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Abstract. The mechanisms of formation of male infertility are increasingly becoming immune-dependent. Im-
munological isolation of the testes is provided by the anatomical blood-testis barrier and the special tolerance of the
immune system to antigens expressed on male gametes. For a better understanding of the immunopathogenetic mecha-
nisms of infertility, a study of the role of various immune factors is required.

The aim: to study the role of pro-inflammatory and anti-inflammatory cytokines in blood serum to clarify their
role in spermatogenesis.

Materials and Methods: 45 infertile men aged 22-48 were examined. They were divided into 2 groups: first
group — 22 men with a systemic autoimmune disease - rheumatoid arthritis; second group — 23 somatically healthy patients
with idiopathic infertility. The control group included 27 fertile healthy men aged 22-48 years. Determination of the
cytokines concentration in blood serum was carried out by the immunoenzymatic method. Student's t-test was used to
compare the significant difference in mean values between groups. P < 0.05 was considered significant.

Results. Patients with autoimmune diseases (rtheumatoid arthritis) had the highest rate of leukocytospermia,
indicating a possible long-term inflammatory process. In patients with idiopathic infertility, oligozoospermia was diag-
nosed in 3 patients (13.04%), oligoasthenozoospermia in 7 patients (30.36%), asthenozoospermia in § patients (34.78%)
and leucocytospermia in 5 patients (21.82%). In patients with rheumatoid arthritis, the concentration of IL-18 (cytokine
of the IL-1 family) in the blood serum of infertile men was 1.36 times higher than that of fertile men. The level of IL-6
was 6 times higher, and the concentration of IFN-y exceeded the norm by more than three times. The level of IL-10 was
9,4 times higher than in control group. Significant changes in the serum cytokine profile were recorded in men with
idiopathic infertility. The level of pro-inflammatory cytokines increased statistically significantly: IL-18 — 1.45 times, IL-
6 —2.85 times, IFN-y — 2.65 times. Simultaneously, the level of anti-inflammatory cytokines increased: IL-10 — 3.0 times.

We also analyzed the ratio of serum levels of pro- and anti-inflammatory cytokines. Significant increase in IL-
10/TNF-a ratio was recorded in men with idiopathic infertility and infertile men with rheumatoid arthritis. Specifically,
in men with idiopathic infertility the IL-10/TNF-a ratio was 3.3 times higher and in patients with rheumatoid arthritis the
IL-10/TNF-a ratio was 4.1 times higher than in control group. In patients with rheumatoid arthritis the IL-10/IFN-y ratio
was in 3 times higher than in control group. Significant positive correlations were found in healthy fertile men: TGF-$1
— IFN-y, IL-10 — IL-18 and IL-10 — TNF-a. In men of the control group, the synthesis of IL-18 and TNF-a was balanced
by the production of IL-10. The synthesis of IFN-y was by balanced by the production of TGF-1.

Conclusions. The development of infertility associated with various accompanying pathologies is related with
by changes in both systemic and local immune reactivity. The pro-inflammatory cytokine profile of blood serum and a
decrease in the concentration of IL-1[3 are observed in patients with idiopathic infertility. The largest number of deviations
of immune reactivity was found in infertile men with concomitant autoimmune diseases.
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Introduction. The regulation of male reproduc-
tive function is realized through different levels, involving
both the endocrine and immune systems. The mechanisms
of formation of male infertility are increasingly becoming
immune-dependent. Immunological isolation of the testes
is provided by the anatomical blood-testis barrier and the
special tolerance of the immune system to antigens ex-
pressed on male gametes. The seminal fluid ensures the
microenvironment for differentiated gametes. It is a multi-
component solution and contains a range of active biolog-
ical substances with immunomodulatory properties [7, 9].
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Background of the research. In addition to hor-
mones, cytokines TNF-a, IFN-y, TGF-2/B3 Ta IL-1o/1B
ta IL-12 play an important role in the regulation of sper-
matogenesis. They regulate the penetrability of the barrier
in normal physiological state and pathological conditions
[5, 8]. The cytokines TGF-f2 / 3, TNF-a and IL-1a per-
form a leading role in the regulation of the blood-testis bar-
rier. These cytokines in the germinal epithelium are syn-
thesized by Sertoli cells and germ cells (specifically sper-
matocytes and early spermatids, since elongated sperma-
tids produce exclusively TNF-a, receptors to which are




