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Abstract

Endometriosis is a disease of epidemiological gravity of unknown primary reason. A complex of con-
stitutional factors including the immune system has been considered as its background.

The aim of the study was to identify Thl and Th2 cells as well as the T-regulatory subset in the endo-
metrium of women with endometriosis associated with infertility upon transcription factors expression.
Expression of T-bet, GATA3, and Foxp3 genes was examined using a method of polymerase chain reac-
tion (PCR) in the eutopic endometrial samples of 20 women with endometriosis associated with infertility
and 20 women with infertility of tubal origin. An increase in mRNA expression for T-bet and GATA3
with prevailing mRNA level for T-bet and a decrease in Foxp3 expression were observed. In conclusion,
the revealed changes in expression of transcription factors may indicate the imbalance between T-helper
cells of the Thl and Th2 type and elimination of regulatory function of T-cells, which can be one of
the causes of endometriosis predisposing to the development of infertility associated with this disease.
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Introduction

Endometriosis is a disease characterised by the benign
growth of ectopic tissue similar to the physiological endo-
metrium (by its morphological and functional characte-
ristics) beyond the uterine cavity, often associated with hor-
monal disorders and genetic constitution [1]. The frequency
and spread of the disease is epidemic: endometriosis is di-
agnosed in 7-59% of women with chronic pelvic pain, in
20-30% of women with fertility problems, and in 2-22% of
asymptomatic women [2, 3]. The morbidity rate in endome-
triosis is about 10% among the general population of women
[1, 2]. The frequency of primary and secondary female in-
fertility in the case of endometriosis, according to the data of
various authors, ranges between 40 and 80% [4-7]. 30-40%
of patients with endometriosis were found to suffer from
infertility, and about 30% from miscarriage syndrome [5, 6].

The frequency of this disorder and its association with
infertility makes endometriosis a subject of intense study,
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diagnosis, and treatment. Despite several studies concern-
ing this problem, the aetiology and pathogenesis of endo-
metriosis is not clear and remains at the level of theory in
many aspects [8, 9]. In this context endometriosis is often
called a “disease-enigma” [10]. However, considering the
fact that the disease itself is a benign ectopia, it is under-
standable that immune imbalance occupies a leading posi-
tion in the pathogenesis of endometriosis because the main
task of the immune system is maintenance of homeostasis,
including the control of various ectopic formations [8-11].

In our view, an important issue in the pathogenesis of
endometriosis is to understand the paradigm of Th1/Th2
cells, which will mean not only better pathogenetic aware-
ness but also a possibility to conduct efficient therapy.
It is essential that the evidence for Th1/Th2 cell correlation
with many disorders as well as Th1/Th2 cytokine interplay
in patients with endometriosis are investigated. For exam-
ple, it was found in the case of endometriosis, that typical
Th1 cytokines — INF-y and IL-2 — increased in the peritone-
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al fluid [12], TNF-a concentration correlated with the stage
of endometriosis [11, 12], and introduction of recombinant
human TNF-inhibitor reduced the size of the ectopic sites
[13]. IL-12 abrogated experimental endometriosis in rats
[14] or under natural conditions [15]. On the other hand,
there are studies indicating the intensification of prolifera-
tion of the endometrial stromal cells under the influence of
typical Th2 cytokine — IL-4 — and a decrease of endometrial
growth under the influence of anti-IL-4 monoclonal anti-
body [16]. Some research has indicated that endometriosis
reveals features of autoimmune disease connected with Th2
prevalence [17]. Therefore, the development of endometri-
osis is accompanied by disordered cytokines of both helper
types, and it is still unknown whether endometriosis is typ-
ical for Th1- or Th2-mediated disease.

