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ABSTRACT. We looked for a possible association between Klinefelter
syndrome (KFS) and microdeletions in the Y chromosome in Turkish
KFS patients. We examined the frequency of KFS in male patients with
proven non-obstructive azoospermia and the types of Y chromosome
microdeletions in these KFS patients. Fifty azoospermic patients
and 50 fertile men were included in this study. KFS was found in 14
azoospermic patients. Y chromosome microdeletions were found in
eight KFS patients. Azoospermia factor locus ¢ (AZFc) was the most
commonly deleted interval in KFS patients. All KFS patients had
elevated plasma follicle-stimulating hormone and luteinizing hormone
concentrations, but they had normal plasma testosterone concentrations.
Testis biopsy of five samples with Y microdeletions revealed Sertoli
cell-only syndrome. No Y microdeletions were found in the fertile
group. We concluded that there could be an association between the
AZFc region and KFS. Screening for this should be part of diagnostic
work-up, particularly in those considering assisted reproduction.
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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). The male factor is assumed to be re-
sponsible 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 genetic defects
can also affect fertility (Griffin and Finch, 2005). The incidence of chromosome abnormalities
is about ten times higher in infertile men than in the general population (Egozcue et al., 2003).
Klinefelter syndrome (KFS), 47,XXY and its variants are the most common chromosomal ab-
errations among men, with estimated frequency of 1:500 among newborns. Men with KFS
present sequels of hormonal and spermatogenic testicular failure like infertility, low testoster-
one, erectile dysfunction, and low bone mineral density (Paduch et al., 2009). Microdeletions of
the Y chromosome removing the azoospermia factor (AZF) region or parts thereof are the most
frequent genetic cause of spermatogenic failure after KFS (Hucklenbroich et al., 2005). Early
diagnosis and treatment can improve the quality of life and the overall health of men with KFS.
Because nothing is known about the association of KFS with microdeletions of Y chromosome
in Turkish KFS patients, this prospective study was performed. We also aimed to show to clini-
cians the importance of genetic screening in KFS patients.

MATERIAL AND METHODS

Infertile men with non-obstructive azoospermia (N = 50) were prospectively recruited
for chromosomal analysis from 2006 to 2008 at the Firat University Medical Center and Sii-
leyman Demirel University School of Medicine. The patients who applied because of severe
male-factor infertility and past history of infertility for more than two years were selected. The
mean age of the patients was 30.5 years (range 20-46 years). All underwent an andrological
work-up, which included medical history, physical examination, hormonal estimation (exclud-
ing those with obstructive azoospermia), and semen analysis according to World Health Orga-
nization recommendations and standards (Tuarnaye, 2002). Fifty normozoospermic male do-
nors with normal semen parameters (sperm count >20 x 106/mL, progressive motility >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 prescrip-
tion drug usage that could account for their infertility.

Informed consent was taken from the patients and donors prior to collection of hepa-
rinized blood samples. Chromosome investigations were performed on cultures of periph-
eral 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 chromosome
by polymerase chain reaction (PCR), genomic DNA was prepared from the peripheral blood
samples. Each man was analyzed for the presence of sequence tagget site (STS) in the AZFa,
AZFb and AZFc regions. The STS probes used were sY84 and sY86 (AZFa), sY127, sY133
and sY 134 (AZFDb), sY254 and sY255 (AZFc), and SRY and ZFX/ZFY (controls). In addition,
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a water sample that contains all reaction components except for water instead of DNA was
used 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 and extension was 65°C for 4 min. Subsequent
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 visualized 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 rounds of PCR.

RESULTS

Among 50 azoospermic infertile men studied, 18 performed some kind of con-
stitutional chromosomal abnormality corresponding to a frequency of 36%. KFS was
found in 14 azoospermic patients (28%). Table 1 summarizes the karyotypes of the azo-
ospermic patients and the control group. Y chromosome microdeletion was determined
in 2 azoospermic patients and 8 KFS patients. Five of the 14 KFS patients showed dele-
tions in AZFc regions (Figure 1). None of the KFS patients showed deletions in AZFa
and AZFb regions. None of the fertile men had any Y chromosome microdeletions.