located mostly on Sertoli cells). The interaction between
polar proteins is regulated by cytokines. This is important
both for the regulation of endocytic processes of protein
transport and for the synergization of actin- and steroid-
mediated effects on the blood-testis barrier [2].

The effect of cytokines on sperm in the seminal
fluid is a physiological phenomenon. IL-6, IL-10 levels
and TNF-a level are positively correlated with sperm con-
centration, motility and normal morphology [12], and IL-
6 level positively correlated with the ability of sperm to
penetrate egg [13]. In the seminal fluid of a healthy man,
in addition to a small number of leukocytes (about 1 mil-
lion/ml), cytokines TGF-o/p and IL-1B and IL-6,8 and a
soluble receptor for IL-2 were detected. Some of these
molecules (IL-1 and TGF-f) are synthesized in the testes,
others, probably, in the appendages or other male gonads.
In the seminal fluid of healthy men except a small number
of leukocytes (about 1 million/ml), cytokines TGF-o/p, IL-
1B and IL-6,8 and a soluble IL-2 receptor were detected.
Some of these molecules (IL-1 and TGF-p) are synthesized
in the testes, others, probably, in the other male gonads [4].
For a better understanding of the immunopathogenetic
mechanisms of infertility, a study of the role of various im-
mune factors is required. The aim of the research: to study
the role of pro-inflammatory and anti-inflammatory cyto-
kines in blood serum to clarify their role in spermatogene-
sis.

Materials and Methods. Study population and
semen collection. This research is carried out at depart-
ment of medical biology of Danylo Halytsky Lviv Na-
tional Medical University (Ukraine). Men underwent a
thorough genitourinary examination to establish exclusion
criteria. Individuals with normally developed urogenital
organs were included in the study. The study included in-
dividuals with a diagnosis of rheumatoid arthritis without
concomitant inflammatory diseases of the connective tis-
sue, other inflammatory diseases and oncological pathol-
ogy at the time of the study. The duration of the disease
was from 6 to 360 months. All patients with rheumatoid
arthritis were diagnosed with asthenozoospermia or leuko-
cytospermia. The idiopathic form of infertility, character-
ized by an unstudied etiopathogenesis, was diagnosed by
the lack of fertilization during the year of the couple's mor-
tal life and the impossibility of finding out the cause of the
disease. This form of infertility included men with oligo-
zoospermia, oligoasthenozoospermia, asthenozoospermia,
and leucospermia.

45 infertile men aged 22-48 were examined. They
were divided into 2 groups: first group — 22 men with a
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systemic autoimmune disease - rheumatoid arthritis; sec-
ond group — 23 somatically healthy patients with idio-
pathic infertility. The control group included 27 fertile
healthy men aged 22-48 years.

Ethical approval was obtained from the Ethics
Committee of Danylo Halytsky Lviv National Medical
University and informed consent was obtained from all el-
igible, consenting participants.

Blood processing. Semen was collected, analyzed
and classified according to the criteria of the WHO (2009)
[3]. Semen was obtained by masturbation into sterile plas-
tic containers following 3—5 days of abstinence. Semen
analysis was performed within 30 min. of sample arrival
in the laboratory.

Blood was collected by venipuncture (20 ml)
from the elbow vein in the morning, under conditions of
physiological rest, on an empty stomach, in test tubes sta-
bilized with heparin (final dilution 1:100). Seminal fluid
and blood serum were stored at -20°C until the beginning
of the studies, mostly for two weeks.

