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Aims. The Y chromosome accumulates male-related genes including sex-determining region of Y-chromosome

(SRY) and several spermatogenesis-related genes. The long arm contains azoospermia factor (AZF) region (including
sub-regions AZFa, AZFb and AZFc). Microdeletions in this region are responsible for azoospermia and oligospermia
and result in the male infertility. The aim of this study was to analyze incidence of microdeletions in the AZF region
of Y chromosome in patients with azoospermia from Slovakia.

Patients and Methods. Over the period from 2005 to 2009 a total of 239 men (mean age 31.74 years) were analyzed.
The diagnosis of azoospermia was established on the basis of semen analysis. All patient samples were analyzed cy-
togenetically. Chromosomal analysis was performed on all patients on cultured lymphocytes from peripheral blood.
For exact diagnosis of microdeletions in AZF region we used a PCR-method using a set of sequence-tagged sites from
all AZF sub-regions (according to the recommendation by the European Academy of Andrology and the European
Quality Monitoring Network Group).

Results. Among our 226 patients with azoospermia and with normal karyotype, 8 patients (mean age 30.6 years)
had microdeletions in the AZF region of the Y chromosome (3.35%). Considering particular types of deletions we
determined deletions in each region AZFa,b,c but also a complete deletion of the entire AZF region. The presence
of microdeletion(s) in the AZFc region was the most frequent. In our study we found 12 patients (5%) with 47,XXY

karyotype (Klinefelter syndrome), but these patients didn’t have microdeletion of Y chromosomes.
Conclusion. The study confirmed that percentage of microdeletions in the AZF region is low in Slovak azoospermic

patients, but important from a prognostic view.

INTRODUCTION

The human Y chromosome (60Mb long) is essential
for human sex determination and male germ cell devel-
opment and maintenance'?. To date, 122 genes and 110
pseudogenes have been identified in the Y chromosome.
However, the exact role of these genes in spermatogen-
esis has not been elucidated. Microdeletions that cause
spermatogenesis impairment usually include more than
one gene, so that the role of each deleted gene cannot be
specified®. Tiepolo and Zuffardi in 1976 were the first
to hypothesize a correlation between Y chromosome
deletions and male infertility. They suggested that dele-
tions of Y chromosomes were the cause of azoospermia
and they postulated that a genetic factor located in Y
chromosome long arm locus 11 (Yqll) was important
for male germ cell development®. Interstitial microdele-
tions in the euchromatic portion of the Y chromosome
long arm occurs in 10-15% of idiopathic primary testicu-
lopathies (azoospermia and severe oligozoospermia)>®.

In 1996, Vogt et al identified three recurrently deleted
regions in Yqll termed the azoospermia factor (AZF).
The AZF region is subdivided into three non-overlapping
sub-regions called AZFa in the proximal portion, AZFb
in the intermediate region and AZFc in the distal region.
The final number of genes in the above mentioned sub-
regions of the AZF locus was determined only after defin-
ing the complete sequence of the Yql1 region in 2003.
It was found that in the AZF region there are located 31
Y-specific genes which are expressed in human testes and
are located in some of the other described sub-regions. 14
genes are protein-coding and 17 represent non-protein-
coding transcripts®!°. Although there is still no definitive
consensus about the relationship between the type of
microdeletion and the resulting sperm defect, microdele-
tions in AZFa lead mostly to Sertoli cell-only syndrome,
mutations in AZFb provoke an interruption in meiosis I,
and mutations in AZFc result in hypospermatogenesis,
progressing to severe azoospermia or oligospermia''’?,
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Our study aimed at determining the incidence of the Y
chromosome AZF region microdeletions in patients with
azoospermia from Slovakia, Europe. We analyzed each
sub-region of the AZF region, because Y chromosome
microdeletions cannot be predicted on the basis of clinical
findings or even the results of semen analyses.

