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ABSTRACT

Aim: To investigate the correlations between the level of IL18 mRNA gene expression and the type and duration of infertility and to study the levels of IL1
mRNA gene expression in women with endometriosis associated with infertility.

Materials and Methods: For mRNA gene expression analysis IL1f and determination of relative normalized mRNA expression
IL1B used the real-time reverse transcription polymerase chain reaction method (RT-PCR).. Examined group consists of 30 infertile
women undergoing assisted reproductive technologies. The main group consisted of 20 women diagnosed with endometriosis undergoing assisted reproductive
technologies. The control group consisted of 10 healthy women.

Results: In the main group, the level of IL1p mRNA gene expression before preparing was 26.7877+0.01, which was significantly higher than the level after
preparing (0.1610+0.01%).

Analized results, it's found out that Mean level of mRNA IL1f in women with endometriosis associated infertility 1-st degree is 8.53 c.u., at the same time Mean
level of mRNA IL1p in women with endometriosis associated infertility 2-nd degree is 1.0 c.u.

Conclusions: The inclusion of probiotics in a comprehensive regimen of preparation for assisted reproductive technologies leads to a noticeable improvement

in the patient’s well-being.
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INTRODUCTION

Endometriosis is a chronic inflammatory condition
characterized by the growth of tissue similar to the
lining of the uterus outside the uterus, usually in areas
such as the peritoneum, ovaries, and cervix. Clinical
symptoms often include progressive dysmenorrhea,
chronic pelvic pain, profound dyspareunia, and infertility,
which significantly affect the patient’s quality of life [1].
It is estimated that approximately 10% of women of
reproductive age suffer from endometriosis [2].

Although the exact cause and development of
endometriosis remain unclear, the theory of retrograde
menstruation proposed by Sampson in 1921 is
widely accepted. Other hypotheses, such as coelomic
metaplasia and vascular/lymphatic metastasis [3], have
also been proposed, but cannot fully explain all forms of
the condition. In addition, factors such as the immune
system, hormones, genetics, and the environment are
believed to play an important role in the pathogenesis
of endometriosis [4].

828

Wiad Lek. 2025;78(4):828-837. doi: 10.36740/WLek/203893 (DOl

Given the involvement of natural killer (NK) cells in
endometriosis due to reduced toxicity, one potential
treatment approach is to activate these cells. In animal
models, intraperitoneal injections of Lactobacillus
gasserii OLL2809, a probiotic that stimulates IL-12
production, resulted in NK cell activation and reduction
of ectopic endometrioid lesions. A randomized,
double-blind, placebo-controlled trial also showed
that this probiotic can alleviate pain associated
with endometriosis [5]. Adhesion of endometrial
fragments to other tissues is considered to initiate a
local inflammatory response that over time develops
into chronicinflammation. The inflammatory response
in the pelvic cavity largely involves the activation of
macrophages, which produce a number of growth-
regulating substances. There is evidence that some
of the inflammatory factors also stimulate the growth
of ectopic endometrial cells in the early stages
of endometriosis [6]. These compounds can also
affect fertility, as well as nociceptors, thus causing
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infertility and pain. Cytokines are regulatory peptides
or glycoproteins that can be produced by virtually
every type of nucleated cell in the body and have
pleiotropic regulatory effects on many cell types. Unlike
hormones, cytokines usually act as paracrine and/
or autocrine signals, only occasionally entering the
circulation, where they can act as endocrine mediators
[7]. Macrophages are among the major producers of
cytokines, especially interleukins-1and 6 (IL-1, IL-6) and
tumor necrosis factor-a (TNFa); this is probably not the
case under normal conditions, but after stimulation
by various substances [8]. Interleukins are considered
modulators of cell proliferation and as inducers of other
cytokines, as a cascade in acute inflammation [9].

Cytokines produced in the uterine environment
are involved in the regulation of endometrial growth
through steroid-cell and cell-cell interactions [10].
Cytokines may also contribute to the pathophysiology
of endometriosis in at least two ways, namely by
enhancing the establishment and proliferation of
ectopic endometrial implants and by influencing
cytokine secretion by macrophages, which can lead
to adverse changes. The cytokines IL-1(3, IL-6 and TNFa
are of great interest because they are partly hormonally
regulated and play important roles as mediators of
inflammation. IL-1 is involved in the regulation of the
immune response and inflammation. There are two
different forms of IL-1, a and B, with similar biological
activities [7]. IL-1a is present in the endometrium, in
both epithelial and stromal cells, at least in the late
secretory phase. IL-1(3 has a similar distribution, usually
appearing in lower amounts. IL-13 mRNA is expressed
inthe endometrium in the late secretory phase and cor-
responds to serum IL-1p levels, which vary throughout
the cycle with maximum values during the secretory
phase [11].

