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Introduction

Ovarian cancer is one of the three major malignant 
tumors that occurs in female reproductive organs. The 
pathogenesis of ovarian cancer is still inconclusive, mainly 
with three theories. The incidence of ovarian cancer has 
been increasing each year, and its mortality has always 

ranked first in gynecological malignancies. Among all 
the ovarian cancers, epithelial ovarian cancer is the most 
common disease, and can seriously threaten the life of 
female patients (1). Epithelial ovarian cancer has an 
insidious onset, rapid progress. Pathological diagnosis is a 
common clinical method, but it is invasive operation, so it is 
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lack of effective early diagnosis methods in clinical practice,. 
Nearly 70% of patients are already in the advanced stage 
when the carcinomas are initially discovered. Furthermore, 
the treatment effect and prognosis of epithelial ovarian 
cancer are quite poor (2). Therefore, progress into 
understanding the pathogenesis and disease progression 
of epithelial ovarian cancer has been both critical and 
challenging in gynecological malignancies. The growth of 
tumor cells depends on blood supply. In addition to blood 
vessels, vasculogenic mimicry (VM) is an integral blood 
supply structure that maintains tumor growth (3). Previous 
studies have shown that cancer stem cells (CSCs) are closely 
related to the formation of VM (4). CD177 is an important 
neutrophil gene that encodes the neutrophil, NB1 
glycoprotein, and acts as a molecular marker for CSCs (5). 
A large number of studies have found that CD177 is closely 
related to the neovascularization of epithelial ovarian cancer 
tumor tissues, suggesting that CD177 may be associated 
with the formation of VM in epithelial ovarian cancer tissue 
and may participate in the occurrence and development 
of epithelial ovarian cancer. In this study, CD177-positive 
expression (CD177+) was detected in epithelial ovarian 
cancer tissue samples with complete clinical data, and 
the relationship between CD177 and the vascular VM, 
clinicopathological parameters, and prognosis of epithelial 
ovarian cancer was explored. We present the following 
article in accordance with the REMARK reporting checklist 
(available at http://dx.doi.org/10.21037/apm-20-1825).

Methods

 Specimens information

A total of 98 specimens of epithelial ovarian tumor tissues 
were collected by operation from June 2012 to June 2017. 
The inclusion criteria were as follows: (I) patients were 
diagnosed as epithelial ovarian cancer by pathological 
diagnosis; (II) the first operation mode was an ovarian 
cancer staging operation or a tumor reduction operation; 
(III) patients had not received radiotherapy, chemotherapy, 
or hormone drugs before the operation (6,7); (IV) patients 
were supplemented with platinum-based combined 
chemotherapy after operation. Meanwhile, the exclusion 
criteria were the following: (I) patients with other types 
of tumor; (II) patients with incomplete clinical data and 
follow-up data; (III) patients who received radiotherapy, 
chemotherapy, or hormone drugs before the operation. 
The ages of patients ranged from 19 to 74 years old, with 

an average age of 52.36±12.02. Tumor types included 63 
cases of serous adenocarcinoma, 8 cases of endometrial-
like carcinoma, and 27 cases of mucinous adenocarcinoma. 
According to the 2009 International Federation of 
Gynecology and Obstetrics (FIGO) staging systems (6), 
there were 20 cases in stage I, 8 cases in stage II, 48 cases 
in stage III, and 22 cases in stage IV. According to the 
grade of differentiation, there were 11 cases with high 
differentiation, 48 cases with medium differentiation, and 
39 cases with low differentiation. There were 45 cases of 
lymph node metastasis and 43 cases without lymph node 
metastasis. Among the patients, 29 were platinum-resistant 
(i.e., relapsed within 6 months after the discontinuation 
of primary platinum-based chemotherapy) and 69 were 
platinum-sensitive (i.e., no relapse occurred within 6 months  
after the discontinuation of primary platinum-based 
chemotherapy). This study was approved by the Ethics 
Committee of our hospital. All procedures performed in 
this study involving human participants were in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
informed consent was taken from all the patients.

