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Abstract
Background: Present study was to investigate the relative expression and prognostic performance of
protein phosphatase magnesium/manganese-dependent 1D (PPM1D) in bladder cancer.

Methods: Quantitative real-time polymerase chain reaction (qRT-PCR) assay was performed to examine
the relative expression of PPM1D mRNA in bladder cancer tissues and adjacent normal bladder tissues.
The associations of PPM1D mRNA expression with clinicopathological features and the prognostic value
were statistically analyzed via Chi-square test, Kaplan-Meier method and Cox regression analysis.

Results: In comparison to adjacent normal tissues, PPM1D mRNA expression was obviously increased in
bladder cancer tissues (P<0.001). Abnormal PPM1D expression was remarkably related to histological
grade (P=0.017), TNM stage (P=0.032) and lymph nodes metastasis (P=0.035). Kaplan-Meier method
showed that a close relationship was found between PPM1D expression and overall survival time
(P=0.000). Multivariate analysis indicated that PPM1D expression (P=0.000, HR=3.530, 95%CI: 2.001-
6.228) was a promising independent predictor for the prognosis of bladder cancer patients, as well as
TNM stage (P=0.042, HR=1.768, 95%CI: 1.021-3.062).

Conclusion: Taken together, our data showed that the potential performance of PPM1D as a prognostic
biomarker and therapeutic target of bladder cancer.

Background
Bladder cancer is one of the most frequent genitourinary cancers in human populations [1]. In the past
several decades, the incidence and mortality of bladder cancer is rising gradually around the world [2, 3].
Despite the advance of therapeutic strategies for bladder cancer including radiation therapy,
chemotherapy and surgery, the patients’ survival rate remains disappointed [4, 5]. In present, the decision-
making regarding treatment and prognosis for bladder cancer patients mainly dependents on the clinical
pathological factors. However, the information provided by the variables have a limited ability to predict
tumor progression and patient survival [6]. Thus, it is of great importance to identify new and promising
molecular biomarkers that can predict the development, metastasis, and prognosis of bladder cancer.

Protein phosphatase magnesium/manganese-dependent 1D (PPM1D), also termed wild-type p53-induced
phosphatase 1 (Wip1), belongs to the protein phosphatase 2C family of serine/threonine protein
phosphatases. PPM1D is a key component in the DNA damage response (DDR) network [7]. It has been
reported that PPM1D play a pivotal role in a wide range of physiological functions, such as cellular stress
response signaling, apoptosis and the cell cycle [8]. Mounting evidence suggested that PPM1D was
highly expressed in human pancreatic cancer [9], colorectal carcinoma [10], breast cancer [11] and
associated with the unfavorable prognosis in prostate cancer [12], non small cell lung cancer [13], gastric
cancer [14], and colorectal cancer [15]. It was demonstrated that PPM1D might be implicated on the
tumorigenesis. Nevertheless, little is known about the association of PPM1D expression with the clinical
pathological variables and patient survival in bladder cancer.
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In the present study, we measured PPM1D expression in tissue samples from 120 patients suffering from
bladder cancer. Potential correlations between PPM1D level and clinical pathological factors were
analyzed statistically. The clinical outcome of PPM1D expression were also explored.

Methods

Patients and tissue samples
The study was authorized by the Ethics Committee of the Harrison International Peace Hospital. Informed
consent was obtained from each participant.

There are 120 pairs tissue specimens of primary bladder cancer and adjacent noncancerous tissues
included from bladder cancer patients in the Harrison International Peace Hospital. No patients had
received any kinds of preoperative treatments before collection. All tissue samples were immediately
frozen in liquid nitrogen and preserved at -80℃ until molecular studies. Tumor-node-metastasis (TNM)
staging was determined according to the 2010 American Joint Committee on Cancer TNM classi�cation
of bladder cancer. The detail of patients’ information are recorded in Table 1.
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Table 1
Relationship of PPM1D expression and clinicopathological parameters of bladder cancer

patients
Parameters NO. of cases

n = 120

PPM1D expression χ2 P value

Low (n = 58) High (n = 62)

Age (years)          

< 60 54 25 29 0.163 0.686

≥ 60 66 33 33    

Gender          

Male 89 43 46 0.000 0.994

Female 31 15 16    

Tumor size (cm)          

< 3 76 37 39 0.010 0.919

≥ 3 44 21 23    

Histological grade          

Low 85 47 38 5.654 0.017

High 35 11 24    

TNM stage          

0–1 91 49 42 4.583 0.032

2–4 29 9 20    

Lymph nodes metastasis          

N0 82 45 37 4.442 0.035

N1-N3 38 13 25    

The duration of follow-up was calculated from the date of surgery to death or last follow-up, and patients
were excluded if they had incomplete medical records or inadequate follow-up. All patients who died from
diseases other than bladder cancer or from unexpected events were excluded for the the case collection.

