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Abstract. Poor response and chemotherapy resistance to 
cisplatin (DDP)-based therapy frequently lead to treatment 
failure in advanced bladder cancer; however the underlying 
mechanism is extremely complex and unclear. Furthermore, 
cancerous inhibitor of protein phosphatase 2A (CIP2A), a 
recently identified human oncoprotein, has been shown to 
play important regulatory roles in cancer cell survival. The 
present study aimed to investigate the correlation of CIP2A 
with sensitivity to DDP in bladder cancer cells. In the present 
study, knockdown of CIP2A was performed using short 
hairpin-RNA. IC50 determination was used to estimate the 
chemosensitivity of cells to DDP. Apoptosis and DNA damage 
indicators were tested in vitro and in vivo to clarify the role 
of CIP2A in enhancing DDP sensitivity. We observed that 
CIP2A knockdown enhanced DDP sensitivity. CIP2A deple-
tion accelerated the process of DNA damage caused by DDP 
treatment. Furthermore, DDP triggered inhibition of CIP2A 

by preventing AKT Ser473 phosphorylation. In vivo, CIP2A 
suppression increased the cytotoxicity of DDP, which resulted 
in a decrease in the subcutaneous tumor growth in a xenograft 
mouse model. Our findings revealed that the mechanism 
underlying the involvement of CIP2A in DDP sensitivity 
enhancement is that CIP2A mediates DDP-induced cell 
apoptosis and DNA damage. CIP2A is a potential target to 
improve the response to DDP-based therapy in bladder cancer 
patients.

Introduction

Based on the invasion of lamina propria, urothelial bladder 
cancer is clinically divided into muscle-invasive bladder 
cancer (MIBC) and non-muscle-invasive bladder cancer. 
Particularly for MIBC, the characteristics including a high 
occurrence rate of distant metastases and a low 5-year 
survival rate demand a high level of efficacy of the therapeutic 
regimen (1). Cisplatin (DDP), as the backbone of combina-
tion chemotherapies, is the first‑line drug for patients with 
advanced bladder cancer (2). Several large, randomized trials 
and meta-analyses provide convincing evidence to support 
the clinical feasibility and survival benefit of neoadjuvant 
DDP-based chemotherapy compared with surgery alone in 
patients with MIBC (3-5). Although bladder cancer is rela-
tively chemosensitive for standard first‑line therapy (such as 
gemcitabine plus DDP or methotrexate, vinblastine, doxoru-
bicin and DDP), 30% of MIBC patients still present with a 
resistant response to the aforementioned DDP-based thera-
peutic regimens and have a very poor prognosis with only a 
14 month overall survival period (6,7). There is no consensus 
in how to manage MIBC patients who experience the failure 
of DDP-based first-line therapy. In addition, DDP-based 
regimens are frequently associated with adverse effects, 
including renal toxicity and gastrointestinal disorders, which 
cause obstacles for therapeutic efficacy, drug continuation 
and tolerability (8).

Apoptosis is a controlled type of cell death, which is 
characterized by chromatin condensation and membrane 
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budding (9). DDP primarily induces cancer cell apoptosis, and 
failure of the apoptotic pathway may be the major factor in 
DDP resistance (10). With respect to the molecular mecha-
nisms, cross-linked compounds of DNA and DDP contribute 
to cytotoxicity by interfering with DNA replication and 
inducing DNA damage, which in turn triggers the process of 
apoptosis (11). Defects in the repair of DNA damage induced 
by regimens represent an essential mechanism of cytotoxic 
chemotherapy sensitivity (12). Several studies support the role 
of various DNA-repair genes, such as breast cancer suscepti-
bility gene 1, excision repair cross-complementing group  1, 
ataxia-telangiectasia mutated kinase, and retinoblastoma 
gene 1 as biomarkers of DDP-based chemotherapy sensi-
tivity (13,14).

