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ABSTRACT

Cytogenetic heteromorphisms are described as
variations at specific chromosomal regions with no
impact on phenotype. The purpose of this study was
to investigate the effects of these chromosomal poly-
morphisms involved in reproductive failure in the
Romanian population.

One thousand eight hundred and nine infertile pa-
tients, who were referred to Life Memorial Hospital,
Bucharest, Romania, between January 2008 and April
2011, were investigated in this retrospective study.
The frequency of chromosomal polymorphic vari-
ations was calculated for these patients. The control
group is represented by 1116 fetuses investigated by
amniocentesis between January 2009 and April 2011.

In this study 122 (6.74%) infertile patients and 63
fetuses (5.65%) showed chromosomal polymorphic
variations. The differences between the two groups
was not statistically significant (p <0.242) but there
was statistical significance for some specific chromo-
somal polymor- phisms [inv(9),1gh+, 9gh+, fra(17)].

Some chromosomal polymorphic variations ap-
pear to be associated with reproductive failure. The
statistically significantly higher incidence of hetero-
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chromatic variations found in infertile individuals
emphasizes the need to assess their role in infertility
and subfertility.
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INTRODUCTION

Infertility is a significant marital problem, affect-
ing up to 15.0% of couples of reproductive age [1,2].
Infertility can be caused by defects in the develop-
ment of the urogenital system or defects in function
of the endocrine system, including the hypothalamic-
pituitary-gonadal axis, or by defects in gametogen-
esis, sexual function, fertilization or early embryonic
development [3]. Secondary or acquired infertility,
such as after tubal diseases, vasectomy or exposure
to gonadotoxins may also occur [4].

Genetic pathology is an increasingly important
part of general human pathology as the number of
described genetic diseases and their frequency in-
creases. Study of human chromosomes play a key
role in diagnosis, prognosis, treatment and moni-
toring of chromosomal abnormalities. In order to
provide genetical counseling for affected families,
cytogenetic analysis is the crucial investigation.

Several studies have been published regarding
chromosome analysis in couples with reproductive
failure who are referred for IVF (in vitro fertilization)
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or other treatments [5]. The incidence of chromo-
somal abnormalities in people with infertility appears
to be greater than the overall incidence of chromo-
somal abnormalities in the general population [6]. It
is unclear whether chromosomal abnormalities are
one of the main causes of infertility in the human
population. Many researchers believe that there is an
association between genetic abnormalities and infer-
tility in both men and women [7,8]. Approximately
40.0% of infertility cases are due to male pathology,
40.0% to female pathology, and the remaining 20.0%
is a combination of the two [8]. About 5.0% of infer-
tile men have chromosomal abnormalities, most of
which involve sex chromosomes.

Chromosomal abnormalities are a major cause
of male and female infertility and can be defined
as an alteration of function and structure of chro-
mosomes [9]. Cytogenetic abnormalities, both ac-
quired and inherited, are one of the most common
genetic causes of miscarriages early in pregnancies
[10]. Most chromosomal abnormalities may cause
a genetic imbalance that causes various phenotypic
abnormalities (delayed growth and development,
multiple congenital anomalies, disorders of sexu-
ality and reproduction, etc.) due to partial trisomy
or monosomy of the regions involved. Cytogenetic
studies have been reported to determine the contribu-
tion of chromosomal abnormalities in patients with
reproductive failure [11].

The purpose of the present study was to investi-
gate the effects of chromosomal polymorphic varia-
tions involved in reproductive failure. Polymorphism
variations mainly refer to the variants in the chromo-
somal heterochromatin region. To be classified as
variants, chromosomal poly-morphisms needed to
be at least twice the size of the corresponding region
on the second homologous chromosome [2]. Poly-
morphic variants on non acrocentric chromosomes
usually occur in the paracentric heterochromatin on
the long arms of chromosomes 1, 9 and 16, the short-
arm regions of the D and G group chromosomes, and
the distal heterochromatin of the Y chromosome.
Increased lengths of the heterochromatic regions on
the long arms of these chromosomes are designated
as 1gh+, 9gh+, 16gh+ and Ygh+. The heterochro-
matin can be reduced in these chromosomes, such
as in the case of 1gh—, 9gh— and 16gh—. Increased
lengths of the short-arm satellites of the acrocentric
D and G group chromosomes (13, 14, 15, 21 and 22)
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are designated as 14ps+ and 13ps+, while increased
lengths of the short arms themselves are designated
as p+ (e.g., 15p+) [12]. Because the heterochromatic
region consists of highly repeated sequences of sat-
ellite DNA that does not encode proteins, the chro-
mosomal polymorphism variations are considered
normal karyotypic variations [13]. However, many
recent studies indicate that chromosomal polymor-
phisms may cause certain clinical effects, such as
infertility and spontaneous miscarriage [12,14,15].