Determination of the cytokines concentration in
blood serum was carried out by the immunoenzymatic
method. To determine the cytokines IL-1f, IL-6, IL-10,
IL-18, IFN-y, TNF-a in blood serum and seminal fluid,
kits from DIACLONE (France) were used, TGF-B1 - kit
from DRG Diagnostics (Germany). The study was carried
out according to the manufacturer's instructions. The mi-
croplayphotometer SUNRISE TECAN (Austria) was used
for the analysis.

Statistical analysis. All quantitative variables
were expressed as mean + standard deviation, while qual-
itative data were shown in the form of number and percent-
age. Student's t-test was used to compare the significant
difference in mean values between groups. P < 0.05 was
considered significant. Correlation coefficients were es-
tablished by using Spearman's correlation coefficients.
SPSS 16.0 version for Windows was used for statistical
analysis.

Results. Ejaculate analysis has of fundamental
importance for diagnosis and determining the degree of se-
verity of male factor in infertility. Although it is based on
a quantitative change in parameters of ejaculate, functional
defects are important. Spermatogenesis in humans lasts al-
most 3 months, and the influence of exogenous factors can
persist for 2-3 months.

Analysis of ejaculate was done according to
WHO 5" guideline. Reduced number of normal spermato-
zoa and their motility was detected in all examined groups
(Table 1).
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Table 1
Evaluation of the spermogram of infertile men with various accompanying pathologies
Parameters Control group Idiopathic Rheumatoid arthritis
infertility

Number of sperm in 1 ml (million) 58.27+7.51 38.42+4.73 49.3746.82
Number of sperm in ejaculate (million) 195.69+24.32 107.9£12.64* 121.87+13.56
Sperm motility (%) 56.71+7.51 31.36+4.20* 42.16+5.42*
Morphologically normal sperm count (%) 68.83+8.95 38.11+£5.23* 39.17+5.36*
Leukocytes (10%/ml) 0.28+0.06 0.46+0.08 0.34+0.07

* P value between parameters is significant P < 0.05.

Patients with autoimmune diseases (rheumatoid
arthritis) had the highest rate of leukocytospermia,
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indicating a possible long-term inflammatory process.
When examining patients with autoimmune pathology,
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asthenozoospermia was found in 8 (36.36%) patients and
leucocytospermia in 14 patients (63.64%). In patients with
idiopathic infertility, oligozoospermia was diagnosed in 3
patients (13.04%), oligoasthenozoospermia in 7 patients
(30.36%), asthenozoospermia in 8 patients (34.78%) and
leucocytospermia in 5 patients (21.82%).

In general, quantitative and qualitative changes in
spermatozoa were found: in men with autoimmune dis-
eases - in 8 patients (36.36%); in men with idiopathic in-
fertility - in 12 patients (52.17%). The frequency of
changes in spermatozoa did not differ in the examined
groups. At the same time, leukocytospermia was deter-
mined much more often in patients with autoimmune pa-
thology, compared to patients with idiopathic infertility. In
infertile men with concomitant autoimmune pathology, the
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number of leukocytes in sperm probably exceeded the val-
ues in all other groups.

