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Background: The purpose of this study was to explore the clinical significance of CA125, CK7, CK20, 
ER, PR, C-erbb2, and P-gp in ovarian cancer.
Methods: Ovarian cancer patients were recruited from Nantong Cancer Hospital between March 2006 
and July 2011. The expressions of CA125, CK7, CK20, ER, PR, C-erbb2, and P-gp were determined by 
immunohistochemistry (IHC).The chi-square test (χ2) was used to analyze the correlation between each 
index and the clinical characteristics of the patients. The patients were followed up to record the cancer 
recurrence time. The Kaplan-Meier method was used to map the cumulative recurrence-free survival (RFS) 
rate, and COX regression analysis was established for multivariate analysis.
Results: The results of IHC showed that the positive expression rates of CA125, CK7, ER, C-erbb2, and 
P-gp in malignant ovarian cancer tissues were significantly higher than those in benign ovarian cancer tissues. 
CA125 expression in malignant ovarian cancer was significantly correlated with the age of patients and the 
Federation of International Gynecology and Obstetrics (FIGO) stage. CK7 expression in malignant ovarian 
cancer was significantly correlated with the age, tissue differentiation, and number of residual lesions. CK20 
expression in malignant ovarian cancer was significantly correlated with the age and tissue differentiation of 
the patients. ER expression in malignant ovarian cancer was significantly correlated with the age of patients 
and FIGO stage. PR expression in malignant ovarian cancer was significantly correlated with the age of 
the patients. C-erbb2 expression in malignant ovarian cancer was significantly correlated with the age of 
the patients. P-gp expression in malignant ovarian cancer was significantly correlated with the patient age, 
pathological type, and tissue differentiation. The expression of CA125, CK7, CK20, C-erbb2, and P-gp had 
significant effects on the prognosis of patients with ovarian cancer. The COX regression analysis showed that 
P-gp was an independent risk factor for ovarian cancer.
Conclusions: In malignant ovarian cancer tissues, CA125, CK7, CK20, ER, PR, C-erbb2, and P-gp are 
over-expressed. The expression of P-gp is an independent risk factor for ovarian cancer, and it can be an 
important target for the treatment of malignant ovarian cancer.
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Introduction

The most common malignant tumors of the female 
reproductive system are cervical cancer, endometrial cancer, 
and ovarian cancer, of which ovarian cancer has the highest 
mortality rate (1,2). During laparotomy of ovarian cancer 
patients, tumor tissue accounted for 30% of the ovary, and 
the majority had spread to the uterus, bilateral attachments, 
omentum, and pelvic organs. At present, there is no 
effective early diagnosis method. At the time of treatment, 
70% of patients have reached the advanced stage, and the 
5-year survival rate is only about 30% (3,4). The exact 
diagnosis of ovarian cancer still presents a great challenge 
in clinical practice. No specific tumor markers for various 
ovarian cancer malignancies have been found to date. If 
specific indicators for detecting the malignant tumors of 
ovarian cancer could be found, they may not only help 
screen patients with high-risk factors, diagnose early ovarian 
cancer patients, monitor the therapeutic effect of ovarian 
cancer in real time, assess the prognosis, but could also be 
used to facilitate the selection of different chemotherapy 
regimens. Therefore, finding specific biomarkers for 
ovarian tumors would be significantly helpful.

Tumor markers are substances that are abnormally 
expressed in tumor cells. They are not expressed or lowly 
expressed in normal tissues, and can be used for the early 
diagnosis, efficacy detection, and prognosis evaluation of 
tumors. Cancer antigen 125 (CA125) is a glycoprotein 
that can be detected by epithelial ovarian cancer antigen, 
and can be bound by monoclonal antibody OC125 (5). 
It is widely used in the diagnosis of ovarian cancer (6,7); 
however, subsequent studies have found that the detection 
of CA125 has a high false positive rate, and it also has 
different degrees of increase in other cancers such as 
breast, pancreatic, liver, and lung, which directly affects 
its specificity for the diagnosis of ovarian cancer. There 
is an objection to CA125 in the early diagnosis of ovarian 
cancer (8), but there is currently no tumor marker that 
can completely replace it as the first reference for the 
diagnosis of ovarian cancer. Therefore, in order to improve 
the sensitivity and specificity of early diagnosis of ovarian 
cancer, CA125 was simultaneously detected with a variety 
of tumor markers of different specificities, combined with 
clinical comprehensive judgment, in order to facilitate the 
diagnosis and treatment of ovarian cancer, according to the 
aim of this research.

