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ABSTRACT

Introduction An important open question in the literature is

whether endometrial receptivity marker levels are different in

infertility related diseases than healthy women. The aim of

the study is to compare the levels of interleukin two (IL-2)

and tumor necrosis factor alpha (TNF-α) during the implanta-

tion window in the endometrial flushing fluid of polycystic

ovary syndrome (PCOS), endometrioma, leiomyoma patients

with healthy controls.

Material and Methods In this case control study, after ob-

taining endometrial flushing fluids at mid-luteal phase of ovu-

latory women with PCOS (n = 20), endometrioma (n = 19),

leiomyoma (n = 20) and healthy controls (n = 20), IL-2 and

TNF-α levels were measured using ELISA kits in BioTek ELISA

devices.

Results Mean TNF-α levels (ng/mL) were similar for the PCOS

(305.6, p = 0.220) and the leiomyoma group (246.3,

p = 0.502) compared to healthy patients (261.1). However,

the levels were higher in the endometrioma group (338.2,

p = 0,004) than the control group (261.1) in a statistically sig-

nificant way. Mean IL-2 levels (ng/mL) were significantly lower

in the PCOS (290.9, p = 0.0005), the leiomyoma (282.9,

p = 0.0002) and the endometrioma patients (229.5,

p = 0.0009) than the control group (416.0).

Conclusion Relative to the control group, endometrial flush-

ing fluid TNF-α levels were significantly higher in endometrio-

ma patients and IL-2 levels were significantly lower in PCOS,
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leiomyoma and endometrioma patients. In benign gyneco-

logical diseases, endometrial markers related to infertility

seem to show differences in endometrial flushing fluid. Future

studies might identify the reference values for these markers,

and endometrial markers can be used to diagnose gynecolog-

ic disorders causing infertility.

ZUSAMMENFASSUNG

Einleitung Eine wichtige, in der Literatur oft diskutierte Frage

ist, ob Markerwerte, welche die Empfänglichkeit von endo-

metrialem Gewebe anzeigen, anders sind bei Frauen mit

Infertilität, verglichen mit gesunden Frauen. Ziel dieser Studie

war es, die Interleukin-2-(IL-2) und Tumornekrosefakor-α-
(TNF‑α-)Spiegel in der endometrialen Spülflüssigkeit während

des Implantationsfensters bei Frauen mit polyzystischem

Ovarsyndrom (PCOS), Endometriomen oder Leiomyomen mit

den Werten einer gesunden Kontrollgruppe zu vergleichen.

Material und Methoden In dieser Fallkontrollstudie wurden

die IL-2- and TNF-α-Werte von Frauen mit PCOS (n = 20), En-

dometriomen (n = 19) und Leiomyomen (n = 20) gemessen

und mit den Werten einer gesunden Kontrollgruppe (n = 20)

verglichen. Die Werte wurden während der Lutealphase in

der endometrialen Spülflüssigkeit der Frauen gemessen.

ELISA Kits und BioTek ELISA-Geräte wurden zur Messung der

IL-2- und TNF-α-Spiegel verwendet.

Ergebnisse Die durchschnittlichen TNF-α-Werte (ng/mL) der

PCOS-Gruppe (305,6, p = 0,220) und der Leiomyomgruppe

(246,3, p = 0,502) waren ähnlich; beide waren höher als die

in der gesunden Kontrollgruppe gemessenen Werte (261,1).

Die Werte der Endometriomgruppe (338,2, p = 0,004) waren

noch höher verglichen mit der Kontrollgruppe (261,1), und

dieser Unterschied war statistisch signifikant. Durchschnitt-

liche IL-2-Werte (ng/mL) waren wesentlich niedriger in der

PCOS-Gruppe (290,9, p = 0,0005), der Leiomyomgruppe

(282,9, p = 0,0002) und der Endometriomgruppe (229,5,

p = 0,0009) verglichen mit der Kontrollgruppe (416,0).

