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Abstract. Ovarian cancer is the fifth most common type of 
cancer in females; however, its asymptomatic progression and 
the lack of an efficient screening strategy leads to late diagnosis. 
The present study aimed to investigate the expression levels 
of cluster of differentiation (CD)146 and vascular endothelial 
growth factor A (VEGFA) in epithelial ovarian cancer, and 
their clinical significance. A total of 52 ovarian samples were 
tested, of which 22 were from patients with epithelial ovarian 
cancer and 30 were from non‑cancer patients. The relative 
gene expression of CD146 and VEGFA was quantified using 
reverse transcription‑quantitative polymerase chain reaction 
analysis. Western blotting was used to determine the protein 
expression levels. The relative gene expression levels of CD146 
and VEGFA in tumor tissues were significantly increased 
compared with the control (4.92±0.44 vs. 1.05±0.06 and 
3.08±0.17 vs. 1.06±0.07, P<0.01). The protein expression levels 
of CD146 and VEGFA in tumor tissue were also significantly 
increased compared with the control (0.70±0.02 vs. 0.41±0.07 
and 0.54±0.01 vs. 0.26±0.01, P<0.01). There was a positive 
correlation between the expression levels of CD146 and 
VEGFA genes (r=0.78) and between the two proteins (r=0.69). 
Dot density frequency analysis indicated that CD146 and 
VEGFA were specifically present in tumor tissues. In conclu-
sion, CD146 and VEGFA are co‑overexpressed in ovarian 
cancer; their potential as tumor biomarkers or therapeutic 
targets for the treatment of ovarian cancer requires further 
investigation.

Introduction

Ovarian cancer, the leading cause of mortality among gyneco-
logical malignancies, is the fifth most common type of cancer 
in females (1,2). The majority of patients with ovarian cancer 
are diagnosed at a late tumor stage, due to the asymptomatic 
progression and lack of an efficient screening strategy (3). 
High‑grade serous ovarian cancers exhibit frequent tumor 
protein p53 (TP53) mutations, whereas GTPase KRAS and 
serine/threonine‑protein kinase B‑raf mutations are less 
common (4). Melanoma cell adhesion molecule, also termed 
cluster of differentiation 146 (CD146), and vascular endothelial 
growth factor A (VEGFA) are frequently studied angiogenic 
factors in other cancer types, and are considered to be impor-
tant in the progression of cancer (5).

Tumor growth and metastasis depend on angiogenesis, 
which provides oxygen and nutrients to tumor cells  (6). 
CD146 is a non‑CA2+‑dependent cell adhesion molecule on 
the cell membrane surface of transmembrane glycoproteins, 
and is involved in neovascularization (7‑11). The mechanism 
of CDl46‑regulated tumor angiogenesis may involve the 
activation of matrix metalloproteinase‑2 via VEGFA, leading 
to extracellular matrix degradation, angiogenesis and metas-
tasis (12). CD146 on tumor endothelial cells binds the CD146 
ligand on tumor cells to cause cell aggregation, vessel blocking 
and adhesion to new vascular endothelia. These processes all 
lead to tumor invasion and metastasis (10,13‑21).

The biological functions of angiogenesis in ovarian cancer 
development remain unknown; there are contradictory studies 
regarding the influence of microvessel density in ovarian cancer 
prognosis (22‑24). Certain studies report that there is no a clear 
association between VEGFA and prognosis (25,26), whereas 
others have demonstrated a considerable independent prog-
nostic influence (27). The abilities of sprouting, migration and 
tube formation in response to VEGFA treatment are impaired in 
the endothelial cells (ECs) of CD146 EC‑knockout (KO) mice. 
Mechanistic studies further illustrated that VEGFA‑induced 
VEGF receptor (VEGFR)‑2 phosphorylation and RAC‑α 
serine/threonine‑protein kinase (Akt)/p38 mitogen‑activated 
protein kinase/nuclear factor‑κB pathway activation were 
inhibited in these CD146‑null endothelial cells, which may 
indicate the underlying reason for the observed tumor angio-
genesis inhibition in CD146EC‑KO mice (26). Knockdown of 
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CD146 decreased VEGFR‑2/E‑cadherin expression and altered 
focal adhesion kinase activation in response to VEGF (28).

