
Introduction

Ovarian cancer, the fifth most frequent cancer and the

fourth causing cancer related mortality in women world-

wide, accounts for 2.4-5.5% of female malignancies [1].

The incidence of ovarian cancer stable increasing and it

has become the most lethal gynecologic cancer [2]. How-

ever, with the advancing of therapy, the survival rate of the

recurrence cases has not changed significantly, which re-

sults in a five-year survival time for patients between 20-

30% [3]. Therefore, it is important to identify a new and

simple checking biomarker for the prognosis of ovarian

cancer. 

YAP (yes-associate protein) gene, also known as YAP1

or YAP65, located on the long arm of Chromatin 11

(11q21-22), is a multi-functional protein and transcrip-

tional co-activator [4]. YAP is a highly-conserved protein

among species and distributes widely in adults tissues. It

plays a key role in maintaining cell proliferation/apoptosis,

monitoring organ sizes, and participating in contact inhi-

bition via the Hippo signaling pathway [5]. Recent re-

searches identified YAP as a oncogene which is

overexpressed in tumor tissues [5]. They indicate that ac-

tivated YAP has a crucial function in the tumor initiation

and growth by inducing expressions of cell apoptosis in-

hibition factors downstream. Cellular inhibitor of apopto-

sis of protein-1      (cIAP1), located on the human chro-

matin 11q22, belongs to  (inhibitor of apoptosis of protein

(IAPs) family [5, 6]. It has been shown that YAP can in-

duce the up-regulation of BIRC2/cIAP1, promote cell pro-

liferation, and inhibit apoptosis [7]. Recent studies in

mouse model have shown that both YAP and cIAP1 are

overexpressed in liver and breast cancer [8, 9]. Activated

YAP and cIAP1 promote the tumor initiation and growth

synergistically, but little study investigate their expressions

in the ovarian cancer. In this study, the authors evaluated

the expression of YAP and cIAP1 in samples from ovarian

serious adenocarcinoma patients, their association with pa-

tients’ clinical characteristics, and the impacts on the prog-

nosis were further analyzed.

Materials and Methods

Patients admitted to the Second Hospital of Dalian Medical

University from July 2008 to January 2016 were enrolled in this

study. The protocol of this study was approved by the Ethics Com-

mittee of the hospital. All participating patients were formally in-

formed of the purpose of this study and a letter of consent was

signed by every individual involved. 

All patients were confirmed with primary ovarian serous ade-

nocarcinoma and received surgery treatment followed by four to
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six cycles of intravenous chemotherapy based on cisplatin or car-

boplatin. All enrolled patients have intact medical records, includ-

ing preoperative examination information, pathological data, and

follow-up data etc. Exclusion criteria are listed as follows: (a)

patients with ovarian lymphoma, metastatic ovarian cancer, ger-

minoma, and sex cord-stromal tumor, (b) patients with history

of other malignant tumors, (c) patients lost in follow-up, and

(d) patients without cisplatin or carboplatin chemotherapy after

surgery. Normal tissues (20 samples) of the control group were

picked up randomly from patients who received cystectomy of

benign ovarian in the present hospital during the same period. 

All 62 patients were aged from 26 to 79 years with the me-

dian age of 54.5 years. Among 62 patients, there were 23

poorly differentiated cases, 25 moderate to poorly differenti-

ated cases, 12 moderate differentiated cases, one moderate to

high differentiated cases, and one highly differentiated one.

Twenty-three poorly differentiated and 25 moderate to poorly

differentiated cases were classified into the moderate/poor-dif-

ferentiated group, and the remaining cases were classified into

the moderate/high-differentiated group. According to the stag-

ing classification system of ovarian cancer in Federation In-

ternational of Gynecology and Obstetrics (FIGO), there were

7, 8, 44, and 3 cases classified in to FIGO Stages I, II, III, IV,

respectively. 

