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	 Abstract
	 Context. Endometriosis is a common gynecological 
disease, characterized by ectopic deposits of endometrial 
tissue outside of the uterine cavity, and it is associated with 
pelvic pain and infertility, with an important impact on the 
quality of life. At this point there is a controversy regarding 
the etiology and pathophysiology of endometriosis and it 
seems that pro-angiogenic growth factors might be involved, 
but their role is not completely understood.
	 Objective. To evaluate the  serum  concentration  
of the main growth factors in patients with diagnosed 
endometriosis compared to healthy controls.
	 Subjects and methods. A total of 157 women were 
divided into two study groups (Group I – endometriosis; 
Group 2 – healthy women). Serum levels of VEGF, G-CSF, 
GM-CSF, b-FGF, EGF, and HGF were measured with 
Human Multiplex Cytokine Panels.
	 Results. VEGF serum levels were significantly 
lower in women with endometriosis compared to controls 
(1.924±0.145 compared to 1.806±0.078 pg/mL, p<0.001). 
Serum levels of GM-CSF, b-FGF, EGF, and HGF 
respectively did not differ significantly between patients 
with endometriosis and healthy controls. G-CSF had a very 
low detection rate.
	 Conclusions. The present study showed that VEGF 
serum levels are significantly lower in endometriosis patients 
compared to healthy controls, indicating a possible role in 
endometriosis pathogenesis.

	 Key words: endometriosis, growth factors, 
immunology, inflammation.

INTRODUCTION

	 Endometriosis is defined as the presence of 
endometrial tissue ectopic deposits outside of the 
uterine cavity, a disease associated with pelvic pain 
and infertility. It is known as one of the most common 
diseases in women of reproductive age, with an 
important impact on the quality of life (1).

	 The pathogenesis of endometriosis was initially 
defined as the retrograde passage of endometrial tissue 
outside the uterine cavityandits subsequent proliferation 
in this ectopic location (2). Other theories include 
lymphatic and vascular metastasis, iatrogenic direct 
implantation, coelomic metaplasia, embryonic rest and 
mesenchymal cell induction (3). On the other hand, the 
hormonal milieu (4), aberrant immune responses (5), 
genetic predisposition (6-8) andenvironmentaltoxicants 
(9, 10) could contribute to endometriosis susceptibility 
and progression. Immune system alterations play a 
key role in endometriosis development, associating 
immune-inflammatory reaction within the peritoneal 
cavity of endometriosis patients in which activated 
immune cells, together with endometriotic implants, 
produce high amounts of cytokines, growth factors, 
and angiogenic substances (11). Endometriosis is also 
considered an angiogenic disease, since the ectopic 
survival of endometrium requires the formation of new 
blood vessels. Angiogenesis, therefore, is a critical step 
in developing endometriotic lesions (12-14), providing 
substantial background for their further maintenance 
and growth.
	 The pivotal angiogenic factor involved in 
endometriosis pathophysiology and especially in its 
initiation appears to be Vascular Endothelial Growth 
Factor (VEGF) (15). There is a controversy in the current 
literature regarding VEGF serum and peritoneal fluid 
(PF) levels in endometriosis patients. Some authors 
have indicated an increased level of VEGF in serum 
(16-18) and in PF (17, 19, 20), while several others 
have reported no change in VEGF serum (21-24) and 
in PF (21, 25) levels in endometriosis patients. Neo- 
vascularization is essential for a successful implantation 
of endometrial cells in ectopic sites (11). VEGF is part 
of a heparin-binding protein family (26), and because 
the induction of endometrial cell proliferation seems to 
be functioned by VEGF (27, 28), it is considered an 
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essential factor in uterine angiogenesis (29). Moreover, 
recent studies, have involved some VEGF specific 
genetic polymorphisms in endometriosis pathogenesis 
(7, 8). On the other hand, members of fibroblast growth 
factor (FGF) family of proteins seem to be involved in 
vascular remodeling, have been found in endometriosis 
associated angiogenesis, playing a role in vascular 
wall formation and migration of endothelial cells and 
vascular smooth muscle cells (30). Hepatocyte growth 
factor (HGF), also known as scatter factor, and its 
receptor c-Met have also been shown to be implicated in 
endometriosis as well. HGF acts as a mitogen, motogen, 
and morphogen on endometrial epithelial cells. The 
expression of c-Met on human endometrial cells has 
been previously reported (31). Other growth factors 
recently involved in endometriosis are  represented  
by insulin-like growth factor-I (IGF-I), with higher 
serum levels in advanced endometriosis, granulocyte 
macrophage colony-stimulating factor (GM-CSF), 
epidermal growth factor (EGF), and platelet-derived 
growth factor (PDGF) (32).
	 Due to existing controversies, our study aimed 
to determine the serum levels main pro-angiogenic 
growth factors, VEGF, basic-FGF, HGF, EGF, G-CSF, 
and GM-CSF in women with endometriosis and to 
evaluate if any single marker or a combination of 
markers could be used as a non-surgical predictor for 
endometriosis.