RNA isolation and quantitative real-time polymerase chain
reaction (qRT-PCR)
Total RNA from bladder cancer tissues and adjacent noncancerous tissues was extracted with the TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) following the manufacturer’s instructions. First-strand cDNA was
synthesized using the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA,
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USA). Quantitative real-time PCR was conducted using SYBR Green PCR Master Mix (Applied
Biosystems) with the 7900 Real-Time PCR System (Applied Biosystem). Relative expression level of
target gene was normalized glyceraldehyde 3-phosphate dehydrogenase (GAPDH) using a 2−ΔΔCt relative
quanti�cation method. The primer sequences of PPM1D are as follows: forward, 5’-
CTTGCCAGCCATGGCACGG-3’, and reverse, 5’-TGGACCTGACTTTAGGCACCGTCG-3’. The GAPDH gene
served as an internal control.

Statistical analysis
All statistical analyses were carried out with SPSS statistical package, version 18.0 (SPSS Inc., Chicago,
IL, USA) and graphs were plotted using GraphPad Prism version 5.0 (GraphPad software, San Diego, CA,
USA). Data were reported as mean ± standard deviation (SD). The statistical differences were compared
between bladder cancer tissues and adjacent noncancerous tissues by Independent Student’s t test. χ2

test was used to analyze the relationship of PPM1D expression and clinical pathological characteristics
of bladder cancer patients. Cumulative survival curves were plotted via the Kaplan-Meier method and the
statistical signi�cance was determined with the log-rank test. Signi�cant variables for the univariate
analysis were entered into the Cox proportional hazard model. All tests were two-sided, and a P value less
than 0.05 indicated a statistically signi�cant difference.

Results

PPM1D expression in bladder cancer
To investigate PPM1D mRNA expression levels in bladder cancer tissues, 120 pairs bladder cancer
tissues and adjacent normal tissues were included by qRT-PCR assay. PPM1D mRNA expression in
bladder cancer tissues and adjacent normal tissues were 2.195 ± 1.020, and 0.883 ± 0.575, respectively.
Statistical analysis revealed that PPM1D mRNA was found to be obviously up-regulated in bladder cancer
tissues compared with adjacent normal bladder tissues (P < 0.001, Fig. 1).

Association of PPM1D expression with clinical pathological
features
Next, we explored the relationship of PPM1D mRNA expression with clinical pathological characteristics.
Based on the median value of PPM1D expression (2.16), all patients were divided into two groups: low
PPM1D expression group (n = 58) and high PPM1D expression group (n = 62). As indicated in Table 1, a
close association was discovered between PPM1D mRNA expression and histological grade (P = 0.017),
TNM stage (P = 0.032) and lymph node metastasis (P = 0.035). Nevertheless, there were no relationship
of PPM1D mRNA expression with other clinicopathological factors, such as age, gender, and tumor size
(all P > 0.05).

Prognostic signi�cance of PPM1D expression in bladder
cancer
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To determine whether PPM1D mRNA expression is an independent prognostic indicator of patient
outcomes, Kaplan-Meier analysis was also conducted to evaluate the effect of PPM1D mRNA expression
and clinicopathological variables of bladder cancer. As Fig. 2 shown, it was indicated that a negative
relevance was found between PPM1D expression and overall survival time of patients with bladder
cancer (P = 0.000). Univariate analysis con�rmed that TNM stage (P = 0.014, HR = 1.976, 95%CI: 1.145–
3.410) and PPM1D expression (P = 0.000, HR = 1.976, 95%CI: 2.083–6.451) were distinctly correlated with
overall survival of patients suffering from bladder cancer. Furthermore, multivariate analysis using the
Cox proportional hazards model for factors that are signi�cant in the univariate analysis showed that
PPM1D mRNA expression (P = 0.000, HR = 3.530, 95%CI: 2.001–6.228) was a potential independently
prognostic predictor in bladder cancer patients, as well as TNM stage (P = 0.042, HR = 1.768, 95%CI:
1.021–3.062) (Table 2).

