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ABSTRACT

Objective: Infertility is defined as absence of a healthy baby
or pregnancy despite a one-year regular unprotected sexual
intercourse. While primary infertility is called the absence of
pregnancy at all, secondary infertility is called inability of
couples who have had at least one healthy child to become
pregnant. Chromosome anomalies are an important cause of
both male and female infertility. In this study, we aimed to
discuss the results of chromosome analysis of couples with
primary infertility.

Material and Methods: A total of 535 people, 262 women
and 273 spouses with primary infertility, were included in the
study. Chromosome analysis was performed using standard
cytogenetic GTG banding technique using peripheral blood
lymphocytes.

Results: Normal chromosome establishment was detected in
513 people, 46,XX in 254 people, 46,XY in 259 people
(95.8%). Eight patients had a normal chromosome variant
(1.4%). In addition, translocation was detected in 5 patients
(0.8%); in 4 patients, balanced reciprocal translocation and in
1 patient, Robertsonian translocation. Klinefelter syndrome
was detected in 3 patients (1% of male infertility). In addition,
we detected Turner syndrome variants, mos 45,X[11]/46,XXi
(X)(q10)[29] and mos 45,X[10]/46,X,i(X)(q10)[10] (0.7% of
female infertility) in two cases. If normal chromosome variants
are excluded, the frequency of the remaining changes in the
patient population is 2.6%.

Conclusion: Structural chromosomal anomalies such as
balanced reciprocal and Robertsonian translocations cause
both female and male infertility. 47,XXY should be kept in
mind for male infertility and 45,X/46,X,i(X)(q10) Turner
chromosome variants should be kept in mind in female
infertility. In summary, chromosome analysis is one of the
important tests that should be done to explain the etiology of
both male and female infertility.

Keywords: Infertility, translocation, chromosome analysis,
reciprocal, Klinefelter syndrome

(074

Amag: Infertilite, bir yillik diizenli korunmasiz iliskiye
ragmen gebelik ve saglikli bebek olusmamasina denir.
Birincil infertilite, gebeligin hi¢ elde edilememesine
denilirken, ikincil infertilite ise daha 6nce saglikli en az bir
¢ocuk sahibi olmus ciftlerin gebe kalamamasi olarak
adlandirilir. Kromozom anomalileri hem erkek hem de kadin
infertilitesinin 6nemli bir nedenidir. Biz bu g¢alismada
birincil infertilitesi olan ¢iftlerin kromozom analizi
sonuglarini tartigmay1 amagladik.

Gereg ve Yontemler: Birincil infertilitesi olan 262 kadin ve
273 erkek toplam 535 kisi ¢caligmaya dahil edildi. Kromozom
analizi periferal kan lenfositleri kullanilarak standart
sitogenetik GTG bantlama teknigi kullanilarak yapildi.
Bulgular: 1ki yiiz elli dért kiside 46,XX, 259 kiside 46,XY
olmak tizere toplam 513 kiside normal kromozom kurulusu
tespit edildi (%95,8). Sekiz hastada normal kromozom varyant:
tespit edildi (%1,4). Bunun yaninda 4 hastada dengeli resiprokal
translokasyon, 1 hastada ise Robertsoniyan translokasyon
olmak iizere 5 hastada translokasyon tespit edildi (%0.8). Ug
hastada Klinefelter sendromu tespit edildi (erkek infertilitesinin
%]1°1). Ayrica 2 hastada Turner sendromu varyant olan mos
45,X[11]/46,XX,i(X)(q10)[29] ve mos 45,
X[10]/46,X,i(X)(q10)[10] (kadin infertilitesinin =~ %0.7’si)
saptandi. Normal kromozom varyantlarimi diglandiginda geri
kalan degigimlerin hasta popiilasyonunda siklig1 %2.6 olarak
bulundu.

Sonug: Dengeli resiprokal ve Robertsoniyan translokasyonlar
gibi yapisal kromozom anomalileri hem kadin hem de erkek
infertilitesine neden olurlar. 47,XXY erkek infertilitesinde,
45,X/46,X,i(X)(q10) Turner kromozom varyantlar1 kadin
infertilitesinde akilda tutulmalidir. Ozetle kromozom analizi
hem kadin hem de erkek infertilite etiyolojisini agiklamak adina
yapilmasi gereken onemli testlerden biridir.

