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P57 is known to have anti-tumor activity through 
inhibition of cyclin-dependent kinases. We performed 
immunohistochemical analysis on expression of P57 
in 92 cases of epithelial ovarian carcinoma （EOC）, 
of which, 31, 14, 18 and 29 were diagnosed as 
serous, mucinous, endometrioid （EC） and clear 
cell carcinoma （CCC）, respectively. Of 92 cases 
of EOC, 6 and 28 were positive for P57 in the 
nucleus and the cytoplasm, respectively. Five cases 
of 29 CCC （17.2%） were positive in the nucleus, 
which was significantly greater than in non-CCC 
（p = 0.03）. In contrast, positive cases in the cyto-
plasm were significantly greater in EC （55.6 and 
23.0% for EC and non-EC, respectively, p = 0.01）. 
Expression patterns of nuclear and cytoplasmic p57 
showed no correlations with clinical stage of EOC. 
Clinicopathological significance of P57 expression in 
EOC would need further investigation.
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INTRODUCTION

The cyclin-dependent kinase inhibitor, P57, nega-
tively regulates cell division cycle and keeps cells 
at the G0 period ［1］. Although P57 is expressed in 
various types of cells in a fetus, the expression is 
lost in most cells after birth ［1］.

On the other hand, P57 was reported to be ex-
pressed at a low level in some malignant tumors, 
such as esophageal squamous cell carcinoma, col-
orectal carcinoma, hepatocellular carcinoma, bile 
duct carcinoma, pancreas carcinoma and breast 
carcinoma ［2-11］. P57 was suggested to play an 
important role as a tumor suppressor in those carci-
nomas since expression of P57 inversely correlated 
with the histological grade and/or the clinical stage 
of carcinomas ［1］.

Several reports showed that P57 was expressed in 
epithelial ovarian carcinoma （EOC） as well. Most 
of those reports, however, focused on the correlation 
of P57 expression with the clinical stage and the 
prognosis of EOCs ［12-16］. Accordingly, the cor-
relation of the EOC histology with P57 expression 
was not yet elucidated despite that the histology 
was an important prognostic factor for EOC ［17］. 

EOC has 4 major histological subtypes; endo-
metrioid carcinoma （EC）, serous carcinoma （SC）, 
mucinous carcinoma （MC） and clear cell carcinoma 
（CCC）. Differential diagnosis was not easy in some 
cases, and immunohistochemistry using particular 
antibodies have been applied to histological diagno-
sis of EOC ［17］. In the routine practice of patho-
logical diagnosis, we found that a case of CCC was 
positively stained with P57, which prompted us to 
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study expression of P57 in different histological 
types of EOC. In this study, we performed an im-
munohistochemical analysis of P57 in 92 EOC cas-
es to examine the potential usefulness of P57 in the 
differential diagnosis of EOC.

MATERIALS AND METHODS

Cases
We collected histological samples of 92 EOC cas-
es surgically resected either at Shimane University 
Hospital, Hamada Medical Center or Matsue Red 
Cross Hospital between January 2011 and July 
2016. In 92 cases, there were 31 high-grade SCs 
（HGSCs）, 29 CCCs, 18 ECs and 14 MCs. SC is 
categorized into the low and the high grade, which 
are different from each other in terms of etiology 
and prognosis ［18］. As we had only two cases 
of the low grade SC, we used only HGSCs in the 
present study. Patients’ age, clinical stage and his-
tological grade were obtained from medical records. 
Histological grade of CCC was not determined ac-
cording to the standardized diagnostic protocol ［19］. 
As this was a retrospective study, we had a difficul-
ty to obtain informed consent from individual pa-
tients. We therefore applied an opt-out policy under 
the permission of the ethical committee of Shimane 
University. All the personal information that could 
identify the patients was not collected nor used in 
the study. The study protocol was approved by the 
ethical committee of Shimane University Faculty 
of Medicine （#20161130-1）, of Hamada Medical 
Center （#2817）, and of Matsue Red Cross Hospital 
（#320）. 

