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The genetic causes of infertility in patients with oligozoospermia and
azoospermia in Turkish population

Turk popuUlasyonunda oligozoospermi ve azospermi hastalarinda infertilitenin genetik nedenleri
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Ozet

Amag: Genetik bilimindeki ilerlemeler ve
yardimer treme tekniklerindeki gelismeler, infer-
tilitenin genetik nedenlerine odaklanmamizi sag-
lamaktadir. Bu ¢alismada, sex kromozomu anéplo-
idisi ve Y kromozom mikrodelesyonlar1 agisindan
genetik anormallikleriaragtirmay1 amagladik.

Gereg ve Yontemler: Azospermi veya siddet-
li oligozoospermi (< 5 milyon spermatozoa/ml)
olan toplam 350 hasta analiz edildi. Hastalar genel
muayene ve laboratuvar degerlendirmesi sonrasi,
karyotip ve Y kromozom mikrodelesyonu agisin-
dan degerlendirildi.

Bulgular: Non-obstriiktif azospermi (NOA)
olan toplam 225 infertil erkek ve oligozoospermi
olan 125 infertil erkek ¢aligmaya dahil edildi. Ge-
nel sitogenetik anomali oram% 16 idi. Ug yiiz elli
vakanin 32’sinde (% 9,1) kromozom degisiklikleri
tespit edildi. En sik goriilen genetik anomali 47,
XXY (Klinefelter sendromu KS) idi ve insidansi
NOA grubunda % 11.5 ve oligozoospermi gru-
bunda % 3,2 idi. Y kromozom mikrodelesyonu
24 (% 6.8) hastada tespit edildi ve benzer sekilde
NOA grubunda oligozoospermi grubuna gore
daha sik goriildii (% 9.3 vs % 2.4, sirasiyla).

Sonug: Infertilitenin siddeti ile birlikte gene-
tik nedenlerin gorilme sikligr artmaktadir. Sonug
olarak, yardimci tireme tekniklerinin kullanilma-
sindan once genetik tarama ve uygun genetik da-
nismanliga ihtiyag duyulmaktadir.

Anahtar Kelimeler: azospermi, kromozom,
infertilite, microdelesyon, oligozoospermi

Abstract

Objective: Advances in the science of genet-
ics and the development of assisted reproductive
techniques focus on the genetic causes of infer-
tility. The aim of this research is to reveal genetic
abnormalities in terms of sex chromosome aneu-
ploidy and Y chromosome microdeletions.

Material and Methods: A total of 350 patients
with azoospermia or severe oligozoospermia were
selected. After general examination of the patients
and laboratory investigations were performed,
cartoypes and Y chromosome microdeletions
were examined.

Results: A total of 225 infertile men with
non-obstructive azoospermia (NOA) and 125 in-
fertile men with oligozoospermia were enrolled
into the study. The overall cytogenetic anomaly rate
was 16%. Chromosomal changes were detected in
32 of 350 (9.1%) cases. The most common genetic
anomaly was 47, XXY (Klinefelter syndrome) and
the incidence was 11.5% in NOA group. This rate
was 3.2% in oligozoospermia group. Y chromosome
microdeletions were detected in 24 (6.8%) patients
and similarly, it was observed more frequently in
the NOA group than in the oligozoospermia group.

Conclusion: The incidence of genetic causes
have been increasing with the severity of infertil-
ity. As a result, genetic screening and appropriate
genetic counseling are needed before the use of
assisted reproductive techniques.

Keywords: azospermia, chromosome, infer-
tility, microdeletion, oligozoospermiaage
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INTRODUCTION

Infertility is considered if the fertilization does not
occur in spite of unprotected regular sexual intercourse
for one year (1). Infertility is a health problem, which
affects 15% of the couples, and almost one-half of in-
fertility caused male-related factors or in combination
with female related fertility disorders (1, 2). Azoosper-
mia is the absence of the sperms in the semen analysis
and oligozoospermia (<5x106 spermatozoa/ml) is de-
fined as the low sperm count in the ejaculate. Infer-
tility in male patients can be occured by a variety of
factors, such as varicosel, antisperm antibodies, infec-
tion, spermatic duct obstruction, cryptorchidism, en-
docrine disorders, testicular trauma, esticular cancer,
systemic diseases, retrograde ejaculation, etc (2). Ex-
cept those cases, in 30-40% of male infertile patients
that are presented to as idiopathic, genetic abnormality
can be considered (3). The most common genetic cause
of male infertility is the chromosomal anomalies and is
encountered in 5% of all cases. This rate increases up to
15% in azoospermic males (4). The second most com-
mon genetic cause of male infertility is Y chromosome
microdeletions, which can’t be detected with cytoge-
netic methods (5). In this study, we evaluated the ge-
netic causes in patients with nonobstructive azoosper-
mia and severe oligozoospermia in infertile males.