Immunohistochemical streptavidin-peroxidase conjugate 
(SP) method 

The epithelial ovarian tumor tissues were conventionally 
fixed in 4% paraformaldehyde and embedded in paraffin 
wax. Sections were made from a tissue-slicing machine to 
the thickness of 4 μm. After dewaxing and hydration, 3% 
H2O2 was used to eliminate endogenous peroxidase activity. 
Then, the tissue antigen was repaired by microwave, and 
the blocking solution containing goat serum was flooded on 
sections at 37 ℃ for 45 minutes. Subsequently, rabbit anti-
human CD177 monoclonal antibody (Boster Biological 
Technology, Wuhan, China) was added to the sections 
and incubated overnight at 4 ℃. The next day, goat anti-
rabbit immunoglobulin G (IgG) antibody (Boster Biological 
Technology, Wuhan, China) labeled with horseradish 
peroxidase was added to the sections and incubated at 37 ℃ 
for 30 minutes. After reacted with DAB solution, the stained 
tissue sections were observed under optical microscope 
(Olympus, Japan). The CD177 immunohistochemical 
staining of gastric stromal tumor was used as the positive 
control, and sections incubated with phosphate-buffered 
saline (PBS) instead of the primary antibody were used as 
the negative control.

The determination of CD177+ expression was proceeded 
as follows. The brownish yellow granules in the cytoplasm 
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or the cell membrane were considered to indicate the 
positive expression of CD177. The results of the test were 
double blind-determined by two experienced pathologists. 
According to Formwitz semiquantitative integration 
method, five high magnification visual fields (×400) were 
randomly selected. Then, the positive cells in each visual 
field were counted, and the score of positive expression rate 
was calculated. Scoring of positive cells was determined 
according to the proportion of positive cells to the total 
number of cells, and tabulated in the following manner: 
less than 10% = 0 point; 11–30% = 1 point; 31–70% = 
2 points; over 70% = 3 points. Staining intensity of cells 
was determined as follow: 0= staining; 1= light yellow; 2= 
brownish yellow. The staining index of each tissue section 
was the product of CD177+ expression rate score and cell 
staining intensity. CD177 expression was positive when 
the staining index was higher than 2 points, and CD177 
expression was negative (CD177−) when the staining index 
was lower than or equal to 2 points

CD31/periodic acid-Schiff (PAS) double staining 

Rabbit anti-human CD31 monoclonal antibody (Boster 
Biological Technology, Wuhan, China) was used for 
immunohistochemical staining (same as the detection 
of CD177). The sections were then oxidized in 0.5% 
periodic acid solution for 8–15 minutes, washed with 
distilled water for 2 minutes, and then mixed with periodic 
acid-Schiff (PAS) reagent (ZSGB-BIO, Beijing, China) 
for staining. After 15 minutes, the sections were washed 
with distilled water 3 times, for 1 minute each time. The 
sections were then stained with hematoxylin. Finally, 
following conventional dehydration with gradient alcohol 
and transparency with xylene, the sections were sealed 
with neutral gum. The sections were photographed by 
observation under an optical microscope.

The standards for VM structure judgment were as 
follows. In a VM-positive (CD31-negative, PAS-positive) 
structure, the tumor cells with negative CD31 staining 
constitute the lumen-like structure. PAS-positive substances 
are attached to the surrounding, while no CD31-positive 
endothelial cells are found, and some lumens can be seen 
with red blood cells, platelets, etc. Meanwhile, in VM-
negative (CD31-positive, PAS-positive) structure, tumor 
central necrosis is rarely seen around the VM. The 
inner wall of the blood vessel is lined by CD31-positive 
endothelial cells, which are brownish yellow, and PAS 
staining is positive. The results of the test were double-

blind-determined by two experienced pathologists using the 
above-described standards.

Follow-up

All patients were followed up by outpatient service, 
telephone, or e-mail. The follow-up period was from June 
2012, to December 2018. The clinicopathological data of 
all patients were recorded, including age, pathological tissue 
type, tumor tissue staging, tumor tissue differentiation, 
lymph node metastasis, and chemosensitivity. For patients 
who died during the follow-up, the time of death was 
recorded; for those who were lost to follow-up, the last 
follow-up date was recorded.

Statistical analysis

SPSS 20.0 software was performed for the statistical 
analysis. Frequency was used to express the counting 
data, and χ2 test was used to evaluate the differences. The 
correlation between CD177 and pathological data of 
patients was examined by Spearman’s rank correlation. The 
Kaplan-Meier method was used for survival analysis while 
log-rank test was used to compare the survival curves. The 
difference was considered statistically significant with a P 
value <0.05.