In recent years our knowledge concerning T-helper 1
and 2 cells has improved, and new information has ap-
peared concerning their dichotomy. At present it is envis-
aged that there are at least four sub-populations of CD4*
T-cells: T-helper of the first type (Thl), T-helper of the
second type (Th2), T-helper17 (Th17), and regulatory
T-cells — CD4* CD25* Foxp3* (Treg) [18-20]. Pro-inflam-
matory Th17 cells were shown to produce high concentra-
tions of IL-17A, IL-17F, IL-6, and TNF-a cytokines [21].
Contrary to previous approaches to identify T-helpers on
the basis of their ability to produce cytokines their actual
definition consists of number of molecular mechanisms
governing T-helper cell effector differentiation [18-20, 22].
Molecular mechanisms, by which antigenic stimulation of
T-cell receptor results in differentiation of naive T-cells in
the direction of Th1 or Th2, have been an area of focus in
recent years. Clonal expansion and differentiation of naive
T-cells are known to be complex processes regulated by
the network of transcription factors (TF) and transcription
activators — signal transducers in the cytoplasm and acti-
vators of transcription (STAT) [23, 24]. To differentiate
every subtype of the cells, their own TF and STAT are
essential, being able to intensify or inhibit differentiation
of certain helper cell subtypes. For example, to differen-
tiate into Th1 cells T-bet (T-box), STAT-1 and iSTAT-4
are necessary, while to differentiate into Th2, GATA3 and
1ISTAT-5 are essential. In order to differentiate into Th17,
RORgt and STAT-3 are required, while to differentiate
into nTreg and iTreg cells, Foxp3 (forkhead box protein
P3) and STAT-5 are necessary [18, 22, 23, 26-29]. To co-
ordinate a complete transcription program in addition to
previously mentioned factors, other transcription regula-
tors must also participate. T-cell differentiation is charac-
terised by a considerable degree of flexibility and elasticity
essential to its completion, which has been demonstrated
both in in vitro and in vivo conditions [18, 22, 23, 30, 31].

Studies on TF/s and their functions, e.g. in respect to
T-bet/GATA3, were found to reflect more objectively the
Th1/Th2 differentiation process, but not just measuring
TFs of one or another type (Th1 or Th2), or detecting the
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relevant cytokines [32, 33]. It seems most appropriate to
examine also the balance among Th1/Th2/Th17/Treg sub-
sets at the level of the selected transcription factors.

Great attention was dedicated to the study of transcrip-
tion factors in respect to the regulation of differentiation of
Th human cells into Th1/Th2/Th17/Treg. An imbalance
between Th1/Th2 and Th17/Treg cell subsets was found
to play an important role in a number of physiological and
pathological conditions, such as allergy, autoimmunity, hae-
matological diseases, and tumours [34, 35]. Of course, Th1/
Th2 and Th17/Treg cell subsets also play an important role
in reproductive processes [36, 37]. Although, there are very
few studies dealing with the problem of transcription factors
in the case of endometriosis, this topic has not been clarified,
and therefore it inspired the aim of this research [38].

The objective of this study was to detect Th1/Th2 and
other regulatory lymphocyte subsets on the basis of the
expression of transcription factors (T-bet, GATA3, Foxp3)
in the eutopic endometrial tissue samples of women with
endometriosis associated with infertility.

Material and methods

All the women recruited to the study underwent care-
ful anamnesis, physical and laboratory examinations (in-
cluding microbiological screening) as well as radiological,
ultrasound, and endoscopic evaluations, on the basis of
which the final diagnosis was made.

Women manifested infertility (at the level of concep-
tion) for at least 2 years (average duration of infertility was
5.04 +£2.2 years). Then the groups were subdivided (lap-
aroscopy vs. hysteroscopy) into 20 infertile women with
endometriosis (target group) and 20 women with infertility
of a tubal origin (control group).

Classification of endometriosis and its respective stag-
es was conducted in respect to the revised classification of
endometriosis (American Society for Reproductive Med-
icine, -ASRM) and based on laparoscopic investigations
and histopathological sampling, and included the follow-
ing: Stage 1 (“minimal”) endometriosis diagnosed in 30%
of patients (n = 6), Stage 2 (“mild”) — 25% (n =5), Stage 3
(“moderate”) — 30% (n = 6), and Stage 4 (“severe”) — 15%
of patients (n = 3). A group with “tubal factor” infertility
was recruited based on diagnostic hysteroscopy excluding
a previous active endometriotic process in the pelvis minor
(laparoscopy). The biological material for the study orig-
inated from the tissue sampling of eutopic endometrium.

