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Abstract

Purpose The study aimed to investigate key intrafollicular

prognostic factors among various cytokines and angiogenic

molecules for prediction of mature oocytes and good-quality

embryos in women with endometriosis undergoing in vitro

fertilization (IVF).

Methods Paired follicular fluid and serum samples were col-

lected from 200 women with advanced stage endometriosis

and 140 normal ovulating women during oocyte retrieval. The

concentrations of cytokines (pro-inflammatory: IL-1β,

TNF-α, IL-2, IL-8, IL-12, IFN-γ; anti-inflammatory: IL-4,

IL-6, IL-10) and angiogenic molecules (vascular endothelial

growth factor (VEGF), adrenomedullin, angiogenin) were de-

termined in follicular fluid and serum using ELISA.

Expression of these molecules was subjected to multivariate

analysis for the identification of major predictive markers of

oocyte and embryo quality. Receiver operating characteristic

(ROC) curve was applied to determine the best cutoff point for

the discrimination between mature and immature oocytes in

these women.

Results Significant increases in levels of cytokines and angio-

genic molecules were observed in women with endometriosis

compared to controls (P<0.001). From the validated partial

least squares-discriminant analysis (PLS-DA) model, IL-8,

IL-12, and adrenomedullin were identified as the most impor-

tant factors contributing to endometriosis and were negatively

associated with oocyte maturity and embryo quality.

Conclusion The levels of IL-8, IL-12, and adrenomedullin

may be good indicators of embryo and oocyte quality in en-

dometriosis patients undergoing IVF. Further studies are nec-

essary to ascertain the potential of these markers for oocyte

and embryo developmental competence which may help im-

prove the chances of a successful IVF in endometriosis

patients.
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Introduction

Endometriosis, characterized by benign growth of functional

endometrial tissue outside the uterine cavity, affects more than

150 million women worldwide, among which 30–40 % are

infertile [1]. An association between endometriosis and infer-

tility has repeatedly been reported in the literature, but an

absolute cause–effect relationship is yet to be confirmed. An

exhaustive meta-analysis suggests that patients with

endometriosis-associated infertility undergoing in vitro fertil-

ization (IVF) have a decreased pregnancy rate as compared

with other indications for IVF [2]. The data also suggest that

endometriosis affects both the development of the oocyte and

embryo and the receptivity of the endometrium [3].

Follicular fluid may be regarded as a biological “window”

reflecting metabolic and hormonal processes occurring in the

microenvironment of the maturing oocyte before ovulation. It

contains several biochemical components including cyto-

kines, chemokines, growth factors, and steroid hormones

which are involved in the process of folliculogenesis. It is,
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therefore, logical to presume that follicular fluid can act as a

predictor of IVF outcome parameters, such as oocyte maturity,

fertilization rate, embryo quality, and pregnancy rate [4].

It is evidenced that cytokines, as a result of local synthesis

in the ovary and from blood plasma, are present in follicular

fluid and modulate the processes of follicular growth [5], oo-

cyte maturation [6], ovulation [7], steroidogenesis [8], embryo

development, and pregnancy [9]. It is well established that an

adequate vascular supply is essential for ovarian follicle de-

velopment [10]. The angiogenic factors, including

adrenomedullin (ADM), vascular endothelial growth factor

(VEGF), and angiogenin, present in follicular fluid are report-

ed to play critical roles in the process of folliculogenesis and

oocyte maturation due to their vasodilator, vasorelaxant, and

angiogenic effects [11, 12].

It is believed that presence of endometriosis may alter the

microenvironment of the maturing oocyte, resulting in ovula-

tory dysfunction, poor oocyte quality, reduced fertilization

rate, low-grade embryos, and reduced implantation rates [13,

14]. A recent study also suggests that endometriosis may af-

fect the metabolic and hormonal processes, thereby altering

the microenvironment of the follicle and oocyte development

[15]. This motivated us to explore intrafollicular cytokines

including IL-1β, TNF-α, IL-2, IL-4, IL-6, IL-8, IL-10, IL-

12, and IFN-γ and angiogenic factors including VEGF,

ADM, and angiogenin in serum and follicular fluid of women

with endometriosis and relate the findings with oocyte matu-

ration and embryo quality following IVF. Further, three most

important prognostic factors for prediction of mature oocytes

and good-quality embryos with high accuracy are identified

using multivariate analysis.