In this study, immunohistochemistry (IHC) was used 
to simultaneously study the expressions of 7 indicators, 

CA125, CK7, CK20, ER, PR, C-erbb2, and P-gp, in 
ovarian cancer tissues, to explore the correlation between 
each index and the clinical features of ovarian cancer, and 
provide a theoretical basis for the early diagnosis, treatment, 
and prognosis evaluation of ovarian cancer. We present 
the following article in accordance with the REMARK 
reporting checklist (available at http://dx.doi.org/10.21037/
gs-20-811).

Methods

Population selection

A total of 253 patients with primary ovarian cancer who 
were admitted to the Nantong Cancer Hospital from 
March 2006 and July 2011 were recruited, and all cases 
were confirmed by pathological or cytological diagnosis. 
The age of participants was 24–83 years old, 64 cases 
were <50 years, 189 were ≥50 years; the average age was 
57±10 years; 68 participants were not menopausal, and 185 
were menopausal (defined as menopause for >12 months). 
Histological classification of participants was as follows: 
86 cases of serous tumors, 16 cases of mucinous tumors, 
15 cases of endometrioid tumors, and 136 cases of other 
cases; the degree of differentiation: 7 cases in moderately 
and highly differentiated group, and 111 cases in poorly 
differentiated group. Clinical staging was performed 
according to the Federation of International Gynecology 
and Obstetrics (FIGO): 55 cases in stage I/II, and 198 cases 
in stage III/IV. All patients had tumor tissue resected, the 
average operation time was 2.84 h, and 253 specimens 
of ovarian cancer were gathered (Table 1). A total of 60 
participants with benign ovarian disease diagnosed by pelvic 
color Doppler ultrasound in our hospital at the same time 
were selected. The obtained surgical resection specimens 
were used as the control group. The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). This study was approved the Ethics Committee of 
Nantong Tumor Hospital. Written informed consent was 
provided by all participants prior to tissue collection.

Reagent

Mouse anti-human CA125 monoclonal antibody (MA1-
90039), mouse anti-human CK7 monoclonal antibody 
(MA5-15604), mouse anti-human CK20 monoclonal 
antibody (MA1-35556), mouse anti-human ER monoclonal 
antibody (MA5-13304), mouse anti-human PR monoclonal 

http://dx.doi.org/10.21037/gs-20-811
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antibody (MA1-410),  mouse anti-human C-erbb2 
monoclonal antibody (MA5-13675), and mouse anti-human 
P-gp monoclonal antibody (MA5-13854) were purchased 
from Invitrogen (ThermoFisher, Waltham, MA, USA). The 
phosphate-buffered saline (PBS) solution was purchased 
from Sigma (Sigma Aldrich Corp., St. Louis, MO, USA); 
the 3,3’-diaminobenzidine (DAB) chromogenic reagent was 
purchased from Fuzhou Maxim Biotechnologies (Fuzhou, 
Fujian, China).

Immunohistochemical (IHC)

The IHC [streptomycin avidin-peroxidase ligation (SP)] 
was performed to detect protein expressions. Specimens 
were fixed in formaldehyde, embedded in paraffin, and 
serially sectioned at 5 μm. The sections were routinely 
dewaxed, immersed in a pH of 6.0 citrate buffer at a 
concentration of 0.01 mol/L, the antigen was repaired by 

microwave, then freshly prepared 3% (volume fraction) 
H2O2 in distilled water, and incubated at room temperature 
for 10 min. We then inactivated the endogenous peroxidase, 
added normal goat serum blocking solution, and incubated 
the sections for 20 min at room temperature. Primary 
antibodies were added at a concentration of 1:50 at 4 ℃ 
overnight. Rewarming was then performed at 37 ℃ for 
1 h. Biotinylated goat anti-mouse secondary antibody 
was added, followed by incubation at 37 ℃ for 45 min. 
Biotinylated horseradish peroxidase-labeled streptomycin 
was added, followed by incubation at 37 ℃ for 30 min. 
Color development was achieved with DAB, hematoxylin 
was used to mildly counterstain, and the samples were 
then dehydrated, made to be transparent, and gum-coated. 
Instead of the primary antibody, PBS was used as a negative 
control.

