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Abstract: Recent studies showed that VEGF-A involved in both the etiology and maintenance of endometriosis. 
This study was performed on women with and without endometriosis to evaluate the role of serum level of VEGF-A 
in comparison to CA-125 in diagnosis and follow-up of patients with endometriosis. The level of VEGF-A protein in 
eutopic and ectopic endometrium of the patients was assessed by Western blot. Serum level of VEGF-A and CA-125 
were detected by ELISA kit. We found that VEGF-A protein expression was higher in ectopic endometrium than in 
eutopic endometrium and higher in endometriosis grade III-IV than in endometriosis grade I-II (P<0.05). The serum 
level of VEGF-A and CA-125 in patients before surgery was higher than after surgery and those without endome-
triosis. Rate of decline of VEGF-A level after surgery was higher than that of CA-125 in patients with endometriosis 
grade III-IV (P<0.05). The validity of VEGF-A for diagnosis of endometriosis grade I-II was better than that of CA-125. 
This study demonstrated that VEGF-A was associated with endometriosis and the expression of VEGF-A protein has 
a relationship with the severity of endometriosis. The serum level of VEGF-A is a better noninvasive and inexpensive 
way to earlier diagnosis of the endometriosis and to follow-up the patients with endometriosis grade III-IV.
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Introduction 

Endometriosis is defined as the proliferation of 
endometrial tissue outside the uterine cavity 
which can cause infertility, pelvic pain, and dys-
menorrhea. It is one of the most common 
chronic and benign gynecologic disorders, af- 
fecting 5~10% of women in reproductive age. 
Endometriosis commonly develops possibly 
because of large quantities of backwashed 
menstrual tissue implanting on pelvic organs, 
mainly on the pelvic peritoneum and ovaries 
[1]. Although many theories have been suggest-
ed for the pathogenesis of endometriosis, it is 
believed that is a polygenically inherited dis-
ease with a complex, multifactorial etiology and 
is related to complex interaction of genetic, 
immunologic, hormonal, and environment fac-
tors. The most popular pathogenesis theory, 
transport theory, fails to explain why not all 
women with retrograde flow of endometrial tis-
sue during menstruation develop endometrio-
sis, but angiogenesis and inflammatory res- 
ponse are thought to be important [2].

Recent study shows that angiogenesis play a 
key role in the pathogenesis of endometriosis. 
Establishment of a new blood supply is crucial 
for the development of endometriotic lesions. 
Angiogenesis is induced by various peptide 
growth factors, including VEGF, basic fibroblast 
growth factor (bFGF) and thymidine phosphory-
lase [3]. VEGF is the most widely studied in 
endometriosis among various angiogenic fac-
tors. VEGF is a heparin-binding glycoprotein 
which includes VEGF-A, -B, -C, -D, -E and placen-
tal growth factor (PlGF). VEGF-A known as vas-
cular permeability factor is considered to play a 
central role in both physiological and pathologi-
cal angiogenesis. It is the most specific and 
prominent angiogenic factor among all VEGF 
family members. Recent studies showed that 
VEGF-A was involved in both the etiology and 
maintenance of peritoneal endometriosis [4]. 
Many studies focused on its involvement in the 
serum and peritoneal fluid of the endometriosis 
patients and showed patients with endometrio-
sis compared with healthy women had higher 
VEGF levels in the serum and peritoneal fluid 
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[5-7]. The diagnosis of endometriosis is difficult 
and delayed because of its non-specific symp-
toms and late presentation. The use of laparos-
copy for diagnosis of endometriosis is limited 
by available funding, the surgeon’s experience 
and its invasive nature. Diagnostic test of endo-
metriosis has mostly concentrated on the lev-
els of cancer antigen-125 (CA-125) and cyto-
kines. However, none of them showed both 
high sensitivity and specificity in the diagnosis 
and follow-up of endometriosis.

The aim of this study was to evaluate the role of 
serum level of VEGF-A in comparison to CA-125 
in diagnosis and follow-up of patients with 
endometriosis after surgery.

Materials and methods

Ethics

This study was approved by the institutional 
review board of the People’s Hospital of Haian. 
Written informed consent for the use of tissue 
was obtained from each woman involved in the 
study.

Patients

A retrospective analysis was conducted on 
women with and without endometriosis in the 
proliferative and secretory phases of the men-
strual cycle from May 2011 to October 2013 at 
Obstetrics and Gynecology Department, the 
People’s Hospital of Haian, China. 40 patients 
with a surgery and histological diagnosis of 
endometriosis were selected. The stage of 
endometriosis was determined according to 
the classification of the American Society for 
Reproductive Medicine (ASRM) [8]. 20 women 
of reproductive age subjected to surgery for 
simple ovarian cyst removal and surgery confir-
mation of the absence of endometriotic lesions 
were selected as the control group. All women 
enrolled in the study fulfilled the following crite-

ria: ① no hormonal treatment received 3 
months prior to surgery; ② regular menses 
(defined by the presence of cycles lasting 
between 28 and 30 days in the previous year, 
with less than 5 days of flow); ③ patients with-
out other gynecological pathologies, autoim-
mune diseases and cardiovascular diseases; 
④ no previous pelvic surgery. There was not 
statistically significant difference regarding age 
and body mass index (BMI) (P>0.05) (Table 1).