Streptavidin-peroxidase (SP) immunohistochemical staining

kits and diaminobenzidine (DAB) substrates were utilized. Im-

munohistochemistry (IHC) method: following paraffin re-

moval and hydration, slides were immersed in 3% hydrogen

peroxide solution for 10 minutes at room temperature, boiled

in 0.01M citrate buffer for 10 minutes to retrieve antigen, and

incubated with an primary antibody against YAP (rabbit anti

human polyclonal, (1:50), and anti-cIAP1 (rabbit anti human

polyclonal, (1:100) at 4°C overnight. The slides were subse-

quently incubated with the secondary antibody for 30 minutes

at room temperature and followed by DAB substrate in dark

for 3-5 minutes. The slides were counterstained with hema-

toxylin. PBS being the primary antibody was considered as the

negative control and the positive control was provided.

Clear yellow granular observed in cell nucleus and/or cyto-

plasm were count as positive reaction of YAP under a light mi-

croscope. Similarly, yellow granular of cIAP1 observed in

cytoplasm were considered as positive reactions. Five fields

were randomly picked up from each slide under ×400 micro-

scope for calculating the positive percentage and intensity of

staining. Positive cell percentage score was classified into five

levels: 0-5% accounted for 0, 6-25% for 1, 26-50% for 2, 51-

75% for 3, and 51-100% for 4. The intensity of staining score

was classified into four levels: no color accounted for 0, light

yellow for 1, yellow for 2, and dark yellow for 3. IHC results

were scored by multiplying the percentage of positive cells (P)

with the Intensity of staining (I). Formula: H = P × I; maximum

= 12. The IHC score included 4 levels: score 0-1 as negative (-

), score 2-4 as weak positive (+), score 5-8 as moderate positive

(++), and score 9-12 as strong positive (+++). All slides were

analyzed by two independent pathologists without acknowl-

edging of patients’ sample. 

The first follow-up time for patients was conducted at the

sixth month after accomplishing platinum-based chemotherapy.

The follow-up ended on January 24

th

2016 or the time when pa-

tients died. The median follow-up time was 31.5 (ranging from

6 to 70.5) months. Progression-free survival (PFS) was the pe-

riod from the surgery to the tumor recurrence. Overall survival

(OS) was the period from the surgery time to patients’ death or

the last follow-up time.

Statistical analysis was performed using SPSS 13.0. The ex-

pression difference between proteins was analyzed by Chi-

squared test. Spearman’s rank correlation was applied for

correlation. The mono-factor prognosis analysis was calculated

by Kaplan-Meier survival estimator. Comparison among dif-

ferent groups was analyzed by Log-rank test. For multivariate

analysis, Cox proportional hazards regression modeling was ap-

plied. P < 0.05 was considered as statistically significant.

Figure 2. — Positive expression of YAP in ovarian serous adeno-

carcinoma tissue.

A) Representative image of weak positive expression of YAP stain

in ovarian serous adenocarcinoma tissue. B) Representative image

of moderate positive expression of YAP stain in ovarian serous

adenocarcinoma tissue. C) Representative image of strong posi-

tive expression of YAP stain in ovarian serous adenocarcinoma

tissue.

Figure 1. — Expression of YAP in normal ovarian tissues and

ovarian serous adenocarcinoma tissue.

A) Negative expression of YAP in normal ovarian tissues. B) Neg-

ative expression of YAP in ovarian serous adenocarcinoma tissue.