AIM

To study mRNA gene expression level IL1f3 and
estimated correlation between IL1 mRNA 3 and type,
duration of infertility in women with endometriosis
on the stage of preparing for assisted reproductive
technologies using probiotics

MATERIALS AND METHODS

For gene expression analysis IL1 mRNA and
determination of relative normalized mRNA expression
IL1B used the real-time reverse transcription
polymerase chain reaction method(RT-PCR).The
object for molecular genetic studies using RT-PCR was
a fraction of mononuclear cells isolated from whole

blood of patients with endometriosis. In this study, we
conducted a retrospective analysis of case histories of
30 infertile women undergoing assisted reproductive
technologies. The main group consisted of 20 women
diagnosed with endometriosis who underwent assisted
reproductive technologies. In addition to standard
preparation for assisted reproductive technologies,
women in the main group received a probiotic
containing Lactobacillus 10" manufactured by Unic
Biotech Ltd, India. They took one tablet twice a day
for one month as part of the general treatment before
undergoing assisted reproductive technologies. We
determined the level of IL1 expression before and after
this stage of preparation. The control group consisted
of 10 women who had tubal infertility due to a previous
inflammatory disease, but according to the results of
a comprehensive clinical and laboratory examination
they were equated to healthy women. These women
aged 21 to 42 years with a mean age of 29.75 years did
not undergo our proposed preparation for ART with the
inclusion of a probiotic. This study was conducted at the
Bukovinian State Medical University and the “Medical
Center of Infertility Treatment” clinic.

RESULTS

The average age of women in the control group (who
did not take the probiotic — 28.78+5.09 years) and the
main group (who took the probiotic) 29.54+2.04 (p
>0.05). Women in the main and control groups were
examined and expression levels were determined IL13
mRNA genes. Expression level ILT3 mRNA genes in
whole blood in women before preparation for assisted
reproductive technologies are given in Table 1

Examining the data presented in Table 1, we can
distinguish two clear subgroups: the main group,
consisting of women with endometriosis who received
our proposed training for assisted reproductive
technologies, including probiotics, before and after
training, respectively. In the main group, the level
of IL1B mRNA gene expression before training was
26.7877+0.01, which was significantly higher than the
level after training (0.1610+0.01).

We performed analysis of level expression mRNAIL1[3
before treatment conditioning on group.

According to the presented table 2, when comparing
of IL1P before treatment, statistically significant differ-
ences were revealed depending on group (p < 0.001)
(applied method: Mann-Whitney U-test).

Analized results according Fig.1, Mean level of mRNA
IL1B in women with endometriosis is 10.35 c.u., at the
same time Mean level of mMRNA IL1 in women control
group is 1.0 c.u.
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Table 1. Expression level IL13 mRNA genes in whole blood in women before preparation for assisted reproductive technologies (M+m)

Expression level IL18 mRNA genes in whole blood

Group P
Before preparing (treatment) After preparing (treatment)
Main 26,7877+0,01 0,1610£0,01 <0,001
Table 2. Analysis of level expression mRNA IL1p before treatment conditioning on group
Level expression mRNA IL1p before treatment
Variable Categories Me Q,-Q; n p
Control 1.00 1.00 - 1.00 10 <0.001*
Group
Endometriosis 10.35 2.70-21.62 20
* — differences are statistically significant (p < 0.05).

Fig. 1. Analysis of
level expression
mRNAIL1B
before treatment
conditioning on
group.
Fig. 2. Analysis of
level expression
mRNAIL1B
after treatment
conditioning on
group.

We also performed analysis of IL1(3 after treatment
conditioning on group.

According to the presented table 3, when comparing of
level expression mRNA IL1{ after treatment, statistically
significant differences were revealed depending on group
(p < 0.001) (applied method: Mann-Whitney U-test).

Analized results according Fig.2., Mean level of mRNA
IL1B in women with endometriosis is 0.14 c.u., at the
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same time Mean level of mRNA IL13 in women control
group is 1.0 c.u.

We also performed analysis of level expression mRNA
IL1 before treatment conditioning on group.

In accordance with the presented table 4, when com-
paring of IL13 level before treatment, statistically sig-
nificant differences were revealed depending on group
(p < 0.001) (applied method: Pearson’s chi-square test).
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Analized results according Fig.3., normal level of
mRNA IL1B in women with endometriosis is in 25%
patients, high level is observed in 70% patients , low
level is in only 5% patients., at the same time Mean
level of mMRNA IL1B in women control group is normal
in 100 % patients.

Analysis of level expression mRNA IL1[3 level after
treatment was performed conditioning on group.

