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INTRODUCTION 

Endometriosis is a chronic inflammatory disease 
condition in women, where tissues resembling 
endometrium, usually stromal or glandular, are located 
outside the uterine cavity.1 Menorrhagia, dysmenorrhea, 
dyspareunia, dyschezia, dysuria, pelvic pain and 
infertility are the prominent symptoms seen in 
endometriosis suffering women.2 In addition, factors like 
environmental and dietary elements, immune system, viz. 
cytokines, interleukins, and intrinsic anomalies in 

endometrium are also associated with the disease.3,4 
Many previous studies have assessed the risk factors 
associated with endometriosis.4 Age, race, alcohol usage, 
body mass index, cigarette smoking, and menstrual 
characteristics such as early age menarche, menstrual 
length, cycle regularity, dysmenorrhea, and menstrual 
flow intensity are all associated with the incidences of 
endometriosis.5 Globally, one in ten women during their 
reproductive years (between puberty and menopause) are 
having endometriosis, which is about 176 million women 
population worldwide suffering from the disease.6 This 
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could be partially explained by the fact that the gold 
standard for diagnosis of endometriosis requires direct 
visualization of lesions at surgery followed by 
histological confirmation of endometrial glands and 
stroma in biopsies of suspected lesions.7 Additionally, 
other factors that contribute to the diagnostic delay are 
treatment of pain with oral contraceptives or nonsteroidal 
anti-inflammatory drugs and the assumption of 
dysmenorrhea as a normal event.6 Treatments are limited 
to hormonal therapy with many side-effects and 
complicated surgical removal of disease, which often 
needs to be repeated. Retrograde menstruation is a widely 
accepted theory, Dr. John Sampson explains the 
pathogenesis.8 This theory suggests that during menstrual 
blood and uterine tissue contractions menstrual 
endometrial tissue flows back menstruating and implants 
through the fallopian tubes instead of out of the body on 
various sites, most commonly in the pelvis, into the 
oviducts and peritoneal cavity.8 It was shown that 76-
90% of all women experience this endometrial debris, 
including both epithelial and stromal cells.9 However, 
only in endometriosis patients is this menstrual tissue 
able to adhere to peritoneal structures, develops a blood 
supply and grows into an endometriotic lesion.10 
Therefore, it is likely that the women who are developing 
endometriosis have genetic, biochemical or immune 
system dysfunction that does not allow the removal of the 
debris but rather facilitates menstrual tissue adhesion to 
peritoneal structures and endometriotic lesion 
formation.11 Indeed, it is well established that women 
with endometriosis exhibit immune dysfunction in the 
form of heightened local and systemic inflammation.12,13 
More specifically, in the plasma and peritoneal fluid (PF), 
endometriosis patients display aberrant numbers of 
immune cells and concentrations of cytokines and 
chemokines that promote a chronic inflammatory 
environment compared to healthy women.2,14,15 The 
chronic inflammatory environment has also been shown 
to contribute to the chronic pain and infertility 
experienced by endometriosis patients.16,17 

Altered function of immune cells are involved in the 
developmental cause or consequence of endometriosis, 
especially an immune dysfunction in relation to  
macrophages and cells within the peritoneum secreting a 
number of products of monocytes/macrophages, mainly 
growth factors and cytokines.18 At this level, immune 
cells are activated by an immune-inflammatory reaction, 
taken together endometriotic implants and produces high 
amounts of growth factors, cytokines, and other 
angiogenic products.19 

The pivotal angiogenic factor involved in endometriosis 
pathophysiology and especially in its initiation appears to 
be the vascular endothelial growth factor (VEGF).20 
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 and in PF, while 
several others have reported no change in VEGF serum 
and in PF levels in endometriosis patients.21 Neo-
vascularization is essential for a successful implantation 

of endometrial cells in ectopic sites. VEGF is a part of a 
heparin-binding protein family, and because the induction 
of endometrial cell proliferation seems to function by 
VEGF, it is considered as an essential factor in uterine 
angiogenesis.22 