The next task was to determine the main cyto-
kines in blood serum of men with infertility. To analyze
the cytokine profile in blood serum the levels of the fol-
lowing cytokines were determined: pro-inflammatory — in-
terleukin 1p (IL-1B), interleukin 18 (IL-18), interleukin 6
(IL-6), tumor necrosis factor o (TNF- o), interferon y
(IFN-y) and anti-inflammatory - interleukin 10 (IL-10),
transforming growth factor Bl (TGF-B1). In patients with
rheumatoid arthritis the concentration of IL-18 (cytokine
of the IL-1 family) in the blood serum of infertile men was
1.36 times higher than that of fertile men (Table 2). The
level of IL-6 was 6 times higher, and the concentration of
IFN-y exceeded the norm by more than three times. The
level of IL-10 was 9,4 times higher than in control group.
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Table 2
The level of the cytokines in blood serum of infertile men
Parameters, Control group Idiopathic Rheumatoid arthritis
pg/ml infertility
TGF-B1 479.23£78.75 548.23+58.17 539.72+77.51
TNF-a 3.36+0.35 2.99+0.17 7.46:0.64
IFN -y 9.17+1.21 24.3242.46™ 27.7743.29"
IL-1B 3.61+0.45 2.72+0.23 9.87+1.68"
IL-6 2.37+0.67 6.76+0.73"" 14.2942.52™
IL-10 1.24+0.75 3.71+0.49 11.66+2.47
IL-18 196.79+£23.71 287.69+24.15" 268.22+18.34"

* P value between parameters is significant * P <0.05; ** P<0.01; *** P <(.001

Significant changes in the serum cytokine profile
were recorded in men with idiopathic infertility. The level
of pro-inflammatory cytokines increased statistically sig-
nificantly: IL-18 — 1.45 times, IL-6 — 2.85 times, [FN-y —
2.65 times. Simultaneously, the level of anti-inflammatory
cytokines increased: IL-10 — 3.0 times.

We also analyzed the ratio of serum levels of pro-
and anti-inflammatory cytokines (Table 3). Significant

increase in IL-10/TNF-a ratio was recorded in men with
idiopathic infertility and infertile men with rheumatoid ar-
thritis. Specifically, in men with idiopathic infertility the
IL-10/TNF-a ratio was 3.3 times higher and in patients
with theumatoid arthritis the IL-10/TNF-a ratio was 4.1
times higher than in control group. In patients with rheu-
matoid arthritis the IL-10/IFN-y ratio was in 3 times higher
than in control group.

Table 3
The ratio of IL-10/IFN-y and IL-10/TNF-a levels in blood serum of the examined men
Groups IL-10/TNF-a IL-10/TFN-y
Control group 0.38+0.07 0.14+0.02
Idiopathic infertility 1.26+0.22™"" 0.16+0.02
Rheumatoid arthritis 1.56+0.24™" 0.42+0.06™"

* P value between parameters is significant *** P <0.001

A significant positive correlations were found in
healthy fertile men: TGF-B1 — IFN-y, IL-10 — IL-18 and
IL-10 — TNF-a. In men of the control group, the synthesis
of IL-18 and TNF-a was balanced by the production of IL-
10. The synthesis of [FN-y was by balanced by the pro-
duction of TGF-B1 (Table 4).

Discussion. Systemic diseases are indicated in
the WHO classification and topical classification as a
cause of infertility. Since about 15% genes in the male ge-
nome are associated with reproductive processes, it can be
assumed that there may be other genetically determined
diseases associated with fertility defects. The interdepend-
ence between fertility and health is exacerbated by many
concomitant factors. Obesity, smoking, drug treatment
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negatively affects both ejaculate parameters and the health
state in general. The lack of data on all components of the
pathogenesis of many diseases makes it difficult to study
the relationship between somatic and reproductive health.

The interaction of cells of the immune system
with each other depends on their production many biolog-
ically active substances, in particular cytokines, which can
have both pro-inflammatory and anti-inflammatory effect.
A change in the cytokine profile is one of the immunopath-
ogenetic mechanisms of many diseases, in particular the
reproductive system [1]. Elevated serum levels of proin-
flammatory cytokines are a characteristic feature of im-
paired immune reactivity for autoimmune pathology [10].
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Table 4
Correlations (Spearman rank correlations) between blood serum cytokines of infertile men
Groups of cytokines Control group Idiopathic Rheumatoid arthritis
infertility
IL-10—1IL-1fB 0.206628 0.272408 0.432838
IL-10 -IL-6 0.170343 0.259813 0.180408
IL-10 -1L-18 0.407734* 0.508948 0.270664
IL-10 — TNF-a 0.533632* 0.222228 0.004119
IL-10 — IFN-y 0.149463 0.383951 0.370274
TGF-p1 —1L-1B 0.179902 0.637889* 0.172547
TGF-B1 —IL-6 0.207968 -0.586876* -0.029026
TGF-p1 —1L-18 0.141260 -0.125248 0.104100
TGF-f1 — TNF-a 0.265217 0.695551* 0.220608
TGF-B1 — IFN-y 0.450431* 0.184943 0.208828

* P value between parameters is significant P < 0.05.