MATERIALS AND METHODS

During the period from January 2008 to April
2011, 1809 infertile patients (969 men and 840 wom-
en) were referred to the Department of Reproduc-
tive Medicine, Life Memorial Hospital, Bucharest,
Romania. Informed consent was obtained from the
patients and donors prior to collection of heparinized
blood samples. These patients were investigated for
the frequency of chromosomal polymorphic varia-
tions. All the patients were evaluated by a skilled
medical specialist and tested for antiphospholipid
antibodies and relevant hormones. Ultrasonography
was performed to rule out other causes of infertility.
All cases were Caucasians.

The control group, considered to be a sample
of the fertile population, consisted of 1116 fetuses
(originating from spontaneous pregnancies). This
group was investigated by amniocentesis in the pe-
riod between January 2009 and April 2011. None of
the pregnancies was obtained by an assisted repro-
ductive technique (ART) and the reasons for referral
were standard indications for amniocentesis such as
abnormal serum screening levels or advanced ma-
ternal age.

Amniotic fluid samples were cultured in Amnio-
max complete medium (Gibco, Grand Island, NY,
USA) and peripheral blood samples in PBmax and
Chromosome B medium (Gibco); G-banded chromo-
somes were analyzed after harvesting [16]. At least
15 metaphases were analyzed for each case and 10
metaphases were karyotyped using light microscopy.
The banding resolution was 400-550 bands per hap-
loid set (BPHS). The results of the two groups were
then compared.

Heteromorphism variations were reported ac-
cording to the recommendations of the International
System for Chromosome Nomenclature 2009 [17,18].



BALKAN JOURNAL OF MEDICAL GENETICS

Statistical Analyses. The results for the two
groups were compared using the two-tailed Fisher’s
exact test and calculated on line at the GraphPad Soft-
ware website (http: //www.graphpad.com/quickcalcs/
contingencyl.cfmS).

RESULTS

Cytogenetic analysis revealed a number of
numerical and structural abnormalities, but in this
study only chromosomal polymorphisms involved
in infertility are reported (Table 1). Chromosomal
polymorphism were found in 122/1809 (6.74%) infer-
tile patients in the study group and 63/1116 (5.65%)
fetuses in the control group; this was not statistically
significant (p = 0.24) (Figurel). The difference be-
tween the patients and controls for some specific chro-
mosomal polymorphisms is statistically significant
[e.g., inv(9), 1gh+, 9gh+, fra(17)]. This shows that
there was a noteworthy relation at risk of infertility
and polymorphic variants. The frequencies, according
to our study, of the chromosomal polymorphisms for
patients and controls are shown in Table 2. The most
common variant observed in infertile couples was
inv(9) (2.27%). Other chromosomal variants with a
high incidence were 1qh+ (1.22%) and 9gh+ (1.11%).

Table 1. Numerical and structural abnormalities.
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Figure 1. Comparison of the frequency of heterochromatic vari-
ations in the two studied groups. The distribution of the chro-
mosomal polymorphisms in the two study groups (fetuses and
infertile patients) is presented in this image.

The least common polymorphic variations in infer-
tile couples were usually observed in the para-centric
heterochromatin on the long arms of chromosomes
16, 16gh+ (0.28%), the short-arm of the D and G
groups of chromosomes 15ps+ (0.22), 21ps+ (0.33),
22ps+ (0.44%), and the distal heterochromatin of the

Chromosomal
Abnormalities

Karyotype

Trisomy X
Trisomy XXY
Trisomy XYY

Monosomy 45,X

Numerical abnormalities

47,XXX

47 XXY

47 XYY
45X

Structural abnormalities Inversion

46,XY,inv(1)(p12q23)
46,XX,inv(1)(p31ql3)
46,XX,inv(3)pllqll.2)
46,XY,inv(3)(pl1ql1.2),inv(9)(p11q13)
46,XX,inv(5)(pterq13)
46,XX,inv(8)(p22q13)
46,XY,inv(10)(p11.2g21)

Translocation

46,XY,1(1;4)(q43;q13)
46,XX,1(1;9)(q11;p13)
46,XX,t(1;19)(p13;p13.3)
46,XY,t(3;9)(q28;q32)
46,XX,t(3;13)(p21;p11.2)
46,XX,t(4;13)(p11;ql1)
46,XX,1(9;22)(q34;q11)
46,XX,1(10;19)(q22;q13)
45,XY,t(13;14)(q10;q10)
45,XX,t(14;15)(q10;q10)
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Table 2. Frequency of chromosomal polymorphisms in the studied groups.