Material and methods

This prospective case-controlled study was conducted at a

tertiary care hospital, the Institute of Reproductive Medicine,

Kolkata, India. A part of the study was done at the

Reproductive Health Research Unit, School of Medical

Science and Technology, Indian Institute of Technology,

Kharagpur, India. Approval was obtained from the

Institutional Research Ethics Board. Written informed consent

was taken from all couples participating in the study.

Subject selection

A total of 340 infertile women (26–40 years) with BMI

<25 kg/m2 and duration of infertility >2 years undergoing

IVF were included for this study. Out of these, 200 women

with endometriosis (stages III and IV) were included as the

study group. Endometriosis was confirmed by laparoscopy

followed by biopsy and staging done using the revised

American Society for Reproductive Medicine guidelines

[16]. For controls, 140 normal ovulating women with tubal

factor infertility (without endometriosis) were included.

Tubal factor infertility, in this study, refers to women who

had fallopian tube(s) removed for tubal pregnancy and prox-

imal tubal obstruction because of low-grade infection or fim-

brial occlusion with or without mild peritubal adhesions.

Tubal infertility associated with gross hydrosalpingeal chang-

es, dense pelvic adhesions because of endometriosis, polycys-

tic ovary syndrome, uterine anomalies, autoimmune abnor-

malities, and pelvic inflammatory diseases were excluded.

Women with adenomyosis, severe pelvic inflammatory dis-

eases, thyroid disorders, hypoprolactemia, diabetes mellitus,

and cardiovascular diseases were also excluded.

Only those women were considered whose partners/donors

were normozoospermic with semen parameters normal ac-

cording to World Health Organization guidelines [17]. It was

also ensured that women included had not received any med-

ication other than the standard IVF stimulation protocol since

the last 3 months. Baseline follicle-stimulating hormone

(FSH), luteinizing hormone (LH), estradiol (E2), and peak

E2 levels in serum and various IVF outcome parameters were

assessed in both the groups.

Ovarian stimulation protocol

Ovarian stimulation was performed using the downregulation

protocol with a gonadotropin-releasing hormone (GnRH) ag-

onist. Briefly, the patients were downregulated with a GnRH

agonist (Lupride, Sun Pharmaceuticals, Mumbai, India) mid-

luteal phase onwards and, when optimally downregulated,

were stimulated with recombinant FSH (Gonal F, Serono,

Geneva, Switzerland). Follicular size was monitored regularly

by ultrasound and serum estradiol assays. Subcutaneous hu-

man chorionic gonadotropin (hCG) (Pregnyl, Organon, the

Netherlands) was administered when average diameter of the

leading follicles reached at least 18 mm. The oocytes were

retrieved under transvaginal ultrasound guidance.

Assessment of oocyte maturity, fertilization, and embryo

quality

Oocyte and embryo quality were assessed by the clinical em-

bryologists. Oocyte maturity was evaluated by taking into

account cumulus and corona cells, ooplasm granularity, pres-

ence or absence of first polar body, and germinal vesicle [18].

After grading, oocyte-cumulus-corona complexes (OCCC)

were selected for insemination with freshly prepared swim-

up spermatozoa of the male partner. Fertilization was assessed

16–18 h post-insemination. Normal fertilization was consid-

ered as when oocytes had two pronuclei and two polar bodies.

Embryomorphology was evaluated by taking into account the

number, symmetry, and granularity of blastomeres, percentage

and type of fragmentation, degree of compaction, and
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presence of multinucleated blastomeres [18]. For comparison

purposes, the retrieved oocytes were divided into two groups:

one group consisted of MII oocytes (mature oocytes) and the

other group included grade I and II oocytes (immature oo-

cytes). Post-mature or grade IVoocytes were not included in

this study. Good (grade I and II) and poor (grade III) quality

embryos were classified into two groups in a similar manner.

The retrieved oocytes were assessed and corresponding em-

bryos followed and cultured individually. Clinical pregnancy

was defined as the presence of a gestational sac with cardiac

activity as detected by transvaginal ultrasound at 6–7 weeks of

gestation.

