2 regulates cell survival and
proliferation (4). Upon interaction of raptor with mTOR,
mTORCI is formed, which represents the sensitive target
of rapamycin that phosphorylates downstream targets of
eukaryotic initiation factor 4E binding protein-1 (4E-BP1)
and S6 kinase 1 (S6K1). The mTORCI signaling pathway
has a central role in regulating cell functions, including
proliferation, growth, survival and mobility (5-7). Aberrant
expression of mTORCI1 has been observed in numerous
types of cancer, including colorectal cancer (8), hepato-
cellular carcinoma (9), renal cell carcinoma (10), breast
cancer (11), acute myeloid leukemia (12) and non-small cell
lung cancer (13). Although mTOR research largely focuses
on mTORCI1, mTORC?2 is emerging as a crucial signaling
complex in numerous cancer types. It has been reported that
mTORC?2 directly phosphorylates AKT on serine (ser)473,
which leads to the activation of this anti-apoptotic kinase
and ultimately results in increased cell survival, prolifera-
tion and migration (14).

The first-generation mTOR inhibitor rapamycin partially
suppresses mTORCI activity and reduces the proliferation of
cancer cells (15); however, rapamycin is not sufficiently potent
for the effective treatment of cancer. For this reason, efforts
have been made to develop selective small-molecule competi-
tors of adenosine triphosphate (ATP) as mTOR inhibitors with
the ability to completely block mTORCI effectors in addition
to mTORC?2 substrates (16). The present study examined the
anti-proliferative and anti-migratory effects of PP242, an
ATP-competitive inhibitor that binds the mTOR catalytic
site, in bladder cancer cells. It was indicated that PP242
reduced the viability and proliferation of bladder cancer cells
and inhibited their migratory potential. In addition, PP242
reduced the mTORC2/AKT]1 activity, however did not effect
mTORCI1/S6K1 activity in bladder cancer cells.
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Materials and methods

Cell lines and reagents. The SV-HUC-1, RT4, BIU-87, 5637
and T24 bladder cancer cell lines were purchased from the Cell
Bank of the Chinese Academy of Sciences (Shanghai, China).
All cell lines were maintained in a humidified atmosphere with
5% CO,at 37°C. The cell lines were grown in RPMI-1640 (GE
Healthcare Life Sciences, Logan, UT, USA) media containing
fetal bovine serum (GE Healthcare Life Sciences) according to
the manufacturer's instructions.

PP242 was purchased from Selleck Chemicals Company
(Houston, TX, USA). For in-vitro experiments, PP242 was
dissolved in dimethyl sulfoxide (DMSO; Sigma-Aldrich,
St. Louis, MO, USA).

The rabbit polyclonal mTOR (ab2732), rabbit monoclonal
raptor (ab40768) and rabbit polyclonal rictor (ab70374)
antibodies were purchased from Abcam (Cambridge, MA,
USA). Rabbit polyclonal phosphorylated (p)-mTOR (Ser2448)
(#2971), rabbit polyclonal p-mTOR (Ser2481) (#2974), rabbit
monoclonal p-S6K1 (Thr389) (#9234), rabbit monoclonal
p-AKTI1 (Serd73) (#4058) and rabbit monoclonal GAPDH
(#2118) antibodies were obtained from Cell Signaling
Technology, Inc. (Danvers, MA, USA). Mouse monoclonal
AKT]I (sc-5298) and rabbit polyclonal S6K1 (sc-230) anti-
bodies were from Santa Cruz Biotechnology, Inc. (Dallas, TX,
USA).

Cell growth and proliferation assays. The Cell Counting
Kit-8 assay (CCK-8, KeyGen Biotech Co., Nanjing, China)
was used to assess effects of PP242 on bladder cancer cell
growth according to the manufacturer's instructions. Cells
were incubated with PP242 at 100, 200, 500 or 1,000 nM
or with DMSO (<0.5%) alone for 48 h. The absorbance was
measured at a wavelength of 450 nm using a plate reader
(model 680; Bio-Rad Laboratories, Hercules, CA, USA). In
addition, the 5-ethynyl-2'-deoxyuridine (EdU) incorporation
assay with the Cell-Light™ EdU DNA Cell Proliferation kit
(Ruibo Biotech, Guangzhou, China) was used to assess the
effects of PP242 at 500 nm for 48 h on the proliferation of
bladder cancer cells according to the manufacturer's instruc-
tions. All cells were treated with 50 ymol/l of EAU for 24 h
at 37°C. Following being fixed with 4% paraformaldehyde
for 15 min, the cells were treated with 0.5% Triton X-100
(Sigma-Aldrich, St. Louis, MO, USA) for 20 min and rinsed
with PBS three times. Thereafter, the cells were exposed
to 100 ul of 1X Apollo® reaction cocktail for 30 min and
incubated with 5 yg/ml of Hoechst 33342 (Ruibo Biotech,
Guangzhou, China) to stain the cell nuclei for 30 min. EQU
incorporation of the cells was observed under an Olympus
IX-71 inverted fluorescence microscope (Olympus, Tokyo,
Japan) and images were captured.