VEGFA, a primary responder to VEGF signaling, serves 
important roles in physiological and pathological angiogen-
esis. Tumors which grow quickly generally have increased 
numbers of interstitial blood vessels and less fibrous connec-
tive tissue compared with benign tumors that grow slowly (29). 
The induction of neovascularization is one of the prerequisites 
for tumor growth, invasion and metastasis.

Recently, CD146 has been identified as a VEGFR‑2 
coreceptor‑mediated VEGF/VEGFR2 pathway that is essential 
in VEGF‑induced cell migration and tube formation, and has 
been implicated in the tumor progression of epithelial ovarian 
cancer (30,31). The present study aimed to characterize the 
expression pattern of CD146 and VEGFA in ovarian cancer 
and their role in this cancer type.

Materials and methods

Patients. Epithelial ovarian samples were collected <10 min 
following surgery from 22  patients with ovarian cancer, 
including 14 cases of high‑grade serous ovarian carcinoma, 
eight cases of low‑grade serous ovarian carcinoma and 30 cases 
diagnosed with benign disease (control) between January 2014 
and January 2016, in the Cancer Hospital Affiliated to Xinjiang 
Medical University (Xinjiang, China). Among them, four 
cases were <30 years old, 21 were between 30 and 40 years, 
nine patients were between 40 and 50 years, 14 were between 
50 and 60 years and four cases were >60 years. The median 
age was 50.1 years. A total of 12 patients had lymph node 
metastasis. All specimens collected prior to chemotherapy, 
radiation therapy or immunotherapy were histopathologically 
confirmed to be epithelial ovarian cancer. Informed consent 
was obtained from all individual participants included in the 
study, and the study was approved by the ethics committee of 
the Cancer Hospital Affiliated to Xinjiang Medical University.

Reagents and instruments. TRIzol® was purchased from 
Invitrogen (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA); the high‑efficiency reverse transcription (RT) kit 
was purchased from Tiangen Biotech Co., Ltd. (Beijing, 
China) and SYBR Select Master mix was purchased from 
Applied Biosystems (Thermo Fisher Scientific, Inc.). 
VEGFA and GAPDH primers (Table I) were synthesized by 
Quintarabio Biotechnology Co., Ltd. (Urumqi, China), and the 
RT‑quantitative polymerase chain reaction (RT‑qPCR) instru-
ment was purchased from Applied Biosystems.

RT‑qPCR. RNA extraction was conducted using TRIzol®, 
according to the manufacturer's protocol. Briefly, 100 mg 
homogenized tissue samples were mixed with 800 µl TRIzol 
and 200 µl chloroform. The mixture was vortexed thoroughly 
for 2 min, incubated for 20 min at room temperature, and 
centrifuged at 8,000 x g for 20 min at 4˚C. The upper phase 
was carefully transferred into a fresh tube, and precipitated 
with 600 µl isopropanol at ‑20˚C for 20 h. Following centrifu-
gation, the RNA pellet was washed with 70% ethanol, air dried 
and re‑suspended in 1 ml diethyl pyrocarbonate‑treated water. 
cDNA was transcribed using 500 ng RNA as the template, 
according to the RT kit instructions, and stored at ‑80˚C.

Each RT‑qPCR reaction tube contained 12.5 µl SYBR 
Green Real‑time PCR Master mix, 1 µl of each forward and 
reverse primer (Table I), 2 µl cDNA template and 6.5 µl dH2O. 
The mixture was centrifuged for 15 sec, and RT‑qPCR was 
performed using the following protocol: An initial denatur-
ation step at 95˚C for 2 min, 40 cycles of amplification with 
denaturation at 95˚C for 15 sec, and annealing and extension 
at 60˚C for 1 min. PCR signals from a total of 40 cycles were 
collected at 60˚C and fluorescence quantitation was assessed 
using RT‑qPCR software.

The relative expression levels of target genes were quan-
tified by normalizing target gene expression to that of the 
internal control using the 2‑ΔΔCq formula (32).