Inaccordance with the presented table 5, when com-
paring of level expression mRNA IL1[ after treatment,
statistically significant differences were revealed de-
pending on group (p < 0.001) (applied method: Fisher’s
exact test).

Odds of low were 59.182 times greater in women
with endometriosis comparing with control group, the
relative difference in odds was statistically significant
(95% Cl: 2.949 - 1187.719).

Analysis of level expression mRNAIL1[3 before treatment
was performed conditioning on infertility degree (Fig. 4).

According to the data obtained when comparing of
level expression mRNA IL1 before treatment statisti-
cally significant differences were revealed depending
on infertility degree (p = 0.050) (applied method:
Mann-Whitney U-test) (Table 6).

Analized results according Fig.5., Mean level of mRNA
IL1B in women with endometriosis associated infertility
1-st degree is 8.53 c.u., at the same time Mean level of
mMRNA IL1B in women with endometriosis associated
infertility 2-nd degree is 1.0 c.u.

Analysis of level expression mRNA IL1B after treat-
ment was performed conditioning on infertility degree.

According to the presented table 7, when comparing
of level expression mRNA IL1[3 after treatment, statisti-

cally significant differences were revealed depending
on infertility degree (p = 0.003) (applied method:
Mann-Whitney U-test).

Analized results according Fig.6., Mean level of mRNA
IL1P after treatment in women with endometriosis asso-
ciated infertility 1-st degree is 0.14c.u., at the same time
Mean level of mRNA IL1[ in women with endometriosis
associated infertility 2-nd degree is 1.0 c.u.

Analysis of level expression mRNA IL1{ before treat-
ment was performed conditioning on infertility degree.

When comparing of level expression mRNA IL1(3
before treatment depending on infertility degree no
statistically significant differences were revealed (p
= 0.075) (applied method: Pearson’s chi-square test)
(Table 8).

Analized results according Fig.7., normal level of
mMRNA IL1B before treatment in women with endome-
triosis associated infertility 1-st degree isin 33,3%, high
level - in 61,1%, low level in 5,6%, at the same time
normal level of mRNA IL1B in women with endome-
triosis associated infertility 2-nd degree is in 75% and
high level is in 25%.

We performed analysis of level expression IL1(3 level
after treatment conditioning on infertility degree.

According to the presented table 9, when comparing
of level expression IL1P after treatment, statistically
significant differences were revealed depending on
infertility degree (p =0.008) (applied method: Fisher’s
exact test).

Odds of low were 13.000 times less in 2nd degree
group than in 1st degree group, the relative difference
in odds was statistically significant (OR =0.077;95% Cl:
0.012 - 0.482).

Table 3. Analysis of level expression mRNA IL1B after treatment conditioning on group

Level expression mRNA IL1 after treatment

Variable Categories Me Q,-Qs n p
Control 1.00 1.00 - 1.00 10 <0.001*
Group
Endometriosis 0.14 0.09-0.24 20

* — differences are statistically significant (p < 0.05).

Table 4. Analysis of level expression mRNA IL1B before treatment conditioning on group

X . Group
Variable Categories p
Control endometriosis
Normal 10 (100.0) 5(25.0) <0.001*
IL1B level before treatment High 0(0.0) 14 (70.0)
Low 0(0.0) 1(5.0)

* — differences are statistically significant (p < 0.05).
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Fig. 3. Analysis of
level expression
mRNA IL1p level
before treatment
conditioning on
group.

Fig. 4. Analysis of
level expression
mRNA IL1B

after treatment
conditioning on
group.

Fig. 5. Analysis of
level expression
mRNA IL1B

before treatment
conditioning on
infertility degree.
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Table 5. Analysis of level expression mRNA IL1p after treatment conditioning on group

Group
Variable Categories P
Control Endometriosis
Normal 10 (100.0) 5(25.0)
IL1B level expression mRNA
after treatment <0.001*
Low 0(0.0) 15 (75.0)
* — differences are statistically significant (p < 0.05).
Table 6. Analysis of level expression mRNA IL1p before treatment conditioning on infertility degree
Level expression mRNA IL1f before treatment
Variable Categories n p
Me Q,-Q;
1st degree 8.53 2.16-18.98 18 0.050%
Infertility degree
2nd degree 1.00 1.00-3.36 12
* — differences are statistically significant (p < 0.05).
Table 7. Analysis of level expression mRNA IL1p after treatment conditioning on infertility degree
Variable Categories Level expression mRNA IL1p after treatment n p
Me Q- Qs 18
1st degree 0.14 0.10-0.24 0.003*
Infertility degree
2nd degree 1.00 0.30-1.00 12
* — differences are statistically significant (p < 0.05).
Table 8. Analysis of level expression mRNA IL1p before treatment conditioning on infertility degree
Variable Categories Infertility degree P
1st degree 2nd degree
Normal 6(33.3) 9(75.0) 0.075
Level expression mRNA IL13 .
before treatment High 11611 3(25.0)
Low 1(5.6) 0(0.0)
Table 9. Analysis of level expressionIL1 level after treatment conditioning on infertility degree
Variable Categories Infertility degree P
1st degree 2nd degree
Normal
. 5(27.8) 10(83.3)
Level expression mRNA IL1p level
0.008*
after treatment
Low 13(72.2) 2(16.7)