MATERIALS AND METHOD

	 Design
	 We conducted a case-control study, which 
included 157 patients, divided into two groups, as 
follows: Group I (endometriosis group) – 77 women 
with regular menses, and with no history of pelvic 
infections, autoimmune and neoplastic diseases, 
undergoing laparoscopy or laparotomy for suspected 
endometriosis. The evidence of endometriosis was 
verified by histopathological analysis.  The  severity 
of endometriosis was staged according to the revised 
American Society for Reproductive Medicine 
(rASRM) classification; all included patients were 
staged III or IV according to rASRM Group II (control 
group) - 80 healthy non-pregnant women aged between 
18-40 years old, without clinical and para-clinical 
evidence of endometriosis. Exclusion criteria: patients 
with previous pelvic surgeries, history of cancer, 
suspected malignancy, adenomyosis or leiomyoma, 
pre-surgical suspicion of evidence of premature 
ovarian failure, or the use of ovarian suppressive drug, 

such as oral contraceptives, GnRH agonists, progestins 
or danazol in the preceding 6 months were excluded 
from the study. None of the patients had taken anti- 
inflammatory medications or had been diagnosed with 
an inflammatory or infectious condition for ≥ 6 months 
before the study.
	 The study design was approved by the Local 
Ethics Committee of  “Iuliu  Hatieganu”  University  
of Medicine and Pharmacy, Cluj-Napoca, Romania, 
and signed informed consent was received from each 
woman before sample collection. The study was 
conducted under the tenets of Helsinki Declaration. 
From each patient, 5 mL of venous blood was collected 
before breakfast in a covered test tube, which was 
centrifuged at 2000 x g for 10 minutes and the serum 
obtained was stored at -70¯ C for future determinations.

	 Cytokine Evaluation
	 We used multiplex cytokine kits (Invitrogen 
Human Cytokine 30-Plex Panel, LHC6003, LOT 
1298425A) in order to measure serum  levels  of  EGF, 
b-FGF, G-CSF, GM-CSF, HGF and VEGF.
	 Measurements were performed with a Luminex 
200 system (Luminex Corporation, Austin, TX, USA) 
in accordance with the manufacturer’s specifications 
(Invitrogen Corporation, Carlsbad, CA, USA). The 
sensitivity of the test was specified by the manufacturer 
(Invitrogen Corporation, Carlsbad, CA, USA).
	 Average sensitivity of the test for EGF was 
<5 pg/mL with an inter-assay variation coefficient of 
4.0%. For b-FGF, the average sensitivity of the test was 
<10 pg/mL with an inter-assay variation coefficient of 
3.0%. The average sensitivity of the test for G-CSF was 
<10 pg/mL with an inter-assay variation coefficient of 
2.4%. In the case of GM-CSF, the average sensitivity 
of the test was <0.5 pg/mL with an inter-assay variation 
coefficient of 9.1%. The sensitivity of the test  for 
HGF was <10 pg/mL, and the inter-assay variation 
coefficient of 4.7%. The test for VEGF revealed an 
average sensitivity of <5 pg/mL, with inter-assay 
variation coefficient of 4.8%.

