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DISCUSSION

Infertility in marriage is one of the most
important and complex medical, socio-demographic
and economic problems. The frequency of infertile
marriages in many countries of the world ranges from
8 t0 29%, and in half of the cases, the cause is a male
factor. According to WHO estimates, this figure
reaches 15% (60-80 million pairs). At the same time,
primary infertility is observed in 30% of spouses [8,
35, 42].

Studies of 3956 infertile couples in seven
laboratories around the world have shown that male
infertility is observed in 40% of cases [30, 39].
According to a report on studies conducted in 33
centers in 25 countries of the world, 10.7% of men in
infertile =~ marriages  have  azoospermia  or
oligozoospermia [5, 28, 19].

Modern diagnostic and medical care for
infertility is based on fundamental achievements in
the field of reproduction, which include: deciphering
the mechanisms of hormonal regulation of the
reproductive  process, ultrasound  diagnostics,
endoscopic surgery, assisted reproductive
technologies. However, in 8-10% of cases, it is not
possible to establish the cause of infertility, which is
associated with a large number of various factors that
affect the reproductive process [6, 41]. According to
some authors, in 30% of cases it is not possible to
find out the cause of infertility, the so-called
idiopathic infertility. Most likely, idiopathic male
infertility is based on insufficiently studied genetic
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mechanisms for the regulation of spermatogenesis
[9]; a certain proportion of cases may be related to
the pathology of meiosis, impaired differentiation
and maturation of spermatids into a mature
reproductive cell, etc. [36, 43].

The results of the initial medical
examination and spermiological analysis allow a
preliminary assessment of the cause of the
reproductive dysfunction in a man. Usually male
infertility is classified based on the results of the
semen analysis. In 2010, WHO reissued the standard
protocol for the study of infertile couples. According
to these recommendations, normal sperm counts
should be as follows: sperm count 15 x 106 / ml, of
which more than 40% are motile, more than 58% are
live, about 4% with normal morphology, and should
not contain more than 1 x 106 / ml leukocytes [45].

The processes of spermatogenesis can be
negatively influenced by various reasons: diseases of
the genital organs, unhealthy diet, hormonal
imbalance, chemical and physical factors,
allergization, the use of certain drugs, bad habits, and
genetic defects [36, 38]. Studies have shown that
genetic factors are clearly involved in the decline in
male reproductive potential [10]. The frequency of
cytogenetic abnormalities is estimated at 2.1 - 28.4%
of cases in infertile men and only 0.7-1% among the
male population as a whole [21]. According to other
studies, genetic defects (mutations and chromosomal
abnormalities) are observed in 30% of cases of male
infertility [17, 28].
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Mutations in the male genome lead to a
change in the normal function of the genetic
apparatus, as a result of this, disorders can occur at
different levels: during the formation of genitals,
spermatogenesis, maturation of sperm in the
appendages, their transport in the reproductive tract
and ejaculation, penetration through cervical mucus,
capacitation, acrosomal reaction, fertilization of the
egg, etc. [10].

Chromosomal abnormalities that cause
infertility are divided into two types: changes in the
karyotype in somatic and germ cells and meiotic
disorders.

The incidence of karyotype disorders in
infertile men is about 7% [17]. Chromosomal
abnormalities are more often detected in patients with
azoospermia - in 13.7% of cases (the majority is
Klinefelter's syndrome) [23]. Sex chromosome
abnormalities prevail in men with azoospermia,
autosomal abnormalities - in patients with
oligozoospermia [22].

Meiotic disorders are observed in 6% of
men, and this frequency rises to 17.5% in individuals
with oligozoospermia (<1 x 106 / ml). To date, many
genes are already known (A-MYB, AZH, BCLW,
HPY, LVS, etc.) located on different chromosomes
that are responsible for the process of
spermatogenesis. And the violation of this process is
due to a large number of mutations in the coordinator
genes [2].