Cancerous inhibitor of protein phosphatase 2A (CIP2A), 
an oncoprotein with many roles in biological functions, 
is overexpressed at a high frquency in a number of tumors, 
and performs its oncogenic functions by participating in 
multiple pathways, including the phosphoinositide-3-kinase 
(PI3K)/RAC-α serine/threonine-protein kinase (AKT), 
RAS/ERK and the Wnt/β-catenin pathway (15). Our previous 
study revealed the close relationship between the aberrant 
expression of CIP2A and uncontrolled cell proliferation 
in bladder cancer (16). CIP2A depletion contributes to cell 
apoptosis in several cancer types (17). Functional studies also 
confirmed the potential role of CIP2A in sensitizing cancer 
cells to many chemotherapeutic agents (18). Exploring novel 
approaches to bladder cancer treatment to increase sensitivity 
to DDP is a critical issue; however, the advent of targeted 
therapy is promising.

In this context, the present study was designed to explore 
the significance and potential of CIP2A in enhancing the 
chemosensitivity of DDP in bladder cancer. In the present 
study, we demonstrated that inhibition of CIP2A exacer-
bated DDP-induced bladder cancer cell apoptosis by the 
accumulation of DNA damage. Furthermore, we further 
explored the role of the AKT pathway in DDP-triggered 
CIP2A inhibition.

Materials and methods

Cell culture and chemicals. Human urothelial bladder 
cancer cell lines T24 and J82 were obtained from the Type 
Culture Collection of the Chinese Academy of Sciences, 
(Shanghai, China) and were cultured in Dulbecco's modi-
fied Eagle's medium (HyClone Laboratories; GE Healthcare 
Life Sciences, Logan, UT, USA) and supplemented with 10% 
fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). Cells were cultured at 37˚C with 
5% CO2. DDP (Sigma-Aldrich, Merck KGaA, Darmstadt, 
Germany) was dissolved in phosphate-buffered saline 
(PBS) for cell incubation. The PI3K inhibitor LY294002 
was purchased from Selleck Chemicals (Houston, TX, 
USA).

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA extrac-
tion and reverse-transcription reactions were performed 
using an RNA Extraction kit (Takara Bio, Inc., Otsu, Japan) 
and PrimeScript™ RT Master Mix (Takara Bio, Inc.), 

respectively. The following primers were used for amplifica-
tion: CIP2A, forward primer, 5'-CAC AAA T-CAC CTC GAC 
CCC T-3' and reverse primer, 5'-CAA AAG CTG AGT GGC 
GTT CG-3'. β-actin was used as an internal control: Forward 
primer 5'-GTG GGG CGC CCC CAG GCA CCA-3' and reverse 
primer, 5'-CTC CTT AAT GTC ACG CAC GAT-3'. RT-qPCR 
was performed using Power SYBR Green PCR Master Mix 
(Thermo Fisher Scientific, Inc.). Analysis of the relative gene 
expression data was performed using quantitative PCR and the 
2-ΔΔCq method (19).

Western blot analysis. Following cell lysis by ice-cold 
radioimmunoprecipitation assay buffer, protein concen-
trations were determined. Equal quantities (30 µg) of 
protein were separated using 10% SDS-polyacrylamide 
gels, transferred to a polyvinylidene difluoride (PVDF) 
membrane and blocked with 5% bovine serum albumin 
(BSA). PVDF membranes were incubated overnight at 
4˚C with the following antibodies: CIP2A (dilution 1:500; 
cat. no. sc-80662; Santa Cruz Biotechnology, Inc., Dallas, 
CA, USA), AKT (dilution 1:1,000; cat. no. 9272S; Cell 
Signaling Technology, Inc., Danvers, MA, USA), phos-
phorylated (p)-AKT (dilution 1:1,000; cat. no. 4060S; Cell 
Signaling Technology), B cell lymphoma-2 (Bcl-2; dilution 
1:1,000; cat. no. sc-492; Santa Cruz Biotechnology, Inc.), 
caspase-3 (dilution 1:1,000; cat. no. 9662S; Cell Signaling 
Technology), poly(ADP-Ribose) polymerase (PARP; dilution 
1:1,000; cat. no. 5625T; Cell Signaling Technology), γ-H2AX 
(dilution 1:1,000; cat. no. ab2893; Abcam, Cambridge, UK) 
and β-actin (dilution 1:1,000; cat. no. sc-47778; Santa Cruz 
Biotechnology, Inc.). After being washed, the membranes 
were then incubated with horseradish peroxidase‑conjugated 
secondary antibodies (anti-mouse IgG, dilution 1:1,000; 
cat. no. 7076S; Cell Signaling Technology; anti-rabbit IgG, 
dilution 1:1,000; cat. no. 7074S; Cell Signaling Technology) 
followed by enhanced chemiluminescence detection.