Result observations

The IHC staining sections were observed under a 
microscope and images were taken. Image-Pro Plus 6.0 
software (Media Cybernetics Co., Ltd., Rockville, MD, 
USA) was used to analyze CA125, CK7, CK20, ER, PR, 
C-erbb2, and P-gp expressions of IHC sections. We 
selected 5 fields of view (FOVs) under high power objective 
(×400), the percentage of positive stained cells was recorded, 
and the IHC results were scored according to the staining 
range and staining intensity (9,10). The staining ratio of 
positive cells was 1 in the range of 5–20%, 2 in the range of 
20–50%, and 3 in the case of >50%; the cell color was 1 for 
light brown, 2 for brown, and 3 for dark brown. The sum 
of the above two additions represents the expression level 
of each indicator in ovarian cancer tissues. A total of 1–2 
points indicated a weak positive (+), 3–5 points indicated a 
positive (++), and 6 points indicated a strong positive (+++); 
if the staining intensity was not significantly different from 
background (<5%), the indication was negative (−).

Statistical analysis

The data were analyzed using the statistical software 
SPSS21.0 (SPSS, Inc., IBM, Chicago, IL, USA). The 
measurement data were expressed as (x±SD). The count 
data were expressed by the number of cases (%). The 
positive rate of each index was compared by χ2 test, and the 
survival curve was drawn using the Kaplan-Meier method. 
The log-rank method was used to compare the survival 
time of different blood types, and the prognostic factors of 

Table 1 Clinicopathological characteristics of ovarian cancer 
patients

Variable Number

Age (years)

<50 64

≥50 189

Pathological type

Serous 86

Mucinous 16

Endometrioid 15

Others 136

Tissue differentiation

High 67

Moderate 72

Low 111

FIGO stage

I-II 55

III-IV 198

Residual lesion

0 53

1 174

2 26

FIGO, Federation of International Gynecology and Obstetrics.
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ovarian cancer were analyzed by COX multivariate analysis. 
The difference was deemed statistically significant at 
P<0.05.

Results

Biomarker expressions in ovarian cancer tissues

The results of IHC staining of 60 cases of benign ovarian 
cancer tissues and 253 cases of malignant ovarian cancer 
tissues showed that the positive rate of CA125 in benign 
ovarian cancer tissues was 10%, and the positive rate in 
malignant ovarian cancer tissues was 88%; the difference 
was statistically significant (P<0.05). The positive rate of 
CK7 in benign ovarian cancer tissues was 26.7%, and the 
positive rate in malignant ovarian cancer tissues was 95.9%; 
the difference was statistically significant (P<0.05). The 
positive rate of ER in benign ovarian cancer tissues was 
18.3%, and the positive rate in malignant ovarian cancer 
tissues was 55.8%; the difference was statistically significant 
(P<0.05). The positive rate of CK20 in benign ovarian 
cancer tissues was 8.3%, and the positive rate in malignant 
ovarian cancer tissues was 11.1%; the difference was not 
significant (P<0.05). The positive rate of PR in benign 
ovarian cancer tissues was 21.6%, and the positive rate in 
malignant ovarian cancer tissues was 26.4%; the difference 
was not significant (P<0.05). The positive rate of C-erbb2 
in benign ovarian cancer tissues was 1.7%, and the positive 
rate in malignant ovarian cancer tissues was 6.2%; the 
difference was significant (P<0.05). The positive rate of P-gp 
in benign ovarian cancer tissues was 5.0%, and the positive 
rate in malignant ovarian cancer tissues was 22.8%; the 
difference was statistically significant (P<0.05) (Table 2).