Chromosomal abnormalities in infertile
males can be numerical or structural in relation to sex
chromosomes (eg, 47, XXY) or autosomes (eg, in
Robertsonian translocation) [23]. Among the factors
of infertility, Y-chromosome microdeletions rank
second after Klinefelter's syndrome. It should be
noted that the cause of genetically determined male
infertility associated with impaired spermatogenesis,
in 10-15% of cases, is a consequence of structural
abnormalities in the Y-chromosome.

Previously, it was believed that the function
of the Y chromosome in mammals is limited to the
control of sex differentiation, but in 1976 evidence
was presented for the importance of the human Y
chromosome  for  spermatogenesis. The Y
chromosome, one of the smallest chromosomes in the
human genome, is about 60Mb in size, 30 of which
are in the euchromatin domains, and the rest is in the
heterochromatin block in the distal part of the long
arm, which can vary greatly in size in different
individuals. In general, the chromosome is divided
into three regions: the euchromatin short arm (Ypl1),
the euchromatin proximal long arm (Yqll), and the
heterochromatin distal region (Yql2). Euchromatic
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regions are not variable in size. The named areas are
arranged in a mosaic pattern within the chromosome.

Thus, the human Y chromosome consists of
about 60 million nucleotides, that is, it is much less
than in other chromosomes, and 95% of the genes
concentrated in this sex chromosome are responsible
for the development of male characteristics and
fertility [35, 37].

The first hypothesis on the correlation
between Y-chromosome deletions and male
infertility was put forward by Tiepolo L. and Zuffardi
0. in 1976. Analyzing the terminal deletion of the Y
chromosome in 6 sterile men with a normal
phenotype and azoospermia, Tiepolo and Zuffardi
hypothesized the existence of a male fertility gene
complex in the distal region of the euchromatin part
of the long arm of the Y chromosome (Yqll). This
locus was named the azoospermia factor (AZF) [14].

Further cytogenetic and molecular genetic
studies made it possible to construct a detailed map
of the Y chromosome, including 43 deletion
intervals. Currently, cytogenetic and molecular
genetic methods can be used to diagnose macro- and
microdeletions of the Y-chromosome, capturing the
AZF locus, which can be detected in 1015% of
patients with azoospermia and in 5-10% with severe
oligozoospermia. It is known that the Y chromosome
contains 220 gene regions; 104 of them are coding
genes, 111 are pseudogenes and 5 genes with not yet
clarified functions. 16 coding genes are located in the
AZF region and are responsible for the manifestation
of male fertility.

To date, more than 12 types of
microdeletions have been identified in the AZFY
chromosome region [12, 20, 29, 34]. Most of the
microdeletions  that cause azoospermia  or
oligozoospermia are located in the long arm, these
microdeletions are too small to be detected by
karyotyping. They can be identified using
polymerase chain reaction (PCR).

Further work in this area revealed that there
are three non-overlapping regions of the Y
chromosome that play an important role in the
process of spermatogenesis. These regions are AZFa,
AZFb and AZFc and are located along the Yq
shoulder from proximal to distal [30]. The fourth
region (AZFd) was discovered later and assigned to
region C [46]. Subsequently, for each subregion,
candidate genes responsible for spermatogenesis
disorders were identified: for AZFa - USP9Y
(DFFRY) and DBY, for AZFb - RBMY, for the
AZFc region - DAZ. The nucleotide sequence and
size of each subregion were determined: AZFa about
800 thousand bp, AZFb - 3.2 million bp. and AZFc-
3.5 million base pairs. Unlike the candidate genes of
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the AZFb and AZFc subregions, the genes of the
AZFa subregion are represented on the chromosome
by a single copy; therefore, even point mutations can
cause impaired spermatogenesis and lead to infertility
in men [33].

Chromosomal abnormalities and
microdeletions of Y chromosomes in the Yqll
region are recognized as the genetic underlying in
male infertility. As mentioned earlier, the genes that
control spermatogenesis located in the Yqll region
are called the genes of the azoospermia factor (AZF)
[11]. The azoospermia factor (AZF) and its
subregions AZFa, AZFb, and AZFc are the main
targets for molecular diagnostics [7, 19]. To date, the
relationship between microdeletions of the AZF locus
and the manifestation of azoospermia and
oligozoospermia has been accurately established
[20]. The frequency of microdeletions a, b, ¢ of the
AZF locus is as follows: microdeletion in the AZF c
subregion is detected in 75-80% of cases; in sub-
regions AZFb + ¢ - 2022%; in the L2Ba subregion -
3-5% of cases [1].