Construction of stably transfected cells. The CIP2A short hairpin 
RNA (sh-CIP2A) plasmid, ligated in the pGV101 vector, was 
purchased from GeneChem Technologies Co., Ltd. (Shanghai, 
China). The oligonucleotide sequence for shRNA was as follows: 
5'-GAT CCC CCA CAG TTT AAG TGG TGG AAA CTC GAG TTT 
CCA CCA CTT AAAC TGTGGTTTTTGGAT-3'. sh-CIP2A was 
transfected using Lipofectamine 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's protocol. 
In order to obtain stable cell lines, transfected cells were selected 
with 500 µg/ml neomycin for nearly 2 weeks.

3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide 
(MTT) assay. Cells were seeded on a 96-well plate and incu-
bated with different concentrations of DDP (0, 5, 10, 20 and 
40 µg/ml). At 24 h after incubation, cell viability was deter-
mined by MTT assay (Invitrogen; Thermo Fisher Scientific, 
Inc.) using a microplate reader (Multiscan™GO; Thermo Fisher 
Scientific, Inc.). Absorbance was determined at a wavelength 
of 490 nm. All experiments were performed in triplicate and 
three wells were used for each treatment. The drug concentra-
tion resulting in 50% inhibition rate (IC50) was calculated with 
GraphPad 6.0 software (GraphPad Software, Inc., La Jolla, CA, 
USA).
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Colony forming assay. The effect of DDP on the ability of 
bladder cancer cells to form colonies was assessed using 
a 6-well plate (200 cells/well). One week after the initial 
incubation of cells, colonies were incubated with DDP (0 and 
5 µg/ml) for 1 week. The colonies were stained with 0.1% 
crystal violet.

Annexin V‑PI apoptosis assays. After DDP treatment, the 
harvested cells were resuspended in Annexin V-binding buffer. 
Then the cells were stained with FITC‑conjugated Annexin V 
and PI according to the manufacturer's protocol (Invitrogen; 
Thermo Fisher Scientific, Inc.). After incubation for 30 min at 
room temperature in the dark, evaluation of the level of apop-
tosis was analyzed with a flow cytometer (BD Biosciences, 
Franklin Lakes, NJ, USA).

Immunofluorescence staining. Cells grown on coverslips 
in 24‑well plates were fixed with 4% paraformaldehyde and 
blocked with 5% bovine serum albumin (BSA). Subsequently, 
the cells were incubated with antibodies against γ-H2AX 
(dilution 1:200; cat. no. ab2893; Abcam;) overnight at 4˚C. 
The secondary antibody (dilution 1:1,000; cat. no. A-21441; 
Invitrogen; Thermo Fisher Scientific, Inc.) was incubated 
with the cells at 37˚C for 1 h, followed by staining with 
4',6-diamidino-2-phenylindole (DAPI) to visualize the 
nuclei. Images were captured using a confocal laser-scanning 
microscope (Leica SP8; Leica Microsystems GmbH, Wetzlar, 
Germany).

Comet assay. Slides were pre-coated with 1% normal 
melting point agarose. The mixture of 104 cells and 70 µl 
1% low melting point agarose was rapidly spread onto the 
pre-coated slides. Subsequently, the slides were immersed in 
cold lysis buffer for at least 1 h and alkaline electrophoresis 
solution for 20 min, successively. Following electrophoresis 
at 25 V and 300 mA for 30 min, the slides were neutralized 
with Tris-HCl (pH 7.5) and dyed with ethidium bromide for 
20 min. The individual cells were viewed using an Olympus 
BX51 UV fluorescence microscope (Olympus Corp., Tokyo, 
Japan).

Immunohistochemical (IHC) and TUNEL analysis. The 
slides with paraffin-embedded tissues were deparaf-
finized in xylene and rehydrated through graded alcohols. 
Subsequently, 3% hydrogen peroxide was used to block the 
endogenous peroxidase activity. The slides were incubated 
with primary antibodies against CIP2A (dilution 1:50; 
cat. no. sc-80662; Santa Cruz Biotechnology, Inc.), γ-H2AX 
(dilution 1:100; cat. no. ab2893; Abcam) and p-AKT (dilu-
tion 1:200; cat. no. 4060S; Cell Signaling Technology). After 
washing 3 times, diaminobenzidine was used for signal 
development, and the slides were counterstained with 20% 
hematoxylin. Terminal deoxynucleotidyl transferase medi-
ated dUTP nick end labeling (TUNEL) assay was performed 
using DeadEnd™ Colorimetric TUNEL system (Promega 
Corp., Madison, WI, USA), according to the manufacturer's 
instructions.

