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Abstract—Y chromosome microdeletions are the most common
genetic cause of male infertility and screening for these
microdeletions in azoospermic or severely oligospermic men is now
standard practice. Analysis of the Y chromosome in men with
azoospermia or severe oligozoospermia has resulted in the
identification of three regions in the euchromatic part of the long arm
of the human Y chromosome (Yqll) that are frequently deleted in
men with otherwise unexplained spermatogenic failure. PCR analysis
of microdeletions in the AZFa, AZFb and AZFc regions of the
human Y chromosome is an important screening tool. The aim of this
study was to analyse the type of microdeletions in men with fertility
disorders in Slovakia. We evaluated 227 patients with azoospermia
and with normal karyotype. All patient samples were analyzed
cytogenetically. For PCR amplification of sequence-tagged sites
(STS) of the AZFa, AZFb and AZFc regions of the Y chromosome
was used Devyser AZF set. Fluorescently labeled primers for all
markers in one multiplex PCR reaction were used and for automated
visualization and identification of the STS markers we used genetic
analyzer ABi 3500x! (Life Technologies). We reported 13 cases of
deletions in the AZF region 5,73%. Particular types of deletions were
recorded in each region AZFa,b,c .The presence of microdeletions in
the AZFc region was the most frequent. The study confirmed that
percentage of microdeletions in the AZF region is low in Slovak
azoospermic patients, but important from a prognostic view.
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[. INTRODUCTION

NFERTILITY affects 15% of couples worldwide, and in

roughly half of these cases, the defect can be traced to the
male factors [1], [2]. Several factors have been implicated in
male infertility such as hormonal abnormalities, erectile
dysfunction, infections, antisperm antibodies, exposure to
chemical agents and radiations, testicular cancer, varicose,
genetic factors and others. The main genetic cause of male
infertility is chromosomal abnormalities, which account for
almost 5% of infertile males, and the prevalence increases to
15% in the azoospermic males [3]. Men with non-obstructive
azoospermia have high prevalence of aneuploidy, particularly
in their sex chromosomes [4]. The second most common
genetic cause of male infertility is microdeletion in the
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azoospermia factor (AZF) region of the Y chromosome [5].
The azoospermia factor (AZF) region contains essential genes
for spermatogenesis. Microdeletions in this region cause
defect in spermatogenesis that leads to development of
azoospermia and oligozoospermia [6]. Three major loci have
been identified in the AZF and named AZFa, AZFb and AZFc
regions. These three loci contain 16 coding genes that play a
role in the process of spermatogenesis such as regulation of
gene expression, RNA processing and trafficking [7].

The origin of human X and Y chromosomes dates back to
about 300 million years ago, i.e. long before the development
of mammals. They evolved from a pair of identical
chromosomes of reptiles. The Y chromosome is always in a
haploid state and therefore transmitted in an intact state
through the paternal line. The human Y chromosome is one of
the smallest chromosomes. It contains 57 million base pairs
and a relatively low number of functional genes. The most
important genes are those necessary for proper development of
testis and spermatogenesis [8]. The SRY gene, located in the
terminal region of the short arm of Y chromosome with its
lenght of 1kb [9], plays the key role in the development of
testis [10].

Azoospermia Factor Region (AZF) was defined on the long
arm of Y chromosome. Genes and gene families belonging to
this region are responsible for the faultless course of
spermatogenesis [11]. Deletions of AZF locus are genomic
deletions of the euchromatic part of the long arm of Y
chromosome (Yqll) related to azoospermia or severe
oligospermia. It is generally accepted that such deletions
determine the dysfunction of Y chromosome genes
responsible for spermatogenesis [12]. The final number of
genes in the above mentioned subregions of AZF locus was
determined after defining the complete sequence of the Yqll
region in 2003 [13]. It has been found out that the AZF region
contains locations of 31 Y- specific genes, which are
expressed in human testes and are located in some of the
further described subregions. Fourteen of them code proteins
and 17 represent non-protein-coding transcripts. AZFc
subregion is evolutionally young and AZF genes were found
also in mouse Y chromosome [14]. Additionally, it was shown
thet genes of AZFb and AZFc subregions play a significant
role as a control mechanism during the pre-meiotic X and Y
chromosome-pairing process [15], [16].

II. MATERIAL AND METHODS

Unrelated 227 infertile men with azoospermia were evalua-
ted in the study over the period from 2011 to 2014. All
patients were Caucasians from different regions of Slovakia.
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The mean age of subjects was 32,3 + 7 years (range 24-42)
years. DNA from the patient’s peripheral blood (native or
frozen, in solution of 0.5 ml 0.5. M EDTA) was extracted by
standard extraction procedures using ReliaPrep™ gDNA
Tissue Miniprep System (Promega). All patient samples were
analyzed cytogenetically. Chromosomal analysis was
performed on all patients on cultured lymphocytes from
peripheral blood using standard methods. The chromosomal
abnormalities were described according to the International
System for Human Cytogenetic Nomenclature standards. We
examined 50 women and 50 healthy men as negative controls.
For PCR amplification of sequence-tagged sites (STS) of the
AZFa, AZFb and AZFc regions of the Y chromosome was
used Devyser AZF set. All STS markers and control
sequences, recommended by the European Academy of
Andrology (EAA) and the European Quality Monitoring
Network Group (EMQN) for basic Y-chromosomal
microdeletion analysis were included in the kit. Fluorescently
labeled primers for all markers in one multiplex PCR reaction
were used and for automated visualization and identification
of the STS markers we used genetic analyzer ABi 3500xl
(Life Technologies). Our study was approved by the local
ethics committee of our faculty.