Schlussfolgerung Relativ zur Kontrollgruppe waren die TNF-

α-Werte in der endometrialen Spülflüssigkeit signifikant hö-

her in der Patientinnengruppe mit Endometriomen, und die

IL-2-Werte waren signifikant niedriger in den Patientinnen

mit Leiomyomen und Endometriomen. Bei gutartigen gynä-

kologischen Erkrankungen scheinen sich die Werte fertilitäts-

assoziierter, in der endometrialen Spülflüssigkeit gemessener

Marker von den Werten gesunder Frauen zu unterschieden.

Die Referenzwerte dieser Marker könnten Gegenstand zu-

künftiger Studien sein, und die endometrialen Marker könn-

ten zur Diagnose von gynäkologischen Störungen, die ursäch-

lich für Infertilität sind, herangezogen werden.
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Introduction
Endometrial receptivity (ER) indicates the period when luminal
epithelium is suitable for blastocyst implantation. Development
of receptive endometrium depends on the satisfactory change of
estrogen-processed endometrium in response to progesterone
secretion. It has been found that integrins and their ligands (e.g.
osteopontin), mucins, growth factors (HB‑EGF), homeobox tran-
scription factors (HOXA gene products), lipids, cytokines (Leptin,
LIF, IL-1, IL-11) and other molecules take part in this process [1–3]
and the focus of this study, cytokines regulate potent intercellular
signals that conduct feto-maternal communication in endome-
trial cells and have a critical importance in this process.

There are ongoing studies that aim to develop alternative
treatment strategies in order to balance cytokine levels by exter-
nal cytokine support or inhibition [4]. One cytokine that has been
investigated for this purpose is tumor necrosis factor alpha (TNF-
α) [5]. Existing studies suggest that TNF-α inhibits blastocyst vital-
ity, growth and metamorphosis before implantation [6].

Interleukin-2 (IL-2), another cytokine secreted by T cells during
antigen presentation responsible for antigen specific cell prolifer-
ation, is also under study. It increases the differentiation and pro-
liferation of other immune cells (growth and anticore synthesis
stimulant for NK, LAK and B cells) and apoptotic death of T-cells
activated by antigen [7]. There are few studies in the literature
that investigate the relationship between IL-2 and ER, even
though it has a close relationship with the cells that have roles in
feto-maternal immune regulation [8,9].
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Benign gynecological disorders including endometriosis, hy-
drosalpinx, leiomyoma, and polycystic ovary syndrome (PCOS)
are associated with decreased fertility cycle outcomes and im-
paired ER [10]. An important debate in the literature is whether
ER marker levels are different in the endometrium of women with
infertility-causing diseases compared with healthy women.

One method for assessing endometrial micro-environment is
measuring the marker levels in endometrial flushing fluid. While
endometrial flushing has no certain diagnostic use in clinics and
is not as accurate and sensitive as immunohistochemistry, it is
non-invasive and easy to implement and it has been widely used
in the clinical literature to assess intra-uterine microenvironment
and to comment on molecular mechanisms. It is well tolerated by
the patients and preovulatory use of it was suggested as a treat-
ment model for women with unexplained fertility [11].

This study compares TNF-α and IL-2 levels in the endometrial
flushing fluid of patients with polycystic ovary syndrome, endo-
metrioma and leiomyoma with healthy women. It investigates
whether endometrial receptivity markers differ across these
groups and attempts to provide insights into the molecular mech-
anisms of these diseases.
Materials and Methods

Patients and the ethical approval

The subjects in the study were patients who volunteered in Izmir
Katip Celebi University Ataturk Education and Research Hospital
outpatient gynecology clinic. The study was conducted between
Demir M et al. Endometrial Flushing Tumor… Geburtsh Frauenheilk 2019; 79: 517–523



January and June 2013. Izmir Katip Celebi University Ethics Com-
mission approved of the study which was funded by Izmir Katip
Celebi University Scientific Research Projects Coordination Unit
(2013-T1-TSBP‑11). All subjects were informed in detail about
the research project verbally and their written informed consent
was obtained. The study was conducted with patients that were
also part of another study [12]. This other study focused on the
levels of structural proteins and progesterone regulated mole-
cules (αVβ3 integrin, glycodelin and PGF2α). In contrast, the cur-
rent study focuses on the comparison of 2 important immunomo-
dulatory cytokines, TNF-α and IL-2 levels among healthy patients
and patients with benign gynecological diseases.

