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Background: Nuclear receptor coactivator 5 (NCOA5) plays a significant role in

the progression of human cancer. However, its expression in epithelial ovarian

cancer (EOC) is unknown. The current study was designed to explore to

investigate the clinical significance of NCOA5 and its correlation with the

prognosis of EOC.

Methods: Immunohistochemistry was used to detect the expression of NCOA5

in 60 patients with EOC in this retrospective study and statistical analysis was

performed to assess its relevance to clinicopathologic features and survival.

Results: NCOA5 expression was significantly higher in EOC than in normal

ovarian tissues (P < 0.001). Its expression level was significantly correlated with

FIGO stage (P <0. 05) and subtypes of ovarian cancer (P < 0.001), while not

correlation with age , differentiation and lymph node metastasis (P>0.05).

Correlation analysis showed that NCOA5 was significantly correlated with

CA125 (P < 0.001) and HE4 (P < 0.01). In a Kaplan-Meier analysis of overall

survival rates, the patients with low expression of NCOA5 had significantly longer

survival than high expression of NCOA5 (p=0.038).

Conclusion: NCOA5 high expression is associated with EOC progression and

can be an independent factor affecting the prognosis of EOC patients.
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Introduction

Ovarian cancer is the seventh most common cancer among women (1). Approximately

90% of ovarian cancers are EOC (2). A total of 23,000 EOC deaths were reported, the crude

mortality rate was 3.37/100,000 in females in China (3). Cytoreductive surgery and

chemotherapy are the main treatments for ovarian cancer (4). The prognosis and overall

survival of ovarian cancer still remains poor due to late diagnosis and chemotherapy
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resistance (5, 6). Effective management of epithelial ovarian cancer

(EOC) requires a multidisciplinary approach from various

disciplines. The multidisciplinary treatment plan may include

surgery, chemotherapy, and radiation therapy, among other

interventions. Multidisciplinary management of EOC patients is

essential for improving the probability of a successful outcome (7).

Besides, Goal of multidisciplinary treatment is to not only treat the

cancer but also to manage the symptoms of patients and improve

their quality of life. The molecular mechanisms of ovarian cancer

have not been elucidated. Therefore, highlighting the importance of

identifying molecular mechanisms that would improve the

prognosis of ovarian cancer is urgently required.

The nuclear receptor coactivator 5(NCOA5), also known as

coactivator independent of AF-2, can enhance ER transcription

activity (8). Previous studies (9, 10) revealed that NCOA5

insufficiency increases the risk of both glucose intolerance and

inflammatory phenotype, resulting in the development of

hepatocellular carcinoma (HCC). Identical, NCOA5 low

expression is associated with esophageal squamous cell carcinoma

(11).However, previous studies have already demonstrated that

NCOA5 was involved in tumorigenesis in several types of cancer

including breast cancer (12) and colorectal cancer (13). In the

present study, we investigated roles of NCOA5 in epithelial

ovarian carcinoma.
Materials and methods

Patients and samples

In this retrospective study, a total of 60 specimens paraffin

sections were obtained from EOC patients who have undergone

cytoreductive surgery in the Changshu No.1 People’s Hospital from

March 2013 to May 2018 for Immunohistochemistry analysis.

Meanwhile, twenty specimens paraffin sections of normal ovarian

tissues were resected because of uterine or fallopian tube surgery.

Pathological staging was reviewed independently by two

experienced pathologists according to the 7th edition of the

American Joint Committee’s Cancer Staging Manual (14).

Clinical information was gathered from the patient’s records

retrospectively. This study was approved in writing by Changshu

No.1 People’s Hospital’s ethics committee(No.87).
Immunohistochemistry analysis

This study used the method of Sun et al. (12) and the methods

description partly reproduced their wording. Formalin-fixed and

paraffin-embedded EOC tissues and normal ovarian tissues were

cut into 4 mm thick sections. The sections were then deparaffinized

and rehydrated. Antigen retrieval was performed by microaving the

slides in 0.01 M citrate buffer (pH=6.0) for a total of 10 min.