The expression of VEGF-A protein was as-
sessed by Western blot

Ectopic endometrium was prepared from pa- 
tients with endometriosis who underwent lapa-
roscopic surgery for primary treatment and 
diagnosis was confirmed by a clinician patholo-
gist. Eutopic endometrial samples were obta- 
ined from all cases prior to laparoscopy using 
an endometrial biopsy curette. The samples 
were flushed with phosphate-buffered saline 
(PBS) and normal saline (NS) to remove con-
taminating blood then stored at -80°C until 
use.

The above mentioned samples were washed in 
ice-cold PBS and suspended in a protein extrac-
tion reagent (Pierce, Rockford, Illinois). Aliquots 
of total protein (50 µg per lane) were electro-
phoresed on a 12% SDS-polyacrylamide gradi-
ent gel and transferred to nitrocellulose mem-
branes (Millipore). Washed in rinse buffer at RT 
and incubated in blocking buffer (5% fat-free 
milk in rinse buffer) for 30 min, the membranes 
were incubated for 4 h at RT with anti-human 
VEGF-A antibody (Santa Cruz Biotechnology, 
California; 1:500 dilution). Further washed with 
rinse buffer, the membranes were incubated 
with 1:800 diluted Alexa Fluor® 594-conjugat-
ed secondary antibody (Santa Cruz) for 2 h at 
RT. β-actin was used as a reference protein. 
The optical densities were analyzed by using 
Image Master TM2D Platinum (Version 5.0, 
Amersham Biosciences, Piscataway, NJ). Pro- 
tein band intensity was quantified using Qu- 
antity One Analysis software (Bio-Rad Labo- 
ratories, Los Angeles, California).

Serum level of VEGF-A and CA-125 were de-
tected by ELISA kit

Blood (serum) samples were collected in the 
morning before surgery from all cases. Post-
operatively, in the follicular phase of the third 

Table 1. Characteristics of patients with and 
without endometriosis

Age (years) BMI (kg/m2)
Control group (n=20) 35.50±7.44 21.40±2.84
Grade I-II group (n=18) 35.17±8.31 21.61±3.05
Grade III-IV group (n=22) 35.95±6.34 22.36±2.92
F-value 0.057 0.629
P-value 0.945 0.537
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menstrual cycle, blood samples were collected 
from 40 patients with endometriosis. 5 ml 
venous blood was withdrawn into nonheparin-
ised tubes and kept at room temperature (RT) 
for 30 min. Then blood samples were centri-
fuged for 15 min at 3000 rpm and serum was 
obtained and stored at -80°C until use. VEGF 
level was measured by Human VEGF Quantikine 
ELISA Kit (Yanyu Biological Technology Co, 
Shanghai, China). CA-125 levels were detcted 
by using ELISA kit for CA-125 (Fangcheng 
Biotechnology Co., Ltd., Beijing, China).

Statistical analysis

Statistical analysis was performed using statis-
tics package for social science 21.0 (SPSS 
21.0). Nonparametric quantitative data were 
expressed as mean ± SD and compared using 
T-test or one-way analysis of variance (ANOVA). 
Qualitative data were expressed as percentag-
es and compared using χ2 or fisher exact test. 

men without endometriosis and the difference 
was statistical significance (P<0.05). The serum 
level of VEGF-A and CA-125 in patients with 
endometriosis after surgery decreased and 
almost was still higher than that of women with-
out endometriosis and the difference was sta-
tistical significance (P<0.05) (Table 2). 

The rate of decline of VEGF-A level after surgery 
was similar to that of CA-125 in patients with 
endometriosis grade I-II (P>0.05). The rate of 
decline of VEGF-A level after surgery was higher 
than that of CA-125 in patients with endome-
triosis grade III-IV and the difference was statis-
tical significance (P<0.05) (Table 3).

The validity of VEGF-A and CA-125 for diagno-
sis of endometriosis

The sensitivity, specificity and accuracy of 
VEGF-A for diagnosis of endometriosis grade I-II 
was 88.88%, 95.00%, 92.11% respectively. 