Correlations between biomarker expressions in ovarian 
cancer and clinicopathological features

After gathering data of biomarker expressions, the 
correlations between biomarker expressions in ovarian 
cancer and clinicopathological features were analyzed, and 
the results are shown in Tables 3 and 4. The expression 
of CA125 in malignant ovarian cancer was significantly 
correlated with the age of patients and FIGO stage (P<0.05), 
but not with pathological type, tissue differentiation degree, 
and number of residual lesions (P>0.05). The expression 
of CK7 in malignant ovarian cancer was significantly 
correlated with the age, tissue differentiation, and number 
of residual lesions (P<0.05), but not to pathological type and 
FIGO stage (P>0.05). The expression of CK20 in malignant 
ovarian cancer was significantly correlated with the age 
and tissue differentiation of participants (P<0.05), but with 
pathological type, FIGO stage, and number of residual 
lesions (P>0.05). The expression of ER in malignant ovarian 
cancer was significantly correlated with the age of patients 
and FIGO stage (P<0.05), but not to pathological type, 
degree of tissue differentiation, and number of residual 
lesions (P>0.05). The expression of PR in malignant ovarian 
cancer was significantly correlated with patient age (P<0.05), 
but not to pathological type, degree of tissue differentiation, 
FIGO stage, and number of residual lesions (P>0.05). The 
expression of C-erbb2 in malignant ovarian cancer was 
significantly correlated with the age of participants (P<0.05), 
but not to pathological type, tissue differentiation degree, 
FIGO stage, and number of residual lesions (P>0.05).
The expression of P-gp in malignant ovarian cancer was 
significantly correlated with the age, pathological type, and 
tissue differentiation of the participants (P<0.05), but not 

Table 2 Protein expressions in different ovarian cancer tissues

Variable
Expressions in benign ovarian cancer tissues Expressions in malignant ovarian cancer tissues

P value
n − + ++ +++ Positive rate (%) n − + ++ +++ Positive rate (%)

CA125 60 54 6 0 0 10 253 6 42 2 0 88 <0.05

CK7 44 16 0 0 26.7 2 46 0 1 95.9 <0.05

CK20 55 5 0 0 8.3 32 4 0 0 11.1 >0.05

ER 49 11 0 0 18.3 57 28 31 13 55.8 <0.05

PR 47 13 0 0 21.6 95 19 8 5 26.4 >0.05

C-erbb2 59 1 0 0 1.7 106 7 0 0 6.2 <0.05

P-gp 57 3 0 0 5.0 44 6 5 2 22.8 <0.05

−, negative; +, weak positive; ++, moderate positive; +++, strong positive. ER, estrogen receptor; PR, progesterone receptor.
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Table 3 Relationship between CA125, CK7, CK20, and ER expressions and clinicopathological features

Variable n
CA125 Positive 

rate (%)
P value

CK7 Positive 
rate (%)

P value
CK20 Positive 

rate (%)
P value

ER Positive 
rate (%)

P value
− + − + − + − +

Age (years) <0.05 <0.05 <0.05 <0.05

<50 64 2 16 25 1 14 21.9 9 2 3.1 20 24 37.5

≥50 189 4 29 15.3 1 33 17.9 23 2 1.1 37 54 28.6

Pathological type 0.3192 0.0259

Serous 86 0 11 12.8 1 8 9.3 3 0 0 0.5460 19 33 38.4 0.1430

Mucinous 16 1 2 12.5 1 2 12.5 2 1 6.3 7 2 12.5

Endometrioid 15 0 3 20 0 3 20 2 0 0 3 4 26.7

Others 136 5 28 20.6 0 34 25 25 3 2.2 28 33 24.3

Tissue differentiation 0.0773 <0.05 <0.05 0.4771

High 2 0 0 0 0 0 0 0 0 0 1 1 50

Moderate 5 0 0 0 0 0 0 0 0 0 0 2 40

Low 111 4 23 20.7 0 28 25.2 17 1 0.9 26 36 32.4

FIGO stage 0 <0.05 1.0000 1.0000 <0.05

I‒II 55 2 5 9.1 0 10 18.2 6 1 1.8 17 10 18.2

III‒IV 198 4 39 19.7 2 37 18.7 26 3 1.5 40 63 31.8

Residual lesions 0.6615 <0.0001 0.4593 0.4082

0 53 0 5 9.4 0 7 13.2 3 1 1.9 13 17 32.1

1 174 5 35 20.1 1 35 20.1 25 2 1.1 40 54 31.0

2 26 1 5 19.2 5 1 3.8 4 1 3.8 7 4 15.4

−, negative; +, positive. ER, estrogen receptor; FIGO, federation of international gynecology and obstetrics.

with the FIGO stage and the number of residual lesions 
(P>0.05).