Most of the literature indicates that AZFc
deletions may be associated with azoospermia (54%)
and severe oligozoospermia (46%); The histological
assessment of testicular tissue ranges from Sertoli
cell syndrome (SCS) to hypospermatogenesis. It is
also considered possible that testicular damage
caused by the deletion of AZFc can progress in
patients with oligozoospermia, and azoospermia can
develop with age [21].

Complete deletions of certain AZF regions
are associated with various disorders of
spermatogenesis, for example: deletions of loci of the
AZFa region - with Sertoli cell syndrome, deletions
of loci of the AZFb / AZF region with the absence of
meiosis 1 and, therefore, with the absence of
spermatogenesis cells or their underdevelopment.
Deletions of the AZFc region loci lead to
hypospermatogenesis, leading to severe
oligozoospermia and azoospermia. It was also noted
that microdeletions of the entire AZFa or AZFb
regions predict a negative result during testicular
biopsy and TESE, while with a complete deletion of
the AZFc region, successful sperm retrieval is
predicted [7].

Nevertheless, deletions of the AZFc region
are common in patients with obstructive azoospermia
or severe oligozoospermia, reaching about 70% of all
cases [11]. The AZFc region contains 11 families of
transcriptional units, expressed only in the testis. Five
of them encode proteins, four pseudogenes, and two
open reading frames [22].

The deleted in azoospermia gene DAZ is
expressed in spermatogonia and encodes an RNA-
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binding protein important for spermatogenesis. Four
copies of this gene (DAZ1, DAZ2, DAZ3, DAZ4)
are located at the AZFc locus [22, 23, 24]. Gene Y
(CDY) encodes a protein containing histone
acetyltransferase located in the nucleus of mature
spermatids, where histone hyperacetylation occurs.
The human Y chromosome has two identical copies
of this gene in the AZFc region (CDY1A and
CDY1B) and a pair of closely related genes in PS5
(CDY2A and CDY2B) [25,17]. Gene Y 2 (BPY2) is
specifically expressed in the testis and its protein
product is involved in the development of male germ
cells, or the development of male infertility.

Three almost identical copies of this gene
are found on the Y chromosome [26]. Along with
this, partial microdeletions at the AZFc locus were
revealed, which to one degree or another affect the
process of spermatogenesis. These deletions include
changes in the gr / gr, b2 / b3, bl / b3 and b3 / b4
genes, but the most significant is the deletion of the
gr / gr region, which includes 2 copies of the DAZ
gene and 1 copy of the CDY1 gene. These genes are
the most important candidate genes associated with
the process of spermatogenesis in the AZFc region.
Recently, gr / gr deletions have been increasingly
found in men with a diagnosis of infertility, suffering
from impaired spermatogenesis to varying degrees
[20, 27].

High structural wvariability of the Y
chromosome, including deletions, duplications, and
inversions [21], as well as its polymorphism,
especially a wide range of Yql2, correlates with
impaired reproductive function [22]. It should be
noted that microdeletions and chromosomal
abnormalities in the AZF region have become a
clinically  important indicator for  assisted
reproductive  technologies  (ART), such as
intracytoplasmic sperm injection (ICSI), and are
being successfully introduced into clinical practice
[23].

Also, according to the literature, among the
regions of the AZF gene, the frequency of deletions
of loci of the AZFc region is 60%, combined
deletions involving various AZF regions - 35%, and
AZFa deletions about 5% [28].

Deletions of the AZF region are
phenotypically different. They can be complete, that
is, they completely remove one or more AZF regions,
and partial, if the deletions do not completely cover
any of its three regions.

Deletions of the AZF locus are associated

with  varying degrees of impairment of
spermatogenesis - from a moderate decrease in its
activity  (hypospermatogenesis) or block of

spermatogenesis to the almost complete absence of
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germ cells in the seminiferous tubules - Sertoli cell
syndrome (SCS). In almost all cases, complete
deletions are de novo mutations and lead to severe
azoospermia or oligozoospermia [29, 21].