Results

Positive expression of CD177 in epithelial ovarian cancer 

The positive expression of CD177 (CD177+) was shown as 
brown-yellow particles in the nucleus, as shown in Figure 1.  
From a total of 98 cases of ovarian cancer, there were 64 
CD177+ cases (65.31%), and 34 CD177− cases (34.69%). 
CD177+ patients were significantly more common than 
CD177− patients (P<0.05). 

The relationship between CD177+ expression and the VM 
and clinicopathological parameters in epithelial ovarian 
cancer

In ovarian cancer tissues, ovarian cancer cell focally 
expresses PAS positive substance, forms a lumen sample 
structure. The PAS positive substance isolated tumor 
cells from the lumen, and no CD31 positive was lined by 
endothelial cells. There were red blood cells in the part of 
the lumen, with no hemorrhage around lumen, no necrosis 
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and inflammatory cells infiltration, indicating to be the VM, 
as shown in Figure 2. The positive expression of CD177 in 
epithelial ovarian cancer was correlated with VM formation, 
tumor differentiation, tumor diameter, tumor stage, and 
platinum sensitivity (P<0.05), but not with age, tumor type, 
or lymph node metastasis (P>0.05), as shown in Table 1.

Correlation analysis of CD177 expression with the VM 
and clinicopathological parameters in epithelial ovarian 
cancer

As shown in Table 2, the positive expression of CD177 in 
epithelial ovarian cancer was positively correlated with 
VM formation, tumor differentiation, tumor diameter, 
and tumor stages (P<0.05), and negatively correlated with 

platinum sensitivity (P<0.05). 

Relationship between survival rate and CD177+ expression 
in epithelial ovarian cancer

In all, 98 patients with epithelial ovarian cancer were 
followed up for 8 to 72 months. During the follow-up, 24 
cases were lost, 43 cases died, and the mortality rate was 
43.88%. The survival curve of patients was drawn according 
to the expression of CD177. The median survival time of 
the CD177− group was 71 months, and the median survival 
time of the CD177+ group was 32 months (Figure 3). 

Discussion

Epithelial ovarian cancer is a common gynecological 
malignant tumor, accounting for 50–70% of ovarian 
cancer. Because it is difficult to detect in the early stage, 
the mortality rate ranks first among gynecological 
malignant tumors, and thus poses a considerable threat to 
the life of female patients (7). It is observed that during 
the rapid growth period of highly malignant epithelial 
ovarian cancer cells, the endothelium-dependent blood 
vessels formed by tumor angiogenesis cannot meet blood 
supply demand of tumor cells. Under these circumstances, 
the tumor cells will obtain the necessary nutrition through 
the construction of VM structures, and these structures 
will be connected with the endothelium-dependent blood 
vessels (8). The presence of VM will cause the epithelial 
ovarian cancer cells to come into direct contact with the 
blood circulation of the body. In turn, this causes the 
tumor cells to acquire higher invasion ability and increases 
the likelihood of drug resistance and recurrence, making 

Figure 1 Expression of CD177 in ovarian cancer tissues detected 
by immunohistochemistry (×400).

Figure 2 Double staining observation of VM CD31/PAS in ovarian cancer tissues (×400). Long arrows indicated VM-positive CD31(−)/
PAS(+), and short arrows indicated VM-negative CD31(+)/PAS(+).
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Table 1 Relationship between CD177+ expression and the VM, and clinicopathological parameters in epithelial ovarian cancer 

Factors Cases CD177− CD177+ χ2 P

VM 6.462 0.011

VM+ 43 11 32

VM− 55 28 27

Age (years) 0.615 0.433

<60 68 26 42

≥60 30 9 21

Tumor types 0.096 0.956

Serous adenocarcinoma 62 24 38

Endometrioid carcinoma 16 6 10

Mucinous adenocarcinoma 20 7 13

Differentiation grades 10.882 0.004

High differentiation 33 15 18

Medium differentiation 27 8 19

Low differentiation 38 4 34

Lymph node metastasis 1.654 0.198

Yes 52 14 38

No 46 18 28

Tumor diameter (cm) 5.280 0.022

<5 45 19 26

≥5 53 11 42

Tumor stage 8.451 0.038

Stage I 20 9 11

Stage II 8 3 5

Stage III 48 10 38

Stage IV 22 2 20

Platinum sensitivity 6.907 0.009

Sensitive 69 34 35

Resistant 29 6 23

VM, vasculogenic mimicry.

it difficult for antiangiogenesis treatment to completely 
block tumor blood vessels, which significantly worsens the 
prognosis and survival of patients (9).