The subjects included in the study were between the ages of
20 to 40, and either had polycystic ovary syndrome, endometrio-
ma and uterine myoma or were healthy subjects without any
gynecological disorders. They were also required to have regular
periods (between 28–34 days, variation ≤ 3 days between cycles).
The subjects did not have any intrauterine devices, did not use
hormonal contraception or medications related to their gyneco-
logic disease or that may affect the endometrium, and had the in-
tellectual capacity to comprehend the information about the
study and provide written consent.

The exclusion criteria for volunteers: smokers, subjects being
pregnant, having pelvic infection symptoms, having luteal phase
serum progesterone levels < 3 ng/dL seven days before their ex-
pected menstruation date and subjects opting out of the study.
In addition, patients who had findings suggestive of pathologies
associated with changes in ER markers, such as hydrosalpinx, ad-
enomyosis, endometrial pathologies (submucous fibroids, endo-
metrial polyps, etc.) were excluded from the study. The patients
with concomitant gynecologic pathologies according to diagnosis
criteria of stated below (i.e. patients with both myoma and endo-
metrioma) were also not included. The evaluation of these pathol-
ogies were made based on transvaginal ultrasound (TV‑USG)
(Medison SonoAce, AM Company Co. Ltd., South Korea) and saline
infusion sonography (SIS) that were routinely performed on pa-
tients after endometrial fluid sampling.

Methods and outcomes of interest

The study was conducted in case control design. For each group,
the first 20 patients that attended Izmir Katip Celebi University
Ataturk Education and Research Hospital between January and
June 2013, satisfied the inclusion criteria and did not violate the
exclusion criteria were included in the study. During that period,
we only had 19 endometrioma patients.

The first group in the study included 20 subjects with
polycystic ovary syndrome who all had a specific phenotype (hy-
perandrogenism plus ultrasound criteria according to Rotterdam
criteria [13]) and did not have ovulatory disorders according to
their serum progesterone levels on the 21st day of their cycle
measured on their first evaluation. The second group included
20 patients with at least one intramural leiomyoma with 3 to
10 cm diameter as measured onTV‑USG. The third group included
19 endometrioma patients who satisfied all three of the following
criteria:
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1. pelvic pain,
2. dysmenorrhea,
3. at least one unilocular cyst larger than 3 cm on TV‑USG with

diffuse homogeneous ground-glass echoes due to probable
hemorrhagic debris.

Lastly, the control group included 20 otherwise healthy women
who were chosen among the patients who attended to outpatient
gynecology clinic with tubal ligation demand. They were required
to be at reproductive age, have no gynecologic symptoms and no
pathologic findings on TV‑USG (inclusive of leiomyoma, endo-
metriotic nodules, polycystic ovaries, abnormally thickened endo-
metrium or free fluid in the Douglas pouch). Fertility state of the
patients were not used as criteria in defining the groups.

The main outcome measure of the study was TNF-α and IL-2
levels in endometrial flushing fluid. The levels of these markers in
PCOS, leiomyoma and endometrioma patients were compared
with the control group.

We measured levels of markers by endometrial flushing which
is a commonly used method in the clinical literature to assess in-
tra-uterine microenvironment and molecular mechanisms. In par-
ticular, the patients were cautioned against having sexual inter-
course until the sampling of endometrial fluid in the current men-
struation cycle and they were called to the clinic for the sampling
seven days before their expected menstruation date on the time
corresponding to their midluteal phase. After confirmation of ov-
ulation based on blood progesterone levels, endometrial fluid
sampling was performed following a procedure similar to saline
infusion sonography technique and adopted from an earlier study
[14]. The patients were placed in dorsal lithotomy position. A
bivalve disposable speculum was inserted into the vagina and to
eliminate potential contaminants, the cervix was cleaned with
sterile saline. Then, a menstrual regulating cannula (4mm diame-
ter) was introduced into the uterine cavity through the cervical
canal. A syringe was then used to instill 5 ml of sterile saline into
the uterine cavity. The uterine contents were aspirated quickly.
The procedure was repeated two times, after which the samples
were collected in separate Eppendorfs, centrifuged and then
stored at − 80 °C. The subjects were kept under observation for
about half an hour after the endometrial fluid sampling.