MATERIAL AND METHODS

In this cross-sectional study, after obtaining the eth-
ical approval (2018/01), a total of 350 patients, who ad-
mitted to the division of the Andrology from Urology
department of University of Health Sciences Bakirkoy
Dr. Sadi Konuk Training and Research Hospital due to
infertility between January 2015 and January 2017. All
participants signed an informed consent form for the
use of their blood sample in the study and all records
were required to be kept confidential. Patients, who
had a semen volume less than 2 cc in the spermiogram
analysis, underwent transrectal ultrasound examina-
tion for obstructive azoospermia and those with ob-
structive azoospermia were excluded from the study.
The patients had non-obstructive azoospermia (NOA)
and severe oligozoospermia in their semen analyses,
were analyzed retrospectively. Patients were divided
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into groups according to sperm count following de-
tailed physical examination and hormonal tests which
was performed by a specialist. Semen analyses (motil-
ity, sperm concentration and morphology) were per-
formed according to the World Health Organization
Guidelines (6). Following the examinations, patients,
who had idiopathic azoospermia and severe oligozo-
ospermia (< 5 million sperm/ml) with an age between
20 and 45 years were determined. Light microscopic
evaluation of sperm motility, concentration, morphol-
ogy and viability and was performed (6). Specimens
originally considered as azoospermic were centrifuged
(1000 g for 20 min) and the pellets were examined
for spermatozoa, before confirming azoospermia (7).
The diagnosis of azospermia and oligozoospermia was
confirmed by two spermiograms examined at least 15
days apart following 3 days of sexual abstinence. Blood
samples of the patients were taken into tubes contain-
ing ethylenediaminetetraacetic acid (EDTA). DNA was
isolated from the peripheral blood samples with the
DNA isolation device (MagNA Pure Compact System).
Karyotype analysis was performed on lymphocyte cul-
tures stimulated by phytohaemagglutinin adapting
methodology (8).

For the Y chromosome microdeletion analysis,
the amplification of the relevant regions was carried
out with the multiplex PCR method using the SRY
and ZFY regions and STS sequence-tagged site (STS)
primers. Following the multiplex PCR process, the
microdeletions in AZFa, AZFb and AZFc regions and
SRY and ZFY regions were investigated with the aga-
rose gel electrophoresis.

Statistical Analysis

Data analysis was performed using the SPSS ver-
sion 16.0 software package. The continuous variables
are presented as meantstandard deviation. The fre-
quencies of categorical variables were compared us-
ing Pearson Chi-Square test. Statistical significance
was considered when p value was <0.05.

RESULTS
A total of 350 infertile men were evaluated, 225
(64.2%) of whom were azoospermic males and 125
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(35.7%) oligozoospermic males. The mean age of the
NOA and oligozoospermic patients were calculat-
ed as 33.4+4.3 years and 34.6+4.8 years, respectively.
The overall incidence of cytogenetic abnormalities
was 16%. Chromosomal abnormalities were detected
in 32 (9.1%) of 350 cases. Numerical and structural
chromosomal abnormalities are summarized in Ta-
ble 1. Four patients in the oligozoospermia group had
Kleinfelter syndrome (47,XXY; KS) syndrome (3.2%).
In NOA group, twenty-four (11.5%) patients had KS;
two (0.88%) patients had 46,XY/47,XXY; one (0.44
%) patient had 46,XY/45XO and one (0.44%) patient
had 46,XX. In oligozoospermia group, 121 had normal
karyotype (96.8%), 4 patients had abnormal karyotype
(3.2%). Among NOA group, 197 had normal karyo-
type (87.6%), 28 had abnormal karyotype (12.4%).
While the mean age of KS patients in the oligozoosper-
mia group was 28+4 years, in NOA goup it was 27+6

years. As semen parameters deteriorated, the chromo-
somal abnormality frequency increased and statistical-
ly significant difference was found (p=0.004; Table 1).
In all patients groups, the incidence of KS (47,XXY)
was 8% (n=28) and it was the most frequent abnormal-
ity. In oligozoospermia and NOA groups, KS frequen-
cy were 3.2 % and 11.5 % respectively (n=4 vs n=24,
respectively). The overall incidence of Y chromosome
microdeletion was 6.8%. Three (%2.4) patients in oli-
gozoospermia group and twenty-one (9.3%) patients
in NOA group, Y chromosome microdeletions were
detected. It was statistically significant difference be-
tween oligozoospermia and NOA groups (p=0.007).
The most frequent region with deletions was the AZFc
region. Based on molecular screening of the AZF re-
gion, a total of 24 AZF microdeletions were found: 1 in
AZFa+b+c, 2in AZFa, 2 in AZFb, 3 in AZFb+c, and 16
in AZFc (Table 2).

