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ABSTRACT. Infertility is defined as the inability to conceive a
child after one year of regular unprotected intercourse; it is a major
health problem affecting about 10-15% of all couples. Infertility is
due to a male factor in approximately 50% of cases. The human Y
chromosome contains genes necessary for gonadal differentiation
into a testis and genes for complete spermatogenesis. We examined
the frequency and type of both chromosomal abnormalities and
Y chromosome microdeletions in 90 patients with severe male
factor infertility and 75 fertile control men. Thirty of the infertile
patients had nonobstructive azoospermia, 30 had oligozoospermia
and 30 had normozoospermia. Five of 30 were azoospermic, four
of 30 were oligozoospermic and two of 30 were normozoospermic
with Y chromosome microdeletions. The AZFc locus was the most
frequently deleted region (64%). Ten cases with azoospermia, four
cases with oligozoospermia and four cases with normozoospermia
had chromosomal abnormalities. The 75 men with proven fertility
were genetically normal. We conclude that various chromosomal
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abnormalities and deletions of the Y chromosome can cause infertility;
therefore, genetic screening is indicated for infertile patients.

Key words: Male infertility; Y chromosome microdeletion;
Chromosomal abnormality; Azoospermia; Severe oligozoospermia

INTRODUCTION

Infertility is usually described as the inability of a couple to conceive after one year of
unprotected intercourse (Griffin and Finch, 2005). Infertility is a major health problem today
affecting about 10-20% of couples (Mittal et al., 2004). Male factor is assumed to be respon-
sible in about 50% of the infertile couples. Not only defects in hormone production, testicular
structure, ejaculation and/or the spermatozoa themselves can adversely affect the chances of
conception, but also genetic defects can affect the fertility (Griffin and Finch, 2005). The
incidence of chromosome abnormalities is about ten times higher in infertile men than in the
general population. Most infertile men have normal karyotypes, but their semenograms are
abnormal. In many cases these patients show an increased incidence of aneuploid sperm and
diploid sperm (Egozcue et al., 2003). Human Y chromosome contains genes necessary for go-
nadal differentiation into a testis as well as at least one gene required for full spermatogenesis
(Lipshultz and Howards, 1997). The short arm of the Y chromosome (Yp) and the proximal
part of the long arm of the Y chromosome (Yq) consist of euchromatin, while the distal part
of the long arm is made of heterochromatin and this region may vary in length to constitute
about one-half to two-thirds of Yq (Foresta et al., 2001). Y chromosome microdeletions are as-
sociated with various spermatogenic alterations, including Sertoli cell-only (SCO) syndrome,
maturation arrest and hypospermatogenesis (Van Golde et al., 2001). The microdeletions of
the long arm of Y chromosome can be the pathogenic reason of male infertility (Mittal et al.,
2004). The Y chromosome has been divided into seven deletion intervals. Each of these inter-
vals is further subdivided into subintervals. In 1992, a 43-interval deletion map of a human 'Y
chromosome that contained an ordered array of sequence tagged sites (STS) had been shown,
which spanned the entire length of the Y chromosome. The genes critical for spermatogenesis
are located on the long arm of the Y chromosome in deletion interval 5 and 6 band 11.23. This
region is referred to as the AZF, as the most severe phenotype associated with its deletion is
azoospermia. The AZF region has three nonoverlapping loci - AZFa, AZFb, and AZFc - dele-
tions of which are associated with spermatogenic failure. The AZFa locus is located on proxi-
mal Yq11 (Yq11.21), while AZFb and AZFc are located on distal Yq11 (Yq11.23). Deletion of
these loci results in spermatogenic arrest and is associated with azoospermia, oligozoosper-
mia, and also with a varied testis histological profile ranging from SCO, to hypospermatogen-
esis, to maturation arrest (Dada et al., 2004). Some of the genes in the Yql1 region control the
spermatogenesis. These genes are localized in the Yq11 region, in the 5-6. deletion interval and
in the 11.23 band (Van Golde et al., 2001).