Table 2
Univariate and multivariate analyses of clinical pathological characteristics for the prognosis in

patients with bladder cancer
Characteristics Univariate analysis Multivariate analysis

P value HR (95%CI) P value HR (95%CI)

Age 0.965 1.011 (0.608–1.682) - -

Gender 0.967 1.012 (0.564–1.816) - -

Tumor size (cm) 0.280 1.327 (0.794–2.218) - -

Histological grade 0.286 1.339 (0.783–2.291) - -

TNM stage 0.014 1.976 (1.145–3.410) 0.042 1.768 (1.021–3.062)

Lymph nodes metastasis 0.153 1.468 (0.868–2.483) - -

PPM1D expression 0.000 3.665 (2.083–6.451) 0.000 3.530 (2.001–6.228)

Discussion
Bladder cancer is regarded as an important healthy problem worldwide. In general, there are two
clinicopathological cancer types: non-muscle-invasive tumor and muscle-invasive tumor [16]. Factually,
the major methods for evaluating the diagnostic and prognostic value remain to be cystoscopy and
histopathological analysis in bladder cancer [17]. In clinical, pTNM stage, tumor size and histological
grade were usually used to evaluate clinical outcome of bladder cancer [18]. Unfortunately, these
prognosticators cannot accurately predict the clinical outcome [19, 20]. Hence, it is urgently needed to
identify new biomarkers to improve the diagnosis and prognosis assessment of bladder cancer.

Human PPM1D protein has a molecular weight of ~ 61kD and is composed of 605 amino acids, which is
encoded on by PPM1D gene siting on 17q23.2 [21]. PPM1D has been identi�ed in colon cells expressing a
mutant form of p53, and is implicated as a negative regulator of p53 through its ability to attenuate p38
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mitogen-activated protein kinase (MAPK) activity, indicating a signi�cant relevance between PPM1D and
p53 [22]. A wide range of previous observations also con�rmed PPM1D overexpression in mouse
embryonic �broblasts and in promoting the development of tumors [23–25]. Furthermore, in
hepatocellular carcinoma, enhanced PPM1D mRNA expression was related to clinical pathological
factors and unfavorable prognosis, suggesting as a potential predictor for overall survival of the disease
[26]. Yang and his colleagues have also demonstrated that PPM1D was highly expressed in non small
cell lung cancer, and associated with the development of this cancer, indicating as an independent
prognostic marker [13]. Ma et al. proved that high PPM1D level was correlated with the invasion,
metastasis of gastric cancer, and could be considered to be a inferior prognostic indicator in gastric
cancer [14]. These �ndings revealed that PPM1D might play a vital role in accelerated cancer progression.
Nevertheless, rarely little is known about the PPM1D expression status and prognostic performance in
bladder cancer.

In the current study, we investigated the expression of PPM1D in bladder cancer tissues and adjacent
noncancerous bladder tissues and then analyzed the correlations between PPM1D mRNA expression and
clinical pathological characteristics of bladder cancer. The �ndings of our work indicated that PPM1D
mRNA level was distinctly elevated in bladder cancer tissues in comparison to corresponding normal
bladder tissues. Moreover, abnormal PPM1D expression had a close relationship with several
clinicopathological factors, including histological grade, TNM stage and lymph node metastasis. The
results was in line with the previous study. Wang et al. reported that knockdown PPM1D gene could
suppress cell growth and colony forming ability in bladder cell lines, suggesting PPM1D as an oncogene
in bladder cancer [27].

To explore the effect of PPM1D expression on the survival of bladder cancer, Kaplan-Meier analysis was
conducted. It was revealed that up-regulation of PPM1D mRNA expression signi�cantly predicted short
�ve-year overall survival time. To eliminate the impact of mixed factors correlated with clinical outcome
on statistical analysis, we conducted the Cox regression multivariate analysis to identify independent
indicators of prognosis. According to multivariate analysis proved that PPM1D was an independent
biomarker for the prognosis of patients suffering from bladder cancer. As illustrated above, our data
implied that PPM1D may play an antitumor effect on carcinogenesis and tumor development of bladder
cancer.

Conclusions
In summary, the present study proved that PPM1D mRNA was up-regulated in bladder cancer patients,
and correlated with clinicopathological features and poor clinical outcome. It was indicated that PPM1D
might act an important role in the development of bladder cancer. In addition, this information may
provide novel therapeutic and prognostic possibilities for treating bladder cancer and improving the
outcome of patients treatments. Thus, the roles of PPM1D in bladder cancer are worthy of being further
elucidated.