Table 1. Distribution of normal and abnormal karyotypes in the patients included in the study

Karyotype Reasons of male infertility Total
NOA (n, %) Oligozoospermia (n, %) | (n=350)
Normal (46,XY) 197 (61.9 %) 121 (38.1 %) 318
Abnormal
KS (47,XXY) 24 (85.7 %) 4 (14.3%) 28
Mozaic KS 2 (100 %)" 2
(Cr)ltilf)r srel)é Z}ér’;)(l;l(o(sr:):;()e mosaicism 45,X0 2(100 %) )
KS: Kleinfelter syndrome; NOA: Non-obstructive azoospermia;
Table 2. Y chromosome microdeletions in infertile cohort
Y chromosome Reasons of male infertility Total
NOA (n;%) Oligozoospermia (n;%) 350
Normal 204 (90,6 %) 122 (97,6 %)
Deleted 21 (9,3 %) 3 (2,4 %) 24
AZFa 2 (0,8 %) 0
AZFb 2 (0,8 %) 0
AZFc 13 (5,7 %) 3 (2,4 %) 16
AZFbc 3 (1,3 %) 0 3
AZFabc 1 (0,4 %) 0 1

NOA: Non-obstructive azoospermia;
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DISCUSSION

Among numerous etiologic factors, genetic disor-
ders plays a primary key role in male infertility with
abnormal semen parameters. Spermatogenesis is regu-
lated by a number of genes on the Y chromosome and
by autosomes that act at different stages of germ cell
development (9). In the present study, the frequency
of chromosomal abnormality was founded as 9.1 %.
These findings are very similar to those reported in ear-
lies studies (10). In the literature there are many stud-
ies about chromosomal abnormality rate from diffrent
countries which were reported as 6.2-12.6% (11, 12).
Consistent with other clinical studies, KS was found
to be the most common anomaly in this study (11,
13). In the current study, 26 of the 30 KS patients were
azospermic (24 patients with 47, XXY and 2 patients
with mosaicism). While the mean age of KS patients in
the oligozoospermia group was 18+4 years and it was
2716 years in NOA group. This finding is consistent
with germ cell degeneration and early-onset progres-
sive testicular insufficiency is KS patients (1, 2, 14, 15).

Excessive X chromosome is paternal in 50-60 % of
cases and maternal in 40-50 % of cases (16). Epidemi-
ological studies have shown that the incidence of KS is
gradually rising and it is thought to be related with in-
creasing father age (17). However, only 25% of all cases
with KS are diagnosed and followed up clinically. How-
ever, in recent years, patients with KS have significant
health problems not only with infertility but also with
high morbidity (70%) and mortality (50%) (17, 18). It
is important that the patients are diagnosed early in pu-
berty and the management of the disease is considered
as soon as possible. In KS patients, secondary sex char-
acteristics become apparent with testosterone replace-
ment therapy. Depressive mood of the patient disap-
pears and self-confidence increases. In general, patients
with KS are accepted as infertile, however assisted re-
productive techniques may provide fertilization. These
patients may also have children by means of sperm
cryopreservation, testicular sperm extraction (TESE),
micro-TESE and intracytoplasmic sperm injection
(ICSI). Freezing of spermatogonial stem cells or storage
of testicular tissue are yet experimental treatments (19).

Y chromosome microdeletions are the second
most common cause of male infertility (20). Eth-

162

nic and regional factors have been considered as the
main parameters affecting diversity and prevalence
of these microdeletions (21). An international anal-
ysis of a large dataset revealed that the prevalence of
Yq microdeletions was between 7% and 10% (21). The
incidence of the Y chromosome microdeletion in the
Turkish population was investigated by several authors
(1.3-9.6%) (4, 22-24). In our study, the frequency of Y
chromosome microdeletion was calculated as 6.8%.
These frequency variations may be due to the genet-
ic variation in different populations especially in Y
chromosome specific haplotypes, genetic background,
environmental factors, and different types of prim-
ers for AZF-related microdeletions. Furthermore, the
population size, patient selection based on the etiol-
ogy and severity of spermatogenesis defects, and the
regional differences can be considered as the possible
reasons for these frequency variations. Mirfakhraie et
al. reported a higher AZFb (66.67%) microdeletion
frequency compared to the AZFc (41.67%) region in
general Iranian population (25). It was stated that al-
though AZFc deletion affects the spermatogenesis, it
does not always cause infertility. Sperm may be ob-
tained with TESE and fertilization may occur in azo-
ospermic males with AZFc deletion. Germ cells are to-
tally lost in cases with complete deletions of AZFa and
AZFDb regions. TESE and ICSI will fail in these cases.
It was reported that the probability of sperm detection
with TESE in partial AZFb deletion was 50% (26). In
cases with Yq microdeletion, who underwent assisted
reproductive techniques, couples should be informed
that the microdeletion will be transferred to the male
children and consequently these children may also
have spermatogenesis disorders.

The retrospective character of the study and the
lack of knowledge of treatment methods applied to the
patients and paternity rates during follow-up are the
limiting factors.

CONCLUSION

Genetic analysis and consultation should be con-
sidered before the implementation of the assisted re-
productive techniques, when chromosomal anomalies
and Y chromosome microdeletions were detected in
infertile males.
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