Collection and preparation of follicular fluid and serum

samples

A total of 1680 follicular fluid samples were carefully aspirat-

ed from women with endometriosis (n=200) and 1400 sam-

ples from controls (n=140) cases during oocyte retrieval and

collected in individual sterile containers. Out of these, follic-

ular fluid containing more than one oocyte or no oocytes or

contaminated with blood/media was discarded. Follicular flu-

id containing follicles<17 mm in diameter was also excluded.

The remaining 840 samples from endometriosis group and

686 samples from controls containing single oocytes were

centrifuged at 800×g for 10 min to remove cellular compo-

nents; the clear supernatant was divided into aliquots and fro-

zen at −70 °C until further use. Before use, follicular fluid was

centrifuged and filtered to remove the precipitate and the pro-

tein content was measured.

On the basis of maturity of the retrieved oocytes, 840 fol-

licular fluid samples from endometriosis cases were

subdivided into two groups: 607 MII or mature oocytes and

233 immature or grade I and II oocytes. Similarly, 686 follic-

ular fluid samples from the controls were subdivided into 573

MII or mature oocytes and 113 immature or grade I and II

oocytes. A total of 306 embryos resulted from 840 oocytes

of endometriosis group, and 305 embryos were formed from

686 oocytes of controls. The 306 embryos of endometriosis

group were further subdivided into two groups on the basis of

the quality of embryos: 209 good-quality embryos (grade I

and II) and 97 poor-quality embryos (grade III). Similarly,

the 305 embryos of controls were subdivided into 228 good-

quality embryos and 77 poor-quality embryos.

Five milliliters of blood was also collected on the day of

oocyte retrieval and immediately centrifuged (550×g for

5 min) to separate the serum. Protein content was measured

and stored in aliquots at −70 °C until further use.

Enzyme-linked immunosorbent assay (ELISA)

The concentrations of cytokines (pro-inflammatory: IL-1β,

TNF-α, IL-2, IL-8, IL-12, IFN-γ; anti-inflammatory: IL-4,

IL-6, IL-10) were determined in follicular fluid and serum

using commercially available kits (BD Biosciences, USA).

Similarly, levels of angiogenic molecules such as VEGF and

angiogenin were assessed using quantikine ELISA Kit (R&D

Systems Inc., USA). ADM was assessed using DRG ELISA

kit (DRG International Inc., USA). All estimations were car-

ried out according to the manufacturer’s instructions.

Dilutions were done wherever necessary to obtain readings

in the linear range of the assays. All analyses and calibrations

were performed in triplicate. Themeasurements were repeated

in cases of very high or low results. The assay sensitivity for

IL-1β, TNF-α, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12, IFN-γ,

VEGF, ADM, and angiogenin was 0.8, 2, 1, 2, 2.2, 0.8, 2, 2, 1,

5, 6, and 6 pg/ml, respectively. The intra- and inter-assay

variabilities were, respectively, <3.5 and <5 % for IL-1β, <4

and <6 % for TNF-α, <5.5 and <4.5 % for IL-2, <5 and <6 %

for IL-4, <5.5 and <7% for IL-6, <4.5 and <3.5% for IL-8, <3

and <6% for IL-10, <5.5 and <7% for IL-12, <4.5 and <5.8%

for IFN-γ, <6.5 and <7 % for VEGF, <5 and <6 % for ADM,

and <4 and <7.5 % for angiogenin.

Statistical analysis

SIMCA 13.0.2 software (Umetrics, Sweden), GraphPad

Prism (GraphPad Software, Inc., USA), and GraphPad

QuickCalcs were used for statistical analysis. All data were

presented as mean ± standard deviation (SD) and median

range, wherever appropriate. Data were assessed for normality

of distribution using the Shapiro–Wilk test. Comparison be-

tween groups was carried out using Student’s t test, Kruskal–

Wallis test, and Spearman correlation coefficient, as applica-

ble. Statistical significance was defined as P≤0.05.

Expression of different cytokines and angiogenic factors in

endometriosis compared to controls was analyzed using mul-

tivariate statistical analysis. Data were preprocessed using nor-

malization and scaling to remove possible bias arising due to

sample handling and sample variability. Normalization (by

sum) was performed in order to minimize possible differences

in concentration between samples. Following normalization,

scaling (mean centering and division by the square root of

standard deviation of each variable) was done to give all var-

iables equal weight regardless of their absolute value. After

data preprocessing, principal component analysis (PCA) and

partial least squares-discriminant analysis (PLS-DA) were

performed using SIMCA 13.0.2 (Umetrics, Sweden). PCA is

an unsupervised method and a data reduction technique that

allows the major sources of variation in a multi-dimensional

dataset to be analyzed without introducing inherent bias. PLS-

DA is a regression extension of the PCA that uses class infor-

mation to maximize the separation between various groups of

observations.