Page 8/12

List Of Abbreviations
Protein phosphatase magnesium/manganese-dependent 1D (PPM1D)

Quantitative real-time polymerase chain reaction (qRT-PCR)

Wild-type p53-induced phosphatase 1 (Wip1)

DNA damage response (DDR)

Tumor-node-metastasis (TNM)

Standard deviation (SD)

Mitogen-activated protein kinase (MAPK)

Declarations
Ethics approval and consent to participate

This study was supported by the Ethics Committee of Harrison International Peace Hospital and also has
been carried out in accordance with the World Medical Association Declaration of Helsinki.

The subjects had been informed the objective. Certainly, written consents were signed by every subject in
this study.

Consent for publication

We obtaining permission from participants to publish their data.

Availability of data and materials

All data generated or analysed during this study are included in this published article.

Competing interests

The authors declare that they have no competing interests.

Funding

Not applicable.

Authors’ contributions

S.C. design of the work; L.Z. the acquisition, analysis, S.C. interpretation of data; L.Z. the creation of new
software used in the work; L.Z. have drafted the work or substantively revised it. All authors read and



Page 9/12

approved the �nal manuscript.

Acknowledgements

Not applicable.

References
1. Bellmunt J: Bladder cancer. Hematology/oncology clinics of North America 2015, 29(2):xiii-xiv.

2. Siegel RL, Miller KD, Jemal A: Cancer statistics, 2016. CA: a cancer journal for clinicians 2016,
66(1):7-30.

3. Witjes JA, Comperat E, Cowan NC, De Santis M, Gakis G, Lebret T, Ribal MJ, Van der Heijden AG,
Sherif A: EAU guidelines on muscle-invasive and metastatic bladder cancer: summary of the 2013
guidelines. European urology 2014, 65(4):778-792.

4. Racioppi M, D'Agostino D, Totaro A, Pinto F, Sacco E, D'Addessi A, Marangi F, Palermo G, Bassi PF:
Value of current chemotherapy and surgery in advanced and metastatic bladder cancer. Urologia
internationalis 2012, 88(3):249-258.

5. Mitsui Y, Yasumoto H, Arichi N, Honda S, Shiina H, Igawa M: Current chemotherapeutic strategies
against bladder cancer. International urology and nephrology 2012, 44(2):431-441.

�. Jacobs BL, Lee CT, Montie JE: Bladder cancer in 2010: how far have we come?CA: a cancer journal
for clinicians 2010, 60(4):244-272.

7. Lu X, Nguyen TA, Moon SH, Darlington Y, Sommer M, Donehower LA: The type 2C phosphatase Wip1:
an oncogenic regulator of tumor suppressor and DNA damage response pathways. Cancer
metastasis reviews 2008, 27(2):123-135.

�. Lu G, Wang Y: Functional diversity of mammalian type 2C protein phosphatase isoforms: new tales
from an old family. Clinical and experimental pharmacology & physiology 2008, 35(2):107-112.

9. Wu B, Guo BM, Kang J, Deng XZ, Fan YB, Zhang XP, Ai KX: PPM1D exerts its oncogenic properties in
human pancreatic cancer through multiple mechanisms. Apoptosis : an international journal on
programmed cell death 2016, 21(3):365-378.

10. Yin H, Yan Z, Liang Y, Liu B, Su Q: Knockdown of protein phosphatase magnesium-dependent 1
(PPM1D) through lentivirus-mediated RNA silencing inhibits colorectal carcinoma cell proliferation.
Technology in cancer research & treatment 2013, 12(6):537-543.

11. Lambros MB, Natrajan R, Geyer FC, Lopez-Garcia MA, Dedes KJ, Savage K, Lacroix-Triki M, Jones RL,
Lord CJ, Linardopoulos S et al: PPM1D gene ampli�cation and overexpression in breast cancer: a
qRT-PCR and chromogenic in situ hybridization study. Modern pathology : an o�cial journal of the
United States and Canadian Academy of Pathology, Inc 2010, 23(10):1334-1345.

12. Jiao L, Shen D, Liu G, Jia J, Geng J, Wang H, Sun Y: PPM1D as a novel biomarker for prostate cancer
after radical prostatectomy. Anticancer research 2014, 34(6):2919-2925.



Page 10/12

13. Yang H, Gao XY, Li P, Jiang TS: PPM1D overexpression predicts poor prognosis in non-small cell lung
cancer. Tumour biology : the journal of the International Society for Oncodevelopmental Biology and
Medicine 2015, 36(3):2179-2184.