PATIENTS AND METHODS

Over the period from 2005 to 2009 a total of 239
patients from Slovakia with azoospermia were referred
to our Institute of Clinical Genetics for examination of
Y-chromosomal microdeletions of the AZF region. All pa-
tients were Caucasians from different regions of Slovakia.
The mean age of patients was 31.74 years. Semen analy-
ses (sperm concentration, motility, viability and mor-
phology) were performed according to the World Health
Organization Guidelines. Selection criteria were stringent;
we were analyzing only the patients with azoospermia or
with pathological karyotype. Most of these subjects were
classified as idiopathic. Patients were excluded from the
study if they had congenital absence of the vas deferens,
obstructive azoospermia, infertility caused by cystic fi-
brosis, testicular tumors or were undergoing chemo- or
radiotherapy. Our study was approved by the local ethics
committee of our medical faculty.

All patient samples were analyzed cytogenetically.
Chromosomal analysis was performed on all patients
on cultured lymphocytes from peripheral blood using
standard methods. Minimally, 40 metaphases per subject
were analyzed. The chromosomal abnormalities were de-
scribed according to the International System for Human
Cytogenetic Nomenclature standards. Together with the
analyzed group of patients we examined 50 women and
50 healthy men as negative controls, where the number
of sperm in the ejaculate was higher than 20 million per
milliliter.

The European Academy of Andrology (EAA) and the
European Molecular Genetics Quality Network (EMQN)
published the laboratory guidelines for molecular analy-
sis of Y-chromosomal microdeletions'. Therefore we de-
cided to alter previously used sequences and proceed in
accordance with European guidelines, in which all three
subregions are represented by Y sequences: sY84, sY86,
sY127,sY134, sY254 and sY255.

In total, 239 patients were analyzed for the presence
of microdeletions in the AZF region. Samples com-
prised isolated DNA from the patient’s peripheral blood
lymphocytes (native or frozen, in 0.5 ml 0.5 M EDTA
solutions). DNA was isolated using a commercial set
FlexiGene DNA Kit (Qiagen, Germany).

PCR amplification was performed on the thermal cy-
cler (MJ Research, USA). We performed either the duplex
PCR with two fragments or two multiplex PCR with five
fragments. Each duplex or multiplex PCR encompassed
control SRY and ZFY/X fragments. Analysis was always
performed with a male control sample, a female control
sample and a blank sample. Negative results were con-
firmed only after three amplification failures. We repeated

amplification on new DNA extracted from a second sam-
ple and each STS was analyzed separately in single PCR.

PCR products were separated electrophoretically in
2% agarose gel at laboratory temperature, in TBE buffer
at 200 mA for 2 hours. DNA was visualized by EtBr,
which was added directly to the gel (0.5ug/ul) with the
following evaluation on a UV transilluminator. A com-
mercially provided synthetic 100bp marker was used as a
DNA molecular weight standard.

For the verification of certain types of deletions, we
used set Devyser AZF. The results were evaluated using
the ABI 3130 genetic analyzer.

Patients who were diagnosed to have chromosomal ab-
normalities or Y chromosome microdeletions were given
genetic counseling.

RESULTS

Of all cases, 226 (94.56%) had normal karyotype (46,
XY) and 13 (5.44%) had abnormal karyotype. Twelve of
the chromosomal abnormalities were gonosomal in pa-
tients with Klinefelter syndrome (47,XXY) and one was
balanced reciprocal translocation involving autosomes
6,XY,t(15;16)(qter;p13). All patients with Klinefelter‘s
syndrome were azoospermic. Y chromosome microdele-
tions were not found in any of the 12 azoospermic sub-
jects with Klinefelter syndrome.

Among our 226 patients with azoospermia and with
normal karyotype, 8 patients (mean age 30.6 years) had
microdeletions in the AZF region of the Y chromosome
(3.35%). The set we used for detection of microdeletions
contained sequences recommended by EAA and EMQN.
These sequences cover all AZF subregions; sY84 and
sY86 cover the AZFa subregion, sY127 and sY 134 cover
the AZFDb subregion, sY254 and sY255 cover the AZFc
subregion. Detailed deletion specifications of particular
sequences are shown in (Table 1 and 2). Considering
particular types of deletions we determined deletions in
each region AZFa,b,c but also a complete deletion of the
whole AZF region. It was shown that microdeletions in
the AZFc sub-region were encountered more often than
in AZFb and in AZFa sub-regions. We did not detect any
deletion in AZF region in the control group of individuals.