Endogenous peroxidase activity was quenched by treatment with

3% H2O2 for 30 min followed by incubation with goat serum for 15
Frontiers in Oncology 02
min. Subsequently, the sections were incubated with rabbit anti-

human NCOA5 (1:25; Cat. No.A300-789A, Bethyl, Montgomery,

TX, USA) primary antibody in a humidity chamber overnight at 4°

C. The primary antibody was omitted for a negative control.

Horseradish peroxidase (HRP)-labeled anti-rabbit secondary

antibody was then incubated for 1 hour at room temperature and

the immunostaining signal was detected using a UltraSensitiveTM

SP kit (Maxin, Fuzhou, Guangdong, China). Finally, the slides were

counterstained with hematoxylin & eosin (HE) and coverslipped.

Immunohistochemistry scores were independently examined by

two experienced histopathologists without knowledge of

clinicopathological information. The percentage of positive tumor

cells and the staining intensity were used to gain the

immunohistochemistry scoring. The percentage of positive tumor

cells was assigned to 5 categories: ≤5% (0), 5-25% (1), 25-50% (2),

50-75% (3), and ≥75% (4). Positive cells (≤5%) were used as the cut-

off to define negative tumors. The intensity of immunostaining was

scored as follows: negative (0), weak (1), moderate (2), and strong

(3). The percentage of positive tumor cells and staining intensity

were added to produce a weighted score for each tumor specimen.

The intensity scores were grouped as (-), 0-1; (+), 2-3; (++), 4-5; and

(+++), 6-7. It was considered as high expression in tumor

specimens when the final scores were ≥4 (++, +++) (15).
Statistical analysis

SPSS version 23.0 (SPSS Inc., Chicago, IL, USA) and GraphPad

Prism version 6.01 (GraphPad Software Inc., La Jolla, CA, USA) were

performed to analyze data. Measurement data were described as ±

standard deviation, and comparison between groups was performed

by independent sample t test or one-way analysis of variance. Pearson

correlation coefficient was used to evaluate the correlation between

NCOA5 and other tumor markers. Kaplan-Meier survival curve was

used to analyze the overall survival (OS) and progression-free survival

(PFS) of patients with different NCOA5 expression, and Log-rank test

was performed. A two-tailed p-value of less than 0.05 was considered

statistically significant.
Results

NCOA5 expression in EOC

The study included 60 patients with clinicopathological features

representative of EOC. To characterize its expression pattern in EOC,

the expression of NCOA5 in human EOC tumor tissues and normal

ovarian tissues was evaluated by immunohistochemistry analysis. As

shown in Figures 1A–H, NCOA5 protein which was stained yellow

brown was detected mainly in the nucleus. We found that NCOA5

expression was significantly higher in EOC than in normal ovarian

tissues (Figure 2) (P < 0.001, Table 1). What calls for special attention

is that the expression level of NCOA5 was significantly higher in

serous ovarian cancer than in other EOC (P<0.001, Table 2).
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Correlation between NCOA5 expression
and prognosis

There was a significant difference in the expression of NCOA5

in FIGO stage of ovarian cancer patients (P<0.001), but there were

no significant differences with age, Differentiation degree and

lymph node metastasis(P>0.05, Table 2). The association between
Frontiers in Oncology 03
NCOA5 and CA125 in predicting EOC was 0.719(P<0.001),

meanwhile, NCOA5 and human epididymal protein 4(HE4) in

predicting EOC was 0.766 (P=0.001, Table 3). OS and PFS for

patients after surgery with low expression of NCOA5 had

significantly longer survival than high expression of NCOA5

(p=0.038, p=0.049) (Figure 3).
TABLE 1 Comparison of NCOA5 expression between EOC and normal ovarian tissues.