Immunohistochemical studies
Paraffin sections （4 μm in thickness） were deparaf-
fined and endogenous peroxidase was inhibited by 
incubation with 3% H2O2 for 5 min. Histological 
slides were then autoclaved at 120℃ for 10 min 
and then incubated at 90℃ for 10 sec in citrate 
buffer （10 mM, pH 6） to retrieve antigens. The 
slides were washed with phosphate-buffered saline 
and blocked with 5% bovine serum albumin at a 
room temperature for 20 min. 

The slides were incubated overnight with a mouse 
monoclonal anti-P57 （1:200, sNCL-p57, clone 

25B2, Novocastra/Leica, Nassloch, Germany） at 4℃, 
followed by 1- to 3-hour incubation with a sec-
ondary antibody （EnVision, DAKO/Agilent, Santa 
Clara, CA）. Staining was done with diaminobenzene 
by avidin-biotin peroxidase complex method. Nuclei 
were counterstained with hematoxylin. 

Cases were interpreted as ‘nuclear and cytoplasmic 
P57-positive’ when more than 5% of tumor cells 
showed clear brown-yellow granules in the nucleus 
and the cytoplasm, respectively. In some cases, ap-
proximately 1800 cells were examined for P57 ex-
pression and counted the positive cells for reference. 

Expression of Napsin A （1:200, mouse monoclo-
nal antibody, clone; IP64, Novacastra/Leica）, WT1 
（1:25, mouse monoclonal antibody, clone;6P-H2, 
DAKO/Agilent）, and AMACR （1:100, rabbit mono-
clonal antibody, clone;13H4, DAKO/Agilent） were 
examined by immunostaining. 

Statistics
The associations between P57 expression and all 
variables were assessed using the contingency table 
analysis, Fisher’s exact test and logistic regression 
analysis. p < 0.05 was considered statistically signif-
icant. JMP （ver. 12, SAS Institute, Cary, NC） was 
used in statistical analyses.

RESULTS

Fig. 1 indicates typical CCC cases positive for P57. 
We found that positive cases expressed P57 either 
in the nucleus or in the cytoplasm （Figs. 1c and d）. 
It was of note that only one case was positive for 
P57 both in the nucleus and the cytoplasm. In all 
the positive cases, the prevalence of positive cells 
were less than 30% of tumor cells. Clinico-patho-
logical characteristics of the cases according to their 
histology are summarized in Table 1. Clinical stage 
was significantly greater in HGSC than in other his-
tological types, suggesting rapid progression of this 
type of carcinoma ［17］. This was further support-
ed by the fact of greater histological grade of SC. 
Immunohistochemical feature of each type of EOC 
stained with Napsin A, WT1 and AMACR were 
consistent with that in previous reports ［17, 20-22］.

Table 2a compares clinico-pathological character-
istics between cases with and without nuclear P57 
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Fig 1. P57 expression in CCC
a） Histological feature of CCC is shown in HE staining. Tubular pattern is seen in this region. b） Expression of 
Napsin A in the same case. c） Nuclear expression of P57 in the same case. d） Cytoplasmic expression of P57 in 
another case of CCC. Papillary pattern is seen in this region.

a: Percentages in blankets were calculated in each of the four histological types. 
Abbreviations: CCC, clear cell carcinoma; HGSC, high grade serous carcinoma; EC, endometrioid carcinoma; MC, muci-
nous carcinoma.
* :statistically significant