Thus, an increase in the concentration of pro-in-
flammatory cytokines, especially IFN-y was the general
distinctive feature of the changes in the cytokine profile of
infertile men with various accompanying pathologies. An
increase in the serum level of this cytokine is evidence of
systemic pro-inflammatory cytokines activation of the im-
mune system. In addition, IFN-y is involved in the process
of isotype switching of antibodyogenesis before IgG syn-
thesis. The key role in the formation of the cytokine profile
of blood serum belongs to T-helpers. The population of T-
helpers includes several subpopulations, the most im-
portant of which are T-helpers of types 1 and 2 (Tx1 and
Tx2). Cytokines produced by Tx1 inhibit the cytokines
production of Tx2 profile and inhibit the differentiation of
naive T-lymphocytes according to this profile. Con-
versely, Thl-profile cytokines are antagonists of the Th2-
profile immune response [11].

T-helpers play an important role in the develop-
ment of inflammation, as they are inducers of the adaptive
immune response. The imbalance of T-helpers of types 1
and 2 and the cytokines produced by them cause the devel-
opment of chronic inflammatory diseases. In addition, the
balance of these cells during the activation of the immune
response determines its subsequent form: primarily cellu-
lar or humoral. However, the ratio between cytokines does
not completely reflect their production by T-helpers of
types 1 and 2, since it is known that under conditions of
inflammation, for example, TNF-a is produced not only by
Tx1 lymphocytes, but also by monocytes/macrophages. In
addition to Tx2 lymphocytes IL -10 is also produced by
Tx3 lymphocytes and some other cells. The ratio between
the total level of IL-10 and TNF-a in blood serum and, es-
pecially, in seminal fluid is used to assess the fertility of
bulls in veterinary medicine [12].

The ratio of cytokines that are antagonists: IL-
10/IFN-y, IL-10/NGF-a were evaluated. The analyzed in-
dicators were characterized by significant individual vari-
ability. However, a tendency towards a decrease in the IL-
10/TFN-y ratio was found in almost all infertile men, which
indicates pro-inflammatory activation of the immune sys-
tem. The immune system functions as a single integrated
mechanism, and under physiological conditions, the cyto-
kines synthesis with multidirectional effects is usually in-
terdependent. Therefore, the correlations between pro- and
anti-inflammatory cytokines are important. In some cases,
antagonistic cytokines inhibit each other's synthesis. In
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another case, the over synthesis of cytokines of one effect
causes a homeostatic increase in the cytokines synthesis of
the opposite effect [6]. As a rule, various pathological con-
ditions are accompanied by changes in the number and na-
ture of correlation relationships between different param-
eters of immune reactivity, including serum levels of cyto-
kines of different effects in comparison with correlations
in healthy persons.

Conclusions. The development of infertility as-
sociated with various accompanying pathologies is related
with by changes in both systemic and local immune reac-
tivity. The pro-inflammatory cytokine profile of blood se-
rum and a decrease in the concentration of IL-1p are ob-
served in patients with idiopathic infertility. The largest
number of deviations of immune reactivity was found in
infertile men with concomitant autoimmune diseases.
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Pe3iome. Binomo, mo mexanismu (opMyBaHHS
YOJIOBIYOTO HEIUTIIIS € IMyHO3aJIe)KHUMHU. J[J1s1 Kpamioro
PO3YMIHHS IMyHOIIATOTCHETUYHUX MEXaHI3MIiB HETDTi IS
B)KJIMBUM € BUBUYEHHS POJIi Pi3HUX JIAHOK IMYHITETY.