Subcutaneous xenograft models. Animal experiments 
were performed according to the protocol approved by the 

Institutional Animal Care and Use Committee of Ruijin 
Hospital Affiliated to the School of Medicine, Shanghai 
Jiaotong University. The housing condition for mice is grade 
SPF (specific‑pathogen‑free). The temperature is 26‑28˚C, 
and the light/dark cycle is 10/14-h cycle. Sterilized food 
and water by steam under high pressure were provided to 
the mice. Twenty 4-week-old female BALB/c nude mice 
(SLAC Laboratory Animal Co., Ltd., Shanghai, China) were 
randomly divided into 4 equal groups (n=5). sh-CIP2A and 
sh-Control T24 cells were harvested to prepare cell suspen-
sions containing 6x106 cells/ml which were injected into the 
axillary subcutaneous tissues at 100 µl/mouse, respectively. 
On day 21 when the maximum diameter of the tumors 
reached 5 mm, intraperitoneal injections of DDP (2 mg/kg, 
twice weekly) or an equal volume of 0.9% normal saline were 
administered for 3 weeks. To build the tumor growth curve, 
the tumor volume was determined using calipers every 7 days 
and calculated with the following formula: Tumor volume 
(mm3)=(Length x Width2)/2. On day 42, the mice were eutha-
nized via dislocation of cervical vertebra, and meanwhile, 
the xenograft tumor tissues were removed, weighed and 
subjected to further IHC staining analysis. The inhibitory 
rate of DDP was calculated with the formula (1-tumor volume 
of DDP-treated group/tumor volume of non-DDP-treated 
group) x100%.

Statistical analysis. Data are expressed as the mean ± standard 
deviation (SD), and bars in the graph represent standard devia-
tion. Statistical analyses were conducted using SPSS 22.0 
software (IBM, Corp., Armonk, NY, USA). A two-tailed 
Student's t-test was conducted to analyze statistical differences 
between groups. P-values of <0.05 were considered to indicate 
statistically significant differences.

Results

CIP2A depletion increases drug sensitivity to DDP in 
bladder cancer cells. CIP2A-stable knockdown T24 and J82 
cells were successfully established to elucidate the role of 
CIP2A in chemoresistance to DDP. CIP2A expression was 
markedly decreased at both the mRNA and protein levels 
(Fig. 1A and B). Knockdown of CIP2A led to a significant 
decrease in the IC50 of DDP compared with sh-Control cells 
(Fig. 1C and D). According to the results of the colony forma-
tion experiment following DDP treatment, we observed that 
inhibition of CIP2A expression significantly decreased the 
number of colonies formed (Fig. 1E). These results revealed 
a causal link between CIP2A depletion and the increased 
chemosensitivity to DDP.

Knockdown of CIP2A induces increased apoptosis in bladder 
cancer cells upon DDP treatment. Given that apoptosis is one 
of the major mechanisms responsible for the impairment of 
proliferation induced by DDP (8), we subsequently investigated 
the role of CIP2A in DDP-induced apoptosis. Flow cytometry 
results revealed that upon DDP treatment, the apoptotic rates 
of sh-CIP2A cells were markedly higher compared with the 
sh-Control cells (Fig. 2A). Consistently, following DDP treat-
ment, decreased Bcl2 and increased cleaved caspase-3 and 
cleaved PARP were detected in sh-CIP2A T24 and J82 cells 
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(Fig. 2B). Therefore, our results indicated that knockdown of 
CIP2A promoted DDP-induced apoptosis in bladder cancer 
cells in vitro.