Currently it is possible to perform deletion screening
also with usage of the commercial fluorescent kits. We
had a possibility to use a Devyser AZF kit to confirm
deletions in the AZF region in patients with a confirmed
deletion in the AZFc subregion (Fig. 1 and 2). We can
confirm that this kit meets very good diagnostic criteria;
the only disadvantage is the cost of examination, which is
evidently higher in comparison to a primary PCR.

DISCUSSION

AZF deletions are deletions of the euchromatine part
of the long arm of the Y chromosome. It is assumed that
these deletions directly damage genes in this region that
is responsible for the proper course of spermatogenesis.
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Table 1. Detailed deletion specifications of our 8 patients with azoospermia and microdeletions in AZF region of Y

chromosome.
sY84 sY86 sY127 sY134 sY254 sY255
AZFa subregion AZFDb subregion AZFc subregion
Case 1 del del
Case 2 del del del del del del
Case 3 del del del del
Case 4 del del
Case 5 del del
Case 6 del
Case 7 del
Case 8 del del
Table 2. Number of azoospermic patients with deletions in specific AZF subregion.
only AZFa | only AZFb | only AZFc AZFa+b AZFb+c AZFatb+c
subregion subregion subregion subregions subregions subregions
Number of patients
with deletion 2 0 4 0 ! !
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Fig. 1. Devyser AZF identification of STS markers provides clearly labeled data
on the genetic analyzer-confirmed deletions of sY 255, sY 157, sY 254.
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Fig. 2. Devyser AZF identification of STS markers provides clearly labeled data
on the Genetic Analyzer. Positive control - health man.
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Y-chromosomal microdeletions are the second most fre-
quent disorder of spermatogenesis in men with fertility
disorder after Klinefelter’s syndrome. In the last decade
a number of research and clinical institutions have de-
scribed screening of microdeletions in infertile men and
molecular diagnostics of this type of Y-chromosomal im-
pairment has become a significant diagnostic test within
laboratories worldwide dealing with these problems'>".
Microdeletions in the AZF region are frequently found
in patients with azoospermia. The incidence of these
microdeletions has been found from 3 to 55% (ref.!3!).
EAA and EMQN published the laboratory guidelines for
molecular analysis of Y-chromosomal microdeletions'.
Therefore we decided to use six sequences and proceed
in accordance with European guidelines in which all three
sub-regions are represented by Y sequences: sY84, sY86,
sY127,sY134, sY254 and sY255.

The question arises whether it is possible to combine
particular haplogroups within various male populations
with disorders in spermatogenesis. It would be to some
extent responsible for different types and frequencies of
deletions considering the fact that particular genes in the
given region encode proteins with a different function
within different stages of spermatogenesis. It is assumed
that also particular types of deletions correlate with vari-
ous clinical features. Despite the specified criteria of se-
quence selection for the purpose of confirming deletions
in the AZF region, in the literature we still find various
values of frequencies during deletion screening, and not a
clear genotype-phenotype correlation, which corresponds
to our results. We reported deletions in the AZF region
in 3.35% of patients with azoospermia when we used six
Y-chromosome specific STS. Arruda et al.?° examined six

STS in 23 azoospermic patients from Brazil. They found
microdeletions in 43.48% cases. SaoPedro et al.?! also ex-
amined Brazilian patients; they detected microdeletions in
6.7% based on 14 STS. However, Pina-Neto et al.?? found
6.6% microdeletions in all three AZF sub-regions using
28 STS in 60 infertile Brazilian men with azoospermia.
Omrani et al.>* examined 60 patients with azoospermia
from west Azerbaijan with a set of 20 Y-specific STS. They
found deletions in 30% of cases. Kremer et al.>* found
microdeletions in AZFc sub-region in 47.37% of patients
from the Netherlands with azoospermia (total number of
evaluated patients was 19). It is clear that the frequency of
microdeletions in azoospermatic patients is variable (pos-
sible ethnic or geographic factor), but the most frequent
place of deletions is the AZFc sub-region, as can be seen
in our study, too (Table 3).