Anahtar Kelimeler: [Infertilite, translokasyon, kromozom
analizi, resiprokal, Klinefelter sendromu
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INTRODUCTION

Infertility is defined as the inability to achieve
pregnancy in one year despite regular and unprotected
sexual intercourse. The absence of pregnancy is called
primary infertility, while the inability of couples who
have had healthy children before to achieve pregnancy
is called secondary infertility (1). Infertility is seen in

15% of couples in reproductive age (2) .

Chromosome anomalies are an important cause of both
male and female infertility. Chromosomal disorders
have been found in 2-8% of infertile men (3). In addition
to major chromosome abnormalities such as Klinefelter
syndrome, 47, XYY

translocations,  Robertsonian  translocations  and

syndrome, reciprocal
inversions, micro deletions in the AZF regions (AZFa,
AZFb and AZFc) on the Y chromosome have also been
associated with male infertility (4). Klinefelter
syndrome is the most common chromosome
abnormality causing male infertility which is
characterized by small testicle, hypogonadotropic
hypogonadism induced gynecomastia and virilization
deficiency,  azoospermia  due to impaired
spermatogenesis, infertility and tall stature (5-7). Its
population incidence is about 1-2/1000. 47,XYY
syndrome is generally fertile. However, when compared
with normal 46,XY karyotype, infertility is relatively

more common.

Female infertility, on the other hand is more complicated
than male infertility and it involves many different
elements. For a woman to become pregnant, she needs a
regular ovulation, healthy uterus, endometrium and
fallopian tubes and regular hormonal values.
Chromosomal disorders can affect each of these
separately or several of these simultaneously. 47,XXX
syndrome is known to cause premature ovarian
syndrome by disrupting ovulation (8). The increase in
the number of triple repeats expansion in FMR1 gene
cause premature ovarian deficiency (9). Turner

syndrome is the most common sex chromosome

abnormality in women. Its incidence is 1/2500. Turner
syndrome can cause infertility by disrupting both
anatomical structure, hormonal balance, and the order of
ovulation (10). Phenotype may be milder in mosaic
Turner syndrome patients. Moreover, individuals with
mosaic Turner syndrome can conceive spontaneously
and have healthy children (11). Nevertheless, this
mosaicism results in rapid ovarian deficiency and
secondary infertility (12). Apart from these, 46,XX male
phenotypic or 46,XY female phenotypic sex
developmental disorders are among the rare causes of

infertility.

Reciprocal, Robertsonian translocations, inversion,
deletion, and duplications are called structural
chromosome anomalies. Balanced chromosomal
translocations are called displacement of genetic
material without any loss of part between the two
chromosomes. Translocations between chromosomes
13,14,1521 and 22, in other words acrocentric
chromosomes, are called Robertsonian  type
translocation. Reciprocal chromosome part exchanges
other than these translocations are called reciprocal
translocation. Most balanced chromosomal carrier
individuals are phenotypically normal if the fracture site
does not pass over an important gene (13). However,
they can cause infertility by disrupting spermatogenesis

and causing meiotic pause (14).

In this study, we aimed to discuss the karyotype results
of couples who referred with primary infertility in
Central Anatolia region and the relationship of these

results with infertility.

MATERIALS AND METHODS

Couples who could not achieve pregnancy despite one-
year long unprotected sexual intercourse and who
applied to Kayseri Training and Research Hospital
Medical Genetic Clinic between January 2013 and

November 2018 were included retrospectively in this
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study. Secondary infertility cases were excluded from
the study. A total of 535 individuals, 262 females and
273 males, were included in the study. Age, gender and

chromosome analysis results were noted retrospectively.

This study was carried out according to the Declaration
of Helsinki and Good Clinical Practices Guidelines with
the 2019/63 numbered approval of Erciyes University
Ethics Committee of Clinical Research (Date:
23.01.2019, issue no: 2019/63). Signed consent form
was taken from all the participants in the study.

Chromosome Analysis

Chromosome analysis was performed with patients’
peripheral blood lymphocytes by using standard
cytogenetic GTG banding technique. Seventy-two hours
of culture was performed using periferal blood
lymphocytes. KaryoMAX Colcemid Solution (Gibco)
was added at the 70th hour to stop the chromosomes at
the metaphases stage. 0.075 M KCI was used as a
hypotonic agent and the fixative formed by adding 1-
part acetic acid to 3 parts methanol was used for
harvesting stage. Metaphase preparations obtained after
the culture were stained using the Giemsa-Trypsin-
Giemsa (GTG) banding method. At least 20 metaphase
areas from each patient were evaluated microscopically.
However, in unusual chromosome structures, number of
metaphases was increased up to 40. Ten of these were
karyotyped and evaluated with Cytovision (Applied
Imaging). All metaphases were examined in terms of
numerical and structural chromosome anomalies.
Karyotype results were recorded according to
International  System for Human Cytogenetic
Nomenclature (ISCN,2009).