The research requirements corresponded to the rules
of biomedical investigations approved by the Local Bio-
ethical Committee, Bukovinian State Medical University,
as well as the Local Medical Committee of the Centre of
Infertility Treatment (Chernivtsi), in which the patients
were treated. All the examinations were performed with
prior informed consent obtained from the patients assuring
their confidentiality.
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mRNA for studies on T-bet (T-box 21), GATA3, and
Foxp3 gene expression was extracted from the eutopic
endometrial tissue samples and reversely transcribed, and
then polymerase chain reaction (PCR) was performed.
First, the samples to be studied were grinded and homo-
genised, then they were deparaffinised in xylene, and de-
hydration was made in decreasing concentrations of etha-
nol (100%, 96%, 70%).

Total RNA was obtained using “Trizol RNA Prep
100” (Isogen Lab., LTD, Russia) containing Trizol reagent
(Iytic reagent containing denaturating guanidine thiocyanate
and phenol with pH = 4.0) and ExtraGene E (suspension
of ion exchange mixture). RNA was extracted following
the manufacturer’s protocol. Endometrial samples were
standardised according to the quantity of total RNA extract-
ed equaling to 10 pg per analysed sample. The total RNA
sample was subjected to further purification with Oligo (dT)
25 (Invitrogen, USA) in order to obtain the mRNA fraction.

Reverse transcription and DNA preparation were per-
formed by means of OT-1 kit from the “Syntol” company
(Russia). The reaction mixture of total 25 ul volume con-
tained: 1 pl of Random-6 primer, 2 pl total RNA, 8.5 pl
deionised H,O, purified of nucleases, 12.5 ul 2.5 x nucle-
otide mixture, and 1 pl reverse transcriptase MMLV-RT.
Reverse transcription was conducted at 45°C for 45 minutes
followed by heating to inactivate MMLV-RT for 5 minutes
at 92°C. The obtained cDNA was immediately used in poly-
merase chain reaction (PCR) at the volume of 1-10 pl or
kept at —70°C until further use.

To detect the expression level of genes under study the
CFX96™ Real-Time PCR Detection Systems (Bio-Rad
Laboratories, Inc., USA) and the kit of Maxima SYBR
Green/ROX qPCR Master Mix (2X) (Thermo Scientific,
USA) were applied. Final reaction mixture for amplifica-
tion included the SYBR Green, DNA-polymerase Maxi-
ma Hot Start Tag DNA Polymerase, per 0.2 ul of specific
primers, 1 pl of matrix (cDNA). The reaction mixture was
brought to a total volume of 25 pl by adding deionised H,O.

Specific sets of selected primers (5°-3") for the study as
well as the reference gene were selected by using Primer
Blast software (www.ncbi.nlm.nih.gov/tools/primer-blast),
and they were produced by Metabion (Germany) (Table 1).

Table 1. The designed primers sequences

Before PCR amplification was started, an initial dena-
turation for 10 minutes at 95°C was performed. Amplifica-
tion consisted of 45-50 cycles and was carried out under
the following conditions: denaturation at 95°C, 15 sec,
annealing — 59-61°C, 30-60 sec, and elongation — 72°C,
30 sec. As a reference gene to detect a relative value of the
examined genes expression, the glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) encoding gene was se-
lected. A normalised cDNA amount of genes under study
was defined by means of **Ct method. Statistical analysis
of PCR results was conducted using CFX Manager™ (Bio-
Rad, USA) software.

Results

The genes under study are listed in Table 1 with starter
sequences and basic molecular characteristics.

Relative cDNA levels for T-bet, GATA3, and Fox3
genes are summarised in Table 2, showing significant dif-
ferences between women with endometriosis associated
with infertility and the control group.