After endometrial fluid samples were collected from all pa-
tients, TNF-α and IL-2 levels were measured by using Eastbio-
pharm (Hangzhou Eastbiopharm Co. Ltd./China) ELISA kits (TNF-
α lot: 20130924, IL-2 lot: 20130924) in BioTek ELISA devices. For
all 79 patients, the same kits were used for the samemarkers until
the end of data collection.

Statistical analysis

For statistical analysis, SPSS 23.0 (SPSS Inc., Chicago, IL) software
was used. The normality of the data was tested with Shapiro-Wilks
test and homogeneity of variances was tested with Leveneʼs test.
Accordingly, Mann-Whitney U Test or Independent Sample T Test
were used to compare the three groupsʼ TNF-α and IL-2 levels with
the control group. As the mean age values differ significantly
among the groups, to check whether the differences of TNF-α
and IL-2 levels between the groups depend on age or not, correla-
tion analysis with Spearman correlation coefficient was per-
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formed. Two-tailed p-values below 0.05 were assumed to be sta-
tistically significant. Values are presented in median (min–max)
[mean ± SD] format.
Results
There were 79 subjects and all of them tolerated endometrial fluid
sampling well. No subject had early (uterine rupture, etc.) or late
(pelvic infection, etc.) complications, and only one subject had
pelvic pain that required two hours of observation.

Descriptive parameters

▶ Table 1 summarizes the demographic data and baseline serum
progesterone levels. The mean age of patients with PCOS, uterine
myoma, endometrioma and the control group were 28.90 ± 5.45,
37.25 ± 2.73, 32.84 ± 6.62 and 32.15 ± 5.18, respectively. Com-
pared to the control group, the mean age was lower in the PCOS
(p = 0.045) and higher in the myoma patients in a statistically sig-
▶ Table 1 Demographic and baseline data including comparison of gyneco

PCOS (n = 20) Leiomyoma (

Age (year) 29 (20–38) 38 (32–40)

[28.90 ± 5.45]* [37.25 ± 2.73]

BMI (kg/m2) 26 (18.10–35.30) 25 (19.50–35)

[26.65 ± 4.74] [24.93 ± 4.01]

Gravidity (n) 0.5 (0–1) 2 (0–5)

[0.50 ± 0.51]*** [1.75 ± 1.52]*

Parity (n) 0 (0–1) 1 (0–3)

[0.35 ± 0.49]*** [1.5 ± 1.04]**

Progesteron (ng/ml) 8.39 (3.71–19) 7.04 (3.47–21

[9.47 ± 4.17] [9.61 ± 5.56]

Values are presented as median (min–max) [mean ± SD]; PCOS = Polycystic ova

Three gynecologic diseases are compared with control group separately and p-
Test, accordingly. The significantly different diseases compared to control group
were given below.

* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001

▶ Table 2 Comparison of gynecologic diseasesʼ IL-2 and TNF-α levels with

PCOS (n = 20) Leiomyoma (

TNF-α (ng/mL) 271.1 (110.4–594.1) 266.1 (67.8–3

[305.6 ± 140.0] [246.3 ± 62.8]

IL-2 (ng/mL) 285.0 (164.6–422.6) 303.0 (148.3–

[290.9 ± 75.2]*** [282.9 ± 70.2]

Values are presented as median (min–max) [mean ± SD]; PCOS = Polycystic ova
IL-2 = Interleukin 2.

Three gynecologic diseases are compared with control group separately and p-
Test, accordingly. The significantly different diseases compared to control group
were given below.

* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001
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nificant way (p = 0.001). The mean age difference was not statisti-
cally significant between the endometrioma patients and the con-
trol group (p = 0.717). As for mean body mass index (kg/m2), rel-
ative to the control group, it was lower in the endometrioma
group (p = 0.005) and similar for the uterine myoma (p = 1.0)
and the PCOS groups (p = 0.205).

Mid-luteal phase serum progesterone level (ng/ml) was similar
in the leiomyoma (9.61, p = 0.745) and the PCOS (9.47, p = 0.978)
groups relative to the control group (8.75). It was, however, lower
in the endometrioma group (6.26) than in the control group
(p = 0.030) in a statistically significant way. Gravida and parity val-
ues were significantly lower in all three groups than the control
group (▶ Table 1).

Comparison of endometrial receptivity markers

▶ Table 2 shows comparison of endometrial flushing fluid TNF-α
and IL-2 levels of the three gynecologic disease groups with the
control group. Comparisons of the TNF-α levels (ng/ml) in the
logic diseases with control group.

n = 20) Endometrioma (n = 19) Control (n = 20)

34 (20–40) 34 (22–39)

*** [32.84 ± 6.62] [32.15 ± 5.18]

21.4 (17.5–27.3) 24.7 (19–31.2)

[21.71 ± 2.92]** [24.92 ± 3.67]

1 (0–4) 3 (2–8)

** [0.97 ± 1.22]*** [3.75 ± 1.77]

0 (0–3) 3 (1–8)

* [0.79 ± 1.03]*** [2.90 ± 1.37]

.73) 4.6 (3–14.49) 8.53 (3.75–17.77)

[6.26 ± 3.57]* [8.75 ± 3.67]

ry syndrome; BMI = body mass index.

values were calculated with Mann-Whitney U Test or Independent Sample T
for each variablewasmarkedwith asterisks. Levels of statistical significance

control group.

n = 20) Endometrioma (n = 19) Control (n = 20)

51.1) 323.9 (211.4–499.1) 258.9 (106.4–460.1)

[338.2 ± 84.0]** [261.1 ± 74.8]

404.8) 82.9 (4.2–1355.8) 426.33 (129.5–589.4)

*** [229.5 ± 334.9]*** [416.0 ± 123.4]

ry syndrome; BMI = body mass index; TNF-α = Tumor Necrosis Factor Alpha;

values were calculated with Mann-Whitney U Test or Independent Sample T
for each variablewasmarkedwith asterisks. Levels of statistical significance

Demir M et al. Endometrial Flushing Tumor… Geburtsh Frauenheilk 2019; 79: 517–523



PCOS and leiomyoma groups with the control group do not reveal
significant differences (p values were 0.220 and 0.502, respective-
ly). The endometrioma group had significantly higher TNF-α levels
(338.2 ng/ml) than the control group (261.1 ng/ml, p = 0.004).
However, mean IL-2 levels (ng/ml) were significantly lower in the
PCOS (p = 0.0005), leiomyoma (p = 0.0002) and endometrioma
patients (p = 0,0009) than in the control group (416.0 ± 123.4).

As the mean age values differ significantly between the
groups, the association of age with TNF-α and IL-2 levels were in-
vestigated. The correlation between age and TNF-α (r = 0.126,
p = 0.270) and between age and IL-2 (r = −0.038, p = 0.741) were
found to be insignificant.
Discussion
In this case-control study, endometrial flushing fluid levels of TNF-
α and IL-2 were compared for subjects with polycystic ovarian syn-
drome, endometrioma and uterine leiomyoma with the healthy
controls. According to our findings, PCOS and leiomyoma patients
had significantly lower IL-2 and similar TNF-α levels relative to
healthy patients, while endometrioma patients had higher TNF-α
levels and lower IL-2 levels.

In our 2017 study, we had chosen to evaluate three cell signal-
ing molecules that have impact on endometrial receptivity with
mostly paracrine effect [12]. That study included structural pro-
teins and progesterone-regulated molecules. This previous study
found that αVβ3 integrin and glycodelin levels were higher in the
endometrioma and PGF2α was higher in the PCOS patients than
the control group in a statistically significant way [12].