* — differences are statistically significant (p < 0.05).

During our research we found out that there was no
association between level expression mRNA IL1( before
treatment and infertility duration.

Observed dependence of level expression mRNA IL13
before treatment from infertility, duration is described
by a linear regression equation:

Y =4.283 x X

IL1b before treatment infertility, duration

-4.223

With an 1 increase of infertility, duration 4.283 change
of IL1P before treatment should be expected. According
to the coefficient of determination R? of the resulting

model, 5.9% of the observed variance of IL1p before
treatment were explained.

We performed a correlation analysis of the association
between infertility, duration and IL1( after treatment.
A weak correlation positive association between level
expression mRNA IL1( after treatment and infertility
duration was estimated (Fig. 8).

Observed dependence of level expression mRNAIL13
after treatment from infertility duration is described by
a linear regression equation:

=0.053 x X

infertility, duration

+0.164

IL1b after treatment
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Fig. 6. Analysis of
level expression
mRNA I1L16

after treatment
conditioning on
infertility degree.

Fig. 7. Analysis of
level expression
mRNA IL1B

before treatment
conditioning on
infertility degree.

With an 1 increase of infertility, duration 0.053 change
of level expression IL1p after treatment should be ex-
pected. According to the coefficient of determination
R? of the resulting model, 6.3% of the observed variance
of level expression mRNA IL1{ after treatment were
explained(Fig. 9).

Therefore, our proposed preparation for assisted
reproductive technologies with the inclusion of a
probioticis quite effective, as the levels of IL1 mRNA
gene expression decreased sharply (Fig. 10).
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DISCUSSION

In this study, our main aim was to examine gene
expression levelsIL1B mRNAin whole blood in patients
with endometriosis associated with infertility and to
establish correlations between the type of infertility,
its duration at the stage of preparation for assisted
reproductive technologies, using a probiotic.
Endometriosis is a common benign gynecological
disease characterized by the presence of ectopic
endometrium, which causes dysmenorrhea, chronic
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Fig. 8. Analysis of
level expression
mRNA IL1B

after treatment
conditioning on
infertility degree.

Fig. 9. Regression
line characterizing the
dependence of level
expression mRNA IL1B
before treatment from

pelvic pain, and infertility, and is associated with
inflammation and immune disorders, as well as changes
in ovarian steroid hormone production.The growth and
maintenance of the endometrium and endometrioid
tissue is regulated by several cytokines and growth
factors, such as interleukin (IL) 6, 8, tumor necrosis factor
(TNF)a, and vascular endothelial growth factor (VEGF).
Retrograde menstruation into the abdominal cavity
through the fallopian tubes plays an important role in
the pathogenesis of endometriosis. Menstrual fluid is
composed of blood cells, endometrial tissue, and waste
products that are sources of endometrial cells. However,
the profile of bioactive molecules in menstrual blood
is unclear [8].

infertility duration.

Therefore, our study aimed to investigate this
relationship and its potential implications for
clinicopathological features. Our results show that
IL-1B mRNA gene expression levels have a negative
correlation with the duration of infertility, significantly
increased IL-1 mRNA gene expression levels in women
with primary infertility than with secondary infertility,
and may serve as non-invasive markers in women with
endometriosis associated with infertility [9].

CONCLUSIONS

The extremely increased expression of IL13 mRNA
genes indicates a close relationship between the
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Fig. 10. Regression
line characterizing the
dependence of level
expression mRNA IL1
after treatment from
infertility duration.

pathogenesis of endometriosis and inflammation. The
inclusion of probiotics in a comprehensive regimen
of preparation for assisted reproductive technologies
leads to a noticeable improvement in the patient’s
well-being and a significant decrease in IL13 mRNA
gene expression. IL-13 mMRNA gene expression levels

have a negative correlation with the duration of
infertility, significantly increased IL-1 mRNA gene
expression levels in women with primary infertility than
with secondary infertility .Therefore, we recommend
the proposed preparation for assisted reproductive
technologies with the inclusion of a probiotic.
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