Figure 1. The expression of VEGF-A protein in endometrial tissues. The ex-
pression of VEGF-A protein in endometrial tissues of patients was measured 
by Western blot. Compared with the eutopic endometrium of the women in 
the control group and patients’ own eutopic endometrium, the VEGF-A pro-
tein expression in the ectopic endometrium of patients with endometriosis 
increased. The VEGF-A protein expression in the ectopic endometrium of 
endometriosis grade III-IV was higher than that of endometriosis grade I-II. 
*P<0.05, VS. Eutopic endometrium of control group Control group; #P<0.05, 
VS. Eutopic endometrium of e grade I-II and III-IV group; @P<0.05, VS. ecto-
pic endometrium of grade I-II group.

P<0.05 was considered sta-
tistically significant.

Results 

The level of VEGF-A protein in 
the endometrial tissue

Compared with the eutopic 
endometrium of the women in 
the control group and pati- 
ents’ own eutopic endometri-
um, the VEGF-A protein expre- 
ssion in the ectopic endome-
trium of patients with endo-
metriosis increased and the 
difference between them was 
statistical significance (P< 
0.05). The VEGF-A protein ex- 
pression in the ectopic en- 
dometrium of endometriosis 
grade III-IV was higher than 
that of endometriosis grade 
I-II and the difference was sta-
tistical significance (P<0.05) 
(Figure 1).

Serum level of VEGF-A and 
CA-125

The serum level of VEGF-A 
and CA-125 in patients with 
endometriosis before surgery 
was higher than that of wo- 
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The sensitivity, specificity and accuracy of 
CA-125 for diagnosis of endometriosis grade 
I-II was 55.56%, 95.00%, 76.32%. The sensitiv-
ity and accuracy of VEGF-A for diagnosis of 
endometriosis grade I-II were higher than that 
of CA-125 and the difference between sensitiv-
ity was statistical significance (P<0.05) (Table 
4).

The sensitivity, specificity and accuracy of 
VEGF-A for diagnosis of endometriosis grade III-
IV was 95.45%, 95.00%, 95.24%. The sensitiv-
ity, specificity and accuracy of CA-125 for diag-
nosis of endometriosis grade III-IV was 90.90%, 
95.00%, 92.86%. The sensitivity and accuracy 
of VEGF-A for diagnosis of endometriosis grade 
III-IV were higher than that of CA-125 but the 

difference between them was no statistical sig-
nificance (P>0.05) (Table 5).

Discussion

Endometriosis is a common chronic and benign 
disease that shares several characteristics 
with invasive cancer. Its pathogenesis is still 
not clear. The diagnosis of endometriosis is dif-
ficult and delayed because of its non-specific 
symptoms and late presentation. The use of 
laparoscopy for diagnosis of endometriosis is 
limited by available funding, the surgeon’s 
experience and its invasive nature. The positive 
predictive value for suspected lesions at sur-
gery vs. histological diagnosis of endometriosis 
lesions is only 45%. In addition, magnetic reso-
nance imaging (MRI) and ultrasound imaging 
not reliably identifies endometriosis lesions. 
Diagnostic test of endometriosis has mostly 
concentrated on the levels of CA-125 and cyto-
kines. CA-125, a high molecular weight glyco-
protein (20,000 Da), is well established as a 
diagnostic marker for endometriosis [9]. How- 
ever, compared laparoscopy, serum CA125 lev-
els has no value as a diagnostic tool. CA-125 is 
elevated in other diseases such as uterine leio-
myomata, pelvic inflammatory disease and 
ovarian cancer, which potentially reduce its 
specificity. Moreover, some studies showed 
CA-125 only was accurate at diagnosing women 
with later stages of endometriosis because 
that circulating levels of CA-125 of women with 
minimal endometriosis is not higher than that 
of women without endometriosis [10, 11]. In 
addition, some investigators reported that 
CA-125 levels fluctuated during the menstrual 
cycle [12]. As a result, there is a need for devel-
opment of noninvasive diagnostic tests for this 
condition.

Recent studies showed that angiogenesis was 
an important pathological process in the patho-
genesis of endometriosis. In angiogenesis, 
VEGF-A is a key mediator that can stimulates 
endothelial cell proliferation and migration and 

Table 2. The serum level of VEGF-A and CA-125 in patients
Control group 

(n=20)
Grade I-II group (n=18) Grade III-IV group (n=22)

Before surgery After surgery Before surgery After surgery
VEGF-A (pg/ml) 115.50±78.24 700.57±111.72* 367.92±32.71*,# 738.35±78.74* 368.43±35.22*,#

CA-125 (μg/ml) 15.30±6.00 27.67±12.70* 12.58±2.25# 38.59±4.72* 24.03±4.42*,#

*P<0.05, VS. Control group; #P<0.05, VS. Before surgery.