Beside these molecules, cytokines also play an important role
for progesterone-regulated ER and embryo development. The
motivation for investigating cytokines comes from studies that in-
dicate its role in fostering a healthy intrauterine environment
through their autocrine, paracrine and endocrine (systemic and
immunomodulatory) effects. For example, TNF-α, an immunomo-
dulatory cytokine is conjectured to be an appropriate signal for
the closing of the implantation window and preparation for men-
strual shedding [15]. In vitro studies claimed that TNF-α protects
the embryo from teratogenic effects [16] and regulates invasion
characteristics of trophoblast by regulating MMP 2 and MMP 9
[17]. On the other hand, an animal study of TNF-α has found it to
be a pro-inflammatory cytokine that triggers immunological
pregnancy loss [18,19].

While there are many studies that systemically investigate the
relationship of serum TNF-α levels with benign gynecologic dis-
eases, TNF-α levels within uterine cavity of women with gyneco-
logic diseases has not received sufficient attention. Endometrio-
ma or endometriosis are important examples of such diseases
which have received limited attention. Minici et al. [20] and Iwabe
et al. found that the concentrations of TNF-α were significantly
higher in peritoneal fluid from patients with endometriosis than
that of patients without endometriosis [21]. Iwabe et al. also con-
jectured that TNF-α might inhibit the development of preimplan-
tation embryo and impair sperm function [21]. In another in-vitro
study, the adherence of endometrial stromal cells to mesothelial
cells increased significantly when mesothelial cells were exposed
to TNF-α nutrients. This finding highlights TNF-αʼs role in the de-
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velopment of endometriosis [22]. Furthermore, it suggests that,
the higher level of TNF-α that the current study identifies might
also be playing a role in the pathogenesis of infertility associated
with endometriosis. Thus, patients with endometriosis might ben-
efit from the administration of TNF-α receptor blockers as men-
tioned before [23].

There is no study that investigates the TNF-α levels in the en-
dometrial cavity of PCOS patients. The current study finds that
TNF-α level in uterine irrigation fluid of PCOS patients is not differ-
ent from the control group. Nevertheless, the relationship be-
tweenTNF-α levels and PCOS has been subject to a number of ear-
lier studies. Younis et al. found that the blood TNF-α levels of
PCOS and unexplained infertility patients are significantly higher
than the healthy control group [24]. Other studies have also found
that TNF-α is higher in normal-weight women with PCOS and is
even higher in overweight/obese adolescents with PCOS [25,26].
While Thathapudi et al. found that TNF-α systemmight contribute
to the pathogenesis of hyperandrogenism, obesity, and insulin re-
sistance in PCOS [27], a meta-analysis found that TNF-α polymor-
phism may not be associated with PCOS risk [28].

Despite the studies that did not find differences in the expres-
sion of endometrial genes that play a role in implantation be-
tween intramural myoma patients and fertile groups [29], prob-
lems related to ER and fertility were always suspected and studied
in patients with myomas. TNF-α is an important cytokine for ER
and it was also suggested that it might be playing an important
role in regulating apoptosis in leiomyoma cells [30]. Inagaki found
that the mean level of TNF-α in uterine cavity was higher in leio-
myoma patients than adenomyosis and endometrial polyp pa-
tients and the control group [31]. Nevertheless Ben-Nagi et al.
found that TNF-α levels in mid-luteal phase uterine flushing of
submucosal myoma patients is lower than the control group, but
the difference was not statistically significant [14]. The results of
the current study are consistent with findings of the study by Ben-
Nagi et al. [14]. However, more research is needed to clarify the
relationship between TNF-α levels and feto-maternal immuno-
logic regulation in myoma patients.