However, T-bet and GATA3 genes revealed significant
increase in the tested vs. the control group, while Foxp3
gene expression revealed an inverse relationship.

The most accentuated difference between tested and
control groups (group A vs. group B) was noted for T-bet
gene (Fig. 1).

Discussion

The results of mRNA transcription for Foxp3, T-bet,
and GATA3 genes in the eutopic endometrial samples
of women with endometriosis and associated infertility
compared with a control group of women are illustrated
in Table 2. Thus Table 2 shows that the results obtained
indicated significant changes in expression of all the exam-
ined transcription factor genes in the eutopic endometrial
samples of women with endometriosis associated with in-
fertility when compared to the control group. In particular,
the level of mRNA for the T-bet gene increased 3.76 fold
(p <0.01) as compared to the controls (Fig. 1).

Gene Primer sequences Melting temperature ('C) Product length (bp)  Exon junction
detected
Foxp3 F: 5*-TCTGCACCTTCCCAAATCCC-3" 59.96 48 730/731
R: 5-AAAGGGTGCTGTCCTTCCTG-3" 59.89
T-box 21 F: 5-CCGTGACTGCCTACCAGAAT-3" 59.46 40 1138/1139
(T-bet) R: 5"-TTCAGCTGAGTAATCTCGGCA-3" 59.18
GATA3 F: 5-GATGCAAGTCCAGGCCCAA-3" 60.3 51 1335/1336
R: 5-CACACTCCCTGCCTTCTGTG-3" 60.6
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Table 2. Relative cDNA level for T-bet, GATA3, and Foxp3 genes in the endometrial samples of women with endome-
triosis and infertility in comparison to respective control group

No. Groups of patients mRNA level of transcription factors genes
T-bet GATA3 Foxp3
1 Women with endometriosis 3.76 £0.54 2.86 +0.39 0.35 +0.01
associated with infertility (n = 20)
2 Control group (n = 20) 1.00 £0.11 1.01 £0.10 1.00 £0.12
p level <0.01 <0.01 <0.01
p < 0.01 - significant difference. Normalisation was performed by using “*Ct method with reference gene, GAPDH
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Fig. 1. Relative cDNA levels for T-bet gene expression in
eutopic endometrium of women with endometriosis and as-
sociated infertility (Group A), and control group (Group B).
Group A vs. Group B at p level < 0.01

Fig. 2. Relative cDNA levels for GATA3 gene expression
in eutopic endometrium of women with endometriosis
and associated infertility (Group A), and control groups
(Group B). Group A vs. Group B at p level < 0.01

The results obtained indicate increased T-bet gene ex-
pression, which may be correlated with the increase of Thl
helper cells in the endometrium of women with endometri-
osis associated with infertility. As is documented in the lit-
erature, differentiation of nadve T-cells in direction to Thl
cells is promoted by two main signals — one of them with
participation of IL-12/STAT4 and the second one with par-
ticipation of IFN-y/STAT1/T-bet [39—-42]. It corresponds
to well-known studies demonstrating an increase of IL-12
and IFN-y concentrations in the peritoneal fluid of patients
with endometriosis [43]. There are also studies showing
that the presence of IL-12 increased with the expression of
transcription factor gene, T-bet [24]. This observation may
correspond to the results obtained in our previous studies
demonstrating increased IL-12 concentration in the peri-
toneal fluid samples of patients with endometriosis [44].
The increase in mRNA transcription for the T-bet gene in
endometrium is accompanied by increased concentration
of cytokines typical for Thl cells (IL-2, INF-y, TNF-a)
in peritoneal fluid, which is supported by the literature as
well as by the results previously obtained in a group of pa-
tients with endometriosis (the results previously obtained
with the same group of patients indicated a significant
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[at p < 0.01] increase of IL-2, INF-y TNF-a, and IL-12
concentrations in the peritoneal fluid [44]). Increased level
of T-bet expression in the endometrial samples of women
with endometriosis and infertility can be explained by the
necessity for Thl activation connected with the destruction
of endometrial tissue and development of the delayed type
of hypersensitivity concerning ectopic transplants.