	 Statistical Analysis
	 Statistical analyses were performed using 
Microsoft Excel and IBM SPSS software (version 21.0). 
Data was presented as mean ± standard deviation (SD) 
and standard error (SE) for the groups. Kolmogorov- 
Smirnov test for normality, Levene’s test for equality of 
variances, t-test were used as statistical tests. P-values 
less than 0.05 were regarded as significant.
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RESULTS

	 Table 1 presents the descriptive data  
regarding studied populations. Patients included in the 
endometriosis group were stage III (30 – 38.96%) or 
IV (47 – 61.04%) according to rASRM staging criteria. 
The detection rate for VEGF, b-FGF, HGF, GM-CSF 
and EGF respectively in the studied groups was 98.70, 
85.71, 75.32, 75.32 and 84.41% respectively. GM-CSF 
was detected in only 6.49% of women, without the 
possibility of establishing a statistical significance.
	 Table 2 shows the statistics regarding studied 
growth factors in controls and endometriosis group.
	 Table 3 presents the data obtained with the 
normality test and the distribution normality in the 
studied groups.
	 Because the distribution of the studied 
parameters was abnormal, parametric tests could not 
be used. As a consequence, for comparing the means, 
we used Mann Whitney U test, a non-parametric test 
for independent samples. Also, for a greater accuracy 

of the comparative statistics, we used Independent 
samples median test to verify the medians distribution 
differences between control and endometriosis groups. 
Table 4 presents the results obtained by comparative 
statistics, regarding growth factors studied. No 
significant differences were observed in the serum 
levels of b-FGF, GM-CSF, EGF and HGF  between 
the studied groups. VEGF has presented a statistical 
significance between groups with a lower serum level 
in endometriosis patients.
	 Figures 1-2 show the mean serum level of the 
studied markers between the groups.

DISCUSSION

	 Despite the long years of research, 
endometriosis is still considered a disease of theories. At 
this point, there is no single theory that can adequately 
explain the endometriosis pathophysiology and why 
the disease is largely associated with infertility. A 
number of studies involve immune system alterations 

Table 1. Descriptive statistics of the endometriosis and control groups

SD - Standard Deviation.

Variable Endometriosis group (Mean ± SD) Control group (Mean ± SD) Average (Mean ± SD)
 Age (years) 30.600±5.486 26.350±2.131 28.475±4.655
Weight (kg) 62.050±9.067 56.925±8.094 59.488±8.920
Height (cm) 164.725± 5.114 167.225±6.773 165.975±6.094
BMI (kg/cm2) 22.912±3.520 20.307±2.126 21.609±3.173

Table 2.  Descriptive statistics of the studied growth factors among groups

SD - Standard Deviation; SEM - Standard Error of Mean; VEGF - Vascular endothelial growth factor; bFGF - basic fibroblast growth factor; HGF - Hepatocyte 
growth factor; GM-CSF- granulocyte macrophage colony-stimulating factor; - EGF - epidermal growth factor.

Variable
Control group  

Mean (SEM) ± SD
Median

Endometriosis group  
Mean (SEM) ± SD

Median

VEGF 1.924 (0.023) ± 0.145 1.900 1.806 (0.012) ± 0.078 1.790
b-FGF 6.933 (1.254) ± 7.421 6.327 4.439 (0.666) ± 3.827 4.326
HGF 597.308 (76.629) ± 412.659 544.214 638.849 (82.817) ± 445.984 612.214
GM-CSF 1.046 (0.100) ± 0.546 0.920 1.180 (0.139) ± 0.763 1.020
EGF 4.196 (0.075) ± 0.422 4.187 4.038 (0.089) ± 0.509 4.111

Table 3.  The distribution normality of the studied markers 
between groups

Marker
Shapiro-Wilk

Statistic df Sig.
VEGF Control 0.928 14 0.286

Endometriosis 0.863 11 0.063
b-FGF Control 0.943 14 0.460

Endometriosis 0.882 11 0.112
HGF Control 0.862 14 0.032

Endometriosis 0.894 11 0.155
GM- CSF Control 0.918 14 0.206

Endometriosis 0.902 11 0.198
EGF Control 0.956 14 0.661

Endometriosis 0.962 11 0.801

Table 4.  Comparative statistics of the studied markers

*Significant differences; VEGF - Vascular endothelial growth factor; bFGF 
- basic fibroblast growth factor; HGF - Hepatocyte growth factor; GM- 
CSF- granulocyte macrophage colony-stimulating factor; - EGF - epidermal 
growth factor.