Table 1. Clinico-pathological data of studied cases

CCC HGSC EC MC P
　N 29 （31.5%） 31 （33.7%） 18 （19.6%） 14 （15.2%）
Age, years 63.2 （42-92） 65.6 （40-81） 61.3 （42-80） 59.3 （30-81） 0.37
Clinical stagea <0.0001*
　I 21 （72.4%） 4 （12.9%） 15 （88.2%） 13 （92.9%）
　II 2 （6.9%） 0 （0%） 1 （5.9%） 0 （0%）
　III 5 （17.2%） 22 （71.0%） 1 （5.9%） 1 （7.1%）
　IV 0 （0%） 4 （12.9%） 0 （0%） 0 （0%）
Histological gradea <0.0001*
　G1 - 0 （0%） 3 （17.6%） 9 （64.3%）
　G2 - 10 （34.4%） 12 （70.6%） 3 （21.4%）
　G3 - 19 （65.6%） 2 （11.8%） 2 （14.3%）
Immunohistochemistry
　Napsin A, positive % 93.1 9.7 11.1 21.4 <0.0001*
　WT1, positive % 3.5 93.6 38.9 0 <0.0001*
　AMACR, positive % 93.1 38.7 61.1 76.9 <0.0001*
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DISCUSSION

In this study using 92 cases of EOC, we found 
that cases with nuclear P57 expression were more 
prevalent in CCC while cases with cytoplasmic P57 
expression were more prevalent in EC. This result 
was interesting if biological characteristics of EOC 
as well as regulatory roles of P57 in cell prolifera-
tion were considered. In addition, only one case ex-
amined here expressed P57 both in the nucleus and 
the cytoplasm, which was an interesting observation 
in terms of regulatory mechanisms of intracellular 
P57 distribution in cancer cells. In spite of such 
interesting features of P57 expression, P57 did not 
seem a reliable marker in the histological diagnosis 
of EOC because less than 30% of tumor cells were 
positive even at a maximum.

P57 is, like P21 and P27, a cyclin-dependent 
kinase inhibitor, which becomes active after trans-
location into the nucleus ［1, 23, 24］. It was there-
fore generally accepted that a lower level of P57 
expression in the nucleus was an indicator of a 
poor prognosis in various cancers ［1-11, 23, 24］. 
We found, however, no correlations of nuclear P57 
expression with the clinical stage in EOC （Table 
2）. This result might be inconsistent with previous 
observations. However, as we did not have informa-
tion about the prognosis of the examined cases, it 

expression. We identified 5 positive cases out of 29 
cases of CCC, which was significantly greater than 
in non-CCC （17.2 and 1.6% for CCC and non-
CCC, respectively, p = 0.01 by Fisher’s exact test）. 
In contrast, for cytoplasmic P57, a greater preva-
lence of positive cases was obtained in EC than 
in non-EC （55.6 and 23.0% for EC and non-EC, 
respectively, p = 0.01 by Fisher’s exact test, see 
Table 2b）. Further, the logistic regression analysis 
confirmed the effects of the histology on nuclear 
and cytoplasmic P57 expression under adjustment 
with patients’ age and the clinical stage （Table 3）. 
Despite that P57 expression was not associated with 
the clinical stage in the univariate analysis （Table 
2）, clinical stage was included in the logistic anal-
ysis for cytoplasmic P57 expression because previ-
ous studies indicated a positive association between 
P57 expression and clinical stage ［2, 3, 5, 6, 8, 10, 
13, 14, 16］. Clinical stage was not included in the 
analysis for nuclear P57 expression because of sev-
eral empty categories （Table 2a）. Even if clinical 
stage was included, the histology （CCC vs. others） 
showed a significant effect on the probability of 
the nuclear P57 expression （B = 1.46 ± 0.67, p = 
0.03）. Histological grade was not included in the 
models because the information on CCC was not 
available （see Materials and Methods）. 

Table 2. clinico-pathological feature of P57-positive and -negative cases

a） Nuclear expression

positive negative P
　N 6 （6.5%） 86 （93.5%）
Age, years 56.8 （43-71） 63.4 （30-92） 0.19
Clinical stage 0.20
　I 6 （11.3%） 47 （88.7%）
　II 0 （0%） 3  （100%）
　III 0 （0%） 29 （100%）
　IV 0 （0%） 4  （100%） 
Histology 0.03*
　CCC 5 （17.2%） 24 （82.8%）
　HGSC 0 （0%） 31 （100%）
　EC 0 （0%） 18 （100%）
　MC 1 （7.1%） 13 （92.9%）

b） Cytoplasmic expression

positive negative P
　N 27 （29.3%） 65 （70.7%）
Age, years 61.3 （42-81） 63.7 （30-92） 0.37
Clinical stage 0.99
　I 16 （30.2%） 37 （69.8%）
　II 1 （33.3%） 2 （66.7%）
　III 8 （27.6%） 21 （72.4%）
　IV 1 （25.0%） 3 （75.0%）
Histology 0.04*
　CCC 5 （17.2%） 24 （82.8%）
　HGSC 8 （25.8%） 23 （74.2%）
　EC 10 （55.6%） 8 （44.4%）
　MC 4 （28.6%） 10 （71.4%）