Knockdown of CIP2A in bladder cancer cells enhances 
DDP‑induced DNA damage. DDP can lead to the intracel-
lular accumulation of DNA double-strand breaks (DSBs) 
and γ-H2AX protein, which are responsible for cell apop-
tosis (20). Comet assays confirmed that upon treatment with 
DDP, both tail DNA content and DNA migration distance 
of cells with CIP2A downregulation increased significantly 
compared with the control group (Fig. 3A). In addition, 

the immunofluorescence images intuitively illustrated 
that low expression of CIP2A accelerated DDP-induced 
foci formation of γ-H2AX in T24 and J82 cells (Fig. 3B). 
Consistently, DDP markedly enhanced the accumulation of 
γ-H2AX at the protein level in sh-CIP2A cells (Fig. 3C), 
indicating that CIP2A depletion may greatly increase the 
genotoxic effect of DDP in aggravating DNA damage in 
bladder cancer cells.

DDP attenuates CIP2A expression via the AKT pathway in 
bladder cancer cells. Based on the aforementioned results, 
we inferred that CIP2A may serve as a molecular target of 

Figure 1. CIP2A depletion increases drug sensitivity to DDP in bladder cancer cells. (A) CIP2A protein and (B) mRNA levels were examined in sh-Control 
and sh-CIP2A T24 and J82 cells. (C and D) IC50 of DDP was determined by MTT assay upon DDP treatment for 24 h in sh-Control and sh-CIP2A transfected 
T24 (C) and J82 (D) cells. (E) The response to DDP was tested by colony formation assay. Cell lines were treated continuously with 0 or 5 µg/ml of DDP for 
14 days. Every experiment was conducted at least 3 times. **P<0.01 and ***P<0.001. DDP, cisplatin; sh, short hairpin; CIP2A, cancerous inhibitor of protein 
phosphatase 2A.
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DDP and play a crucial role in apoptosis, once DDP enters the 
cells. Following cell exposure for 48 h to the indicated DDP 
concentrations, CIP2A was negatively modulated at both 
the mRNA and protein levels in a dose-dependent manner 
(Fig. 4A and B). In addition, the decrease of CIP2A protein 
expression was accompanied by a concomitant reduction in 

p-AKT levels and corresponding change of apoptosis-related 
indicators (Fig. 4B). To determine the causal relationship 
between AKT phosphorylation and CIP2A expression, we 
tested the level of p-AKT in the sh-Control and sh-CIP2A 
bladder cancer cells. The western blotting results revealed 
that there was no significant difference between the two 

Figure 2. Knockdown of CIP2A induces increased apoptosis in bladder cancer cells upon DDP treatment. (A) Apoptosis of sh-Control and sh-CIP2A bladder 
cancer cells was demonstrated by flow cytometry with 20 µg/ml of DDP treatment for 24 h. (B) The expression of CIP2A, Bcl2, cleaved caspase‑3, and 
cleaved PARP was detected by western blotting with 20 µg/ml of DDP treatment for 24 h. Every experiment was conducted at least 3 times. *P<0.05, **P<0.01. 
DDP, cisplatin; sh, short hairpin; CIP2A, cancerous inhibitor of protein phosphatase 2A.
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Figure 4. DDP attenuates the expression of CIP2A via the AKT pathway in bladder cancer cells. Upon DDP treatment at different concentrations (0, 10, 20 µg/ml) in 
T24 and J82 cells, CIP2A mRNA levels were determined by (A) RT-qPCR, and (B) the protein levels of AKT, p-AKT, CIP2A, Bcl2, cleaved caspase-3, and cleaved 
PARP were determined by western blotting. (C) The protein levels of AKT, p-AKT and CIP2A in sh-Control and sh-CIP2A T24 and J82 cells were detected by 
western blotting. (D) Following 20 µmol/l LY294002 treatment for 24 h, western blotting was used to test the protein levels of AKT, p-AKT and CIP2A in T24 and J82 
cells. Every experiment was conducted at least 3 times. **P<0.01, ***P<0.001. DDP, cisplatin; sh, short hairpin; CIP2A, cancerous inhibitor of protein phosphatase 2A.