Measuring the protein expression levels of CD146 and 
VEGFA using western blotting. Proteins from ovarian 
tissues were extracted using radioimmunoprecipitation 
assay/phenylmethylsulfonyl f luoride (100:1) solution, 
according to the manufacturer's instructions (Boster Biological 
Technology, Pleasanton, CA, USA). A total of 50 µg proteins 
(concentration 2.5 µg/µl) were electro‑separated on a 10% 
SDS‑PAGE gel and electro‑transferred onto a polyvinylidene 
difluoride membrane (EMD Millipore, Billerica, MA, USA) 
for western blotting. The membrane was rinsed with PBS and 
the non‑specific binding sites were blocked in a solution of 
5% non‑fat milk in PBS with 0.05% Tween-20 (PBST) for 2 h 
at 37˚C, followed by three washes with PBST. The primary 
antibodies against CD146 (1:500 dilution; cat. no. 13475S; 
CST Biological Reagents Co., Ltd., Shanghai, China), VEGFA 
(1:1,000 dilution; cat. no. 2478S; CST Biological Reagents Co., 
Ltd.) and β‑actin (1:2,500 dilution; cat. no. ab8227; Abcam, 
Cambridge, UK) were added and incubated overnight at 
4˚C. The secondary Goat Anti‑Rabbit‑IgG (H+L) antibody 
conjugated to horseradish peroxidase (1:10,000 dilution; cat. 
no. 31460; Pierce; Thermo Fisher Scientific Inc.) was added 
for a 1‑h incubation at room temperature. Western blotting 
signals were developed using an enhanced chemiluminescent 
kit (cat. no. 32106; Thermo Fisher Scientific, Inc.). Following 
color development, the detection of immunoreactive bands 
was performed using a ChemiScope mini chemiluminescence 
meter (Qinxiang Science Instrument Co., Ltd., Shanghai, 
China).

The protein expression levels were calculated using the 
following equation: Protein expression=integral optical 
density value of target protein/integral optical density value 
of β‑actin. Protein levels were quantified using a ChemiScope 
Mini system (Qinxiang Science Instrument Co., Ltd.).

Immunohistochemistry (IHC). Tissue samples were fixed 
with 4% paraformaldehyde at room temperature for 12  h 
and embedded with paraffin. Following deparaffinization 
and rehydration, the CD146 and VEGFA antigens were 
retrieved by citric acid buffer (pH  6.0); subsequently the 
samples were blocked for endogenous peroxidase activity 
using 3% hydrogen peroxide (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) for 30 min at 37˚C and then 2 min at 
room temperature. Following washing with potassium‑free 
PBS buffer, the samples were incubated with monoclonal 
antibodies against CD146 (catalog no. ab75769; 1:100; Abcam) 
and VEGFA (catalog no. ab51745; 1:100; Abcam) overnight 
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at 4˚C. Following rewarming, the samples were incubated with 
the corresponding secondary antibody (Goat Anti‑Rabbit‑IgG 
(H+L) antibody conjugated to horseradish peroxidase; cat. 
no. 31460; 1:1,000; Pierce) for 1 h at room temperature. The 
sections were subsequently stained with Mayer's hematoxylin 
for 5 min at room temperature, followed by dehydration and 
permeabilization. Finally, the sections were mounted with 
neutral resins and visualized by light microscopy (x100 
magnification). Staining intensity was graded as 0 (negative), 
1  (weak), 2 (moderate), and 3 (strong); the percentage of 
positive cells examined was scored as 0 (negative), 1 (<10%), 
2 (11‑50%), 3 (51‑80%), and 4 (>80%). The two scores were 
multiplied and the immunoreactivity score (IRS; values of 
0‑12) was determined: Values 0‑1 as negative (‑); 2‑3 as weak 
positive (+); values 4‑8 as moderate positive (++); and values 
9‑12 as strongly positive (+++).

Statistical analysis. Statistical analysis was performed using 
SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). Data are 
presented as the mean ± standard deviation. All experiments 
were repeated three times. Student's t‑test was used to compare 
the means of two independent groups in order to determine 
whether differences between the means were significant. The 
Pearson test used for the independent data revealed the asso-
ciations among the factors tested. A Spearman's Rho test was 
used to determine the correlation between the IRS of CD146 
and VEGFA and the pathological grade of tumor IRS, and the 
statistical significance of differences between tumor tissues 
and non‑tumor tissues. Dot density frequency analysis, using 
SigmaPlot 11.1.0 (Systat Software Inc., San Jose, CA, USA), 
was performed on the means of CD146 and VEGFA to assess 
their sensitivity and specificity (33,34). P<0.05 was considered 
to indicate a statistically significant difference.

