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Introduction. Sex hormones primarily affect 
immune responses, and the immune cells and 
components they create are typically involved in 
the control of gonadal and female reproductive 
system processes. In light of this, it can be said 
that the immune and reproductive systems are in-
timately related, which is why it is a good idea to 
take into account how they interact. Addressing the 
problem of infertility is highly important nowadays 
because, according to the WHO, every sixth person 
experiences this difficulty.

The inability to fertilize is known as infertility. 
A married couple is considered infertile if, in the 
absence of contraceptive use, they don’t become 
pregnant within 12 months of having active sexu-
al relations and without using contraceptives. It is 
worth noting that 75% of couples who don’t use 
contraception and have regular sexual relations 
(2-3 times a week) usually become pregnant within 
one year.

According to data from the WHO, there are a 
number of primary causes of infertility in both men 
and women. Infertility in men is typically brought on 
by issues with sperm quality, such as irregular mor-
phology and motility, ejaculation, absence, or low 
sperm count. Infertility in women can be brought on 
by a number of illnesses, including harm to the ova-
ries, uterus, fallopian tubes, organic and functional 
endocrine system problems, and other causes.

Immunological factors have a significant role in 
the development of infertility and account for more 
than 5% of both men’s and women’s causes. When 
a couple’s possession of particular organic ele-
ments cannot be used to explain why they are infer-
tile, immunological mechanisms take on a greater 
significance and may become crucial.

The aim. To study and summaries modern im-
munological methods of laboratory diagnosis of 
the causes of infertility, namely the quantification 
of antisperm antibodies, determination of infertility 
biomarkers (exosomes), and HLA typing, which are 
relevant and require further study and implementa-
tion in the practice of doctors.

Materials and methods. An analytical review 
and analysis of the scientific literature in recent 
years, covering the study of immunological causes 
of infertility and, accordingly, the use of immuno-
logical methods of diagnosis and treatment of in-
fertility.

Results: according to the material reviewed, 
we have identified three areas of research into the 
causes and diagnosis of infertility, which, in our 
opinion, require further and more detailed study 
for the successful overcoming of infertility in the 
future.

Discussion. Recently, cell therapy, as an inno-
vative method for the treatment of infertility-related 
diseases, has gained the attention of scientists, 
and the results obtained in this area have proved 
promising [2]. Studies in this area have shown that 
the special properties and therapeutic possibilities 
of stem cells, as well as their role in tissue regen-
eration, are related to their secretion and paracrine 
effects. Thus, the topic of stem cell secrets has 
gained great interest in the field of regenerative 
medicine [3]. In this regard, we would like to start 
our discussion with exosomes, which are one of the 
most studied stem cell secretions.

Exosome research’s significance in infer­
tility. Nanoscale extracellular vesicles known as 
exosomes are crucial for intercellular communi-
cation in a variety of physiological and pathologi-
cal processes. They carry physiologically active 
substances such proteins, deoxyribonucleic acids 
(DNA), microribonucleic acids (miRNA), non-cod-
ing RNAs (ncRNA), and lipids and assist in main-
taining the body’s homeostasis [4]. Exosomes are 
crucial for the regulation of critical cellular functions 
as intercellular communication, migration control, 
proliferation control, differentiation control, and 
extracellular matrix creation. Exosomes have also 
been demonstrated to have an impact on repro-
ductive system functions in both men and women, 
including spermatogenesis, acrosome response, 
embryo implantation, and gametogenesis [5].

Women’s infertility may be linked to inflammato-
ry conditions of the reproductive system. Exosome 
composition can act as brand-new biomarkers for 
inflammatory illnesses and immunopathological 
abnormalities that develop as a result of inflamma-
tory processes. According to studies, neoplastic 
exosomes have a high concentration of miRNAs, 
which help to suppress T-cell proliferation and dif-
ferentiation while also encouraging the induction of 
apoptosis [5, 6].

Determination of exosomes in endome­
triosis. Endometriosis is one of the most common 
diseases among women, which reduces the likeli-
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hood of becoming pregnant. It is a long-lasting gy-
necological condition in which tissue that resem-
bles uterine lining starts to proliferate outside of 
the uterus. Clinical signs of endometriosis include 
pelvic pain that does not coincide with menstrua-
tion, infertility, and an atypical distribution of stro-
ma and glands that resemble endometrial tissue. 
Peritoneal fluid and exosomes from endometrial 
cells have been found to contain long non-coding 
RNAs (lncRNAs), microRNAs, and proteins that are 
involved in histone modification, the development 
of new blood vessels (angiogenesis), and immu-
nological control. Exosomes may be crucial in the 
emergence of endometriosis because they pro-
mote neuroangiogenesis in the uterine wall [7]. The 
described endometriosis-specific characteristics 
of exosomes, such as miR-214-3p, extracellular 
vesicular legumain pseudogene 1 (EV-LGMNP1), 
and actin filament-related protein 1 antisense RNA 
1 (AFAP1-AS1), open up new opportunities in the 
diagnosis and treatment of endometriosis [8, 9].