Wound healing migration assay. Cells were incubated in
the presence or absence of PP242 (500 nM) or with DMSO
alone for 48 h. Following serum starvation of confluent
bladder cancer cells for 2 h in 24-well plates, the media were
replaced with RPMI-1640 medium without supplementa-
tion and line-shaped wounds were generated across the cell
monolayers using a sterile pipette tip. At O and 24 h, images
of the wounded cell layers were captured using an Olympus
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IX-71 inverted fluorescence microscope (Olympus). Image]
software (National Institutes of Health, Bethesda, MD, USA)
was used to quantify the amount of wound closure, which
resembled the migratory potential of the cells.

Transwell assay. The lower chambers of a Transwell plate
(with 8.0 gym-pore polycarbonate membranes; Corning
Life Science, Corning, NY, USA) were filled with 0.6 ml
RPMI-1640 medium containing 5% FBS. Cells were
incubated in the presence or absence of PP242 (500 nM)
or with DMSO alone for 48 h. Cells were re-suspended in
RPMI-1640 containing 1% FBS and 200 ul cell suspension
(1x10° cells/100 ml) were added to the upper chamber. After
24 h of incubation at 37°C with 5% CO,, cells which had
not migrated were removed using cotton swabs, whereas
migrated cells were fixed in 4% paraformaldehyde (Shanghai
Haochen Biological Technology Co., Ltd., Shanghai, China)
for 10 min at room temperature, stained with 0.1% crystal
violet (Santa Cruz Biotechnology, Inc.) and counted under
an Olympus IX-71 inverted fluorescence microscope.
Experiments were performed in triplicate.

Western blot analysis. The cells were lysed in radioim-
munoprecipitation assay buffer (Beyotime Institute of
Biotechnology, Shanghai, China) mixed with protease inhib-
itor (phenylmethanesulfonyl fluoride; Beyotime Institute of
Biotechnology) and equal quantities of protein were subjected
to western blot analysis as described previously (17). Protein
content was determined by the Bicinchoninic Acid kit (Pierce
Biotechnology, Inc., Rockford, IL, USA). The primary
antibodies were incubated on the membranes overnight at
4°C in Tris-buffered saline with Tween 20. The expression
of mTOR, p-mTOR, AKTI, p-AKTI, S6KI1, p-S6K1 was
detected using specific antibodies and GAPDH was used as
the loading control.

Statistical analysis. Values are expressed as the mean + stan-
dard deviation of three independent experiments. SPSS 17.0
(SPSS Inc., Chicago, IL, USA) was used for statistical
analysis. The paired t-test was used to analyze the results
of the western blot analysis. Groups with or without treat-
ment were compared by using one-way analysis of variance.
P<0.05 was considered to indicate a statistically significant
difference between values.