 However, endometriosis have also been indicated by 

systemic immune alterations, which secrets high level of 

cytokines with the activation of peripheral blood 

monocytes. A number of cytokines have been studied in 

the pathogenesis of endometriosis, including interleukin 6 

(IL-6), vascular endothelial growth factor (VEGF), and 

tumour necrosis factor α (TNF-α).23 Interleukin-6 is 

considered to play a potential role in the growth and/or 

maintenance of ectopic endometrial tissue. Interleukin-6 

modulates the secretion of other cytokines and acts as a 

regulator of inflammation and immunity.24,25 It helps in 

activation of T-cell and B-cell differentiation, and also 

supress growth of several cell lines. The role of IL-6 has 

been widely studied in the pathogenesis of endometriosis, 

but the levels of IL-6 has been detected both in the 

peritoneal fluid and in endometriosis patients.26 Tumor 

necrosis factor-α is secreted from activated macrophages, 

and it has a potent  cytotoxic, inflammatory and 

angiogenic effects. It stimulates the expression of matrix 

metalloproteinases (MMPs) by endometriotic tissues, and 

MMPs actively participate in matrix modelling and 

invasion of endometriotic lesions.26 Moreover, 

etanercept, an anti-TNF therapy, was found to effectively 

reduce the development of endometriosis. Several authors 

showed, when these factors in the peritoneal fluid was 

produced, it was associated with the increase in the level 

of similar factors in the peripheral blood of patients with 

endometriosis.17 

The present study aimed to investigate the serum pro-

inflammatory cytokine profile in patients with 

endometriosis compared with healthy controls, and to 

evaluate the sensitivity and specificity of any single 

cytokine or a combination of cytokines in the prediction 

of the inflammatory status in endometriosis.  

METHODS 

Classification systems of endometriosis 

Numerous proposed systems to classify various forms of 

endometriosis exist mainly in the American Society of 

Reproductive Medicine (rASRM) (15), which is modified 

and renamed into Revised American Society for 

Reproductive Medicine classification of 

endometriosis.27,28 All of these classifications divide 

endometriosis into four stages related to the increasing 

severity of the ovaries lesions, particularly the number of 

endometrial implants, their depth, and adhesions; stage I: 

1-5 points indicates minimal disease i.e., few superficial 

implants, stage II: 6-15 points score indicates mild  

disease which includes more and deeper implants, stage 

III: 16-40 points for moderate disease having many deep 

implants, small cysts on one or both ovaries and stage IV: 
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>40 points indicate severe condition with many deep 

implants, large cysts on one or both ovaries with dense 

adhesions.29-31 

Ethical clearance 

Ethical clearance was obtained from the institutional 

ethical committee of our institution before starting the 

study (No. Dean/2018/EC/936). Written informed 

consent from all the patients and healthy individuals are 

obtained. 

Study subjects 

The present case-control study was conducted between 

September 2017-2020 (3 years) at the Department of 

Obstetrics and Gynaecology, Sir Sunderlal Hospital, 

Institute of Medical Sciences, Banaras Hindu University, 

Varanasi (25°20’N, 83°0’E). The data was selected from 

18 fertile women as control, 34 infertile women with 

endometriosis and 16 women with adenomyosis. Data 

were randomly collected and the details of the lifestyle, 

habits, and familial history of patients were recorded. 

Patients with endometriosis were evaluated according to 

the revised American Society for Reproductive Medicine 

(rASRM) classification system.26 All the subjects were of 

Indian ethnicity from eastern Uttar Pradesh and Bihar, the 

two states of northern India. All the subjects were 

informed about the study and their consents were taken 

prior to the start of the study. 

Inclusion criteria  

Patients between 18 to 50 year age group, having their 

reproductive organs were included in the study. All the 

patients of primary or secondary infertility who were 

subjected to diagnostic hysterolaparoscopy have 

endometriosis and BMI less than 32 kg/m2 were also 

included.  

Exclusion criteria  

Patients with other causes of chronic pelvic pain, 

including infectious diseases, pelvic inflammatory 

disease (PID), adhesions due to previous surgeries or 

infections, were excluded from this study. 

Clinical characteristic of subject included 

Characteristic points included were the age, residence, 

physical and socioeconomic status of the subjects, type 

and duration of infertility, menstrual cycle-age of onset, 

frequency and its flow, an association of symptoms like 

dysmenorrhoea, dyspareunia, chronic pelvic pain, urinary 

symptoms and their correlation to the stage of 

endometriosis. Physical examination of the study subject 

was done. Findings were analysed concerning BMI, 

adnexal masses, mobility of uterus, and the presence of 

tenderness. TVS and MRI have been suggested for the 

detection of deep-infiltrating lesions. MRI and computed 

tomography, including ultrasound were evaluated for 

diagnosis. Diagnostic laparoscopy, a gold standard tool 

for direct visualization of the pelvis, helps in identifying 

the etiology of the patients’ pain, was advised and 

evaluated. The laparoscopic staging was done based on 

the revised AFS scoring system, which categorizes the 

findings into four stages.32 

Blood collection and serum preparation 

Approximately 5 ml of blood was obtained through 

venepuncture under aseptic condition in a clean, plain, 

red topped dry vial. Blood was kept for 10 minutes before 

centrifugation. Serum was separated from the blood 

through centrifugation at 3000 RPM for 10 minutes and 

stored in aneliquote at -20°C until required for analysis. 