Abbreviations: CCC, clear cell carcinoma; HGSC, high grade serous carcinoma; EC, endometrioid carcinoma; MC, muci-
nous carcinoma.
*: statistically significant
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was not feasible to refer to effects of P57 expres-
sion on the prognosis in this study. It is necessary 
to perform a longitudinal study to clarify this point. 

In contrast to nuclear P57 expression, cases pos-
itive for cytoplasmic P57 expression were signifi-
cantly greater in EC than in other histological types 
（Tables 2 and 3）. These observations suggested that 

the difference in intracellular P57 expression might 
reflect biological or pathogenetic feature of EOC. 
Cytoplasmic expression of P57 was implicated as 
an indicator of a good prognosis in spite of some 
inconsistent observations ［24-28］. Cytoplasmic P57 
was reported to affect various functions in cancer 
cells such as motility of cells, stabilization of the 
actin cytoskeleton, inhibition of apoptosis, and sup-
pression of invasion and metastasis ［1, 23, 28］. 
Although the present study failed to support the re-
lationship between cytoplasmic P57 expression and 
clinical stage of EOC, further cell biological studies 
are warranted to clarify roles of cytoplasmic P57 in 
biological behavior of EOC. 

We found five reports on expression of P57 in 
EOC ［12-16］. Among them, three used polyclonal 
antibodies ［12-14］, and only two used a mono-
clonal antibody ［15, 16］. Of the two, one studied 
cases of clinical stage III ［15］. The other mainly 
studied SC though cases of different stages were 
included ［16］. In contrast to those studies, we 
collected nearly 100 cases of EOC, including four 
histological types at different clinical stages. In ad-

dition, we examined both cytoplasmic and nuclear 
P57 expression. Accordingly, this is so far the most 
comprehensive study on P57 expression in EOC. 
Despite of the advantage above, we have some 
limitations in this study; the sample size is not yet 
large enough to cover all the clinical stages, and the 
study design, i.e., a cross-sectional study, was not 
suitable to refer to the causal relationship between 
P57 expression and the prognosis of patients. It is 
necessary to prepare a large-scale longitudinal study 
for further analyses of the role of P57 in EOC, in 
particular, in CCC and EC.

Acknowledgements
We would like to thank Drs. Noriyoshi Ishikawa, 
Yuji Harada, Makoto Nagasaki, Hiroshi Miura, and 
Riruke Maruyama for their help to collect EOC cas-
es.

Funding
This research received no specific grants from any 
funding agencies in the public, commercial, or not-
for-profit sections.

Declaration of Conflicting Interests
The authors declare no conflict of interests.

REFFERENCE

1） Pateras IS, Apostolopoulou K, Niforou K, 

Abbreviations: B, partial regression coefficient; SE, standerd error; OR, odds ratio;
EOC, epithelial ovarian carcinoma; CCC, clear cell carcinoma; EC, endometrioid car-
cinoma
*: statistically significant

Table 3. Logistic regression analysis on parameters influencing P57 expression in EOC

a） Nuclear expression

b） Cytoplasmic expression

Parameters B SE OR  P
Age 0.07 0.05 1.07 0.15
Histology, CCC vs. others 1.37 0.58 15.6 0.02*

Parameters B SE OR        P
Age 0.02 0.02 1.02 0.39
Clinical stage, I vs. others -0.12 0.26 0.8 0.65
Histology, EC vs. others 0.68 0.3 3.8 0.03*

37P57 expression in epithelial ovarian cancer



Kotsinas A, Gorgoulis VG. p57KIP2: “Kip”ing the 
cell under control. Mol Cancer Res 2009;7:1902-
19. doi: 10.1158/1541-7786.MCR-09-0317.