Impact of biomarker expressions on the prognosis of 
ovarian cancer

Kaplan-Meier curve was used to analyze the recurrence-
free survival (RFS) in participants with malignant ovarian 
cancer. As shown in Figure 1A,B,C, and D, participants 
with negative expressions of CA125, CK7, C-erbb2, 
and P-gp had significantly longer RFS time than those 
with positive expressions, all P<0.05, while patients with 
negative expression of CK20 had significantly shorter RFS 
than those with positive expression, P<0.05 (Figure 1E). 
However, the expressions of ER and PR had no significant 
effect on the RFS of malignant ovarian cancer patients, all 
P>0.05 (Figure 1F,G).

The COX regression analyses were used to assess the 
association of biomarker expressions with RFS in malignant 
ovarian cancer patients (Table 5). The results showed that 
only P-gp expression was an independent risk factor of 
cancer recurrence.

Discussion

In recent years, the survival rate of patients with ovarian 
cancer has increased, mainly due to timely and continuous 
progress in the surgical treatment of ovarian cancer, 
development and improvement of cancer medication, 
and screening and early detection of ovarian cancer (11); 
however, the 5-year survival rate of advanced ovarian 
cancer is still low (12). The prognosis of ovarian cancer 
depends largely its clinical stage (13); therefore, improved 
early diagnosis, screening sensitive indicators for disease 
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Table 4 Relationship between PR, C-erbb2, and P-gp expressions and clinicopathological features

Variable n
PR Positive 

rate (%)
P value

C-erbb2 Positive 
rate (%)

P value
P-gp Positive 

rate (%)
P value

− + − + − +

Age (years) <0.05 <0.05 <0.05

<50 64 25 18 28.1 34 2 3.1 10 4 6.3

≥50 189 70 23 12.2 71 6 3.2 30 13 6.9

Pathological type 0.0563 0.7178 <0.05

Serous 86 32 19 22.1 40 4 1.2 14 11 12.8

Mucinous 16 8 1 6.3 7 1 6.3 3 0 0

Endometrioid 15 4 3 20 6 0 0 2 1 6.7

Others 136 51 11 8.1 53 3 2.2 25 1 3.5

Tissue differentiation 0.2433 0.1924 <0.05

High 2 1 1 50 2 0 0 0 0 0

Moderate 5 1 2 40 1 1 20 0 1 20

Low 111 46 16 14.4 44 5 4.5 23 4 3.6

FIGO stage 0.6694 0.4173 0.5060

I‒II 55 26 9 16.4 26 3 5.5 9 5 9.1

III‒IV 198 69 32 16.2 80 5 2.5 35 12 6.1

Residual lesions 0.4439 0.6612 0.8272

0 53 20 12 22.6 24 2 3.8 8 4 7.5

1 174 66 27 15.5 72 6 3.4 32 11 6.3

2 26 9 2 7.7 10 0 0 4 2 7.7

−, negative; +, positive. PR, progesterone receptor; FIGO, federation of international gynecology and obstetrics.

monitoring, and efficacy evaluation could become an 
important clinical reference for improving the survival rate 
of patients with ovarian cancer.

The antigen CA125 is a glycoprotein derived from the 
body cavity epithelium during embryonic development. 
In 1983, Bast et al. used monoclonal antibody technology 
to identify it from epithelial ovarian cancer antigens (14). 
Completely absent in normal ovarian tissue, CA125 is 
significantly elevated in the serum of patients with epithelial 
ovarian tumors. Accordingly, CA125 is used as an ovarian 
tumor marker for early diagnosis of ovarian cancer. The 
results of this study showed that the positive rate of CA125 
in malignant ovarian cancer tissues was significantly higher 
than that in benign ovarian cancer tissues. The expression 
of CA125 in malignant ovarian cancer was correlated 
with the age of participants and FIGO stage, while it was 
not correlated with pathological type, degree of tissue 

differentiation, and number of residual lesions; that is, 
the positive rate of CA125 grew alongside the increase of 
patient clinical stage. From the Kaplan-Meier curve, the 
cumulative RFS rate of CA125-negative patients was higher 
than that of CA125-positive patients, indicating that the 
prognosis of patients with negative expression was better 
than that of positive patients, and positive expression of 
CA125 was correlated with recurrence in patients with 
ovarian cancer.