T regulatory cells (Tregs) play an important role in implantation
and determination of peripheral tolerance [32]. Tregs are critical
for the success of implantation and their absence might end preg-
nancy in early-mid gestation [33]. Animal studies have shown that
IL-2 modulates TregS and contributes to TregS survival, proliferation
and function. Consequently, trials of low-dose IL-2 treatment in
mice substantially improved pregnancy outcome [34]. Neverthe-
less, Guneet Makkar et al. compared natural cycle and stimulated
cycle patients and concluded that increased expression of IL-2 in
the peri-implantation endometrium may account for the lower
implantation rate in excessive responders (subjects with E2 con-
centration on the day of hCG was > 20000 pmol/) [35]. In contrast
to these results based on endometrial biopsy, the IL-2 levels in
uterine flushing were not significantly different [35].

The findings in the literature on the IL-2 level in peritoneal fluid
of endometriosis patients and its relationship with infertility are
inconsistent. Some studies find IL-2 level is significantly higher in
infertile women [36,37] while others do not find a significant dif-
ference [38].
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In patients with PCOS, the stimulated production of IL-2 was
found to be lower in peripheral circulation, irrespective of BMI
[39]. Krishna et al. found that Tregs which play an important role
in efficient reproductive function due to their immunosuppressive
effect are lower in PCOS patients and explained this finding with
the inherent hyporesponsiveness to IL-2. It has been conjectured
that IL-2 based therapies may help counter PCOS complications
[40].

There are few studies on IL-2 that investigate ER in human en-
dometrial tissue or endometrial flushing fluid. A 2013 study found
a lower expression of IL-2 in curettage material of women with
spontaneous miscarriage relative to women with voluntary termi-
nation of pregnancy and highlighted involvement of specific Th1
cytokines on the implantation process [41]. The current study
contributes to this debate and is also the first study to investigate
endometrial flushing IL-2 levels for ER in PCOS, leiomyoma and
endometrioma patients. The results show that during the implan-
tation period IL-2, which plays an important role in the regulation
of Th, Tregs, Tc, and NK cells, is lower in endometrioma, PCOS and
leiomyoma patients than the control group in a statistically signif-
icant way. More studies are needed to better understand the rela-
tionship between the reduced IL-2 levels and impaired receptivity
in PCOS, leiomyoma and endometrioma patients.

Limitations of the current study include the differences be-
tween groups regarding baseline demographic data and not using
the infertility state as a criterion for including patients in different
benign gynecologic disease groups. These limitations make it dif-
ficult to associate these markersʼ levels with infertility and reach a
conclusive result. At the same time, age is not correlated with
TNF-α and IL-2 levels, suggesting that the differences between
groups are not driven by age differences.

Another potential concern is that analyzing ER markers with
immunohistochemistry using endometrial tissue as in the pre-
vious studies [41,42] would have given more accurate results
than the uterine flushing technique we employ. On the flip side,
endometrial flushing technique is cheaper, less invasive and more
acceptable to patients, and hence would arguably be more feasi-
ble for routine.

Lastly, the timing for carrying out the endometrial biopsies
might be a concern. The literature commonly describes implanta-
tion window as LH + 6 to LH + 11, collects tissue specimens be-
tween these days [43], and test the urine for LH surge [14]. We
did not have the chance to use these kits on patients. To address
this concern we narrowed down the criteria for patientsʼ periods
(regular periods between 28–34 days, variation ≤ 3 days between
cycles). Endometrial fluid sampling was carried out 7 days before
the following presumed menstruation start after confirmation of
ovulation based on blood progesterone levels (≥ 3 ng/dl).
Conclusion
In PCOS and leiomyoma, TNF-α levels were not found to be signif-
icantly different from the control patients. However, decreased IL-
2 levels in PCOS, leiomyoma and endometrioma patients and in-
creased TNF-α levels in endometrioma patients might be playing
a role in infertility and impaired endometrial implantation associ-
ated with these diseases. These findings provide hints for molecu-
522
lar mechanisms underlying these diseases and contributes to the
literature that investigates ways to diagnose these diseases with
auxiliary methods for clinical purposes. More studies on the rela-
tionship between these cytokines and infertility are needed to
shed light on this question.
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