Table 1. Karyotypes of azoospermic patients and the control group.

Karyotypes Azoospermics Control
46,XY (normal) 32 (64%) 50 (100%)
47,XXY 14 (28%)

46,XY,Yqh(+) 2 (4%)

47,XYY 2 (4%)

46,XY,inv(9) -

inv(9)

46,XY, inv(9)

Data are reported as frequency with percentages in parentheses.

Figure 1. Image of a patient with Klinefelter syndrome with a deletion of the AZFc region (sY255: there is no
band). Lane 1 = DNA ladder for 100 bp; lane 2 = ZFY/ZFX; lane 3 = SRY; lane 4 = sY 84, lane 5 = sY86; lane 6 =
sY127; lane 7 = sY133; lane 8 = sY 134; lane 9 = sY254; lane 10 = sY255.
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Hormone profiles were high in the KFS patients. A routine testicular biopsy was carried
out in 14 patients with KFS. Five cases with AZFc deletions had Sertoli cell-only syn-
drome (SCO), 5 with 47,XXY had bilateral hypotrophy, and 4 cases with 47,XXY/46,XY
had bilateral hypotrophy.

DISCUSSION

In this study, we performed microdeletions on Y chromosome in KFS patients in a
Turkish population. Chromosomal deletion incidence was found to be 35% in the KFS pa-
tients. As mentioned in the literature, there are some conflicting reports on the occurrence of
Y chromosome microdeletions in KFS patients (Tateno et al., 1999; Ambasudhan et al., 2003;
Choe et al., 2007). Tateno et al. (1999) failed to find microdeletions in KFS patients. The cur-
rent study illustrates deletions in the AZFc region in contrast to the deletions AZFa and AZFb
in KFS patients by Mitra et al. (2006) and the AZFa, AZFb and AZFc combined deletions by
Mitra et al. (2006) and Hadjkacem-Loukil et al. (2009). Deletions in the AZFc regions were
found in 5 KFS patients (35%). However, deletions in the AZFa and AZFDb regions were not
determined in our study.

The higher percentage of only AZFc deletions observed in this population could be
explained by the Turkish origin.

This study analyzed, for the first time, the occurrence of deletions of the AZFc region
in a small sample of Turkish KFS patients. AZFc deletions are generated by intrachromosomal
homologous recombination between repeated sequence blocks called ‘amplicons’ organized
in palindromic structures with nearly identical sequences in each palindrome arm. Within the
AZFc region there are several candidate fertility genes, including three copies of BPY2 (ba-
sic protein on Y chromosome 2), two copies of CDY1 (CDY la and CDY 1b; chromodomain
protein, Y chromosome 1), and four copies of the DAZ (deleted in azoospermia) gene family
(McElreavey et al., 2000; Kuroda-Kawaguchi et al., 2001). The patients with KFS are known
to have progressive deterioration of their testicular architecture. The high concentrations of
FSH are in agreement with very low concentrations of inhibin-B and high concentrations
of FSH reported in KFS patients (Tomasi et al., 2003). The testis biopsy report from 10 pa-
tients showed an SCO type of morphology in 2 cases and bilateral hypotrophy in others. The
findings of Kamp et al. (2001) suggest an association between AZF deletions and KFS in men
with SCO syndrome. Deletions of the AZFc region are usually associated with hypospermato-
genesis and SCO syndrome type II (Krausz et al., 2000). Deletions in the AZF region can be
interpreted as to more severe phenotypes such as SCO syndrome, which are in agreement with
the present results. However, we believe that the larger studies are needed to show the associa-
tion between AZF deletions and SCO syndrome in KFS patients.

In conclusion, due to observed Y chromosome microdeletions in KFS patients, the
analysis may be imperative in routine clinical follow-up of such cases, followed by genetic
counseling with respect to the risk of transmitting Y chromosome microdeletions to the male
progeny, if the patients opt for assisted reproductive techniques. Meanwhile growing inter-
est in KFS among translational scientists and clinicians will result in better understanding of
the pathophysiology of testicular failure. The screening programs for KFS may increase the
number of patients with KFS seen by practicing urologists in the near future. Diagnosis and
management of patients with KFS is within the scope and training of urologists.
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