Microdeletions of the Y chromosome removing the azoospermia factor (AZF) region
or parts thereof are found in men suffering from azoospermia or oligozoospermia and are
the second most frequent genetic cause of spermatogenic failure after Klinefelter’s syndrome
(Hucklenbroich et al., 2005). A fourth AZF region between AZFb and AZFc, termed as AZFd,
has been found. Patients with microdeletions restricted to AZFd may present mild oligozoo-

Genetics and Molecular Research 8 (3): 915-922 (2009) ©FUNPEC-RP www.funpecrp.com.br



Genetic anomalies in infertile men in Turkey 917

spermia or even normal sperm counts associated with abnormal sperm morphology. Though
a definitive genotype/phenotype correlation does not exist, large deletions spanning multiple
AZF regions or microdeletions restricted to AZFa usually result in patients with SCO or severe
oligozoospermia, whereas microdeletions restricted to AZFb or AZFc can result in patients
with phenotypes, which range from SCO to moderate oligozoospermia (De Palma et al., 2005).

Chromosome abnormalities can also cause male infertility. Chromosome abnormali-
ties can be broken down into structural and numerical types. Structural abnormalities include
inversions and balanced translocations. Inversions can be paracentric or pericentric. Robert-
sonian or reciprocal translocations may cause male infertility. Reciprocal translocations are
found more in oligozoospermic patients (1.7%) than in azoospermic patients (0.6%). Rob-
ertsonian translocations are also found more in oligozoospermic patients (0.9%) than azo-
ospermic patients (0.3%). Numerical abnormalities include constitutional trisomy (mosaic or
non-mosaic). A second type of numerical abnormality is aneuploidy confined to the sperm (De
Palma et al., 2005; Lissitsina et al., 2006).

Various chromosomal abnormalities and deletions of Y chromosome can cause infer-
tility, therefore genetic screening must be suggested to infertile patients. In this prospective
study, we aimed to show to clinicians the importance of genetic screening in male infertility.

MATERIAL AND METHODS

Infertile men (N = 90) were prospectively recruited for chromosomal analysis
from 2004 to 2007 at Firat University Medical Center, Department of Medical Biology
and Genetics. The patients applied because of severe male-factor infertility and past his-
tory of infertility for more than two years were selected. The mean age of the patients was
30.8 years (range 20-44 years). All underwent an andrological work-up, which included
medical history, physical examination, hormonal estimation (excluding those with ob-
structive azoospermia) and semen analysis according to World Health Organization rec-
ommendations and standards (Tuarnaye, 2002). There were 30 men with non-obstructive
azoospermia, 30 men with severe oligozoospermia with a sperm count of <5 x 10%/mL and
30 men with normozoospermia and primary infertility. Seventy-five normozoospermic
male donors with normal semen parameters (sperm count >20 x 10%/mL, progressive mo-
tility >50% and normal morphology >30%) and proven fertility were included as controls.
None of them had any history of childhood disease, environmental exposure, radiation
exposure, or prescription drug usage that could account for their infertility. Informed
consent was taken from the patients and donors prior to collection of heparinised blood
samples. Chromosome investigations were performed on cultures of peripheral blood
lymphocytes using standard techniques (Barch et al., 1997). From each patient, 50 well-
spread metaphases were analyzed by G-banding. All chromosomal abnormalities have
been reported in accordance with the current international standard nomenclature (Shaffer
and Tommerup, 2005). To screen for microdeletion in the AZF region of the Y chromo-
some by polymerase chain reaction (PCR), genomic DNA was prepared from the periph-
eral blood samples. Each man was analyzed for the presence of STS in the AZFa, AZFb,
and AZFc regions. The STS probes used were sY84 and sY86 (AZFa), sY127,sY133 and
sY134 (AZFb), sY254 and sY255 (AZFc), and SRY and ZFX/ZFY (controls). In addition,
a water sample that contains all reaction components but water instead of DNA was used