Statistical Analysis

Statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS. Inc. Chicago.
Illinois. USA) 23.0 for Windows. The descriptive

statistics was performed. The results were given as n,

percent, and mean * standard deviation (SD). The

p<0.05 was accepted as statistically significant.

RESULTS

Chromosome analysis was performed on 535 patients
who could not achieve pregnancy despite one year long
unprotected sexual intercourse. Mean age of the
participants was 30.9+6.0 years. Mean age of the women
in the study was 29.2+5.8 years, while mean age of the
men in the study was 32.5+5.8 years. Normal
chromosome structure 46,XX (254/262, 96.9%) or
46,XY (259/273, 94.8%) was found in 513 participants.
Chromosome anomaly was found in 4.1% (22/535) of
all patients. While this rate was 5.1% (14/273) in men,
and 3% (8/262) in women. Normal chromosome variant
was found in 8 patients (1.4% of all patients). In
addition, balanced reciprocal translocation was found in
4 patients (3/273, 1% of male infertility; 1/262, 0.4% of
female infertility), while Robertsonian translocation was
found in 1 patient (1/262, 0.4% of female infertility).
Klinefelter syndrome was found in 3 patients (3/273, 1%
of male infertility). In addition, Turner syndrome mos
45,X[11]/46,XX,i(X)(q10)[29] and mos
45,X[10]/46,X,i(X)(g10)[10] (2/262, 0.7% of female
infertility) was found in 2 patients. If we consider
normal chromosome variants as normal, the incidence of
the remaining changes in patient population is 2.6%.
Table 1 shows the classification of chromosome
anomalies and percentage distributions found in female
and male infertility in detail. Table 2 lists results of
structural and numerical chromosomal analysis and
Table 3 lists normal chromosome variants considered as

polymorphism that found in male and female infertility.

As a result, Klinefelter syndrome and reciprocal
translocations were the most frequent reason of
infertility in men. Mosaic Turner syndrome variants

were the most common reason in women.
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Table 1: The results of structural and numerical
chromosomal analysis that detected in men with primary

infertility

Karyotypes Number
45,X[2]/46,XY[18]
46,XY,1(10;22)(q11;p12)
46,XY,t(1;9)(g21.1;g34.1)
46,XY,1(7;15)(p11.2;926.2)
45,X[9]/46,XY[11]
46,XY,1gh+

46,XY,14ps+
46,XY,inv(9)(p12q13)

47, XXY

46,XY 259
Sum 273

[N

W WN R R R R

Table 2: The results of structural and numerical
chromosomal analysis that detected in women with

primary infertility

Karyotypes Number
mos 45,X[11]/46,X,i(X)(q10)[29] 1
mos 45,X[10]/46,X,i(X)(q10)[10] 1
45,X[2]/46,XX[38] 1
46,XX,t(1;7)(p13;p13) 1
45,XX,1(13;14)(q10;910) 1
46,XX,9gh+ 3
46,XX 254
Sum 262

Table 3: Normal chromosome variants considered as

polymorphism

Chromosomal Karyotype Number
46,XY,inv(9)(p12913) 3
46,XX,9gh+ 2
46,XY,14ps+ 2
46,XY,1gh+ 1
Sum 8

DISCUSSION

In this study, the rate of chromosome anomaly was
found higher in men (14/273, 5%) when compared with
women (8/262, 3%). In our study, Klinefelter syndrome
was found in 3 patients. Klinefelter syndrome was the
most common reason of male infertility (1%). This
result was in parallel with the literature (15,16).
However, 47,XYY syndrome was not found in our
study. Rapidly advancing assisted reproduction methods
have become hope for Klinefelter syndrome today.
Ramasamy et al. received sperm with microscopic
testicular sperm extraction from 45 of 68 non-mosaic
Klinefelter patients (66.2%) and with the help of in vitro
fertilization, they achieved pregnancy that could live in
45% of these (17). In a study conducted on Korean
population, Kim et al. reported that the probability of
chromosome anomaly was much higher in patients with
male factor, that is, sperm number and structure
anomaly such as azoospermia, oligospermia,
oligoteratospermia (18). In the studies of Karaer et al.
and Yalg¢intepe from Turkey, they found the rate of
chromosomal abnormality as 11% in primary infertile

patients, which supports Korean study (19,20).