Results

Gene and protein expression levels of CD146 and VEGFA 
in ovarian tissues. The RT‑qPCR results demonstrated that 
CD146 and VEGFA gene expression levels in the primary 
tumor were significantly increased compared with the 
control (CD146 4.92±0.44 vs. 1.05±0.06, P<0.01; VEGFA, 

3.08±0.17 vs. 1.06±0.07, P<0.01; Fig. 1). The results of the 
western blotting experiments indicated that the protein expres-
sion levels of CD146 and VEGFA in the primary tumors 
were significantly higher compared with those of the control 
(CD146 protein, 0.70±0.02 vs. 0.41±0.07, P<0.01; VEGFA 
protein, 0.54±0.01 vs. 0.26±0.01, P<0.01; Fig. 2).

Correlation analysis. The Pearson correlation analysis 
(Table II) demonstrated that there were significant positive 
correlations between the gene and protein expression levels 
of CD146 (r=0.73, P<0.05), gene and protein expression levels 
of VEGFA (r=0.74, P<0.05), gene expression levels of CD146 
and VEGFA (r=0.78, P<0.05), protein expression levels of 
CD146 and VEGFA (r=0.69, P<0.05), CD146 gene expression 
levels and VEGFA protein expression levels (r=0.77, P<0.05) 
and between CD146 protein expression levels and VEGFA 
gene expression levels (r=0.81, P<0.05). Although the results 
of IHC demonstrated that the protein expression levels of 
CD146 (IRS=8) and VEGFA (IRS=9) in tumor tissue were 
significantly higher compared with those in non‑tumor tissue 
(IRS=2, Fig. 3), the Spearman's Rho value was 0.37, indicating 
no strong association between the IRS of CD146 and VEGFA 
and the pathological grade of the tumor (P>0.05; data not 
shown).

Dot density frequency analysis. The optimal cut off values 
determined by dot density frequency analysis were 1.80 and 
1.96 for the CD146 and VEGFA gene expression levels, respec-
tively (Fig. 4), and 0.55 and 0.45 for the CD146 and VEGFA 
protein expression levels, respectively (Fig. 5).

Discussion

Expression of CD146 and VEGFA is necessary for tumor occur-
rence and development. CD146 promotes cancer progression, 
enhanced migration and invasion in melanoma, gallbladder 
adenocarcinoma, breast cancer and prostate cancer (6,35). It 
has been recognized as a biomarker to predict poor prognosis 
in gastric cancer, lung adenocarcinoma, malignant pleural 

Table I. Primers used for reverse transcriptase‑quantitative 
polymerase chain reaction.

		  Amplicon
		  size
Gene	 Primer sequence (5'→3')	 (base pairs)

CD146	 F:	AGCTCCGCGTCTACAAAGC	 102
	 R:	CTACACAGGTAGCGACCTCC
VEGFA	 F:	AGGGCAGAATCATCACGAAGT	 75
	 R:	AGGGTCTCGATTGGATGGCA
GAPDH	F:	GGAGCGAGATCCCTCCAAAAT	 197
	 R:	GGCTGTTGTCATACTTCTCATGG

F, forward primer; R, reverse primer; CD, cluster of differentiation; 
VEGFA, vascular endothelial growth factor A. 

Figure 1. Relative gene expression of CD146 and VEGFA in ovarian cancer 
tissues vs. control tissues. CD, cluster of differentiation; VEGFA, vascular 
endothelial growth factor A.
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mesothelioma and non‑small‑cell lung cancer (36‑39). CD146 
is associated with an advanced tumor stage in melanoma, 
prostate cancer and ovarian cancer (6). Inhibition of CD146 
gene expression via RNA interference reduces in  vitro 
perineural invasion in a high‑metastatic adenoid cystic 
carcinoma cell line (ACC‑M) (40). In triple‑negative breast 

cancer samples, high expression levels of CD146 are strongly 
associated with E‑cadherin downregulation, suggesting that 

Figure 4. Comparison of the gene expression levels of CD146 and VEGFA in 
ovarian tissues between patients with and without epithelial ovarian cancer, using 
dot density frequency. The cut‑off values of CD146 and VEGFA gene expression 
were 1.80 and 1.96, respectively. CD146 gene‑N, CD146 gene expression in the 
control; CD146 gene‑P, CD146 gene expression in patients with cancer; VEGFA 
gene‑N, VEGFA gene expression in the control; VEGFA gene‑P, VEGFA gene 
expression in patients with cancer. CD, cluster of differentiation; VEGFA, 
vascular endothelial growth factor A; SD, standard deviation.