Table.1 — YAP and cIAP1 expression level in normal con-
trol and ovarian serous adenocarcinoma tissue.
Groups n YAP expression level cIAP1expression level 

- + ++ +++ - + ++ +++  

Normal control 20 8 8 3 1 5 10 4 1  

Ovarian serous

62 8 16 19 19 5 20 22 15 

adenocarcinoma
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Results

YAP was dominantly expressed in the cytoplasm of ovar-

ian tissues epithelium in the light yellow or brown dye (Fig-

ure 1A). The expression of YAP was located in the cell

nucleus and cytoplasm of ovarian serous adenocarcinoma

in yellow or brown granular (Figure 1B). In 62 patients

with ovarian serous adenocarcinoma, there were eight neg-

ative expressions (11.8%) and 54 positive expressions

(87.1%). Among them, weak positive expression accounts

for 25.8% (16 cases), moderate positive express and strong

positive expressions accounted for 30.6% (19 cases). In 20

normal ovarian epithelial tissues, eight (40.0%) cases

demonstrated negative expressions of YAP and positive ex-

pressions were 12 (60%) cases. The expression of YAP in

ovarian serous adenocarcinoma was significantly higher

than that expressed in normal tissues (χ

2

= 13.188, p =
0.007) (Table 1, Figures 1 and 2). If negative and weak pos-

itive expressions were included in the low expression group

(16 cases in normal tissues, 24 cases in ovarian serious ade-

nocarcinoma), and moderate and strong expressions were

counted as overexpression group (four cases in normal tis-

sues, 38 cases in ovarian serious adenocarcinoma), the ex-

pression rate of YAP (61.3%) in ovarian serous

adenocarcinoma were higher than that (20%) in normal

ovarian tissues statistically (χ

2 

= 10.319, p = 0.001).

The expression of cIAP1 in normal tissues and ovarian

serous adenocarcinoma were both located on the cyto-

plasm. The positive reaction of IHC showed light yellow

or brown dye and displayed as light yellow to dark brown

granular in ovarian serous adenocarcinoma. In 62 patients

with ovarian serous adenocarcinoma, negative expressions

of cIAP1 were five cases with rate of 8.1%. Positive ex-

pressions represented 91.9% with 57 cases, in which weak

positive expressions had 20 cases with a rate of 32.3%.

Neutral expression had 25 cases with a rate of 35.5% and

strong expressions were five cases with a rate of 25.0%.

There were 15 positive expressions in normal ovarian tis-

sues with a rate of 75%. The positive rate of cIAP1 in pa-

tients with ovarian serous adenocarcinoma was

significantly higher than that in normal tissues (χ

2 

= 8.856,

p = 0.031) (Table 1, Figure. 3). If negative and weak posi-

tive expressions of cIAP1 are accounted for the low ex-

pression group (15 cases in normal tissues, 25 cases in

ovarian serious adenocarcinoma), and neutral and strong

positive expressions for the overexpression group (five

cases in normal tissues, 37 cases in ovarian serious adeno-

carcinoma), the expression of cIAP1 (54.4%) in patients

with ovarian serous adenocarcinoma were significantly

higher than that (25%) in normal tissues (χ

2 

= 7.278, p =
0.007). 

Based on the authors’ calculation, the expressions of YAP

and cIAP1 were positively relative via the Spearman cor-

relation test with the parameter r = 0.372, p = 0.003.

The result of statistical analysis on YAP, cIAP1, and clin-

ical pathological index demonstrated that the YAP expres-

sion was significantly correlated with the tumor

differentiation, the recurrence, and the platinum resistance.

The cIAP1 expression was significantly correlated with the

tumor differentiation and the platinum resistance (p < 0.05,

Table 2).

The study on the clinical pathological and prognosis doc-

Table 2. — YAP and cIAP1 expression level with clinical data in patients.
Groups n YAP expression p cIAP1expression p 