Groups Numbers The expression level of NCOA5

EOC 60 1.38 ± 0.14

Normal ovarian tissues 20 0.67 ± 0.10

t value 61.02

P value 0.000
D

A B

E F

G H

C

FIGURE 1

Immunohistochemistry analysis of NCOA5 in EOC tissue specimens. The representative pictures +++ (A: ×100, B: ×400),++ (C: ×100, D: ×400),+
(E: ×100, F: ×400) and -(G: ×100, H: ×400).
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Discussion

Previous researches revealed that NCOA5 expression were

related to breast cancer (12) and colorectal cancer (13).

Conversely, It has also been reported that NCOA5 expression is

downregulated in hepatocellular carcinoma (9), esophageal

squamous cell carcinoma (11), papillary thyroid carcinoma (16),

and cervical cancer (17). However, the potential correlation

between NCOA5 and clinical outcome in patients with EOC has

not been reported. In the present study, NCOA5 expression was

significantly increased in EOC compared with normal ovarian

tissues, it suggests that NCOA5 is probably involved in the

carcinogenesis of EOC.

CA125 has been an established protein marker for the detection

and monitoring of ovarian cancer therapy for many years. Since

2003, the increase of serum HE4 level has attracted increasingly

attention for predicting ovarian cancer. In addition to finding

specific and sensitive markers, ROMA algorithm was developed

(18). In our study, the expression of NCOA5 was highly correlated

with CA125 and HE4. As suggested by the results above, NCOA5

may meet the criteria of a good diagnostic test for EOC. It is worth

noting that the correlation between NCOA5 and pre-Roma is better

than that between post-Roma. However, due to the small number of
Frontiers in Oncology 04
cases, observation after expanding the number of cases may

be necessary.

Tan et al. (19) reported that knockdown of NCOA5 in breast

cancer cells significantly decreased the expression levels of N-

cadherin and Vimentin, whereas increased the expression levels

of E-cadherin, on the contrary, upregulation of N-cadherin and

Vimentin expression or downregulation of E-cadherin expression

contribute to epithelial-mesenchymal transition (20). The

expression level of NCOA5 in FIGO stage III/IV was significantly

higher than that in FIGO stage I/II patients, indicating that NOCA5

may play a role in the distant metastasis of ovarian cancer, however,

it needs to be verified by cell experiments.

This study provides new insights and evidences that NCOA5 is

significantly correlated with progression and prognosis in EOC. The

expression of NCOA5 in ovarian cancer and its role in tumor

development remain unclear. Due to heterogeneity between

different databases, differences between study populations

NCOA5 is not listed as a prognostic marker in ovarian cancer at

present in protein atlas database. Our study reveals that NCOA5 has

great potential as a novel prognostic marker in ovarian cancer.

There are several limitations of this study have to be pointed out.

Firstly, in the present study, we only included a small sample size in

this single-center study, whether the research conclusion is
TABLE 3 Correlation analysis between NCOA5 expression and other tumor markers.

NCOA5 CA125 HE4 Pre-ROMA Post-ROMA

r 0.719 0.766 0.711 0.802

P <0.001 0.001 0.032 0.062
TABLE 2 The relationship of NCOA5 expression with EOC clinicopathological features (Pearson’s c2 test).

Variables Numbers The expression level of NCOA5 t value P value

Age (year) 0.895 0.314

≥50 34 0.27 ± 0.12

<50 26 0.30 ± 0.08

Differentiation 0.583 0.171

High 16 0.38 ± 0.10

Moderately 21 0.29 ± 0.11

Poorly 23 0.16 ± 0.09

FIGO Stage 0.763 0.002

I-II 26 0.59 ± 0.07

III-IV 34 1.02 ± 0.05

Subtype 0.685 <0.001

Serous 40 1.97 ± 0.11

Non- Serous 20 0.66 ± 0.03

Lymph nodes 0.614 0.173

Positive 25 0.21 ± 0.09

Negative 35 0.35 ± 0.12
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universal will be verified by accumulating more subjects in the

future work. Secondly, several clinical characteristics of enrolled

patients were heterogeneous, moreover, we did not study the

prognostic values of NCOA5 in patients regarding to the stage of

the EOC. Finally, retrospective studies have several inherent biases,
Frontiers in Oncology 05
including selection bias, recall bias, reporting bias and confounding

bias which can affect the reliability of the findings.