To determine the levels of key contributory molecules in

follicular fluid that can discriminate between good-quality and
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poor-quality oocytes, we applied the receiver operating char-

acteristic (ROC) curve (MedCalc Software, Belgium). To con-

struct the ROC curves, we took into account only two catego-

ries: mature (n=100) and immature (n=100) oocytes. The

ROC curves were constructed by plotting the false-positive

rate or (1–specificity) on the x-axis and the true-positive rate

or sensitivity on the y-axis. The calculation of the area under

the ROC (area under the curve (AUC)–ROC) curve measures

the accuracy, i.e., ability of the ROC value to discriminate

between mature and immature oocytes.

Results

Demographic values

The main clinical characteristics and IVF outcome parameters

of endometriosis and controls are shown in Table 1. Mean age,

BMI, duration of infertility, levels of FSH, LH, and E2 were

found to be comparable between the groups. Approximately

87 % cases of endometriosis and 18.6 % controls had primary

infertility. Amaximum of three IVF-ETcycles were attempted

in women of both the groups. Total number of follicles aspi-

rated, oocytes retrieved and number of MII oocytes, fertiliza-

tion rate, and grade I and II embryos formedwere significantly

less in women with endometriosis as compared with controls

(P<0.01). A total of 68 women from endometriosis group and

57 women from controls became pregnant following IVF. Out

of these, 32 and 45.6 % pregnancy occurred after first cycle of

IVF-ET in endometriosis and controls, respectively. Although

implantation and pregnancy rates were lower in endometriosis

than in controls, the differences were not statistically

significant.

Levels of cytokines and angiogenic molecules

Intrafollicular and serum levels of cytokines and angiogenic

molecules in endometriosis and controls are presented in

Table 2. A significant increase in the activities of pro-

inflammatory cytokines, anti-inflammatory cytokines, and an-

giogenic factors in follicular fluid and serum samples was seen

in endometriosis as compared with controls. Although levels

of these molecules in follicular fluid were significantly lower

than in serum, significant correlation was observed between

them for individual patients (r=0.57, P<0.001 for IL-1β;

r = 0.55, P < 0.001 for IL-2; r= 0.68, P < 0.001 for IL-4;

r = 0.48, P < 0.001 for IL-6; r= 0.52, P < 0.001 for IL-8;

r=0.63, P<0.001 for IL-10; r=0.61, P<0.001 for IL-12;

r=0.64, P<0.001 for TNF-α; r=0.53, P<0.001 for IFN-γ;

r=0.51, P<0.001 for VEGF; r=0.66, P<0.001 for ADM;

r=0.64, P<0.001 for angiogenin).

Multivariate statistical analyses

This advanced statistical tool was used to identify the key

molecules which significantly affect IVF outcome in women

with endometriosis. Exploratory PCAwas employed to detect

intrinsic clustering and possible outliers. Scatterplot of t1

Table 1 Clinical characteristics

and IVF outcome parameters of

women with endometriosis and

controls

Parameters Endometriosis; n = 200 Controls; n = 140

Age (years) 32.3 ± 2.98 31.7 ± 3.61

BMI (kg/m2) 22.2 ± 2.67 21.6 ± 3.27

Duration of infertility (years) 7.1 ± 2.28 6.7 ± 1.98

Primary infertility (%) 174 (87) 26 (18.6)*

Secondary infertility (%) 26 (13) 114 (81.4)*

Basal FSH (mIU/ml) 6.5 ± 1.65 6.3 ± 1.75

Basal LH (mIU/ml) 5.4 ± 1.32 5.2 ± 0.98

Basal E2 (pg/ml) 48.3 ± 5.54 47.6 ± 4.54

Peak E2 (pg/ml) 2283± 945.3 2074± 1087.7

No. of follicles aspirated 8.4 ± 2.63 10.0 ± 2.81*

No. of oocytes retrieved 7.4 ± 2.67 8.3 ± 3.72**

Metaphase II (M II) oocyte 5.2 ± 1.63 6.8 ± 1.85*

Fertilization rate (%) 73.2 ± 17.62 78.6 ± 18.45**

Grade I and II embryos formed 2.28 ± 1.2 3.32 ± 1.3*

Number of embryo transferred 2.2 ± 0.6 2.3 ± 0.8

Pregnancy rate (%) 34 % (68/200) 40.7 % (57/140)