- + ++ +++  - + ++ +++   

Age ≤ 50 19 3 6 5 5 0.834 4 5 7 3 0.077  

Age > 50 43 5 10 14 14  1 15 15 12   

FIGO Stage I to II 15 3 5 5 2 0.363 2 7 4 2 0.340  

FIGO Stage III to IV 47 5 11 14 17  3 13 18 13   

Differentiation: medium to high 14 5 3 3 3 0.038 3 7 3 1 0.030  

Differentiation: low to medium 48 3 13 16 16  2 13 19 14   

CA125 < 500 26 4 7 7 8 0.932 2 8 8 8 0.772  

CA125 >500 36 4 9 12 11  3 12 14 7   

Ascites          43 6 12 10 15 0.298 3 10 17 13 0.090   

No ascites           19 2 4 9 4  2 10 5 2   

Vascular tumor thrombi   21 1 6 7 7 0.599 0 5 9 7 0.183  

No Vascular tumor thrombi 41 7 10 12 12  5 15 13 8  

Lymph node metastasis   39 5 10 10 14 0.613 2 10 16 11 0.245   

No lymph node metastasis 23 3 6 9 5  3 10 6 4   

Recurrence 41 3 9 12 17 0.040 2 12 13 14 0.063  

No recurrence 21 5 7 7 2  3 8 9 1   

No platinum resistance 36 6 13 13 4 0.001 3 15 14 4 0.033  

Platinum resistance 26 2 3 6 15  2 5 8 11    

CP chemotherapy  16 2 4 4 6 0.905 3 6 5 2 0.207   

TP chemotherapy 46 6 12 15 13  2 14 17 13   
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uments from 62 patients demonstrated that YAP expres-

sions, FIGO stages, lymphatic metastasis, ascites with early

symptom, and the platinum resistance affected the postop-

erative PFS (p < 0.05), whereas no correlations were found

among the cIAP1 expression, age, tumor differentiation,

preoperative CA125, vessel carcinoma emboli, and

chemotherapy on the postoperative PFS (p > 0.05). The fur-

ther multi-variable analysis illustrated that the platinum re-

sistance and the YAP expression were independent

prognosis factors affecting the postoperative PFS (p < 0.05,

Table 3). YAP and cIAP1 expressions, age, FIGO stages,

and the recurrence and the platinum resistance had an im-

pact on the postoperative OS in ovarian serous adenocarci-

noma (p < 0.05), whereas tumor differentiation, ascites with

early symptoms, vessel carcinoma emboli, preoperative

CA125, lymphatic metastasis, and chemotherapy did not

significantly correlate with the postoperative OS in ovar-

ian serous adenocarcinoma (p > 0.05). Further multi-vari-

able analysis demonstrated that expressions of YAP and

cIAP1 and the platinum resistance were independent prog-

nosis factors affecting postoperative OS in ovarian serous

adenocarcinoma (p < 0.05, Table 4). There were 13 cases

when low expressions of YAP and cIAP1 were categorized

into the co-low expression group and 26 cases when high

expressions of YAP and cIAP1 were classified into the co-

high expression group. The prognosis factor analysis of

PFS and OS was conducted in patients with YAP and cIAP1

co-expression and showed that their co-expression was the

factor that impacted the postoperative PFS and OS in ovar-

ian serous adenocarcinoma (p < 0.05, Figures 4 and 5).

Table 3. — Analysis for factors affecting PFS of ovarian
serous adenocarcinoma patients.

χ

2 p χ

2 p
YAP level 27.270 0.000 5.149 0.023  

cIAP1 level 6.486 0.090    

Age 14.290 0.097    

FIGO stage 12.616 0.000 1.402 0.236  

Differentiation 0.007 0.934    

CA125 2.237 0.135    

Ascites 3.900 0.048 0.138 0.711  

Vascular tumor thrombi 1.681 0.195    

Lymph node metastasis 12.324 0.000 0.336 0.562  

Platinum resistance 65.106 0.000 21.947 0.000  

Chemotherapy protocol 0.228 0.633    

Figure 5. — Expression of YAP and cIAP1 as prognosis factors

for OS in ovarian serous adenocarcinoma patients.

Figure 4. — Expression of YAP and cIAP1 as prognosis factors

for PFS in ovarian serous adenocarcinoma patients.

Figure 3. — Expression of YAP and cIAP1 as prognosis factors

for PFS in ovarian serous adenocarcinoma patients.