The European Academy of Andrology (EAA) and the
European Molecular Genetics Quality Network (EMQN)
published the laboratory guidelines for molecular analysis of
Y chromosome microdeletions. Therefore we decided to alter
previously used sequences and proceed in accordance with
European guidelines, in which all three subregions are
represented by Y sequences: sY84, sY86, sY625, sY127,
sY131,sY134, sY157,sY254 and sY255.

III. RESULTS

In this study, we examined microdeletions in AZF region of
Y chromosome in 227 male with azoospermia. We reported 13
cases of deletions in the AZF region (5,73%). Particular types
of deletions were recorded in each region AZFa,b,c. A total of
227 men with AZF deletions included two patients with AZFa
deletion (SY 86, SY 84) three with AZFb deletion (SY 127,
SY 134) and eight with AZFc deletion (SY 254, SY 255, SY
157). All men with deletions in AZF region were azoospermic.
The detailed deletion specifications in AZFa and AZFb
regions are shown in Table I and in AZFc region in Table II
Our results are consistent with most of the literature that
indicate that the prevalence of microdeletions in AZFc is high
compared to AZFb and AZFa regions. The study confirmed
that percentage of microdeletions in the AZF region is low in
Slovak azoospermic patients, but important from a prognostic
view.

TABLEI
THE DELETION SPECIFICATION IN AZFA AND AZFB REGION OF THE Y
CHROMOSOME
Region AZFa Region AZFb

SY SY SY SY SY SY
86 625 84 127 131 134

Patient 1
Patient 2
Patient 3 Del
Patient 4 Del
Patient 5
Patient 6
Patient 7
Patient 8
Patient 9
Patient 10 Del Del
Patient 11 Del
Patient 12 Del Del
Patient 13
TABLE II
THE DELETION SPECIFICATION IN AZFC REGION OF THE Y CHROMOSOME
Region AZFc
SY SY SY
254 255 157
Patient 1 Del
Patient 2 Del
Patient 3
Patient 4
Patient 5 Del
Patient 6 Del
Patient 7 Del Del
Patient 8 Del
Patient 9 Del Del Del
Patient 10
Patient 11
Patient 12
Patient 13 Del Del
TABLE III

THE FREQUENCY OF AZF MICRODELETIONS AMONG AZOOSPERMIC MALES IN
SELECTED POPULATIONS

Population Frequency of AZF microdeletions (%) Reference
Slovakian 5.7 This study
Slovakian 6.9 [15]
Chinese 8.6 9]
Algerian 2.0 [16]
Japanese 11.7 [13]
Turkish 1.3 [17]
Tunisian 11.8 [14]
Netherlander 8.1 [11]
USA 10.4 [12]
Indian 7.6 [10]

I'V. DISCUSSION

Over the past few years, screening tests for detecting
microdeletions on the long arm of the Y chromosome have
established the distribution and characteristics of the deletions
among different groups of infertile male patients Data from
PCR studies have demonstrated that the prevalence of Y
chromosome microdeletions among men with nonobstructive
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idiopathic azoospermia or severe oligozoospermia ranges from
3 to 55.5%, the higher frequencies being detected in cases of
severely impaired spermatogenesis [17]. A number of factors
have been implicated in the wide variation of Y deletion
frequencies reported such as patient selection criteria,
experimental designs, environmental influences and ethnic
variations [18].

The study has confirmed that the detection of microde-
letions in the AZF region is significant from a diagnostic
viewpoint. It is also useful to obtain reliable genetic
information from infertile men to determine the etiology of the
deletions, and to avoid unnecessary treatments and vertical
transmission of genetic defects [19]. The frequency of AZF
microdeletions in Slovak azoospermic infertile males is
comparable to that observed in other populations (1%-15%).
The frequency of AZF microdeletion observed in this study
was about 5.7% among azoospermic males. This frequency is
lower than that detected in patients from China (8.6%) [20],
India (7.6%) [21], Netherland (8.1%) [22], USA (10.4%) [23],
Japan (11.7%) [24], Tunisia (11.8%) [25] and Slovakia (6.9%)
[26]. However, very low frequency of AZF microdeletions
was reported in studies from Algeria (2%) [27] and Turkey
(1.3%) [28], (Table III). The variation in the detected
frequencies of AZF microdeletions among azoospermic
infertile males could be due to method of detection of
deletions, inclusion criteria and sample sizes. Our results are
consistent with most of the literature that indicate that the
prevalence of microdeletions in AZFc is high compared to
AZFb and AZFa regions. AZFc region contains the DAZ
family genes that encode proteins with RNA-binding motive
and involved in the regulation of RNA metabolism during
testicular development [29]. Deletions in DAZ gene cluster
have been shown to be associated with a wvariety of
spermatogenic alterations [30]. The reasons behind high
frequency of microdeletions in AZFc could be due to the
presence of repetitive sequences of the genes in this region
that predispose it to intrachromosomal recombination. The
results also suggest the importance of AZF microdeletion
analysis for genetic counseling prior to providing assisted
reproduction technique [31]. Deletions in the AZF region of
the Y chromosome are specific within diagnoses with
spermatogenesis disorders,no deletions were recorded in the
group of normospermic men. From this point of view it is
more appropriate to indicate that microdeletions of the Y
chromosomal AZF region are more responsible for oligo or
azoospermia than for the cause of infertility. Apart from
possible oligospermia or azoospermia there is a potential risk
of developing ananomaly 45,X0 Turner syndrome, or other
forms of sex chromosome mosaicism, including
hermaphroditism. Yq deletions are associated with Y
chromosome instability. We can say that identification of Y
chromosomal microdeletions has significant diagnostic and
prognostic value and provides useful information for genetic
counseling in these patients [32].
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