Determination of exosomes in polycys­
tic ovary syndrome. Polycystic ovary syndrome 
(PCOS) is a common hormonal disorder of the re-
productive system in women that predominantly 
affects women of reproductive age. A study was 
undertaken in 2020 to look into exosomes found in 
human follicular fluid as potential PCOS biomark-
ers. In this investigation, RNA from exosomes from 
human follicular fluid was isolated and sequenced. 
Exosomes found in human follicular fluid have been 
demonstrated in these investigations to be possi-
ble molecular indicators for the diagnosis of PCOS 
[10]. Exosomes can also be used to diagnose fer-
tility problems in older women. In a study of ani-
mals, namely twenty-year-old mares, significantly 
higher levels of microRNAs of alveolar origin were 
observed in exosomes compared to young mares 
[11].

The study of exosomes and their contents as 
biomarkers for the diagnosis of diseases related 
to male fertility has also yielded initial results. Nu-
merous studies have demonstrated the signifi-
cance of exosome-related proteins, including the 
exosome protein annexin II, which can be exploit-
ed as a biomarker for male infertility and abnor-
malities of spermatogenesis [5]. The level of the 
enzyme prostaglandin D2-synthase (PTGDS) was 
notably low in males who had testicular vasectomy 
and tended to decline in azoospermia. PTGDS can 
be employed as a biomarker for the diagnosis of 
obstructive azoospermia, according to further re-
search. When compared to men with non-obstruc-
tive azoospermia, PTGDS levels in individuals with 
obstructive azoospermia were considerably lower 
[10]. Based on the above, we can see that exo-
somes can play a role in the diagnosis of various 
diseases of the reproductive system in women and 
men.

Antisperm antibody testing’s significance 
in infertility: Antisperm antibodies (ASA) can be 
produced as a result of several disorders, which 
subsequently aid in the progression of infertility. 
IgG, IgA, and IgM, often known as ASA, are sperm 
antigen-specific antibodies. Ejaculate, cervical 
mucus, follicular fluid, and male and female se-
rum are the fluids that contain these antibodies. It 
should be emphasized that IgG and IgA can also 
be found in vaginal secretions, unlike IgM, which is 
only present in serum. IgG is simultaneously made 
locally and discharged from the blood serum, 
whereas secretory IgA is solely made locally.

Antigens of spermatozoa, against which ASAs 
act, reduce sperm motility, which in turn prevents 
their movement via the reproductive tract of the 
female, negatively affects capacitation and acro-
some reaction, the fertilization process, and inter-
feres with implantation, growth and development of 
the embryo.

The hemizona assay (HZA), zona pellucida pen-
etration assay (ZPA) and zona-free hamster egg-
sperm penetration assay (SPA) were used to inves-
tigate the possible inhibitory effects of ASAs on the 
fertilization process in humans and mice [12]. The 
ZPA diagnostic test additionally revealed the effect 
of monoclonal antibodies (2C6, 1G12, 3B10, H6-
3C4) on the entry of sperm into the lenticular mem-
brane [13].

All diagnostic tests showed that two (2C6, 
1G12) of the four monoclonal antibodies had a 
pronounced inhibitory effect. Monoclonal antibody 
(3B10) blocks ZPA and SPA, but does not inhibit 
HZA. A monoclonal antibody (H6-3C4) had no in-
hibitory effect on the fertilization process at all [13]. 
Based on the above, it has been established that 
ASAs interfere with the fertilization process at some 
stages, namely: some ASAs block the process of 
sperm maturation, which in turn prevents all phases 
of the fertilization process; other ASAs inhibit the 
process of capacitation and sperm binding to the 
zona pellucida; and others block the acrosome re-
action, which reduces the ability of sperm to move 
through the zona pellucida and ooplasm [14]. It is 
important to note that in infertile men and women, 
ASAs are found in higher concentrations (9-12% 
higher than normal), but they are also found in fer-
tile patients [14].

Women whose partners are found to have ASA 
most often have ASA as well, but such ASA reacts 
only with the sperm of the male partner and not with 
the sperm of other men. It should be noted that 
the presence of sperm in the female reproductive 
tract after sexual intercourse does not cause ASA. 
However, there is a possibility of ASA during sexual 
intercourse if the vaginal mucosa is damaged or if 
sperm enters the gastrointestinal tract [15].