Figure 3. Knockdown of CIP2A in bladder cancer cells enhances DDP-induced DNA damage. (A) Following 0 or 20 µg/ml DDP treatment for 24 h in 
sh‑Control and sh‑CIP2A T24 and J82 cells, a comet assay was performed to assess DNA damage. Scale bar, 50 µm. (B) Immunofluorescence was performed 
to demonstrate the formation of γ-H2AX foci. Scale bar, 100 µm. (C) Western blotting of CIP2A and γ-H2AX proteins was conducted. Every experiment was 
conducted at least 3 times. *P<0.05, **P<0.01, ***P<0.001. DDP, cisplatin; sh, short hairpin; CIP2A, cancerous inhibitor of protein phosphatase 2A.
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cell lines (Fig. 4C). However, the expression of CIP2A was 
downregulated when treated with LY294002, an inhibitor to 
phosphorylation of AKT (Fig. 4D). These results provided 
evidence that CIP2A is a downstream effector in the AKT 
signaling pathway, through which DDP inhibits CIP2A 
expression in bladder cancer cells.

Inhibition of CIP2A expression enhances DDP sensitivity in 
nude mouse xenografts. A nude mouse xenograft model was 
established using sh-Control and sh-CIP2A T24 cells to verify 
our previous conclusions in vivo. After intraperitoneal admin-
istration of DDP for 3 weeks, tumors in the sh-CIP2A group 
grew at a slower rate (Fig. 5A and B), accompanied by signifi-
cant reductions in weight (Fig. 5C). Further analysis yielded 
the additional information that the inhibitory rates of the 
sh-CIP2A group and sh-Control group were 79.7 and 54.9% 
respectively, revealing the increased DDP sensitivity caused 
by CIP2A knockdown. Compared with the DDP(+) sh-Control 
group, the TUNEL assays revealed that the percentage of 
apoptotic cells was markedly higher in the DDP(+) sh-CIP2A 

group. In addition, the IHC assay illustrated a stronger posi-
tive stain of γ-H2AX (Fig. 5D). According to the IHC staining 
results, the positive rates of both p-AKT and CIP2A in tumors 
undergoing a DDP therapeutic regimen were markedly 
decreased (Fig. 5D). These results supported the hypothesis 
that inhibition of CIP2A expression enhanced DDP sensitivity 
in vivo.

Discussion

DDP is the backbone of several mainstream chemotherapeutic 
regimens for advanced bladder cancer, in particular in patients 
with distant metastasis (1). Two large, randomized trials clearly 
supported the idea that DDP provides 5‑year cancer‑specific 
survival benefits compared with surgery alone in patients with 
MIBC (3,4). However, relatively poor response and chemo-
therapy resistance frequently lead to treatment failure (21). 
Thus, it is urgent to discover novel approaches to increasing 
sensitivity to DDP, which remains poorly understood. In the 
present study, we focused our research on the involvement of 

Figure 5. Inhibiting CIP2A expression enhances DDP sensitivity in nude mouse xenografts. (A) Tumor growth curve of sh-CIP2A or sh-Control T24 cell 
bladder cancer subcutaneous xenograft tumors was built following DDP treatment. (B) Photographs of dissected xenograft tumors from nude mice after they 
were sacrificed. (C) The weight of dissected xenograft tumors in each group was assayed. (D) IHC staining was performed to detect the expression levels of 
CIP2A, p-AKT and γ-H2AX, and TUNEL staining was conducted to test the degree of apoptosis in harvested tumor tissues. Representative photomicrographs 
of 200‑fold high power fields in each group are presented. Scale bar, 100 µm. *P<0.05. DDP, cisplatin; sh, short hairpin; CIP2A, cancerous inhibitor of protein 
phosphatase 2A; IHC, immunohistochemistry. 
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CIP2A in DDP-induced DNA damage and cell apoptosis to 
enhance the chemosensitivity of DDP.

CIP2A is a human oncoprotein, which has been confirmed 
to be overexpressed in bladder cancer (22). Huang et al (23) 
confirmed that the levels of specific CIP2A protein increase 
with increasing tumor grade and stage of bladder cancer. 
Furthermore, several recent studies also have provided 
evidence of the potent role of CIP2A in bladder cancer cell 
proliferation and epithelial mesenchymal transition (16,24). 
Thus, it is plausible to infer the potential role that CIP2A 
serves as a prognostic indicator and therapeutic target for 
bladder cancer.