CSCs are types of tumor cells that can be reproduced 
or regenerated. They are characterized by their small 
number of cells and their abilities of infinite proliferation, 
differentiation, and high tumorigenicity. They can be 

successfully transplanted into different species, presenting 
the same cell phenotype as the original tumor cells (10).  
Wang and his colleagues (11) found that CSCs were 
signif icantly related to the occurrence,  invasion, 
metastasis, recurrence, and drug resistance of epithelial 
ovarian cancer. CSCs not only participate in the formation 
of tumor blood vessels, but also the formation of tumor 
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cell VM structure through signal transduction pathway, 
cell shaping, and horizontal differentiation. CD177 is 
a widely studied CSC marker, which can participate in 
signal transduction, gene expression, cell proliferation, 
differentiation, and neovascularization, suggesting that 
the expression of CD177 in tumor tissue is related to the 
formation of VM and the occurrence and development of 
tumor (12,13). 

In this study, 98 epithelial ovarian cancer tissues were 
tested. CD177+ expression (64 cases) was significantly more 
abundant than CD177− expression (34 cases). Furthermore, 
64 epithelial ovarian cancer tissues were found, suggesting 
that CD177 was related to the occurrence and development 
of epithelial ovarian cancer, which is consistent with the 
published literature. In 43 cases of epithelial ovarian cancer 
with VM structure, 32 were CD177+, while only 11 of 
these cases were CD177−, indicating that CD177-mediated 
occurrence and development of ovarian cancer may be 
related to its involvement in VM formation. Yang et al. (14) 
also confirmed that CD177+ expression in ovarian cancer 

cells is closely related to the formation of tumor cell VM, 
invasion, and metastasis, which is consistent with the results 
of this study.

In order to further explore the relationship between 
CD177 in epithelial ovarian cancer and clinical pathological 
data, this study retrospectively collected various clinical 
pathological data of patients from each specimen source. 
Studies have shown that the positive expression of CD177 
in epithelial ovarian cancer tissues is positively correlated 
with tumor differentiation grades, tumor diameter, and 
tumor stage. The proportion of CD177+ cells will be higher 
when the differentiation degree, tumor stage, and tumor 
diameter are greater, suggesting that the positive expression 
of CD177 in epithelial ovarian cancer tissues is related 
to the degree of tumor malignancy. The more malignant 
the tumor is, more new blood vessels and nutrients are 
needed for the tumor tissue, and, as the corresponding 
VM structure is increased, so is the positive expression of 
CD177 (15). 

Our study also found that the positive expression of 
CD177 in epithelial ovarian cancer tissue is negatively 
correlated with the patient’s platinum sensitivity, suggesting 
that positive expression of CD177 will reduce the patient’s 
sensitivity to platinum drugs and induce the development of 
drug resistance. Moreover, the drug resistance will severely 
affect the treatment effect, leading to poor prognosis. It has 
been reported that CD177 can mediate various biological 
processes of tumor cells, and high expression of CD177 
will induce tumor cells to proliferate, invade, and migrate 
through the activation of related signal pathways, thus 
affecting prognosis of patients (16). Subsequently, the 
Kaplan-Meier survival curve analysis in this study showed 
that the survival time and survival rate of CD177+ patients 
were significantly shorter and lower than those of CD177− 
patients, suggesting that positive expression of CD177 
would significantly reduce the survival rate of patients with 
epithelial ovarian cancer, leading to poor prognosis, which 
is consistent with the above studies.

In conclusion, positive CD177 expression may be 
related to the malignant degree of epithelial ovarian cancer, 
and may participate in the formation of VM structure in 
epithelial ovarian cancer, which is also is an important 
indicator of prognosis. The results thus suggest that CD177 
is a potential clinical target for ovarian cancer. However, 
due to the limited sample size and short study time in this 
study, whether CD177 is related to the long-term prognosis 
of epithelial ovarian cancer patients and the relevant 
mechanism of its role in epithelial ovarian cancer is still 

Table 2 Correlation analysis of CD177 expression with VM and 
clinicopathological parameters in epithelial ovarian cancer

Factors r P

VM formation 0.750 <0.05

Tumor differentiation 0.653 <0.05

Tumor diameter 0.574 <0.05

Tumor stages 0.521 <0.05

Platinum sensitivity −0.623 <0.05

VM, vasculogenic mimicry.

Figure 3 Survival curves of CD177+ and CD177− patients.
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unknown, and further study should be carried out in the 
further multi-center large sample trials. 
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