Studies have established a link between the 
presence of inflammatory diseases in women and 
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an increase in the concentration of ASA. Thus, 
salpingitis is closely related to the stimulation of 
the body’s activated immune response and af-
fects the formation of antibodies [16]. A positive 
correlation between the concentration of ASA in 
the blood and salpingitis-associated infertility in 
women has been established [17]. It is assumed 
that an increase in the level of immune reactivity 
of spermatozoa is a factor that affects the above 
phenomenon.

In most cases, women suffering from PCOS are 
characterized by a lack of ovulation, significantly 
elevated blood testosterone levels and obesity. 
PCOS is associated with a high risk of inflammation, 
injury and damage to the ovaries. There are claims 
that the above factors cause the formation of auto-
antigens and autoantibodies. However, a study in-
volving 46 infertile patients with PCOS showed oth-
erwise. The women had their serum ASA and sex 
hormones measured [18]. The results were as fol-
lows: 4-5 patients had low levels of circulating ASA 
in their serum, while none of the patients studied 
had elevated levels of ASA [19]. Thus, the claim of a 
close relationship between ASA and the pathogen-
esis of female infertility associated with PCOS was 
not confirmed.

A similar picture can be observed in endome-
triosis. A study conducted in 2012 involving 75 in-
fertile women with minimal or mild endometriosis 
showed that none of the patients had elevated se-
rum levels of ASA [20].

There is a claim that the formation of ASA is 
influenced by cross-immune reactions with exog-
enous antigens (microorganisms). A recent study 
has shown that human papillomavirus also affects 
the development of ASA. However, some of the 
causes of ASA remain unknown [21].

The significance of HLA typing of couples 
in infertility. In recent years, much attention has 
been paid to determining combinations of HLA 
genotypes in infertile couples, as some of them 
block fertilization, impairing the allodiscrimination 
process. HLA-typing of couples is performed in the 
following cases: during the diagnosis of infertility, 
before pregnancy planning, including in vitro fertil-
ization, as well as in case of unsuccessful attempts, 
miscarriage and couples with close family ties.

A child who has inherited HLA-antigens has one 
gene of each locus from both parents. Therefore, 
the child is half alien to the mother’s body. This 
«foreignness» triggers an immune response aimed 
at preserving the pregnancy. A clone of immune 
cells is formed in the body of a pregnant mother, 
which in turn form special «protective» (blocking) 
antibodies. In normal pregnancy, «protective» anti-
bodies to paternal HLA-antigens appear in the ear-
liest stages of pregnancy.

The antigenic composition of the trophoblast is 
mainly represented by maternal class II histocom-

patibility antigens, including HLA-DQA1 genes, 
which is why they are used as immune markers.

In 70% of infertile couples, a high degree of 
similarity of HLA-DQA1 alleles (more than 50%) 
between a man and a woman was found, both in 
couples with miscarriages and in couples with un-
successful in vitro fertilization (IVF) attempts. The 
HLA-DQA1 match between spouses causes simi-
larities between fetal and maternal tissues, which 
in turn create a lack of antigenic stimulation of the 
woman’s immune system, which is necessary for 
pregnancy. Thus, the carriage of the HLA-DQA1*5 
allele can be used as a marker of the degree of 
HLA-DQA1 compatibility of a couple [22].

The study showed that the presence of the 
HLA-DQA1*5 allele in both men and women in-
creased the likelihood of high (>50%) overall HLA-
DQA1 compatibility of the couple by 24.3 times in 
the miscarriage group, while the corresponding 
chances were 10.5 times higher in the IVF failure 
group [23].

Conclusion. We have reviewed the articles 
that included materials on the study of immuno-
logical methods of infertility research and identified 
three currently relevant methods for identifying the 
causes and diagnosis of this disease, which contin-
ue to require thorough study to solve the problems 
of infertility. Carriage of the HLA-DQA1*5 allele can 
be used as a marker of the degree of HLA-DQA1 
compatibility of a couple. As well as the use of some 
exosome markers, such as endometriosis-specific 
exosome characteristics, such as miR-214-3p, EV-
LGMNP1, AFAP1-AS1. At the same time, there is 
no doubt that there is a high correlation between 
elevated levels of ASA and female infertility, so spe-
cial attention should be paid to ASA in the diagnosis 
of male infertility.
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FEATURES OF IMMUNOLOGICAL CHANGES IN 
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The aim. To study and summarize modern im-
munological methods of laboratory diagnosis of the 
causes of infertility.