The intrastrand cross-links of purine bases and DDP are 
responsible for the process of DSBs, blocking cell division and 
resulting in apoptotic cell death, which contributes to DDP 
cytotoxicity (11). Hence, DNA damage-induced apoptosis is a 
promising target for increasing the sensitivity of DDP. Several 
molecular mechanisms leading to apoptosis have been found 
to be implicated in DDP treatment of human cancers, such as 
the MAPK (25), JNK (26) and AKT pathway (27). In a screen 
of diagnostic chronic myeloid leukemia samples, samples 
with low CIP2A levels were characterized by upregulation 
of pro-apoptotic BCL-2 family members (28). Furthermore, 
a series of studies confirmed that CIP2A is implicated in 
apoptosis with a potent chemo-sensitizing potential (29,30). 
The view of previous researchers is further validated by our 
results that CIP2A knockdown enhanced sensitivity to DDP 
by promoting DDP-induced bladder cancer cell apoptosis.

In molecular terms, aggravating DNA damage is an impor-
tant target to improve the efficacy of DDP‑based neoadjuvant 
therapy. The most revealing evidence supports the develop-
ment of hypersensitivity to DDP by accumulation of DNA 
fragments in various malignancies (31,32). Basu et al (35) 
confirmed that checkpoint kinase Chk1 inhibition explains 
the cell-killing activity of DNA-damaging agents (33-35). 
Increased Chk1 activity promotes CIP2A transcription, and 
CIP2A downregulation is essential for maximal inhibition 
of cancer cell viability in response to Chk1 inhibition (36). 
We have considered the close association between CIP2A 
and DNA damage. Our data indicated that CIP2A deple-
tion induced DNA damage and exacerbated DDP-induced 
formation of γ‑H2AX foci, confirming the hypothesis and 
elucidating the role of CIP2A in the process of chemothera-
peutic drug-induced DNA damage. DNA repair is one of the 
main mechanisms underlying DDP resistance. Extensive prog-
ress has been made in the field of DNA‑repair related genes as 
prognostic markers for DDP treatment in bladder cancer (14). 
In addition, Myant et al (37) demonstrated that CIP2A is 
indispensable for the efficient recovery and regeneration of 
intestinal tissue in response to DNA damage by promoting 
MYC Ser62 phosphorylation, implying the potential ability of 
CIP2A to resist DNA damage. Thus, the association between 
CIP2A and DNA repair requires further investigation.

AKT belongs to a family of serine/threonine kinases 
which impacts on multiple cellular processes, including cell 
proliferation and survival (38). AKT activation is achieved 
by regulation of its phosphorylation status, predominantly 
on two highly conserved residues, Thr308 and Ser473 (39). 
It is accepted that AKT activation by Ser473 phosphoryla-
tion prevents apoptosis following ionizing radiation-induced 

DNA damage (40). Our results also revealed the inhibition of 
AKT Ser473 phosphorylation by DDP, confirming the view-
point that DDP-induced DNA damage is AKT-dependent 
once again (41). Furthermore, in the present study, our 
data revealed that CIP2A downregulation was triggered by 
AKT inactivation, indicating that CIP2A acted downstream 
of AKT. However, several studies hold different opinions 
that CIP2A controls the activity of AKT by promoting its 
Ser473 phosphorylation (42,43). However, with regard to the 
controversial issue, Wiegering et al (44) reported that CIP2A 
depletion did not affect AKT Ser473 phosphorylation in 
various colon cancer cell lines, which is consistent with our 
results. Therefore, further studies are needed to clarify the 
relationship between the CIP2A and AKT pathway.

Acquiring the appropriate biomarkers, which could 
help clinicians to identify patients who will really benefit 
from the DDP‑based chemotherapy is a major issue. 
Multiple molecular biomarker candidates have been studied, 
including regulators of apoptosis, cell survival and cellular 
mechanisms of drug uptake and transport (12). However, 
none have shown clinical utility. Based on the evidence of 
the critical role of CIP2A in sensitizing bladder cancer cells 
to DDP in the present study, CIP2A may be an innovative 
molecular biomarker, which can be used to predict a response 
to DDP, which could lead to optimizing the individualized 
therapeutic regimen.

In summary, we have provided evidence that DDP trig-
gered the inhibition of CIP2A expression via promoting the 
AKT inactivation. In addition, CIP2A knockdown increased 
DDP-induced bladder cancer cell apoptosis by accelerating 
DNA damage, revealing CIP2A as a promoter of sensitivity to 
DDP. Further investigation of the AKT/CIP2A pathway should 
clarify the detailed mechanism and could give new insights 
leading to a better curative effect of DDP-based therapy in 
bladder cancer treatment.
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