Mera. BuBunti posib mpo3anaibHUX i IpOTH3a-
MaJILHUX IUTOKIHIB Y CHPOBATII KPOBI IS 3’SICYyBaHHS 1X
poOJIi B cliepMaTOreHesi.

Martepianu i MmeToau. O6cTe)eHO 45 HETUTI THUX
4omnoBikiB Bikom 22-48 pokiB. Ix posjimumm Ha 2 rpynu:
nepina rpyna — 22 YOJOBIiKM 3 CUCTEMHHM ayTOIMYHHHM
3aXBOPIOBaHHSAM — PEBMATOIHUNA apTPUT; Apyra rpyma —
23 CcOMAaTHYHO 3J0POBHX MAILi€HTH 3 1IOMATUYHUM
HeraM. KontponbHy rpyny cknamu 27 (epTHiabHuX
3I0POBHX YOJIOBIKIB BikoM 22-48 pOKiB.

Pe3yabraTH. Y XBOPUX Ha pEBMATOIIHUM apTPUT
koHueHTpaiis IL-18 y cupoBatii KpoBi HEIUJHUX 4YO-
NoBiKiB Oyna B 1,36 pa3a BHUIIOO, HIX Y (HepTHIBLHUX YO-
noBikiB. PiBens I1L-6 OyB BUIIMM y 6 pa3iB, a KOHLEHTpA-
uis IFN-y mepesuinyBana HopMy OUIbII HIK Yy TpU pasi.
Pisens IL-10 OyB y 9,4 pa3u BUIIMM, HIXK Y KOHTPOJIBHIN
rpymi. Y 4YOJOBIKIB 3 1MIONATHYHUM HEIUTIASIM 3a-
peecTpoBaHi 3HauHI 3MIHM CHPOBATKOBOI'O IIMTOKIHOBOT'O
npodimto. CTaTUCTUYHO JIOCTOBIPHO  ITiJIBUIIYBaBCS
piBeHb npo3anaibHuX uuToKiHiB: LJI-18 —y 1,45 pa3za, 1JI-
6 —y 2,85 paza, IOH-y — y 2,65 pa3a. OxHO4acHO 1i/iBU-
IIyBaBCs PIBEHb NMPOTH3AaNaIbHUX IHUTOKIHIB: IL-10 — y
3,0 pa3u.

BucnoBku. Po3BUTOK HeIIiis, I10B’I3aHOTO 3
PI3HUMU CYITyTHIMH HIATOJIOTiSIMH, TIOB’I3aHUH 31 3MIHAMH
SK CHCTEMHOI, TaK 1 MICLIEBOi iIMyHHOI PEakTHBHOCTI. Y
MAIi€HTIB 3 1IIONaTUYHUM OE3ILTIIIM CIHOCTEPIraeThes
Mpo3analbHUK HUTOKIHOBHIA MPO(iIE CHPOBATKH KPOBI T2
3umxkeHHs KoHueHrtpauii IL-1P. HaiiGinpiny KiinbKicTh
BIJIXUJICHb IMYHHOI PEaKTHBHOCTI BHUSIBJICHO B HETUTIHUX
YOJIOBIKIB 13 CYNYTHIMH ayTOIMYHHHMH 3aXBOPHOBaH-
HSIMU.

KnrwouoBi cjioBa: IIUTOKIHH, YOJIOBIYE HETLTI IS,
igionaTHYHE HETUTISA, PEBMATOIIHUIN apTPUT.

Cratts Hagiouia B pegakuito 20.12.2022 p.
CraTTs npuiiHaTa 10 APYyKy 27.12.2022 p.

ISSN 2521-1455 (Print)
ISSN 2523-4250 (Online)



mailto:roman_fafula@ukr.net