A) Negative expression of cIAP1 in normal ovarian tissues. B)

Negative expression of cIAP1 in ovarian serous adenocarcinoma

tissue. C) Representative image of weak positive expression of

cIAP1 staining in ovarian serous adenocarcinoma tissue. D) Rep-

resentative image of moderate positive expression of cIAP1 stain-

ing in ovarian serous adenocarcinoma tissue. E) Representative

image of strong positive expression of cIAP1 staining in ovarian

serous adenocarcinoma tissue.
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Discussion

The Hippo signaling pathway plays a key role in main-

taining cell proliferation/apoptosis and participating in con-

tact inhibition. YAP, a key downstream transcription

co-activated factor, is primarily regulated by Hippo signal-

ing pathway. Cells can overcome the effect of the contact

inhibition and enter into a proliferated status out of control

when YAP is activated. Recent researches about the in-

creased expression of YAP in gastric cancer, breast cancer,

lung cancer, liver cancer, and malignant melanoma indicate

that YAP is crucial in tumor initiation, growth, and migra-

tion. Steinhardt et al. assessed the expression of YAP in 54

ovarian tissues via immunohistochemistry (12 from normal

ovarian tissues and 42 from ovarian serous adenocarcinoma

tissues) and found that the positive rate of YAP (98%) in

ovarian serous adenocarcinoma tissues was significantly

higher than that in normal ovarian epithelial tissues (50%)

[10]. The expression of YAP in the cytoplasm and nucleus

of ovarian serous adenocarcinoma was strong positive and

that in normal tissues was weak positive. YAP expression

in nucleus of ovarian serous adenocarcinoma tissues (98%)

was remarkably higher than that in the nucleus of normal

ovarian tissues (25%). The present study on the immuno-

histochemistry of ovarian serous adenocarcinoma tissues

demonstrated that the positive expression of YAP in ovar-

ian serous adenocarcinoma was 87.1%, which is signifi-

cantly higher than 60% in normal ovarian tissues. The

positive expression of YAP in moderate/poor-differentiated

group (93.8%) was significantly higher than that in

high/moderate-differentiated group (64.3%), and the posi-

tive expression of YAP in recurrence group (92.7%) was

significantly higher than that in non-recurrence group

(76.2%). YAP expression showed a preference of aggre-

gating in the nucleus of ovarian serous adenocarcinoma,

consistent with the conclusion of the above research, which

indicated that YAP was an important factor involved in the

initiation and growth of ovarian serous adenocarcinoma.

At the same time, the positive expression of YAP in high

clinical stage group is more intensive than that in low clin-

ical stage group, but not statistically significantly, which

may be caused by the small sample size in this study.

Hall et al. detected YAP expression in patients with ovar-

ian cancers and found that patients with high cellular ex-

pression of YAP had a significantly decreased five-year

survival rate, indicating that the expression of YAP was re-

lated to the poor prognosis of ovarian cancers [11]. The re-

sults in the present study showed that the expression of YAP

had a relationship with PFS and OS via uni- and multi-vari-

able analysis, indicating that YAP is probably an inde-

pendent factor to predict the prognosis of ovarian serous

adenocarcinoma. Hall et al. also verified that cells with a

high expression of YAP had enhanced ability in cell mi-

gration, self-renewal, and the resistance to platinum in-

duced apoptosis [11]. Xia et al. found that the drug resistant

gene ABCB1 may be directly regulated by YAP in extracted

ovarian cancer initiation cells (OCICs) and confirmed that

the high expression of YAP was related to the drug resist-

ance of cisplatin, taxol, and bleomycin [12]. The present

study demonstrated that the expression of YAP in platinum

resistant group (92.3%) was significantly higher than that

in platinum sensitive group (83.3%), suggesting that YAP

was probably relative with the drug resistance in ovarian

serous adenocarcinoma.