Independent samples 
Mann-Whitney U test 

probability

Independent samples 
Median test probability

VEGF <0.001* <0.001*
b-FGF 0.145 0.211
HGF 0.599 0.803

GM-CSF 0.796 0.610
EGF 0.900 0.319
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in the development and progression of endometriosis, 
together with hormonal, genetic and environmental 
factors (15, 30). Diagnosis of endometriosis is 
difficult and mainly postsurgical, because of non-
specific symptoms. On the other hand, there are no 
clinical markers that could be used for a certain pre-
operative diagnosis, although some studies have found 
correlations between elevated serum or peritoneal 
cytokines and endometriosis (30, 31). As regarding 
to growth factors, a series of studies are suggesting a 
key involvement of angiogenic growth factors in the 
development of endometriotic lesions (15, 32).
	 The present study was undertaken in order to 
establish whether serum concentrations of the main 
growth factors, VEGF, HGF, b-FGF, G-CSF, GM- 
CSF and EGF, were significantly altered in patients 
with advanced endometriosis. We found that VEGF 
serum levels were significantly lower in patients with 
endometriosis compared to healthy women. At the same 
time, our study showed that there was no significant 
difference in HGF, b-FGF, GM-CSF and EGF serum 
levels between women with endometriosis and healthy 
controls. On the other hand, G-CSF had a very low 
detection rate in the studied groups, so we were unable 
to draw any conclusions regarding its significance.
	 Endometriosis is characterized by the 
implantation of exfoliated endometrial tissues on both 
the peritoneal and ovarian surfaces. It is considered 
that, besides retrograde menstruation, increased 
inflammatory activity in the PF, excessive angiogenesis 
and up-regulation of pro-inflammatory  cytokines  
may facilitate the development of endometriotic 
deposits (33, 34). This excessive  angiogenesis  can  
be promoted and maintained via high PF levels of 
angiogenic growth factors, such as VEGF (25). At the 

moment, a series of studies have tried to identify a link 
between endometriosis and pro-angiogenic factors, 
and in particular VEGF, with the possibility of using 
them as diagnosis biomarkers. VEGF is a protein that 
promotes angiogenesis and vasculogenesis (16, 25). 
At the same time, other growth factors, such as HGF 
and FGF2 are considered potent angiogenic factors 
(30, 35). In the current literature there is an abundance 
of studies regarding serum and PF levels of VEGF in 
endometriosis, but with conflicting results. Some of 
the reviewed studies are indicating high serum and   
PF levels of VEGF in endometriosis (16, 18), while 
several others reported no change either in serum or PF 
levels between patients with endometriosis and healthy 
women (21, 23, 25). One previous study has found 
higher serum and PF levels of VEGF in endometriosis 
women, and concluded that endometriosis was 
associated with a significant modulation in the 
circulating levels of VEGF (17). On the other hand, a 
very recent study has found high VEGF concentration 
in the PF from women affected by endometriosis, but 
the VEGF serum levels were similar between the groups 
(36). Our study is somewhat in contradiction with the 
previous ones, because we found a lower serum level 
of VEGF in women with endometriosis. This could be 
due to the fact that even though VEGF is an indicator 
of an excessive angiogenic process, the VEGF family 
comprises members that are not up-regulated during 
active angiogenesis, and which may impact the total 
VEGF serum levels. Moreover, a series of studies have 
shown an anti-angiogenic effect for VEGF isoforms, 
like VEGF165b, isoforms which could interfere in 
serum detection of VEGF (37, 38).
	 HGF was first discovered as a mitogen for 
adult hepatocytes, and it is identical to scatter factor 

Figure 1. Light microscopic micrograph of testis in control group.

Figure 1. Mean serum levels of VEGF, GM-CSF, EGF and b-FGF between 
the studied groups. VEGF - Vascular endothelial growth factor; bFGF 
- basic fibroblast growth factor; GM-CSF- granulocyte macrophage 
colony-stimulating factor; - EGF- epidermal growth factor.