Genetics and Molecular Research 8 (3): 915-922 (2009) ©FUNPEC-RP www.funpecrp.com.br



G.G. Ceylan et al. 918

for reagent contamination. PCR conditions used for STS markers were as follows: initial
denaturation at 94°C for 5 min and subsequent denaturations at 94°C for 30 s were the
same for all samples. Annealing was 56°C for 40 s, extension was 65°C for 4 min. Subse-
quent series were 35 cycles. Final extension was carried out at 72°C for 5 min. The PCR
products were separated on a 2% agarose gel stained with ethidium bromide and visual-
ized using ultraviolet illumination. A PCR of the expected size was scored positive for
the given STS, and scored negative if no product was detectable after 3 successive PCR.

RESULTS

SCO syndrome was determined in 12 azoospermic patients (12%), maturation arrest
in 10 azoospermic patients (33.3%) and generalized fibrosis in 8 azoospermic patients (26.7%)
in testis biopsies. Among 30 azoospermic infertile men studied, 10 performed some kind of
constitutional chromosomal abnormality corresponding to a frequency of 33.3%. Klinefelter
syndrome was found in 8 (26.7%) azoospermic patients, 47; XYY syndrome was found in 1
azoospermic patient (3.3%) and 46,XY,Yqh(+) in 1 azoospermic patient (3.3%). The occur-
rence of chromosomal abnormality in the azoospermics, oligozoospermics and normozoo-
spermics was 33.3, 13.3 and 10%, respectively. A normal karyotype of 46,XY was observed
in all controls. The karyotypes of the patients according to the groups are shown in Table 1.

Table 1. The karyotypes of the patients according to the groups.

Karyotypes Azoospermics Oligozoospermics Normospermic infertiles Control
46,XY (normal) 20 (66.7%) 26 (86.7%) 27 (90%) 75 (100%)
47,XXY 8 (26.7%) 1(3.3%) - -

46,XY,Yqh(+) 1 (3.3%) 2 (6.7%) 2 (6.7%)

47,XYY 1 (3.3%) - - - -

46,XY,inv(9) - - 1(3.3%) - -

inv(9) - - - - 1(3.3%)

46,XY,inv(9) - - - - - -

Total 30 (100%) 30 (100%) 30 (100%)

Data are reported as frequency with percent in parentheses.

Y chromosome microdeletion was determined in 5 patients in the azoospermic group,
4 patients in the severe oligozoospermic group and 2 patients in the normozoospermic group.
Microdeletions in the AZFc region (63.6%) were encountered more often than in AZFb
(54.5%) and in AZFa (9.1%) in the azoospermic group. Deletion of AZFb+c (50%), AZFb
(25%) and AZFa (25%) were determined in oligozoospermic group. Figure 1 shows a patient
with deletion of AZFc region. Hormone profiles were high in the azoospermic group and
normal in the oligozoospermic group. The clinical features, hormone profiles and Yq micro-
deletions of the patients are shown in Table 2. The frequencies of patient groups are shown in
Table 3. Yates-chi-square test was used for the comparison of patient and control groups. The
differences for chromosomal abnormalities and Y microdeletions between the control group
and the patient group were statistically significant (P < 0.05).
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Table 2. The clinical features, hormone profiles and Yq microdeletions of the patients.

Patient Sperm count Hormone profile Histopathologic findings Karyotype Deleted region
A5 Azoospermic High SCOS 47, XXY AZFc

A6 Azoospermic High MA 46,XY,Yqh(+) AZFb
Al10 Azoospermic High SCOS 46,XY AZFc
Al2 Azoospermic High SCOS 46,XY AZFa, AZFc
Al5 Azoospermic High MA 46,XY AZFb, AZFc
03 Oligozoospermic Normal - 46,XY AZFc
ol6 Oligozoospermic Normal - 46,XY AZFb, AZFc
018 Oligozoospermic Normal - 46,XY AZFb
026 Oligozoospermic Normal - 46,XY AZFb, AZFc
N5 Normospermic Normal - 46,XY,Ygh(+) AZFb
N15 Normospermic Normal - 46,XY AZFb

SCOS = Sertoli cell-only syndrome; MA = maturation arrest.