NCOA5 plays a critical role in the occurrence and development

of several cancers by regulating various cellular processes such as cell

proliferation, differentiation, and apoptosis. NCOA5 expression is

downregulated in breast cancer cells, which promotes the

proliferation and survival of cancer cells (19). Moreover, NCOA5

has been found to suppress the expression of cancer stem cell

markers, thereby inhibiting tumor growth and metastasis.

Moreover, NCOA5 has been shown to suppress the growth and

metastasis of colorectal cancer cells by inhibiting the activation of the

PI3K/Akt signaling pathway (13). NCOA5 also enhances the

sensitivity of colorectal cancer cells to chemotherapy drugs, thereby

improving the therapeutic efficacy. Besides, NCOA5 expression is

significantly decreased in hepatocellular carcinoma cells compared to

normal tissues. It has been demonstrated that NCOA5 inhibits the

proliferation, migration, and invasion of gastric cancer cells by

suppressing the expression of matrix metalloproteinases (MMPs)

(21). Therefore, NCOA5 may serve as a potential therapeutic target

for the treatment of cancers. However, the association between

NCOA5 and ovarian cancer and its underlying mechanisms has

not been reported yet. The overexpression of NOCA5 in patients with

advanced stages of ovarian cancer suggests that this gene may play a

crucial role in promoting distant metastasis. There are several

potential mechanisms by which NOCA5 could contribute to the

metastatic spread of ovarian cancer cells. Firstly, NOCA5 may

regulate the activity of specific genes involved in the metastatic

process, such as genes involved in cell migration, invasion, and

adhesion. For instance, NOCA5 may enhance the expression of

genes that promote the formation of new blood vessels, which is

essential for the growth of metastatic tumors in distant organs.

Secondly, NOCA5 could promote the epithelial-mesenchymal

transition (EMT), which is a cellular process that allows cancer

cells to acquire a more invasive phenotype. During EMT, cancer

cells lose their cell-cell adhesion properties and gain a mesenchymal-

like phenotype, which allows them to migrate through tissues and

invade blood vessels (21). Thirdly, NOCA5 may also be involved in

the regulation of the tumor microenvironment, which can play a

critical role in promoting tumor growth and metastasis. For instance,

NOCA5 could stimulate the production of cytokines and growth

factors that promote angiogenesis and suppress immune surveillance
A B

FIGURE 2

Immunohistochemistry analysis of NCOA5 in normal ovarian tissues specimens (A: ×100, B: ×400).
A

B

FIGURE 3

Kaplan-Meier curves of OS (A) and PFS (B) after surgery for all
patients. patients with low expression of NCOA5 had significantly
longer survival than high expression of NCOA5 (p=0.038、p=0.049).
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(22). Molecular parameters such as genetic mutations, gene

expression profiles, and protein levels can provide valuable

information on the biology of ovarian cancer and its response to

therapy. The combination of molecular targeting treatment with

classical medical imaging methods such as positron emission

tomography/computed tomography (PET/CT) can potentially lead

to the development of better early diagnosis models and will improve

the management of patients with EOC (7, 23, 24). We suggest that

NCOA5 gene may have potential value as a pathological diagnostic

marker of ovarian cancer. NCOA5 was highly expressed in serous

ovarian cancer and closely related to CA125 and HE4. NCOA5 may

be a promising supplementary marker in serous ovarian cancer and

help determine its management in the future. However, basic

experiments are still needed to further confirm the role of NCOA5

in the development of EOC.
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