Miscarriage rate (%) 16 % (32/200) 12.1 % (17/140)

Mean± SD

*P ≤ 0.001; **P ≤ 0.01; others not significant

1366 J Assist Reprod Genet (2016) 33:1363–1372



versus t2 indicates unsupervised (unbiased and having no pri-

or knowledge of sample groups) separation trend between

endometriosis and controls (Fig. 1a). The group separation

was further maximized by PLS-DA (Fig. 1b). The predictive

capability (Q2) and explained variance (R2) were extracted

for the PLS-DA model. The model with both R2 and Q2 well

above 0.9 indicated a very good predictive ability. Further,

validation of the PLS-DAmodel was performed using permu-

tation test statistics. This validation is performed to compare

the R2 (0.981) and Q2 (0.979) of the original model with the

R2 and Q2 of several models based on data where the order of

the class variable is randomly permuted, while the other data

matrix is kept intact. Results of permutation test statistics in-

dicated the original model to be far superior than the entire

100 model generated by random permutation of class variable

(Fig. 1c).

Following validation of the model, PLS-DA loading plot

(Fig. 1d) was used to determine the relative contribution of each

of the cytokines and angiogenic factors (referred to as the “load-

ing”) for components 1 and 2. Further, a variable lies away from

the plot origin, the stronger impact the variable has on the

model. Comparing the loading and score plot, all cytokines

and angiogenic factors showed positive factor 1 loading, indi-

cating more bias towards endometriosis. Factors with high var-

iable importance in projection (VIP) scores are regarded as

significant and, therefore, considered for quantitative analysis

of variation. IL-8, IL-12, and ADM in follicular fluid were

identified as the prime factors corresponding to three highest

VIP scores (Fig. 2). These molecules with higher VIP score

denote that these are the three significant factors which can well

discriminate between endometriosis and controls.

ROC curve analysis

We, therefore, decided to predict the cutoff value for these

molecules in follicular fluid beyond which good-quality

oocyte formation is not favorable. The accuracy of

intrafollicular levels of IL-8, IL-12, and ADM in discrim-

inating between mature and immature oocytes by ROC

curve analysis in women with endometriosis is indicated

in Fig. 3. IL-8 ≤14.36 pg/ml provided the cutoff value

with 89 % sensitivity and 87 % specificity for mature

oocytes (Fig. 3a). As a result, it was observed that, above

this cutoff value, 178 oocytes out of 200 were of poor

quality. IL-12 level ≤356.98 pg/ml provided the cutoff

value with 81 % sensitivity and 86 % specificity for ma-

ture oocytes (Fig. 3b). In a similar way, above this cutoff

value, 162 oocytes out of 200 were of poor quality.

Moreover, for ADM, ≤414.65 pg/ml provided the cutoff

value with 80 % sensitivity and 74 % specificity for ma-

ture oocytes (Fig. 3c), and above this cutoff value, 160

oocytes out of 200 were of poor quality. Interestingly,

there were few patients from controls whose cutoff levels

for IL-8, IL-12, and ADM were even higher than the

endometriosis group for respective cytokines. For exam-

ple, in case of IL-8, 13 oocytes out of 686 from controls

were found to have higher cutoff value than endometriosis

group. Similarly, in case of IL-12, 17 oocytes and in case

of ADM, 9 oocytes out of 686 from controls were found

to have higher cutoff value than endometriosis group.

However, these values were very less in number and are

non-significant. The AUC for IL-8, IL-12, and ADM was

found to be 0.94, 0.87, and 0.81, respectively.