Less than 5 hour was allowed between blood collection 

and processing. Serum aliquots were then frozen at -80°C 

until measurement of VEGF and IL-6 serum levels. 

Laboratory analysis 

VEGF: ELISA kit (Cat. No. E0080Hu) uses the 

Sandwich-ELISA principle. The plate has been pre-

coated with Human VEGF antibody. VEGF present in the 

sample was added and it binds to antibodies coated on the 

wells. And then biotinylated human VEGF antibody was 

added and it binds to VEGF in the sample. Then 

streptavidin-HRP was added and it bindsto the 

biotinylated VEGF antibody. After incubation unbound 

streptavidin-HRP was washed away during a washing 

step. Substrate solution was then added and color was 

developed in proportion to the amount of human VEGF. 

The reaction was terminated by addition of acidic stop 

solution and absorbance was measured at 450 nm. The 

standard curve range was 20-6000 ng/l. The sensitivity of 

the kit was 10.42 ng/L. The intra-assay precision and 

inter-assay precision were CV<8%, CV<10% 

respectively. 

IL-6: ELISA kit (Cat. No. E-EL-H0102) uses the 

Sandwich-ELISA principle. The micro ELISA plate has 

been pre-coated with an antibody specific to Human IL-6. 

Standards or samples were added to the micro ELISA 

plate wells and combined with the specific antibody 

present in the well. Then a biotinylated detection 

antibody specific for human IL-6 and avidin-horseradish 

peroxidase (HRP) conjugate were added successively to 

each micro plate well and incubated for one hour. Free 

components of the wells were washed away after three 

times of washing. Now, in each well the substrate 

solution was added. Only those wells appear in blue 

colour that contain human IL-6, biotinylated detection 

antibody and avidin-HRP conjugate. By adding stop 

solution the enzyme-substrate reaction was terminated 

and the colour turned yellow. The absorbance was 

measured through ELISA reader at a wavelength of 450 

nm. The OD value of the sample or standard is 

proportional to the concentration of human IL-6. The 
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specificity of this kit was 4.69 pg/ml and the detection 

range was 7.81-500 pg/ml.  

Statistical analysis 

Statistical analysis was performed using the SPSS IBM 

Statistics software version 23.0. Distributions of data sets 

obtained in the study were checked for normality using 

Kolmogorov-Smirnoff test. Means were separated using 

Tukey’s test when data were normally distributed and 

variances were homogeneous (Bartlett’s test for equal 

variances). The data were presented as Mean±SD. One-

way ANOVA test was performed for the statistical 

significance of the difference, in mean values of variables 

among several groups. Two-tailed p-values less than 0.05 

were considered statistically significant and p-values less 

than 0.0001 were considered to be highly significant. All 

the results were expressed in Mean±SD.  

RESULTS 

Age may be a factor for the occurrence of endometriosis, 

but the present study has shown that most of the women 

of reproductive age (32±8.08) suffering from 

endometriosis had a mean BMI value of 21.75±2.32 

(Table 1). Women living in urban areas are diagnosed 

earlier for the disease, while those living in rural areas 

suffer from the disease much severely but are diagnosed 

in their later stages, probably due to lack of health 

knowledge.  

Table 1: Demographic characteristics related to stages of the disease, including age, residence and BMI. 

Variable (n=221) 
Stage 1 (n=19) Stage 2 (n=80) Stage 3 (n=75) Stage 4 (n=47)  

P value N (%) N (%) N (%) N (%) 

Age (years) 
<32 9 (47.4) 37 (46.3) 35 (46.7) 19 (40.4) 

0.903 
>32 10 (52.6) 43 (53.8) 40 (53.3) 28 (59.6) 

Mean±SD 32.10±8.08 

Residence 
Urban  7 (36.8) 21 (26.3) 28 (37.3) 16 (34.0) 

0.487 
Rural 12 (63.2) 59 (73.8) 47 (62.7) 31 (66.0) 

BMI (kg/m2) <22 6 (31.6) 43 (53.8) 32 (42.7) 25 (53.2) 
0.215 

 >22 13 (68.4) 37 (46.3) 43 (57.3) 22 (46.8) 

Mean±SD 21.75±2.32 

Table 2: Concentration of VEGF (ng/L) and IL-6 (pg/ml) in three groups; endometriosis, adenomyosis and normal 

healthy control. 