The mRNA level for the GATA3 gene in the endome-
trial samples of women with endometriosis was also sig-
nificantly higher than that obtained for the control group,
by a factor of 2.86 (Fig. 2).

These data correspond with the published studies re-
porting increased concentrations of certain cytokines pro-
duced by Th2 cells [16]. In our previous studies we have
indicated clearly decreased IL-4 (p < 0.05) and significant-
ly increased IL-6 (p < 0.01) in the peritoneal fluid sam-
ples. Chen et al. [38], in their study, reported the results in
much lower levels of mRNA for T-bet gene than mRNA
for GATA3 in the endometrial samples of women with
endometriosis [38]. Interestingly, the results of our study
indicate lower expression level of GATA3 than that of
T-bet gene with increased mRNA levels for both TF when
comparing to the control group (p < 0.01). The proportion
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Fig. 3. Relative cDNA levels for Foxp3 gene expression in
eutopic endometrium of women with endometriosis and as-
sociated infertility (Group A), and control group (Group B).
Group A vs. Group B at p level < 0.01

of T-bet to GATA3 gene according to the data obtained
was 1.31. It should be taken into account that our study
was conducted in a small group, which does not allow us
to draw firm conclusions, merely to show tendencies.

In the conducted study it was found that mRNA for
Foxp3 gene in the eutopic endometrial samples of infertile
women with endometriosis was markedly lower as compared
to the gene expression found in a control group (Fig. 3).

In our view, the decreased mRNA for Foxp3 gene may
reflect an insufficient function of regulatory T-lymphocytes.
They could therefore maintain immunological tolerance
towards endometrial ectopic transplants and promote their
growth beyond the site of its physiological localisation.
Our data correspond with well-known studies that indicate
the presence of polymorphism of Foxp3 haplotypes con-
nected with endometriosis [45]. However, there are stud-
ies indicating an increased mRNA level for Foxp3 in the
endometrial samples of women with endometriosis; those
studies were conducted under different conditions (in the pre-
implantation phase) [46]. On the other hand, susceptibility
of the endometrium to implantation requires an adequate
immunological tolerance in order to defend the embryo from
the maternal immune response, and such neutrality may be
disturbed in women with endometriosis [46-48].

There are reports indicating increased secretory phase
Foxp3 regulatory cells in eutopic endometrium, indicat-
ing higher density of these cells in women with endome-
triosis, which then corresponded to increased density of
Foxp3-positive cells in endometriotic ectopic sites [49]. It
could be then speculated that during the secretory phase of
women with endometriosis, uterine Tregs may exert their
immunosuppressive effects on newly recruited immune
cell populations, altering their function, such that during
the time of menstruation, shed endometrial fragments are
not efficiently targeted [50].

On the other hand, there are some reports showing
that mRNA of Foxp3 gene in the endometrium of women
with infertility of unknown origin is twice as low as that of
healthy women, which indicates indirectly the role of T-regu-
latory lymphocytes in the development of infertility [S1, 52].

Endometriosis associated with infertility is accompanied
by increased expression of mRNA for T-bet and GATA3
genes with prevailing expression of T-bet in the endometrial
eutopic tissue samples. In the endometrium of women with
endometriosis associated with infertility a decreased level
of mRNA for Foxp3 was observed, which may implicate its
role both in the development of endometriosis and associ-
ated infertility. The data obtained stipulate the necessity of
further studies concerning the role of T-lymphocytes in the
pathogenesis of endometriosis and infertility in the context
of their interaction with the other immune factors for possi-
ble diagnostic purpose and therapeutic aims in future.

The study has been conducted at Bukovinian State Med-
ical University on the clinical base of the Centre for Infer-
tility Treatment. Part of the study was performed at Danylo
Halytskyi Lviv National University, while PCR of the en-
dometrial samples was conducted at the molecular-genetic
laboratory of Zaporizzhia State Medical University.
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