2） Ito Y, Takeda T, Sakon M, Tsujimoto M, Mon-
den M, Matsuura N. Expression of p57/Kip2 
protein in hepatocellular carcinoma. Oncology 
2001;61:221-5. doi: 10.1159/000055378.

3） Guo H, Nan K, Hu T, et al. Prognostic sig-
nificance of co-expression of nm23 and p57 
protein in hepatocellular carcinoma. Hepatol re-
search 2010;40:1107-16. doi: 10.1111/j.1872-
034X.2010.00721.x. 

4） Ito Y, Takeda T, Sasaki Y, et al. Expression of 
p57/Kip2 protein in extrahepatic bile duct carci-
noma and intrahepatic cholangiocellular carcino-
ma. Liver 2002;22:145-9. doi: 10.1034/j.1600-
0676.2002.01532.x.

5） Puhalla H, Wrba F, Kandioler D, et al. Ex-
pression of p21（Wafl/Cip1）, p57（Kip2） and 
HER2/neu in patients with gallbladder cancer. An-
ticancer Res 2007;27:1679-84.

6） Ito Y, Takeda T, Wakasa K, Tsujimoto M, Mat-
suura N. Expression of p57/Kip2 protein in pan-
creatic adenocarcinoma. Pancreas 2001;23:246-
50. doi: 10.1097/00006676-200110000-00004.

7） Yue H, Jiang HY. Expression of cell cycle reg-
ulator p57kip2, cyclinE protein and proliferating 
cell nuclear antigen in human pancreatic cancer: 
an immunohistochemical study. World J Gastro-
enterol 2005;11:5057-60. doi: 10.3748/wjg.v11.
i32.5057.

8） Yang C, Nan H, Ma J, et al. High Skp2/Low 
p57（Kip2） Expression is Associated with Poor 
Prognosis in Human Breast Carcinoma. Breast 
Cancer (Auckl) 2015;9（Suppl 1）:13-21. doi:  
10.4137/BCBCR.S30101.

9） Larson PS, Schlechter BL, King CL, et al. 
CDKN1C/p57kip2 is a candidate tumor suppres-
sor gene in human breast cancer. BMC Cancer 
2008;8:68. doi: 10.1186/1471-2407-8-68.

10） Fan GK, Chen J, Ping F, Geng Y. Immuno-
histochemical analysis of P57（kip2）, p53 and 
hsp60 expressions in premalignant and malignant 
oral tissues. Oral Oncol 2006;42:147-53. doi: 
10.1016/j.oraloncology.2005.06.017.

11） Bueso-Ramos C, Xu Y, McDonnell TJ, et 
al. Protein expression of a triad of frequently 

methylated genes, p73, p57Kip2, and p15, has 
prognostic value in adult acute lymphocytic leu-
kemia independently of its methylation status. 
J Clin Oncol 2005;23:3932-9. doi: 10.1200/
JCO.2005.02.998.

12） Rosenberg E, Demopoulos RI, Zeleniuch-Jacquotte 
A, Yee H, et al. Expression of cell cycle regu-
lators p57kip2, cyclin D1 and cyclin E in epi-
thelial ovarian tumors and survival. Hum Pathol 
2001;32;808-13. doi: 10.1053/hupa.2001.26462.

1 3） Sui  L,  Dong Y,  Ohno M, Watnabe Y, 
Sugimoto K, Tokuda M. Expression of p57kip2 
and its clinical relevance in epithelial ovarian tu-
mors. Anticancer Res 2002;22:3191-6.

14） Guo J, Cai J, Yu L, Tang H, Chen C, Wang Z. 
EZH2 regulates expression of p57 and contributes 
to progression of ovarian cancer in vitro and in 
vivo. Cancer Sci 2011;102:530-9. doi: 10.1111/
j.1349-7006.2010.01836.x.