Cytokeratin (CK) is one of the cytoskeletal components, 
and its expression in epithelial cells varies with different 
lesions and tumor types. However, since the specific 
submicrostructural and immunological properties of the CK 
group of epithelial tissue can be maintained in the process 
of cell transformation, the application of appropriate CK, 
through the analysis of CK group, can help determine the 
direction of tumor differentiation and the histopathological 
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Figure 1 Kaplan-Meier curve of the RFS rate of 253 ovarian cancer patients. (A) CA125; (B) CK7; (C) C-erbb2; (D) P-gp; (E) CK20; 
(F) ER; (G) PR. * indicated that P<0.05 compared to positive expression. RFS, recurrence-free survival; ER, estrogen receptor; PR, 
progesterone receptor.
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tumor type (15,16). The CK group member, CK7,can be 

extracted from human OTNII ovarian cancer cell lines, and 

is mainly labeled in glandular epithelium and transitional 

epithelium. Positive expression of CK may happen in the 

ovary, endometrium, mammary epithelium, lung, and 

mesothelial cells, and is generally negatively expressed 

in gastrointestinal-derived adenocarcinomas. It has been 

reported that CK7 is an effective marker for identifying 

primary ovarian and secondary colorectal adenocarcinoma 

(17,18). An acidic keratin, CK20 is continuously positively 
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expressed when cells undergo deterioration, metastasis, 
invasion, and spread to other organ tissues (19,20). The 
synthesis of CK20 first appeared in the intestinal mucosa 
of the 8th week of embryos. Single transformed monolayer 
epithelial cells, which are strictly epithelial tissue-specific, 
are currently recognized as specific tumor markers for the 
diagnosis of colorectal cancer micrometastasis (21). It has 
been reported in literature that differential expression of 
CK7 and CK20 can be used to identify primary ovarian 
cancer (CK7+/CK20−) and colon metastatic ovarian cancer 
(CK7−/CK20+) (22). Park et al. reported that the expression 
rates of CK7 and CK20 in 225 patients with colorectal 
cancer were 9% and 73%, respectively, and 10 of 11 
colorectal metastatic ovarian cancers were CK7−/CK20+; 
only 1 case showed CK7+/CK20−, which meant that the 
primary ovarian cancer generally presented as CK7−/
CK20+ (23). The 253 ovarian cancer participants included 
in this study were primary ovarian cancer, of which the CK7 
positive rate was 95.9%, CK20 positive rate was 11.1%, 
and CK7+/CK20− was present, which was consistent with 
the above results. Analysis of the relationship between CK7 
and CK20 and clinical features showed that the expression 
of CK7 in malignant ovarian cancer was related to the 
age, tissue differentiation, and number of residual lesions 
of the participants. The expression of CK20 in malignant 
ovarian cancer was related to the participant age and tissue 
differentiation. It can be seen from the Kaplan-Meier curve 
that the cumulative recurrence rate of patients with negative 
expression of CK7 was higher than that of patients with 
positive expression, indicating that the prognosis of patients 
with negative expression was better than that of patients 
with positive expression. On the contrary, the prognosis of 
patients with positive expression of CK20 is better than that 
of those with negative expression, and we conclude that the 
positive expression of CK7 is associated with recurrence in 
postoperative patients with ovarian cancer. There are few 
studies on the correlation between CK20 and postoperative 

recurrence of ovarian cancer. Our study demonstrated that 
negative expression of CK20 was probably associated with 
recurrence in patients with postoperative ovarian cancer.