cIAP1 is an endogenous factor in regulating cell apopto-

sis. Recent research has shown that cIAP1 is expressed in

many types of malignant tissues, including liver, kidney,

cervical, and bladder cancer. The present study showed that

the expression rate of cIAP1 in ovarian serous adenocarci-

noma was 91.9% compared to 75.0% in normal ovarian tis-

sues. The authors also confirmed that the high expression

of cIAP1 in ovarian serous adenocarcinoma was related to

the histological grade of tumors. The positive expression

rate of cIAP1 in moderate/poor-differentiated group is

95.8%, significantly higher than 78.6% in moderate/high-

differentiated group, indicating that cIAP1 was related to

the tumor initiation and growth of ovarian serous adeno-

carcinoma. Psyrri et al. studied 150 advanced-stage ovarian

cancers using a tissue microarray and found that the three-

year survival rate in patients bearing high cIAP1 expres-

sion (31%) was significantly lower than in those with low

cIAP1 expression (73%), while it showed no significant

difference between disease-free survival period and the low

cIAP1 expression group [13]. Their conclusion regarding

cIAP1 expression status being the single prognostic value

to affect the total survival was consistent with the present

results. Gill et al. found that cIAP family contributed to the

development of the mechanism in cell drug resistance dur-

ing the research of prostate cancer cells. Their study de-

tected that expressions of XIAP, cIAP1, and cIAP2 in

chemo-sensitive cells were significantly lower than that in

chemo-resistant cells [14]. The positive expression rate in

platinum resistant group (92.3%) was remarkably higher

than that in platinum sensitive group (91.7%), indicating

Table 4. — Analysis for factors affecting OS of ovarian
serous adenocarcinoma patients.

χ

2 p χ

2 p 
YAP level 14.455 0.002 4.196 0.041  

cIAP1 level 11.906 0.008 4.490 0.034  

Age 8.553 0.026 3.439 0.064  

FIGO stage 5.578 0.018 1.926 0.165  

Tumor differentiation 1.587 0.208    

CA125 1.712 0.191    

Ascites 1.864 0.172    

Vascular tumor thrombi 0.000 0.984    

Lymph node metastasis 1.937 0.164    

Reoccurrence 6.066 0.014 0.232 0.630  

Platinum resistance 13.099 0.000 4.457 0.035  

Chemotherapy protocol 0.004 0.633    
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that cIAP1 may be associated with the platinum resistance

of ovarian cancers in the present results.

Basu et al. has demonstrated that AKT exerted an im-

portant function in regulating YAP gene in the Hippo sig-

naling pathway [15]. Another study also reported that AKT

can inhibit the cell apoptosis by activating NF-κB which

regulated downstream molecules such as XIAP, cIAPs, and

A1[16]. Zender et al. compared DNA of liver tumor cells

in mouse and humans and found that YAP and cIAP1 gene

were highly expressed at RNA and protein levels to facili-

tate tumorigenesis in both tumor cells. The activation of ei-

ther YAP or cIAP1 accelerated the tumor growth and both

activations further promoted tumor initiation and growth

and enlargement of the tumor size several times due to their

cooperation [9]. The present research for the first time

showed that the expression of YAP and cIAP1 positively

interacted in ovarian serous adenocarcinoma and high ex-

pressions of both genes were related to patients’ PFS and

OS. Patients with high co-expression of YAP and cIAP1

had significantly longer PFS and OS compared to those

with low co-expression, which suggested that YAP is prob-

ably a target gene to induce the expression of cIAP1 apop-

tosis inhibition gene and affect the prognosis in ovarian

cancer.

In conclusion, the present study detected expressions of

YAP and cIAP1 by IHC in 62 ovarian tumor tissues and

statistical analysis showed that YAP and cIAP1 were re-

lated to the tumor initiation and growth by exerting nega-

tive effects on the prognosis of patients with ovarian serous

adenocarcinoma.
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