Table 3. The frequencies of Y microdeletions and chromosomal abnormalities in patient groups.

Azoospermia Oligozoospermia Normospermics Total
Y chromosome microdeletion + 5(16.7%) 4 (13.3%) 2 (6.7%) 11 (12.2%)
- 25 (83.3%) 26 (86.7%) 28 (93.3%) 79 (87.8%)
Chromosomal abnormality + 10 (33.3%) 4 (13.3%) 3 (10%) 17 (18.9%)
20 (66.7%) 26 (86.7%) 27 (90%) 73 (81.1%)
Genetic anomaly + 15 (50%) 8 (26.7%) 5 (16.7%) 28 (31.1%)
- 15 (50%) 22 (73.3%) 25 (83.3%) 62 (68.9%)

Data are reported as frequency with percent in parentheses.

Figure 1. The image of azoospermic patient with a deletion of AZFc region (sY255: there is no band). Lane I =
DNA ladder for 100 bp; lane 2 = ZFY/ZFX; lane 3 = SRY; lane 4 = sY84; lane 5 = sY86; lane 6 = sY 127; lane 7
=sY133; lane 8 = sY134; lane 9 = sY254; lane 10 = sY255.
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DISCUSSION

Male factor is assumed to be responsible in 50% of the infertile couples (O’Connell
et al., 2002). Recent studies have focused on the genetic basis of male infertility (Vicdan et
al., 2004). Cytogenetic anomalies and Y chromosome microdeletions are responsible from
male infertility in a rate of 60%. There are chromosomal abnormalities in 13.7% of azoosper-
mic patients and 4.6% of oligozoospermic patients; this ratio is 5.1% of total infertile male
population (Quilter et al., 2003). Chromosomal abnormality is higher in azoospermic patients
(13.7-15.4%) than severe oligozoospermic patients (1.7-4.6%). Sex chromosome abnormali-
ties predominate in azoospermic patients (12.6%) whereas autosomal abnormalities are the
most frequent in the severe oligozoospermic patients (Vicdan et al., 2004).

In this study, chromosomal abnormality incidence has been found as 16.7% in the
azoospermic group and 13.3% in the severe oligozoospermic group. As mentioned in the lit-
erature, chromosomal abnormality incidence was higher in the azoospermic group than in the
oligozoospermic group; this shows that the incidence of chromosomal abnormality increases
as sperm count decreases. In the azoospermic group, sex chromosome abnormalities were
found only in the severe oligozoospermic group, sex and autosomal chromosome abnormali-
ties were found together. Klinefelter syndrome was found in 8 patients, XYY syndrome in 1
patient and 46,XY,Yqh(+) in one patient of the azoospermic group. In the severe oligozoo-
spermic group, Klinefelter syndrome was found in one patient, 46,XY,Yqh(+) in 2 patients
and homozygote pericentric inversion of chromosome 9 in one patient. 46,XY,Yqh(+) in two
patients and 46,XY,inv(9) in one patient were found in the normozoospermic group. One of
the parents of the carriers of patients with pericentric inversion of chromosome 9 was also
carrier, while both of the parents of the homozygote patient were carriers. The differences for
chromosomal abnormalities between the control group and the patient group were statistically
significant (P < 0.05).

Among infertile men, the prevalance of Y microdeletions is approximately 7% (1-
35%). A small portion (2%) of the fertile male population might also harbor very small micro-
deletions of the Y chromosome, involving noncoding regions (Choi et al., 2004). In a study by
Samli et al. (2006), 383 azoospermic and 436 oligozoospermic patients were analyzed and 4
of 436 (0.9%) oligozoospermic patients were found to have Klinefelter syndrome. Although
the heterozygote inversion of chromosome 9 is accepted as a polymorphism, homozygosity is
thought to be associated with primary infertility (Samli et al., 2006).