15） Khouja MH, Baekelandt M, Nesland JM, 
Holm R.  The  c l in ica l  impor tance  of  Ki -
67, p16, p14, and p57 expression in patients 
with advanced ovarian carcinoma. Int J Gy-
necol Pathol 2007;26:418-25. doi: 10.1097/
pgp.0b013e31804216a0.

16） Wurz K, Garcia RL, Goff BA, et al. MiR-
221 and MiR-222 alterations in sporadic ovarian 
carcinoma: Relationship to CDKN1B, CDKNIC 
and overall survival. Genes Chromosomes Cancer 
2010;49:577-84. doi: 10.1002/gcc.20768.

17） Gilks CB, Prat J. Ovarian carcinoma pa-
thology and genetics: recent advances. Hum 
Pa tho l  2 0 0 9 ;4 0 :1 2 1 3-2 3 .  do i :  1 0 .1 0 1 6 /
j.humpath.2009.04.017.

18） Longacre TA, Wells M. Serous tumors. In: 
Kurman RJ, Carcangiu ML, Herrington SC, 
Young RH, eds. WHO classification of tumors of 
female reproductive organs, 4th ed. Lyon, France: 
IARC Press; 2014:15-24.

19） Gilks CB, Bell DA, Huntsman D, Longracre 
TA, Olivia E, Soslow R. Clear cell tumors. 
In: Kurman RJ, Carcangiu ML, Herrington SC, 
Young RH, eds. WHO classification of tumors of 
female reproductive organs, 4th ed. Lyon, France: 
IARC Press; 2014:33-35.

20） Rekhi B, Deodhar KK, Menon S, et al. Napsin 
A and WT 1 are useful immunohistochemical 

38 ESUMI et al.



markers for differentiating clear cell carcinoma 
ovary from high-grade serous carcinoma. APMIS 
2018;126:45-55. doi: 10.1111/apm.12784.

21） Noske A, Zimmermann AK, Caduff R, et al. 
Alpha-methylacyl-CoA racemase （AMACR） ex-
pression in epithelial ovarian cancer. Virchow’s 
Arch 2011;459:91-7. doi: 10.1007/s00428-011-
1095-9.

22） Fadare O, Parkash V, Gwin K, et al. Utility of 
α-methylacyl-coenzyme-A racemase （p504s） im-
munohistochemistry in distinguishing endometrial 
clear cell carcinomas from serous and endome-
trioid carcinomas. Hum Pathol 2013;44:2814-21. 
doi: 10.1016/j.humpath.2013.07.033.

23） Guo H, Tian T, Nan K, Wang W. p57: A mul-
tifunctional protein in cancer （Review）. Int J On-
col 2010;36:1321-9. doi: 10.3892/ijo_00000617.

24） Besson A, Dowdy SF, Roberts JM. CDK 
inhibitors: cell cycle regulators and beyond. 

Dev Cel l  2 0 0 8;1 4:1 5 9-6 9.  doi :  1 0 .1 0 1 6/
j.devcel.2008.01.013.

25） Guo H, Li Y, Tian T, et al. The role of cy-
toplasmic p57 in invasion of hepatocellular car-
cinoma. BMC Gastroenterol 2015;15:104. doi: 
10.1186/s12876-015-0319-x.

26） Yokoo T, Toyoshima H, Miura M, et al. 
p57Kip2 regulates actin dynamics by binding 
and translocating LIM-kinase 1 to the nucleus. J 
Biol Chem 2003;278:52919-23. doi: 10.1074/jbc.
M309334200.

27） Vlachos P, Joseph B. The Cdk inhibitor p57
（Kip2） controls LIM-kinase 1 activity and reg-
ulates actin cytoskeleton dynamics. Oncogene 
2009;28:4175-88. doi:10.1038/onc.2009.269.

28） Kavanagh E, Joseph B. The hallmarks of 
CDKN1C （p5 7, KIP2） in cancer. Biochim 
Biophys Acta 2011;1816:50-6. doi: 10.1016/
j.bbcan.2011.03.002.

39P57 expression in epithelial ovarian cancer