Table 2 Comparison of various

cytokines and angiogenic factors

in follicular fluid and serum of

women with endometriosis and

controls undergoing IVF

Parameters Follicular fluid Serum

Endometriosis

(n= 200)a

Controls

(n= 140)b

Endometriosis

(n= 200)c

Controls

(n= 140)d

IL-β 1 (pg/ml) 178.67± 19.8 108.35± 14.2 247.47 ± 32.6 97.43 ± 12.7

TNF-α (pg/ml) 31.85 ± 3.2 17.95 ± 2.5 58.24± 7.3 41.61 ± 3.6

IL-2 (pg/ml) 144.21± 13.4 92.36 ± 12.4 336.25 ± 28.7 248.34± 29.6

IL-4 (pg/ml) 214.24± 23.6 132.26± 17.3 467.58 ± 52.6 332.44± 37.2

IL-6 (pg/ml) 17.37 ± 2.5 11.5 ± 2.4 74.56± 8.2 46.51 ± 5.3

IL-8 (pg/ml) 13.26 ± 0.9 5.61 ± 0.7 35.83± 4.5 21.56 ± 1.3

IL-10 (pg/ml) 118.65± 13.6 74.86 ± 10.2 374.25 ± 35.2 186.54± 23.5

IL-12 (pg/ml) 361.54± 27.4 168.42± 11.5 583.28 ± 49.4 429.36± 45.8

INF-γ (pg/ml) 78.72 ± 9.6 46.28 ± 5.8 236.46 ± 25.4 121.51± 15.5

VEGF (pg/ml) 571.08± 64.08 342.82± 37.3 748.57 ± 65.2 584.78± 55.3

ADM (pg/ml) 423.21± 35.2 216.42± 17.2 663.53 ± 61.4 503.82± 53.6

Angiogenin (pg/

ml)

472.39± 51.2 324.35± 32.6 732.36 ± 81.5 587.35± 65.3

Mean± SD

a versus b and c versus d are significant: P< 0.001
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Oocyte and embryo quality

Oocyte maturity and embryo quality were compared with the

levels of IL-8, IL-12, and ADM in follicular fluid of women

with endometriosis and controls (Fig. 4). These levels were sig-

nificantly lower (P<0.001) for MII oocytes as compared with

immature oocytes for both the groups. Grade I and II embryo

formationwas associatedwith a significant decrease in the levels

of these molecules (P<0.001) as compared with grade III em-

bryos for both the cases. Table 3 shows the IVF outcome in

terms of oocyte and embryo quality in endometriosis and con-

trols. Percentage of mature oocyte and good-quality embryos

were significantly less in endometriosis as compared with con-

trols. However, IL-8, IL-12, and ADM levels were found to be

significantly lower forMII oocytes and good-quality embryos as

compared with immature oocytes and poor-quality embryos,

respectively, in both the groups (P<0.001).

Discussion

Endometriosis may alter the microenvironment of the follicle,

resulting in ovulatory dysfunction, poor oocyte quality, re-

duced fertilization rate, low-grade embryos, and reduced im-

plantation rates [19]. Several studies demonstrate that

intrafollicular levels of cytokines are altered in patients with

endometriosis [9, 20, 21]. Elevated levels of cytokines in se-

rum and peritoneal fluid of endometriosis cases are also re-

ported [22, 23]. Increased level of serum-derived cytokines in

follicular fluid of women with endometriosis is suggested

[24]. IL-8 is suggested to play a role in the pathogenesis of

endometriosis by promoting neovascularization, endometrial

cell attachment, and cell growth [25]. Patients with severe

endometriosis are reported to have higher IL-12 levels in peri-

toneal fluid [26]. Our findings also indicate a significant in-

crease in the levels of pro-inflammatory (IL-1β, TNF-α, IL-2,

Fig. 1 Multivariate analysis. Score scatterplot of t1 versus t2 after

applying a PCA and b PLS-DA to various intrafollicular cytokines and

angiogenic growth factors in women with endometriosis (blue) and

controls (green). c Results from the permutation test for the

endometriosis group suggesting a valid PLS-DA model. The vertical

axis comprises of the R2 and Q2 values of each model, and the

horizontal axis shows the correlation between the permuted class

vectors and the original class vector. The original class has the

correlation 1.0 with itself, defining the high point on the horizontal

axis. All R2 and Q2 values calculated from the permuted data are lower

than the original model in the validation plot. Y-axis intercepts: R2= (0.0,

−0.0114), Q2 = (0.0, −0.0686). The loading scatterplot (d) shows

upregulation of all cytokines and angiogenic growth factors in

endometriosis
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IL-8, IL-12, IFN-γ) and anti-inflammatory (IL-4, IL-6, IL-10)

cytokines in women with endometriosis undergoing IVF as

compared with controls. The expression patterns of all

molecules in serum followed a similar trend. The circulating

biochemical milieu may be attributed to the fact that follicular

fluid is a combined product of those blood plasma constituents

Fig. 2 VIP score. Important features identified by PLS-DA and VIP score. IL-8, IL-12, and ADM in follicular fluid show the highest VIP score

indicating that these three molecules are the most significant factors in discriminating between endometriosis and controls