In normal ovarian tissue, estrogen receptor (ER) 
regulates tissue development and differentiation, and has 
mutagenic effects; progesterone receptor (PR) stimulates 
tissue development at lower concentrations, inhibits tissue 
development, induces apoptosis, and resists the mutagenic 
effects of estrogen at higher concentrations (24,25). In 
recent years, it has been found that estrogen, progesterone, 
and their receptors have different relationships with other 
tumors in the development, treatment, and prognosis of 
female tumors. The ovaries are the organs responsible 
for producing sex hormones and the target organs of sex 
hormones, estrogen and progesterone, and their receptors. 
How this affects the occurrence and development of ovarian 
cancer is one of the hotspots of current research (26). 
Domestic and international reports on the relationship 
between ER, PR, and clinicopathological features of ovarian 
cancer are inconsistent. Domestic studies have found that 
the positive expression rate of ER and PR in ovarian cancer 
has nothing to do with pathological type, clinical stage, 
and differentiation degree. Another study reported that 
the positive rate of ER and PR in malignant ovarian cancer 
decreased with the increase of clinical stage. Langdon et al. 
found that the positive expression of PR in ovarian cancer 
in stage I/II was higher than that in stage III/IV, and that 
expression in the endometrium was higher than that of 
other tumor subtypes (27). Høgdall et al. pointed out that 
the positive rate of ER in ovarian cancer was positively 
correlated with clinical stage, and the positive expression 
rate of PR increases with the degree of differentiation (28).  
In this study, the ER-positive expression rate in malignant 
ovarian cancer was significantly higher than that in benign 
ovarian cancer. The positive expression rate of ER was 
related to participant age and clinical stage of ovarian 
cancer. The expression of ER increased with clinical 

Table 5 COX regression analysis

Variable β SE Wald P RR

CA125 0.602 0.312 1.436 0.433 1.821

CK7 0.586 0.286 1.053 0.391 1.835

CK20 0.564 0.282 4.6725 0.831 1.764

C-erbb2 0.612 0.320 1.140 0.944 1.711

P-gp 1.581 0.267 4.759 0.029 0.559
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stage, but not with pathological type, degree of tissue 
differentiation, and number of residual lesions. There was 
no significant difference in the positive expression rate 
of PR between malignant and benign ovarian tissue. The 
expression rate of PR was related to the age of ovarian 
cancer patients, but not to clinical stage, pathological type, 
degree of tissue differentiation, and number of residual 
lesions. Analysis of Kaplan-Meier curve found that ER, 
PR positive expression, and malignant ovarian cancer 
prognosis had no significant correlations. Because the 
positive expression rate of ER and PR is not different in the 
pathological type of ovarian cancer, ER and PR are limited 
in identifying the pathological types of ovarian cancer, 
and an ER and PR single test confirmed that there was no 
significant correlation between them and the prognosis of 
patients with malignant ovarian cancer, which limited the 
analysis and speculation of the prognosis of the participants. 
The positive expression rate of ER varies in different 
clinical stage, suggesting that ER can be used as an indicator 
of tumor stage and a feature of tumor cells. The increase 
of expression is related to tumor formation. Formelli  
et al. demonstrated through animal experiments that PR 
can effectively resist the transplantation of human ovarian 
cancer cells in mice (29). The proliferation of different 
cancer cell lines is inhibited by PR via the induction of 
apoptosis in vitro, including that of leukocytes, optic 
neuroblastoma cells, and others (30-32), and thus is widely 
used clinically to treat various cancers. In ovarian tissue, 
when the PR concentration is too high, it induces apoptosis, 
suggesting that induction of apoptosis may be one of the key 
roles of progesterone in the treatment of ovarian cancer (33). 
Münstedt et al. studied the distribution and combination 
of ER/PR in participants with ovarian cancer (ER+PR+, 
ER+PR−, ER−PR+, ER−PR−), and found that the groups 
containing PR+ had a better prognosis than those with PR− 
combinations, and that the combination of ER−PR+ had an 
especially good prognosis, it can be seen that PR promoted 
cancer cell differentiation and apoptosis (34). The combined 
detection of ER and PR plays an important role in diagnosis 
of progression, distant metastasis, and prognosis of ovarian 
cancer, and the effect of both on ovarian cancer is opposite, 
that is, high expression of ER promotes the proliferation 
of ovarian cancer cells (35), while PR plays a protective 
role in the development of tumors and can prevent the 
development of cancer.