Results

PP242 dose-dependently inhibits the proliferation of bladder
cancer cells. To determine the potency of PP242 against
bladder cancer, its ability to inhibit the proliferation of four
bladder cancer cell lines, RT4, BIU-87, 5637 and T24, was
assessed using the CCK-8 and EdU incorporation assays.
As shown in Fig. 1A, treatment with 100-1,000 nM PP242
for 48 h reduced the viability of the four bladder cancer cell
lines in a dose-dependent manner, with 5637 and T24 showing
higher sensitivity to PP242 than RT4 and BIU-87 (P<0.05).
Therefore, the 200-nM concentration of PP242, which was
close to the ICs, on the 5637 and T24 cell lines in the presence
of serum, was used in the subsequent experiments, which were
performed on 5637 and T24 cells.
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Figure 1. PP242 inhibits growth and proliferation of four bladder cancer cell lines. (A) A cell counting kit-8 assay was used to examine the viability of RT4,
BIU-87, 5637 and T24 cells following treatment with PP242 (0, 100, 200, 500 or 1,000 nM for 48 h). “P<0.05 vs. 0, 100 and 200 nM. (B) Proliferation of 5637
and T24 cells was assessed by EdU incorporation with or without the treatment of PP242 (200 nM, 48 h). EdU (red) was used to stain the proliferative cells,
and Hoechst 33324 (blue) was used to stain the nuclei. Images are representative of three individual experiments (magnification, x100). (C) Quantification of
EdU incorporation in 5637 and T24 cells with or without the treatment of PP242 (200 nM, 48 h). "P<0.05 vs. Mock and DMSO. Values are expressed as the
mean + standard deviation of three experiments. EdU, 5-ethynyl-2'-deoxyuridine; DMSO, dimethyl sulfoxide; Mock, untreated control.
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Figure 2. PP242 restrains the migration ability of bladder cancer cell lines. (A) A wound-healing assay was used to examine the migration of 5637 and T24
cells following treatment with vehicle or PP242 (200 nM, 48 h). (B) Wound closure was correlated to cell migration ability. (C) Images of 5637 and T24 cells
which transgressed through Transwell membranes following treatment with vehicle or PP242 (200 nM, 48 h). (D) Quantified numbers of migrated cells in C.
Images are representative of three individual experiments and values are expressed as the mean + standard deviation; "P<0.05 vs. Mock and DMSO. DMSO,
dimethyl sulfoxide; Mock, untreated control.
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Figure 3. Expression and activation of signaling proteins of the mTOR pathway in 5637 and T24 cells. (A) Western blot analysis of mTOR, raptor, rictor,
AKTI and S6K1 in SV-HUC-1, 5637 and T24 cells. (B) Densitometric quantification of band intensities in A relative to GAPDH. (C) Western blot analysis
of phosphorylated mTOR, AKT1 and S6K1 in SV-HUC-1, 5637 and T24 cells. (D) Densitometric quantification of band intensities in C relative to GAPDH.
mTOR, mammalian target of rapamycin. Blots are representative of three individual experiments and values are expressed as the mean + standard deviation;
“P<0.05 vs. 5637 and T24. p, phosphorylated; mTOR, mammalian target of rapamycin; S6K1, S6 kinase 1; SV, normal bladder epithelial cell line SV-HUC-1.
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Figure 4. PP242 downregulates mTORC2/AKT1 activity but not mTORC1/S6K1 activity in bladder cancer cells. (A) Representative western blot of phosphory-
lated mTOR, AKT1 and S6K1 in 5637 cells treated with vehicle or PP242. (B) Densitometric quantification of band intensities in A relative to GAPDH. Values
are expressed as the mean + standard deviation of three individual experiments; “P<0.05 vs. Mock and DMSO. DMSO, dimethylsulfoxide, p, phosphorylated;
mTOR, mammalian target of rapamycin; S6K1, S6 kinase 1; Mock, untreated control.

The EdU incorporation assay showed that following 48 h
of incubation, 200 nM PP242 decreased the mean percentage
of proliferating cells by 39% for 5637 cells and by 43% for
T24 cells (Fig. 1B and C; P<0.05). All of these results indi-
cated that PP242 exerts anti-proliferative effects on bladder
cancer cells.

PP242 inhibits the migration of bladder cancer cells. A
wound-healing assay was performed to assess the effect of

PP242 (200 nM) on the migratory ability of bladder cancer
cells following 48 h of incubation. A wound healing assay
demonstrated that wound healing of 5637 and T24 cells
treated with PP242 was reduced compared to that of the nega-
tive control or DMSO-treated cells (Fig. 2A and B; P<0.05).

Next, a Transwell assay was used to test the chemotactic
motility of cells treated with 200 nM PP242 for 48 h. The
results showed a significant decrease in the number of 5637
and T24 cells on the lower side of the Transwell membrane
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following treatment with PP242 compared with that in the
control or DMSO-treated group (Fig. 2C and D; P<0.05).

Hyper-activation of the mTORCI and mTORC?2 in bladder
cancer cells. As PP242 is an ATP-competitive inhibitor which
binds the catalytic site of mTOR, the present study assessed
whether it curtails mTORCI1/2 activity. The expression and
activation of signaling proteins of the mTOR pathway in 5637
and T24 cells was therefore assessed using western blot anal-
ysis. The protein expression of mTOR, raptor, rictor, AKT1
and S6K1 was shown to be elevated in 5637 and T24 cells
compared with that in SV-HUC-1, an immortalized bladder
epithelial cell line (Fig. 3A and B; P<0.05). Selective phos-
phorylation of S6K1 on threonine 389 is indicative of TORC1
activity, while AKT1 phosphorylation at the ser473 residue is
characteristic for TORC2 activity (5,7). Furthermore, phos-
phorylation of mTOR on ser2481 leads to the generation of
the active form of the TORC2 complex, whereas phosphory-
lation of mTOR on ser2448 generates the activated form of
the TORCI1 complex (18). In the present study, western blot
analysis showed that the phosphorylation of mTOR at ser2481
and ser2448 as well as the TORC-specific phosphorylation
of S6K1 and AKT1 were all increased in 5637 and T24 cells
compared with those in the SV-HUC-1 normal bladder epithe-
lial cell line (Fig. 3C and Dj; P<0.05). These results therefore
indicated that mMTORCI as well as mTORC2 were activated in
bladder cancer cells.