14. Ma D, Zhang CJ, Chen ZL, Yang H: Prognostic value of PPM1D in 800 gastric cancer patients.
Molecular medicine reports 2014, 10(1):191-194.

15. Peng TS, He YH, Nie T, Hu XD, Lu HY, Yi J, Shuai YF, Luo M: PPM1D is a prognostic marker and
therapeutic target in colorectal cancer. Experimental and therapeutic medicine 2014, 8(2):430-434.

1�. Babjuk M, Oosterlinck W, Sylvester R, Kaasinen E, Bohle A, Palou-Redorta J, Roupret M: EAU
guidelines on non-muscle-invasive urothelial carcinoma of the bladder, the 2011 update. European
urology 2011, 59(6):997-1008.

17. Ratert N, Meyer HA, Jung M, Lioudmer P, Mollenkopf HJ, Wagner I, Miller K, Kilic E, Erbersdobler A,
Weikert S et al: miRNA pro�ling identi�es candidate mirnas for bladder cancer diagnosis and clinical
outcome. The Journal of molecular diagnostics : JMD 2013, 15(5):695-705.

1�. Ei�er JB, Barocas DA, Resnick MJ: Predictors of outcome in bladder cancer. Journal of the National
Comprehensive Cancer Network : JNCCN 2014, 12(11):1549-1554.

19. Sexton WJ, Wiegand LR, Correa JJ, Politis C, Dickinson SI, Kang LC: Bladder cancer: a review of non-
muscle invasive disease. Cancer control : journal of the Mo�tt Cancer Center 2010, 17(4):256-268.

20. Bolenz C, Lotan Y: Molecular biomarkers for urothelial carcinoma of the bladder: challenges in
clinical use. Nature clinical practice Urology 2008, 5(12):676-685.

21. Moorhead GB, Trinkle-Mulcahy L, Ulke-Lemee A: Emerging roles of nuclear protein phosphatases.
Nature reviews Molecular cell biology 2007, 8(3):234-244.

22. Park JY, Song JY, Kim HM, Han HS, Seol HS, Jang SJ, Choi J: p53-Independent expression of wild-
type p53-induced phosphatase 1 (Wip1) in methylmethane sulfonate-treated cancer cell lines and
human tumors. The international journal of biochemistry & cell biology 2012, 44(6):896-904.

23. Bulavin DV, Demidov ON, Saito S, Kauraniemi P, Phillips C, Amundson SA, Ambrosino C, Sauter G,
Nebreda AR, Anderson CW et al: Ampli�cation of PPM1D in human tumors abrogates p53 tumor-
suppressor activity. Nature genetics 2002, 31(2):210-215.

24. Nannenga B, Lu X, Dumble M, Van Maanen M, Nguyen TA, Sutton R, Kumar TR, Donehower LA:
Augmented cancer resistance and DNA damage response phenotypes in PPM1D null mice.
Molecular carcinogenesis 2006, 45(8):594-604.

25. Demidov ON, Kek C, Shreeram S, Timofeev O, Fornace AJ, Appella E, Bulavin DV: The role of the
MKK6/p38 MAPK pathway in Wip1-dependent regulation of ErbB2-driven mammary gland
tumorigenesis. Oncogene 2007, 26(17):2502-2506.

2�. Li GB, Zhang XL, Yuan L, Jiao QQ, Liu DJ, Liu J: Protein phosphatase magnesium-dependent 1delta
(PPM1D) mRNA expression is a prognosis marker for hepatocellular carcinoma. PloS one 2013,
8(3):e60775.

27. Wang W, Zhu H, Zhang H, Zhang L, Ding Q, Jiang H: Targeting PPM1D by lentivirus-mediated RNA
interference inhibits the tumorigenicity of bladder cancer cells. Brazilian journal of medical and



Page 11/12

biological research = Revista brasileira de pesquisas medicas e biologicas 2014, 47(12):1044-1049.

Figures

Figure 1

The relative expression of PPM1D mRNA was detected in bladder cancer tissues and adjacent
noncancerous tissues via qRT-PCR assay. Result showed that PPM1D mRNA expression was signi�cantly
higher in bladder cancer tissues than that in adjacent noncancerous tissues (P<0.001).
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Figure 2

Kaplan-Meier curves showing PPM1D expression and overall survival in patients with bladder cancer.
Patients with high PPM1D expression levels had poorer overall survival in comparison to patients with
low PPM1D expression (P=0.000).