The C-erbb2 gene is a member of the epidermal growth 
factor receptor (EGFR) family and plays an important 
role in cell signaling. It is an important regulator of cell 

growth, differentiation, and survival. Under normal 
conditions, C-erbb2 is in an inactive state and participates 
in the mediation of cell differentiation. It is activated by 
gene amplification and becomes an activated oncogene, 
which promotes cell carcinogenesis and cancer cell growth 
and proliferation (36,37). Studies have shown that the 
amplification and overexpression of the C-erbb2 gene is 
closely related to the occurrence and development of 
ovarian cancer and patient prognosis (38). Hattori et al. 
have shown that amplification of the C-erbb2 gene and 
overexpression of the C-erbb2 protein can be used as 
markers for the poor prognosis of ovarian cancer (39). 
Ross et al. used fluorescence in situ hybridization to 
detect the expression of C-erbb2 in different stages and 
pathological types of ovarian cancer, but the results showed 
no significant difference (40). The results of this study 
showed that the positive expression rate of C-erbb2 in 
malignant ovarian cancer was significantly higher than that 
of benign ovarian cancer, and it can be used as a tumor 
marker for malignant ovarian cancer. Its expression is 
independent of the pathological type of the patient, degree 
of tissue differentiation, FIGO stage, and the number of 
residual lesions. Therefore, it will be limited in accurately 
determining the pathological type and differentiation, while 
combining C-erbb2 with other tumor markers should be 
considered to improve the accuracy of diagnosis. Analysis of 
the Kaplan-Meier curve showed that patients with negative 
C-erbb2 expression had better prognoses than those with 
positive expression, and it was concluded that positive 
expression of C-erbb2 was associated with recurrence in 
postoperative ovarian cancer patients.

It is well-recognized that P-gp is an indicator for 
measuring the efficacy of chemotherapy in tumor cells. 
This has been verified not only in female reproductive 
system malignancies, but also in other tumor cells. In 
general, the higher the cellular expression level of P-gp, 
the worse the chemotherapy effect, and the worse the 
prognosis and survival time of patients. The mechanism 
by which P-gp causes drug resistance in tumor cells is 
by combining with chemotherapeutic drugs which differ 
in structure and mechanism and discharging them from 
cells. Drugs are redistributed into unrelated organelles, 
diminishing drug concentration at the target site, which in 
turn leads to the development of drug resistance in tumor 
cells (41). Kavallaris et al. demonstrated in experiments 
that high expression of P-gp can significantly reduce 
patient sensitivity to chemotherapy drugs (42). However, 
there have also been reports of the opposite: Joncourt et al. 
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used western blot hybridization to detect the expression of 
P-gp in 39 ovarian cancer tissues, and the results showed 
that its expression was not associated with chemotherapy 
sensitivity (43). In this study, IHC was used to analyze the 
expression of P-gp in patients of different pathological 
types, different degrees of tissue differentiation, different 
FIGO stages, and different number of residual lesions. 
It was found that the positive expression rate of P-gp in 
serous ovarian cancer was higher than other pathological 
types. The expression rate of P-gp in moderately/highly 
differentiated malignant ovarian cancer tissues was 
significantly higher than that in poorly differentiated 
tissues, and the lower the FIGO stage, the higher the 
expression of P-gp in tissues, but the difference was not 
statistically significant. Analysis of the Kaplan-Meier 
curve found that patients with negative P-gp expression 
had better prognoses than those with positive expression, 
and it was concluded that P-gp positive expression was 
associated with recurrence in postoperative ovarian cancer 
patients. Finally, according to COX regression analysis, it 
was concluded that P-gp is an independent risk factor for 
ovarian cancer. 

In summary, it can be concluded that there is a 
correlation between the CA125, CK7, CK20, C-erbb2, and 
P-gp expressions in ovarian cancer tissues and the prognosis 
of ovarian cancer patients, and P-pg is an independent 
risk factor for the prognosis of ovarian cancer patients. 
However, due to the small samples and short duration of 
study in this research, there are still some shortcomings, 
further studies need to expand sample size and increase 
follow-up period.
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