Although they are phenotypically normal, balanced
translocation carrier individuals can have problems such
as decreased fertility, spontaneous miscarriage, or
dysmorphic babies (13). The probability of structural
chromosomal anomaly has been reported as 5% in
infertile men (21). The reason for the decrease in the
fertility of translocation carrier individuals results from
problems in forming “quadrivalent or trivalent”
structures of chromosomal translocations during meiosis
and obtaining homologous chromosomes. In their
meiotic segregation study, Morel et al. reported
reciprocal translocation carrier men to have a
chromosomal unbalanced spermatozoa transport rate
between 19% and 80% (22).
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In our study, when male and female patients were
considered together, the most important cause of
infertility resulting from chromosome analysis was
chromosomal translocations (number=>5; 0.9%). In Liu
et al.’s study, this rate was reported as 1.36% (15). In the
study of Gumus from Turkey, this rate was 0.8% (1/120)
(23)

In addition, in men, translocations between X;
autosomal or Y; autosomal chromosomes have been
reported to cause azoospermia and infertility by
disrupting the spermatogenesis of translocations
(24,25). In women, the location of the fracture is
important in X;autosome chromosome translocations.
Regions between Xpl1l.1 and Xp21 and Xq13-g26 are
important for normal ovarian function and the fractures
passing from here cause premature ovarian deficiency
(26). In addition, when the segregation pattern of female
Robertsonian translocation carriers is examined, it was
found that the rate of obtaining viable embryos was
lower than that of men (27). In our study, X;autosomal
or Y;autosomal translocation was not found in men or

women.

1gh+, 9gh+, 16gh+,13ps+, 13pstk+, 22ps+, which are
considered as normal chromosome variant, are benign
chromosome variants not associated with any health
problems (28,29). Eight (1.4%) chromosome variants
were found in our study. In the study of Gumus from
Turkey, the rate of chromosomal polymorphism was
5.8% in patients with primary infertility (23). Although
it has been previously claimed that this normal
chromosome variants may be associated with infertility,

there are no convincing studies in this regard (30).

45,X Turner syndrome was not found in our study.
However, 3 variants of Turner were found and 2 of these
were 45,X/ 46,X,i(X)ql0 Turner variants. The rate of
Turner variants was 1.1% within the female infertile
group. In Riccaboni et al.’s study, the rate of gender
chromosome mosaicism in female infertility was 0.5%

(31). Turner syndrome patients very likely have the risk

of primary ovarian deficiency and infertility.
45,X/46,XX mosaic Turner syndrome can have
primordial follicular pool sufficient for menarche and
normal pubertal development (32). However, these
women can develop premature ovarian deficiency very
quickly when compared with normal 46,XX women
(33,34). Isochromosome X, mosaic Turner syndrome,
which is a variant of Turner, causes a more moderate
phenotype. These patients should be evaluated case by
case and the development of internal genital organs such
as uterus and ovaries and menstrual condition should be
checked. Some of the Turner syndrome patients can
have pregnancy. Especially individuals with mosaic
Turner syndrome can get pregnant and have healthy
children (11). Pregnancy has been reported previously
in literature for isochromosome X. However, some of
the patients experience problems such as pregnancy
loss, gestational diabetes and cardiac anomalies even if

they have pregnancy.

In addition, new generation sequencing method should
be mentioned in the diagnosis of chromosomal diseases.
With the whole genome analysis by using new
generation sequencing method, balanced translocations
and inversions can be diagnosed (35,36). In the near
future, it will probably be possible to diagnose both
cytogenetic anomalies and single gene diseases in
genetic diagnosis laboratories with a single whole
genome analysis. Even in this case, confirmation with
GTG banding will be required. Therefore, the fact that
chromosome analysis and GTG banding method provide
the opportunity to see the chromosomes visually shows
that they are still indispensable in the diagnosis of these

diseases.

One handicap of this study is the relatively low number
of patients. For this reason, X;autosomal, Y;autosomal
translocations, gender development anomalies and
47,XYY syndrome which are associated with infertility

in literature were not found in this study.
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As a conclusion, structural chromosome anomalies such
as balanced reciprocal and Robertsonian translocations
cause both female and male infertility. 47,XXY should
be kept in mind in male infertility, while
45,X/46,X,i(X)(q10) Turner chromosome variants
should be kept in mind in female infertility. In summary,
despite rapidly developing new generation sequencing
methods and algorithms, chromosome analysis is one of
the important tests that should be performed to explain

the etiology of both female and male infertility.
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