Figure 2. Mean serum levels of HGF between the studied groups HGF
- Hepatocyte growth factor.
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(39). Previous reports, that have investigated HGF 
relationship with endometriosis, found that HGF levels 
were elevated in women with endometriosis and did 
correlate with disease stage (40), while, another study 
showed no correlation with incidence or stage of 
disease (41). Same authors have reported that changes 
in the PF levels of HGF have an association with 
estradiol and both of them are elevated in the early 
stage of endometriosis, especially in those women 
with endometriosis harboring dominant  distribution 
of highly active and blood-filled (opaque lesions) red 
peritoneal lesions (42, 43). Our results are partially    
in accordance with the previous studies, as we found  
a moderate increase in HGF serum levels in patients 
with advanced endometriosis, but the increase was not 
statistically significant.
	 EGF is a single polypeptide chain of 53 amino 
acid residues and plays a role in many processes such 
as DNA  synthesis,  mitogenesis,  and  proliferation  
of many cell types, including endometrial cells (44). 
Previous studies have found no difference in levels   
of EGF receptor between women with and without 
endometriosis (16), and serum levels of EGF itself 
were not found to correlate with the disease (45). 
Results obtained from our research are in accordance, 
with similar serum levels of EGF between patients with 
endometriosis and controls.
	 FGF is a heparin-binding family of proteins, 
shown to be growth factors and angiogenesis 
promoters. One previous study found levels of FGF-  
2 to be increased throughout the cycle in women with 
endometriosis (46). Our results show a mean lower 
serum level of b-FGF in patients with endometriosis, 
but with a lack of statistical significance due to the high 
values of SD.
	 GM-CSF is a growth factor that stimulates the 
stem cells to produce granulocytes and monocytes and 
it functions as a cytokine. Regarding its involvement 
in endometriosis, in a recent study, levels of  GM- 
CSF were unchanged in women with endometriosis 
compared with controls (23). In this context, our results 
are in accordance with the previous study, showing a 
similar GM-CSF serum level in patients with and 
without endometriosis.
	 One major limitation of our study could be 
represented by the lack of specificity as VEGF is 
secreted by a large variety of cells in normal conditions, 
having many isoforms. Moreover, studies  have  
shown that VEGF is stored in α granule of circulating 
resting platelets and released during clotting,  and  
thus the serum VEGF level may not reflect the level 

of circulating VEGF produced by peripheral tissues 
(47). Also, a limitation  of  the  present  study  could 
be considered the endometriosis group structure, 
which has included only patients with stage III or IV 
according to rASRM. This is due to the fact that, as 
the study was conducted in a University Clinic, the 
patients addressing for treatment and included in the 
study had late stages of endometriosis, thus the low 
rate of early stages. Probably future studies could 
include patients presenting for unexplained infertility 
undergoing laparoscopy, and thus including patients 
with early stages discovered incidentally. Another 
limitation could be the analyzed site. We have 
investigated the serum levels of the above markers 
without investigating the PF levels at the same time, or 
their tissue expression. It is well known that in most of 
cases there is no relationship between the serum level 
of VEGF and its tissue expression, but at the same time 
we tried to identify if one of the studied markers could 
be used as a non-surgical predictor for endometriosis, 
and as a consequence the PF levels or tissue expression 
were of no interest. Further studies could be aimed at 
investigating a relationship between VEGF serum level 
and its tissue expression in endometriosis.
	 In conclusion, the present study  indicates  
that VEGF serum levels are significantly lower in 
endometriosis patients compared to healthy controls, 
and a moderate change in b-FGF and HGF is present. 
On the other hand, determining the main growth 
factors serum levels does not seem to be very helpful in 
discriminating between patients with endometriosis and 
healthy women. Further researches involving a more 
diverse study group are needed to confirm the role of 
serum growth factors, and particularly of VEGF, in the 
diagnosis of endometriosis in general population, and if 
there is a true relationship between VEGF serum level, 
its tissue expression, and occurrence or progression of 
endometriosis. 
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