Comen Cromn [ [t Gromp T vt
Inversion inv(9)(pllql2) 3.76 42 2.27 41 0.025

1gh+ 0.36 4 1.22 22 0.016

nmotiee | S| 82| (@ om
Yqh+ - - 0.16 3 0.171

Fragile sites ?ra(17) - - 0.66 12 0.006
ra(16) - - 0.05 1 0.429

14pst 0.18 2 - - 0.073

——— N TR
22ps+ 0.45 5 0.44 8 0.998

Total 5.65 63 6.74 122

Y chromosome, Ygh+ (0.16%). The frequency of het-
eromorphisms in females was 2.76% and 3.98% in
males. Twenty males who had heteromorphisms were
oligozoospermic or azoosper-mic. The seven women
with chromosome heteromor-phisms had normosper-
mic partners. As for the 1116 amniocentesis samples
studied, we detected female karyotypes in 533 and
male karyotypes in 583 fetuses. We observed poly-
morphisms in 63 fetuses (5.65%), 30 (1.65%) female
and 33 (1.87%) male fetuses. The most frequent types
of heteromorphisms in the control group were inv(9)
at 3.76%, followed by 1gh+, 9gh+ and 16gh+ variants
(0.36, 0.18 and 0.36%, respectively), followed by D
and G group variants.

DISCUSSION

Reproductive disorders are closely associated
with chromosomal polymorphisms that were con-
sidered normal for a long period of time [19]. In
recent years, more and more studies have shown an
increased incidence of chromosomal polymorphism
variation in infertile couples [20,21]. Some stud-
ies have demonstrated that 2.0-14.0% of infertile
men have constitutional chromosomal abnormali-
ties [20,21]. Chromosomal polymorphism between
the two sexes in our study group showed some dif-
ferences: 72 out of 969 men (7.43%) and 50 out
of 840 women (5.95%). In both male and female
groups, the inversion of chromosome 9 was more
frequent. The most common types of chromosomal
polymorphism in human infertility include inver-
sion of chromosome 9. The frequency of inversions
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in the studied group was compared with rates in
the population and estimated at 1.0-2.0% [22,23].
Involvement of chromosome 9 polymorphisms in
reproductive failure has been reported previously
[24]. There are multiple chromosome 9 heteromor-
phisms that cannot be detected by GTG-banding or
C-banding [25].

In our study, inversion of chromosome 9 was
found in 1.32% men and 0.95% women compared
with literature data; 1.52% in men [26] and 0.66%
in women [22]. Despite being categorized as a minor
chromosomal rearrangement that does not correlate
with abnormal phenotypes, many reports in the litera-
ture raised conflicting views regarding the association
with sterility and subfertility [27,28].

In our study, morphological variations of con-
stitutive heterochromatin were frequently detected
during cyto-genetic analysis. Most often, chromo-
somes vary in size and position of heterochromatin
in the 1qh, 9qh, and 16gh regions. Although inher-
ited variants have been reported not to be associated
with any risk for phenotypic abnormalities, chromo-
somal heteromorphisms have been found to have a
higher frequency relative to the normal population
and have been regarded as abnormalities in some
studies [11,17,20,21]. Recent studies suggest that
classical euchromatic variants of 9gh+/12gh+ and
heteromorphism on chromosome 6q may be respon-
sible for recurrent abortions [29,30]. However, in
this study we found a statistical association between
some chromosomal polymorphisms, namely, inv(9),
1gh+, 9gh+, fra(17) and infertility. In our study, the
frequency of 1gh+ and 9qh+ was statistically signifi-
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cantly increased in women with primary infertility
and in men with azoospermia which was confirmed
by other studies [31,32]. Earlier studies had not in-
vestigated polymorphism and chromosomal aberra-
tions as a determining factor in infertility in Romania,
therefore, this study could important in this regard.

CONCLUSIONS

Chromosomal abnormalities and even heteromor-
phisms are significant etiological factors leading to
fertility problems. The statistically significantly higher
incidence of heterochromatic variations found in in-
fertile individuals in this study emphasizes the need to
evaluate their role in infertility and subfertility.

The overall high prevalence of chromosomal
polymor-phisms in infertile couples, compared to
the normal population, needs to be confirmed with
further investigations and larger study populations to
delineate the role of “harmless” chromosomal aber-
rations in the etiology of infertility.
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