Figure 3. Images of immunohistochemistry staining for positive protein 
expression (brown). Magnification, x100. (A) CD146 protein expression in 
non‑ovarian cancer tissues. (B) CD146 protein expression in ovarian cancer 
tissues. (C)  VEGFA protein expression in non‑ovarian cancer tissues. 
(D) VEGFA protein expression in ovarian cancer tissues. CD, cluster of 
differentiation; VEGFA, vascular endothelial growth factor A.

Figure 2. Relative protein expression levels of CD146 and VEGFA, determined via western blotting. (A) Relative protein expression levels of CD146 and 
VEGFA in ovarian cancer tissues vs. control tissues. (B) Western blot image of CD146 and VEGFA expression levels in ovarian cancer tissues vs. control 
tissues. Lanes 1 to 4, four different representative samples from patients without ovarian cancer (control group); lanes 5 to 9, five different representative 
samples from patients with ovarian cancer (cancer group). CD, cluster of differentiation; VEGFA, vascular endothelial growth factor A.

Table II. Pearson correlation coefficients (r) between the gene and protein expression of CD146 and VEGFA.

	 CD146	 CD146	 VEGFA	 VEGFA
	 gene expression	 protein expression	 gene expression	 protein expression

CD146 gene expression	 1	 ‑	 ‑	 ‑
CD146 protein expression	 0.73a	 1	‑	‑ 
VEGFA gene expression	 0.78a	 0.81a	 1	‑
VEGFA protein expression	 0.77a	 0.69a	 0.74a	 1

aP<0.05. CD, cluster of differentiation; VEGFA, vascular endothelial growth factor A.
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CD146 promotes breast cancer progression due to the induc-
tion of epithelial‑mesenchymal transition via the activation 
of ras homolog family member A and the upregulation of 
snail family transcriptional repressor 2 (41). A CD146 immu-
nohistochemical study revealed that its overexpression was 
positively and significantly correlated with the pathological 
subtype of cervical cancer, with the histological grade and 
depth of myometrial invasion in endometrial cancer, yet not 
with patient age or the pathological type of the tumor (42).

VEGFA expression in patients with ovarian cancer at 
stages III and IV is significantly higher compared with that 
at stages I and II (43). VEGFA represents a potent cytokine 
in ovarian cancer progression. High VEGFA production from 
primary tumors was hypothesized to correlate with increased 
metastasis and a worse prognosis compared with low 
VEGFA‑producing tumors (44). In addition, VEGFA secre-
tion has recently been proposed as one of the major factors 
responsible for defective immune function in patients with 
cancer (44). Patients with early‑stage cancer (stages I and II) 
display a poorer prognosis when VEGFA expression is 
increased in the tumor (45), and elevated expression levels of 
the VEGFA gene predict a poor prognosis; notably, this does 
not appear to be associated with microvessel density, which 
contradicts previous studies (25,45). A tissue microarray study 
indicated that high VEGFA expression levels in epithelial 
ovarian cancer may be associated with serous morphology, 
high grade and advanced stage. Among 78 cases of primary 
malignant epithelial ovarian neoplasms that exhibited high 
VEGFA expression, 23 were serous carcinomas (46).

The present study confirmed that the gene and protein 
expression levels of CD146 and VEGFA in cancer tissues 
were increased significantly, and were positively correlated 
with each other. Dot density frequency analysis revealed that 

gene expression levels of CD146 and VEGFA are superior 
compared with protein expression levels as potential biological 
indicators. Furthermore, protein quantification is costly and 
time‑consuming. The cut off value of the gene expression 
levels, based on the mean, were higher compared with the 
control, indicating that a gene expression approach may be 
used in the first instance.