Fig. 3 Receiver operating

characteristic (ROC) curves to

predict a IL-8, b IL-12, and c

ADM cutoff value in follicular

fluid beyond which good-quality

oocyte formation is not favorable

in endometriosis
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that cross the blood follicular barrier and the granulosa and

thecal cells’ secretory activity [27].

The levels of cytokines in follicular fluid and their effect on

oocyte and embryo formation have been extensively investi-

gated; however, results remain contradictory. Early studies

indicate that IL-2 and TNF-α levels are not related to oocyte

maturity, fertilization, and likelihood of pregnancy [28].

Another study indicates no correlation between intrafollicular

IL-1β level and fertilization and embryo cleavage rates [29].

Presently, there is accumulating evidence suggesting that in-

dividual cytokines in human follicular fluid can be used as

predictors of IVF outcome [30]. A positive association of

IL-6 with oocyte maturation [31] and IL-1β with embryo

development and pregnancy [32] is documented. A majority

of findings have indicated that IL-12 is negatively associated

with folliculogenesis, oocyte quality, and implantation [30,

33, 34]. TNF-α, reported to be significantly higher in follicu-

lar fluids corresponding to poor-quality oocytes and embryos,

possibly deteriorates the microenvironment in the follicle [35,

36]. While a temporary increase in IFN-γ seems essential for

ovulation, levels that exceed normal physiologic concentra-

tions may inhibit ovulation and contribute to early pregnancy

loss [37].

Dense vascularization is a characteristic feature of

endometriotic lesions and is mediated through the angiogenesis

process [38]. Levels of angiogenic molecules in follicular fluid

are found to be dysregulated in patients with endometriosis [20,

39]. We found the intrafollicular angiogenic molecules includ-

ing VEGF, ADM, and angiogenin to be significantly elevated

in such women (Table 2).

An adequate blood supply is fundamentally important for

the regulation of intrafollicular oxygen levels, nutrients, and

determination of oocyte quality [40]. In view of this, various

angiogenic factors have been investigated in follicular fluid

and their effects on IVF outcome documented. No correlation

is reported between VEGF levels and number of oocytes re-

trieved, embryo development, or pregnancy outcome [41].

Even intrafollicular ADM concentration is suggested to be

independent of ovarian function parameters [42]. In contrast,

a recent study has established a negative correlation between

intrafollicular VEGF and ovarian response and oocyte matu-

ration [43]. Also, increased ADM in follicular fluid is associ-

ated with a negative IVF outcome [44]. In another study, in-

creased intrafollicular ADM is suggested to be a marker of

decreased ovarian response in IVF [12]. A positive association

between elevated follicular fluid angiogenin concentration

and oocyte maturity is also established [11].

Next, out of all cytokines and angiogenic molecules, the

three main factors having maximum contributory role in en-

dometriosis were identified using multivariate statistical anal-

ysis. On plotting t1× t2, the plots for endometriosis are ob-

served to lie in a principal component plane which is

Table 3 Levels of IL-8, IL-12, and ADM in endometriosis and controls for oocyte and embryo quality

Parameters IVF outcome in terms of oocyte and embryo quality

Oocyte quality Embryo quality

Mature

oocytes in

endometriosis

(70.2 %)

Mature

oocytes in

controls

(81.7 %)

Immature

oocytes in

endometriosis

(29.8 %)

Immature

oocytes in

controls

(18.3 %)

Good quality

embryos in

endometriosis

(71.2 %)

Good quality

embryos in

controls

(78.8 %)

Poor quality

embryos in

endometriosis

(28.2 %)

Poor quality

embryos in

controls

(21.2 %)

IL-8 (pg/ml) 10.42 ± 1.11 4.21 ± 0.76 14.81 ± 1.62 8.13 ± 0.82 10.54 ± 1.39 4.09 ± 0.60 13.77 ± 1.58 7.52 ± 0.87