Parameters Groups Cases (Mean±SD) 
Control (n=18) 

(Mean±SD) 
P value 

Intergroup comparison 

one way ANOVA 

Concentration of 

VEGF (ng/l) 

Endo (n=34) 3887±1886a 
665±479 

<0.0001 
F=28.98a  

Adeno (n=16) 2588±879b <0.0001 

Concentration of 

IL-6 (pg/ml) 

Endo (n=34) 90.49±45.91a 
22.97±14.16 

<0.0001 
F=18.93b 

Adeno (n=16) 70.37±37.88b <0.0001 

Here, a=p<0.0001; b=p<0.0001. One way ANOVA test was used for intergroup comparison. 

 

 

Figure 1: Concentration of VEGF and IL-6 in three 

groups; healthy control, endometriosis and 

adenomyosis. 

Table 2 shows significant differences in mean serum 

VEGF level between fifty patients of endometriosis, 

adenomyosis and eighteen normal healthy control group. 

The concentration of VEGF was expressed in ng/ml. 

Statistically significant differences in the level of VEGF 

between the control and case groups (p<0.0001) was 

observed. The concentration of IL-6 was expressed in 

ng/l, and it was also significantly high (p<0.0001) in case 

with endometriosis followed by adenomyosis shown in 

Figure 1. 

DISCUSSION 

Recent studies have shown an increased IL-6 production 

by endometriotic cells in both basal and cytokine-

stimulated conditions compared with normal condition. 

Interleukin-6 is a cytokine derived from T-cells, secreted 

by macrophages, lymphocytes, fibroblasts, and 
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endothelial cells.33 Its secretion is increased by peritoneal 

macrophages in cases of endometriosis. Generally IL-6 

inhibits the growth of endometrial cells, the effect of 

which is lost in endometriotic tissues. IL-6 has been 

investigated regarding the pathogenesis of endometriosis, 

and also as a predictor of disease.34 Elevated serum IL-6 

are considered to be biological marker for differential 

diagnosis of endometriosis. Previous studies revealed 

conflicting result about elevated serum IL-6 levels in 

endometriosis. However many of them are in favour of 

significant rise in serum IL-6 level in case of 

endometriosis. Serum IL-6 provides best discrimination 

between subjects with endometriosis and normal healthy 

controls and the diagnostic value of this marker increased 

with the findings. It's because the serum IL-6 did not 

change significantly during any phase of menstrual cycle 

in either groups.35 

Vascular endothelial growth factor (VEGF) is a 30-46 

kDa, heparin-binding growth factor that is active as a 

disulphide-linked homo-dimer, and its a potent mitogen, 

morphogen, and chemo-attractant for endothelial cells.36 

We have demonstrated that the level of VEGF in serum, 

are elevated in women with endometriosis when 

compared with normal healthy control group. The 

principal source of the VEGF are macrophages and that 

anti-VEGF antibody abolished the enhanced endothelial 

cell proliferation induced by conditioned medium from 

macrophages isolated from the peritoneal cavity of 

women with endometriosis.37 These findings demonstrate 

that these activate macrophages are the main source of 

VEGF in endometriosis and its expression is directly 

regulated by estradiol and progesterone. Since 

endometriosis is characterized by pronounced 

vascularization in and around the ectopic tissue, elevated 

levels of the potent angiogenic growth factor VEGF 

especially in the peritoneal fluid and the presence of 

VEGF-positive macrophages in the ectopic tissue are of 

clinical importance for this disease to occur.38 Therefore, 

Vascular endothelial growth factor-induced angiogenesis 

may be a critical aspect of the pathophysiology of 

endometriosis. 

The limitation of this study is that, it does not include 

other factors which are directly or indirectly related to 

activation pathway of VEGF and IL-6. 

CONCLUSION 

Endometriosis is an enigmatic gynecological disease, 

where it’s known that endometrial glands and tissues 

invade to a new place and neovascularization (new blood 

vessel formation) occurs. But it was a point from 

beginning, to study factors involved in inflammation or 

neovascularization for endometrial tissues implantation. 

This is now well know that VEGF, is a signalling protein, 

promoting the new blood vessel formation, whereas IL-6, 

is a potential cytokine involved in inflammation of 

tissues. Thus this study will be useful to put these as 

being a marker of inflammation and adhesion of 

endometric implants. It will further be useful for a 

successful target for early disease diagnosis and control. 
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