The Pearson test was used to compare the gene/gene, 
gene/protein and protein/protein expression levels, and it was 
confirmed that CD146 and VEGFA are co‑expressed, yet their 
expression levels in the tumor tissue are not associated with 
pathological grade of ovarian serous carcinomas. This result 
is consistent with the results of Premalata et al (47), as the 
results of that study suggested that the high expression levels 
of VEGFA in epithelial ovarian cancer may be associated 
with serous morphology, high grade and advanced stage. 
Though a certain level of VEGFA expression was observed 
in the majority of ovarian carcinomas, high expression levels 
were only observed in one‑third of patients. High VEGFA 
expression levels occurred in a small proportion of patients 
with ovarian cancer, and this may be used as an independent 
predictor of poor prognosis; patients with tumors that express 
high levels of VEGFA had worse survival rates compared with 
those with medium, low or no VEGFA expression (48).

Spearman's Rho analysis failed to suggest that the over-
expression of CD146 and VEGFA was associated with high 
histopathological grade. In fact, it was only associated with 
static changes in the tumor, including the tumor size, growth 
rate, infiltration and metastatic progression in contrast to 
dramatic changes. CD146 interacts with VEGF‑C directly to 
control lymphatic sprouting in lymphangiogenesis. CD146 is 
expressed in lymphatic endothelial cells (LEC) and regulates 
LEC activation induced by VEGF‑C. It has been demonstrated 
in vitro and in vivo that CD146 is a receptor of VEGF‑C, regu-
lating lymphangiogenesis at the sprouting step independently 
of vasculogenesis (49).

CD146 and VEGFA expression levels are directly associ-
ated with dynamic tumor behavior. Thus, to a certain extent, 
these factors influence the biological status (proliferation or 
inhibition) of the tumor cells in the body; therefore, they are 
more likely to be the dynamic indicators of tumor alterations, 
including the potential growth rate, prognosis and the effects 
of anticancer agents (6). All of these will provide an important 
reference value in the clinic.

In a xenograft model using immunodeficient NOD/Shi‑scid 
IL‑2Rγ‑null mice, CD146+ cells purified from malignant 
rhabdoid tumor (MRT) cell lines or a primary tumor 
displayed the unique ability to form tumors in vivo. Blocking 
CD146‑associated mechanisms, including short hairpin RNA 
knockdown or treatment with a polyclonal antibody against 
CD146, effectively suppressed the tumor growth of MRT cells 
in vitro and in vivo, via the induction of apoptosis by inacti-
vating Akt (50).

CD146 and VEGFA cut‑off values determined from dot 
density frequency may predict the biological status of tumor 
cells based on sensitivity and specificity. Analysis of the dot 
density graphs indicated that for the identification of ovarian 
cancer and the control group, the cut‑off for the gene expres-
sion was 1.80 (CD146) and 1.96 (VEGFA) respectively; the 
cut‑off for the protein expression was 0.55  (CD146) and 

Figure 5. Comparison of the protein expression levels of CD146 and VEGFA 
in ovarian tissues between patients with and without epithelial ovarian cancer, 
using dot density frequency. The cut‑off value of CD146 protein expression 
was 0.55; the cut‑off value of VEGFA protein expression was 0.45. CD146 
P‑N, CD146 protein expression in the control; CD146 P‑P, CD146 protein 
expression in patients with cancer; VEGFA P‑N, VEGFA protein expres-
sion in the control; VEGFA P‑P, VEGFA protein expression in patients with 
cancer. CD, cluster of differentiation; VEGFA, vascular endothelial growth 
factor A; SD, standard deviation.
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0.45 (VEGFA) respectively. It was postulated that elevated 
cellular production of CD146 and VEGFA may serve as a 
potential indicator of tumor alterations, and that these factors 
may correlate with a poorer prognosis for patients with ovarian 
carcinoma. These indicators may facilitate the investigation of 
whether tumor cells are under either proliferative or inhibitory 
conditions. VEGFA is a key regulator of angiogenesis, which 
drives endothelial cell survival, proliferation and migration 
while increasing vascular permeability. VEGFA not only 
serves an important function in the physiology of normal 
ovaries, but has also been implicated in the pathogenesis of 
ovarian cancer. It is understood that CD146 serves a potent 
role in angiogenesis, and VEGFA may also serve a central and 
specific function in angiogenesis (51).

In conclusion, CD146 and VEGFA expression levels are 
positively correlated with dynamic tumor biology, and they 
are co‑overexpressed in ovarian cancer as indicators of tumor 
activity. Their expression levels may be important indicators 
in the diagnosis, treatment and prognosis of epithelial ovarian 
cancer.
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