It is considered possible that testicular
damage caused by the AZFc deletion may progress
and patients with oligozoospermia may develop
azoospermia with age. However, in men with AZFc
deletions, in about 71% of cases, it is possible to
obtain mature spermatozoa suitable for artificial
insemination, while in patients with deletions of
AZFa and AZFD subregions it is impossible to obtain
mature germ cells [30].

Deletions at the AZF locus can be complete,
i.e. completely deleting one AZF region or more, and
partial, if the deletions do not completely cover any
of its three regions. In almost all cases, complete
deletions are de novo mutations and lead to severe
azoospermia or oligozoospermia [13].

No strict dependence of the degree and stage
of impaired spermatogenesis on the localization and
size of the AZF locus deletions was found, but a
number of general genophenotypic correlations were
identified [13, 22].

Deletions of AZFa and AZFb regions cause
azoospermia in 2/3 of cases and more rarely
phenotypically manifest themselves as
oligozoospermia. On histological examination of
testicular tissue, the AZFa deletion always manifests
itself as SCS. Based on this, scientists believe that the
genes of the AZFa region regulate the first phases of
spermatogenesis or the activity of stem cells.

Variable impairments of spermatogenesis
with deletions of the AZFb region indicate multiple
functional activity of the RBMY gene or its
combinatorial activity with other genes.

Consequently, patients with deletions of
AZFa and AZFb subregions, which are associated
with the inability to obtain mature germ cells (it is
impossible to obtain spermatozoa during a diagnostic
biopsy), should be recommended other ways of
solving reproductive problems - donor programs or
adoption [14].

Analysis of the literature showed that AZFc
deletions can be associated with azoospermia (54%)
and severe oligozoospermia (46%); The histological
assessment of testicular tissue ranges from SCS to
hypospermatogenesis. Moreover, tubules with
different defects can be found in the same individual.
It is also considered possible that testicular damage
due to the deletion of AZFc may progress, and
patients with oligozoospermia may develop
azoospermia with age. However, in men with AZFc
deletions in about 71% of cases, it is possible to
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obtain mature spermatozoa suitable for artificial
insemination [14, 15, 18].

The variable phenotype observed upon
deletion of AZFb and AZFc regions can be explained
by the following hypotheses [16, 31].

Deletions can affect the entire AZFb or
AZFc region, or they can be minimal, capturing only
one gene, gene cluster, or several STS markers. It is
assumed that the severity of phenotypic
manifestations directly depends on the size of the
deletion. However, some cases refute this hypothesis
[23, 40].

Each AZF gene has a homologue on the X
chromosome (DBX, USP9X, RBMX) or on
autosomes  (DAZL1). The participation of
homologues in the process of spermatogenesis is not
observed; however, it can be assumed that their
expression changes with deletions on the Y
chromosome. The genetic background (other genes
of the family) can also modify the phenotypic effect
of existing deletions [3, 32, 44].

Currently, for men with a severe form of
oligozoospermia, the only effective method of
overcoming infertility is the Intracytoplasmic Sperm
Injection (ICSI) method - the injection of sperm into
the cytoplasm of the egg, and for patients with
azoospermia - ICSI in combination with the
extraction of testicular sperm using TESA or TESE
testicles and from the resulting tissue, spermatozoa
are isolated, with which the egg is fertilized later) [3,
4].

In some cases, the use of modern assisted
reproductive technologies allows men with Y-
chromosome deletions to have their own children.
However, it should be noted that they have a risk of
transmission of this deletion of the Y chromosome
(in 100% of cases), as well as an increased risk of
having children with mosaicism 45, X0 / 46, XY
[26].

It should be noted that it is extremely
important for infertile men to find out the presence of
genetic defects before using assisted reproduction
technologies to avoid the transmission of
abnormalities to offspring and, in cases of
impossibility of carrying out these manipulations to
overcome the problem of male infertility, to
recommend other ways of solving reproductive
problems - donor programs or adoption.
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