Materials and methods. An analytical review 
and analysis of the scientific literature in recent 
years, covering the study of immunological causes of 
infertility and, accordingly, the use of immunological 
methods of diagnosis and treatment of infertility. 

Results and discussion. Infertility treatment 
is an urgent medical problem because, according 
to the WHO, every sixth person faces this problem 
during their lifetime. Immunological aspects play 
an important role in infertility and account for 5% of 
infertility among men and women. In cases where 
the cause of infertility cannot be explained by the 
presence of specific organic signs in a couple, the 
identification of immunological mechanisms of 
infertility becomes more crucial. The immunological 
causes of infertility are still underestimated, as 
the mother’s immune system plays a major role 
in the successful implantation of the embryo and 
the carrying of a pregnancy. The relevant areas of 
immunological research are HLA typing to determine 
the immunological «compatibility» of couples, the 
study of the role of antisperm antibodies (ASA) in the 
development of infertility, and the use of exosomes 
as biomarkers of reproductive system diseases that 
may be the cause of infertility. In accordance with 
the material reviewed, we have identified the main 
areas of research into the causes, diagnosis, and 
treatment of infertility, which require further detailed 
study for the successful overcoming of infertility in 
the future.

Conclusion. We have reviewed the articles that 
included materials on the study of immunological 
methods of infertility research and identified three 
currently relevant methods for identifying the causes 
and diagnosis of this disease, which continue to 
require thorough study to solve the problems of 
infertility. Carriage of the HLA-DQA1*5 allele can 
be used as a marker of the degree of HLA-DQA1 
compatibility of a couple, as well as the use of some 
exosome markers, such as endometriosis-specific 
exosome characteristics such as miR-214-3p, EV-
LGMNP1, AFAP1-AS1. There is also no doubt that 
there is a high correlation between elevated levels of 

ASA and female infertility, so special attention should 
be paid to ASA in the diagnosis of male infertility.

Key words: infertility, antisperm antibodies, 
exosomes, HLA typing. 

РЕЗЮМЕ

ОСОБЛИВОСТІ ДІАГНОСТИКИ ІМУНОЛОГІЧНИХ 
ЗМІН ПРИ БЕЗПЛІДДІ

БАБАДЖАН В.Д., БИРКА Є.О., КЛЄПОВА А.А.,  
СОЛОВЕЙ А.Ф., ЯРЕСЬКО А.В. 

Харківський національний медичний університет,  
м. Харків, Україна

Мета. Вивчити та узагальнити сучасні імуно-
логічні методи лабораторної діагностики причин 
безпліддя.

Матеріали і методи. Аналітичний огляд та 
аналіз наукової літератури останніх років, що ви-
світлює вивчення імунологічних причин безпліддя 
та, відповідно, застосування імунологічних методів 
діагностики та лікування безпліддя.

Результати та їх обговорення. Лікування 
безпліддя є актуальною медичною проблемою, 
оскільки, за даними ВООЗ, кожна шоста людина 
протягом життя стикається з цією проблемою. Іму-
нологічні аспекти відіграють важливу роль у без-
плідді і становлять 5% безпліддя серед чоловіків і 
жінок. У випадках, коли причину безпліддя немож-
ливо пояснити наявністю специфічних органічних 
ознак у подружжя, вирішального значення набуває 
виявлення імунологічних механізмів безпліддя. 
Імунологічні причини безпліддя все ще недооці-
нені, хоча визнається, що імунна система матері 
відіграє головну роль в успішній імплантації ембрі-
она та виношуванні вагітності. Актуальними напря-
мами імунологічних досліджень є HLA-типування 
для визначення імунологічної «сумісності» пар, ви-
вчення ролі антиспермальних антитіл у розвитку 
безпліддя, використання екзосом як біомаркерів 
захворювань репродуктивної системи, які можуть 
бути причиною безпліддя. Відповідно до розгля-
нутого матеріалу, ми визначили основні напрями 
дослідження причин, діагностики та лікування без-
пліддя, які потребують подальшого детального ви-
вчення для успішного подолання безпліддя в май-
бутньому.

Висновок. Аналіз імунологічних методів дослі-
дження безпліддя дозволив виявили три актуальні 
на сьогоднішній день методи встановлення причин 
цього захворювання: наявність маркерів екзосом, 
специфічних для ендометріозу, таких як miR-214-
3p, EV-LGMNP1, AFAP1-AS1 у жінок; носійство але-
лі HLA-DQA1*05 як маркеру ступеня HLA-DQA1 су-
місності пари та підвищений рівень антиспермаль-
них антитіл у чоловіків та жінок.

Ключові слова: безпліддя, антиспермаль-
ні антитіла, екзосоми, алель HLA-DQA1*05, HLA-
типування.
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