PP242 downregulates mTORC2/AKTI activity but not
mTORCI/S6K1 activity in bladder cancer cells. In order
to elucidate the potential molecular mechanism via which
PP242 inhibits cell proliferation, the effects of PP242 on
the activation of mMTORC1 and mTORC?2 activation in 5637
cells were assessed. Western blot analysis revealed that
following treatment with PP242 for 48 h, the amount of mTOR
phosphorylated on ser2448 and S6K1 phosphorylated on
threonine 389 was not obviously different from those in the
control and DMSO-treated groups. However, the amount of
mTOR phosphorylated on ser2481 and AKT1 phosphorylated
on serd73 was significantly decreased following treatment with
PP242 (Fig. 4A and B; P<0.05). These results demonstrated
that PP242 suppressed cell proliferation, at least in part, by
deactivating the mTORC2/AKT1 signaling pathway.

Discussion

As the fourth most common type of cancer, bladder cancer
occurs three times more frequently in men than in women
in the USA. An estimated 74,690 of novel cases of urinary
bladder cancer were diagnosed in the USA in 2014 (19), of
which 70% were of the non-muscle-invasive type, which has a
tendency to recur in the same or another region of the bladder
at either the same stage as that of the initial tumor or a more
advanced stage (20). The ability to migrate is important for
the formation of metastasis/recurrence of non-muscle invasive
bladder cancer. Therefore, the treatment of bladder cancer
is mostly directed at reducing recurrences and preventing
progression. Although combined chemotherapy initially
produces high response rates, most patients experience recur-
rences, and the majority of them succumb to the disease shortly
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thereafter (21). Aberrant expression of mMTORC1/mTORC?2 has
been observed in numerous types of cancer (8-13) and their
inhibitor, PP242, has been demonstrated to reduce the activity
of mMTORC2/AKT1, thus decreasing cell survival, proliferation
and migration (14). Accordingly, the development of more
efficient anti-cancer agents is urgently required to improve the
outcome of bladder cancer. The present study showed that the
mTORC1/2 inhibitor PP242 inhibited the growth, proliferation
and migration of bladder cancer cells.

Previous studies have shown that PP242 can restrain the
growth of gastric cancer cell lines (22) and clearly demon-
strated its enhanced efficacy compared with that of rapamycin
in endometrial tumor models (23). PP242 is a selective
ATP-competitive mTOR inhibitor and inhibits mTORCI as
well as mMTORC?2 simultaneously, thereby preventing the feed-
back activation loop of AKT and therefore exerting a greater
anti-tumor activity than rapamycin and its analogues (24). The
present study demonstrated that PP242 is a potent inhibitor of
mTORC?2 in bladder cancer cells and suppresses their prolif-
eration in a dose-dependent manner. These inhibitory effects
of PP242 were demonstrated to be mediated by its targeting
of TORC2 but not TORCI. Mechanistic studies indicated that
PP242 selectively inhibited the phosphorylation of AKT1 at
Ser473, the downstream substrate of mMTORC?2, while it did not
affect the phosphorylation of S6K1, the downstream substrate
of mTORCI (25). The results of the current study demonstrate
that the role of PP242 in bladder cancer cells is more important
for mTORC?2, however further research is required to confirm
the exact mechanism. Furthermore, numerous previous
studies demonstrated that PP242 inhibited cell proliferation
and induced apoptosis by its targeting of TORC2 (26-30). In
order to confirm that PP242 targets mTORC2, the present
study also examined the phosphorylation of mTOR. After
treatment with PP242, phosphorylation of mTOR on ser2448,
which is an activation site of mTORCI (31) was not affected,
while phosphorylation of mTOR on ser2481, an activation site
of mTORC?2 (32), was obviously decreased. These results indi-
cated that mTORC?2 was a target of PP242 in bladder cancer
cells.

Furthermore, the present study identified that the migratory
ability of bladder cancer cells was decreased by PP242 treat-
ment, suggesting that the mTORC2 pathway also participates
in the process of tumor progression. Recent studies showed
that PP242 inhibited cancer-cell migration by blocking the
mTOR pathway in certain tumor types (22,33,34). Further
study is required to determine the complex regulatory role of
TORC?2 signaling in the migration of bladder cancer cells.

In conclusion, the present study supported the concept
that PP242 exerts its anti-tumor effects through inhibiting
cell proliferation and migration by suppressing mTORC2, but
not the mTORC, in bladder cancer cells. Indeed, pre-clinical
studies have indicated that PP242 is a potent anti-cancer drug.
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