IL-12

(pg/ml)

330.71 ± 40.60 147.97 ± 12.60 391.75 ± 35.83 182.52 ± 11.78 314.86 ± 39.66 150.78 ± 13.52 410.54 ± 40.32 186.06 ± 12.04

ADM

(pg/ml)

397.26 ± 36.75 196.51 ± 15.67 453.58 ± 35.50 240.89 ± 20.56 377.38 ± 37.66 200.80 ± 22.62 473.62 ± 44.10 240.84 ± 19.37

Fig. 4 Box and whisker plots. Follicular fluid concentrations of a IL-8, b

IL-12, and c ADM of follicles containing different grades of oocytes

(mature and immature) and embryo quality (grades I and II and grade

III) in womenwith controls and endometriosis. The box andwhisker plots

are constructed from five values: the smallest value, first quartile, median,

third quartile, and maximum values (**P< 0.001)
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significantly different from the plane where plots for controls

are clustered (Fig. 1a). PLS-DA indicates statistically signifi-

cant separation between endometriosis and controls (Fig. 1b).

A quantitative measure of the goodness of fit in the PLS-DA

model is given by the parameter R2, which varies between 0

and 1, with 1 representing a perfect fit and 0 no fit at all.

However, R2 is inflationary and approaches unity as model

complexity increases; model complexity is governed by mod-

el parameters and number of components. It is, therefore, not

sufficient to have a high R2 value. On the other hand, the

goodness of prediction represented by Q2 is less inflationary

and does not automatically come close to 1 with increasing

model complexity. In short, both R2 and Q2 are important to

assess the validity of the model. Our values corresponding to

R2 (0.981) and Q2 (0.979) indicate that the model is valid and

can predict better than chance. Another validation, showing

that the PLS-DA model not only just fits the training set well

but also predicts class well for new observations, was per-

formed using permutation test statistics. The permutation test

assured the validity of the PLS-DA model with all R2 and Q2

values calculated from the permuted data lower than the orig-

inal one in the validation plot. Q2 intercepted the y-axis at

−0.0686 (Fig. 1c). VIP scores indicate the importance of each

variable in the projection used in a PLS-DAmodel and is often

used for variable selection. Variables with top three VIP

scores, IL-8, IL-12, and ADM, were identified as the three

prime overexpressed factors in women with endometriosis.

Further, we observed a negative association between levels

of these factors and oocyte maturity and embryo quality.

A receptive endometrium and a good-quality embryo are

necessary to establish a successful pregnancy. Impairment in

the receptive status of the endometrium in women with endo-

metriosis is well evidenced [45, 46]. It appears that both the

endometrium and the oocyte/embryo are affected in endome-

triosis, and it remains to be unraveled as to which factor is

more important in adversely affecting the pregnancy outcome.

It was interesting to observe that despite dysregulated levels of

cytokines and angiogenic factors and suboptimal quality of

embryo/oocytes in patients with endometriosis, pregnancy

rates were comparable between the control and experimental

group. A possible explanation for this observation is the pres-

ence of a healthy embryo in the pool of three embryos trans-

ferred for each endometriosis patient. It is, therefore, likely

that the overall number of good embryos did not differ signif-

icantly in control and endometriosis patients.

It is well recognized that identification of a set of prognos-

tic markers for prediction of IVF success will assist clinicians

in patient management. Follicular fluid, being the immediate

microenvironment of the developing oocytes, seems to be a

good choice for identification of these biomarkers. We found

IL-8, IL-12, and ADM levels to be good indicators of embryo

and oocyte quality in endometriosis patients undergoing IVF.

It is possible that these factors may be prognostic markers for

successful IVF outcome, irrespective of the factors contribut-

ing to infertility. This may be ascertained by collective evalu-

ation of these factors in future prospective studies in women

with various causes of infertility opting for IVF.

The shortcoming of this study is that pregnancy outcome

could not be directly correlated with differences in IL-8, IL-

12, and ADM levels since two to three embryos are routinely

transferred into each patient during IVF; consequently, it was

not possible to ascribe whether the fetus in the pregnant wom-

an had developed from the follicle/embryo analyzed. It would

have been interesting to include a cohort of early endometri-

osis women to ascertain whether the intrafollicular factors and

the IVF outcome parameters show a similar trend as observed

in the advanced stage cases.
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