Table 3. The rate of decline of serum VEGF-A 
and CA-125 level in patients (%)

Grade I-II group 
(n=18)

Grade III-IV group 
(n=22)

VEGF-A 45.42±14.44 49.04±11.30
CA-125 44.21±26.25 36.90±12.99
t-value 0.170 3.308
P-value 0.866 0.002

Table 4. The validity of VEGF-A and CA-125 for 
diagnosis of endometriosis grade I-II

Cut-off Sensitivity Specificity Accuracy
VEGF-A 440 pg/ml 88.88% 95.00% 92.11%
CA-125 35 μg/ml 55.56% 95.00% 76.32%
χ2-value 4.985 0.000 3.563
P-value 0.026 1.000 0.059

Table 5. The validity of VEGF-A and CA-125 for 
diagnosis of endometriosis grade III-IV

Cut-off Sensitivity Specificity Accuracy
VEGF-A 440 pg/ml 95.45% 95.00% 95.24%
CA-125 35 μg/ml 90.90%* 95.00% 92.86%
χ2-value 0.358 0.000 0.213
P-value 0.550 1.000 0.645
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increases vascular permeability. Many studies 
showed patients with endometriosis had higher 
VEGF levels in the serum and peritoneal fluid 
than that of healthy women [5-7, 13, 14]. So in 
this study, We investigated whether elevated 
serum VEGF levels are correlated with the stage 
of the disease. Such correlation would suggest 
a new noninvasive and inexpensive way to ear-
lier diagnosis of the endometriosis. 

This study showed the VEGF-A protein expres-
sion in the ectopic endometrium increased 
compared with the eutopic endometrium and 
the difference was statistical significance (P< 
0.05). The VEGF-A protein expression in the 
ectopic endometrium of endometriosis grade 
III-IV was higher than that of endometriosis 
grade I-II and the difference was statistical sig-
nificance (P<0.05). VEGF-A production is stimu-
lated by growth factors, hormones, cytokines 
and hypoxia. Increase of VEGF in ectopic endo-
metrium may be due to immune system altera-
tions which is an important role in the develop-
ment of endometriosis. Activated immune cells 
and endometriotic implants in the peritoneal 
cavity of endometriosis patients produce am- 
ounts of cytokines, growth factors and angio-
genic substances [15]. Moreover, high Estradiol 
concentrations in endometriotic lesions is 
found [16]. Estrogen is a potent stimulus of 
angiogenesis through a direct increase of VE- 
GF expression [17]. Our data suggested that 
VEGF-A was associated with endometriosis and 
the expression of VEGF-A has a relationship 
with the severity of endometriosis. The higher 
the grade of endomertriosis, the more highly 
expressed of VEGF-A.

Our study showed that the serum level of 
VEGF-A and CA-125 in patients with endome-
triosis before surgery was higher than that of 
women without endometriosis and the differ-
ence was statistical significance. The results 
runs in agreement with previous stuies [4, 7, 
18, 19]. In contrast, some studies showed 
there was no significant differences in serum 
level of VEGF-A between women with and with-
out endometriosis. The researchers concluded 
that diagnosis of endometriosis by laboratory 
testing serum level of VEGF-A is not possible 
[20, 21]. However, the methodology of collec-
tion and processing of samples should be stan-
dardised and declared when serum is used for 
the measurement of VEGF-A in these studies. 

In fact, VEGF is stored in the alpha granules of 
circulating resting platelets and released dur-
ing clotting. So spinning the samples for differ-
ent times and with different forces may influ-
ence the levels of VEGF-A, in particular when 
samples are processed after more than two 
hours from collection [22, 23]. We believe that 
the methodology used in the study was not 
adequate to support their conclusion.

We found that the serum level of VEGF-A and 
CA-125 in patients with endometriosis after 
surgery decreased significantly and there was a 
highly significant decrease in VEGF-A level 
(45.9%) compared to that of CA-125 (25.8%) in 
the patients with endometriosis grade III-IV. 
The results indicated that serum level of VEGF-A 
maybe a better marker to follow-up the patients 
with endometriosis grade III-IV after surgery. 
This results runs in agreement with previous 
studies [4].

On comparing the validity of VEGF-A or CA-125 
in diagnosis for endometriosis, we found the 
sensitivity and accuracy of VEGF-A for diagno-
sis of endometriosis grade I-II were higher than 
that of CA-125 and the difference between sen-
sitivity was statistical significance. The sensitiv-
ity and accuracy of VEGF-A for diagnosis of 
endometriosis grade III-IV were higher than that 
of CA-125 but the difference between them 
was no statistical significance. The results indi-
cated that the serum level of VEGF-A maybe a 
better marker for diagnosis for endometriosis 
grade I-II.

In conclusion, this study demonstrated that 
VEGF-A was associated with endometriosis and 
the expression of VEGF-A protein has a relation-
ship with the severity of endometriosis. The 
serum level of VEGF-A is a better noninvasive 
and inexpensive way to earlier diagnosis of the 
endometriosis and to follow-up the patients 
with endometriosis grade III-IV.
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