Klinefelter syndrome is the most common sex-chro-
mosome abnormality in men?*2¢. This results in testicular
failure, variable degrees of androgen deficiency and infer-
tility. The mechanism by which chromosome abnormality
leads to the spermatogenic defects remains unknown?. In
our study we found 12 (5%) cases with 47,XXY karyotype.
Our results do not show microdeletion of Y chromosomes
in patients with Klinefelter syndrome and are in accord-
ance with the studies provided by Choe et al.?8, Tateno et
al.”, Lee et al.’® and Balkan et al.’.

De novo deletions of Yq are one of the most frequently-
occurring chromosomal abnormalities in men and are
believed to arise from recombination events between long
stretches of highly repetitive DNA sequences during meio-
sis or early pre-implantation development*?. Accordingly,
Y chromosome microdeletions contribute only margin-

Table 3. AZF subregions of Y-chromosome DNA examination in azoospermic patients according to several authors
(sorted by from the most numerous % of deletion to the least numerous).

No. of examined No. of patients Most often
Authors and country azoospermic with microdele- % of deletion targeted AZF
patients tion subregion
18
Foresta et al 18 10 55.56% -
Italy
ini3s
Malekasgar and Mombaini 31 16 51.16% AZFc
Iran
Kremer et al* 0
Netherland 9 ’ T Azre
13
Arru.d'a et al 23 10 43.48% AZFa
Brasilia
Omrani et al* 9
Azerbaijan 60 = 20.00% AzFe
36
Ceylan et al 30 5 16.67% AZFc
Turkey
= 21
SaoPgdro et al 29 2 6.90% AZFc
Brasilia
fhal 22
Pma-l\'Ieto et al 60 4 6.67% AZFc
Brasilia
Our re'sults 239 8 3.35% AZFc
Slovakia
31
Balkan et al 52 1 1.9% AZFc
Turkey
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ally to the totality of human male infertility but when
present, the introduction of intracytoplasmic sperm injec-
tion (ICSI) as an artificial reproduction technique may
allow for the transmission of such mutations to the next
generation®*3,

Using the set of sequences according to EAA and
EMQN we have found deletions in subregions AZFa,
AZFbc and AZFc, but also a complete deletion of the
whole AZF region. In the AZFa region we observed a
deletion of sequence sY86 even in two cases. To confirm
whether it is a partial deletion of the region and where the
breakpoints are, a more detailed analysis of the particular
region would be needed. However, from the clinical point
of view it is not necessary. We confirmed a deletion of
the AZFc subregion represented by sequences sY254 and
sY255 in three patients. Two patients had a combined
deletion AZFb/c and one patient had a deletion of the
whole region. Further experience would be interesting
particularly in the group of patients with various forms
of oligospermia.

Currently it is possible to perform deletion screening
also by using fluorescent kits. We had a possibility to
use a Devyser AZF kit to confirm deletions in the AZF
region in patients with detected deletions in the AZFc
subregion. We can confirm that this kit meets very good
diagnostic criteria; the only disadvantage is the cost of
examination, which is evidently higher in comparison to
the primary PCR.

Deletions in the AZF region of the Y chromosome are
specific within diagnoses with spermatogenesis disorders,
no deletions were recorded in the group of normosper-
mic 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 azoosper-
mia than for the cause of infertility. Many couples un-
dergo a genetic consultation before using various forms
of IVF. Despite the fact that it is not possible to clearly
determine an exact phenotype of male offspring of men
with confirmed deletions (different genetic background,
environmental factors affect fertility potential of fathers
and sons), it is possible to draw attention to some facts
during consultations. Apart from possible oligospermia
or azoospermia there is a potential risk of developing an
anomaly 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 micro-
deletions has significant diagnostic and prognostic value
and provides useful information for genetic counseling
in these patients.

In conclusion, our study confirmed that detection of
microdeletions of the AZF region in Slovak azoospermic
patients is rare (only 3.35% of patients with azoospermia)
but important for a prognostic view.
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