Tiepolo and Zuffardi (1976) reported on the cytogenetic analysis of 1160 infertile
men and found that 0.5% had macroscopic deletions of the distal long arm of the Y chromo-
some. Thus, they suggested the presence of an AZF in the distal euchromatic region of Yq.
Karyotypic analysis was significantly improved with the advent of PCR (Tiepolo and Zuffardi,
1976; Girardi et al., 1997). Chandley and Cooke (1994) studied 50 azoospermic and oligozoo-
spermic men and found a deletion in the Yq region for four men. Prior studies have proposed
that 3-18% of men with nonobstructive azoospermia or severe oligozoospermia may have
deletions of the Y chromosome (Girardi et al., 1997). In a study of 340 azoospermic patients, Y
chromosome microdeletions were found in 29 patients (8.5%) and most of the deletions were
in the AZFc region (82.8%), the AZFb region (55.%) and the AZFa region (24.1%). Microde-
letions were investigated in AZFa region, and macrodeletions were found in AZFb and AZFc
regions. In the same study, histological investigation of the testicular tissue of the azoospermic
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men with Y chromosome microdeletion revealed complete absence of germ cells and presence
of SCO (Thangaraj et al., 2003).

Oliva et al. (1998) reviewed the published series of azoospermia and demonstrated
that the worldwide frequency of microdeletions was 13%. Choi et al. (2004) showed that
TESE retrieval rates for the Y-microdeleted men are not significantly different from those
of patients with idiopathic nonobstructive azoospermia. Most AZF deficiencies are de novo
events due to deletions occurring in germ cells or in post-zygotic stages. Germ cell deletions
generate a mosaic sperm population carrying normal and AZF-deleted Y chromosomes. PCR
deletion analyses of these cases usually show extensive AZF deficiencies involving several
loci in the same or in adjacent AZF subintervals (Kent-First et al., 1999; De Palma et al.,
2005). Vogt et al. (1996) have suggested that the deletions in the AZFa and AZFb are associat-
ed with the impairment of spermatogenesis being worse when compared with that of the AZFc
region. Ferlin et al. (1999) reported a high frequency of Y deletions in complete absence or
strong reduction of germ cells, while milder forms of testiculopathy were not associated with
Y deletions. Silber et al. (1998) have suggested that when AZFb and beyond were missing,
there was no detectable completion of spermatogenesis. This correlation has been supported
by many other studies, but some others have not supported this correlation.

Krausz and McElreavey (2001) reported that there were microdeletions outside of
DAZ region in 12 of 229 control individuals. The complete deletions of the AZFa and AZFb
regions are associated with SCO syndrome and spermatogenic arrest (Kostiner et al., 1998).
Deletions of the AZFc region are usually associated with hypospermatogenesis and SCO syn-
drome type II (Krausz et al., 2000).

It is known that deletion frequency is different between the subgroups of sperm count
(severe oligozoospermic and azoospermic) and etiology (idiopathic and non-idiopathic). Micro-
deletions are rarely found in a large control group of men with proven fertility; it has been shown
that there is a specific correlation between deletions and spermatogenesis (Simoni et al., 2004).
In most studies reporting a high frequency of Y chromosome microdeletions, a selected group of
infertile men with severe spermatogenesis failure was included. On the other hand, there are only
a few studies analyzing unselected men consecutively attending infertility clinics. Therefore,
to establish the clinical importance of Y chromosome microdeletions in the evaluation of male
infertility, studies analyzing unselected groups of infertile men are needed (Medica et al., 2005).

The studies in the future will be on other fertility genes except from the ones on Y
chromosome. As the time passes more and more autosomal and sex linked genes are estab-
lished. The data about molecular genetics and human genome project will be an excellent basis
on the area of male fertility.
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