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Abstract
Heterochromatin polymorphism is considered a variant of a normal karyotype but is more frequent in infertile men. 

The aim of this study was to evaluate the correlation between heterochromatic variants and male infertility and to 
discuss the possible mechanisms of how heterochromatic polymorphism might affect spermatogenesis. 

Methods: Cytogenetic analysis was undertaken in a group of 392 infertile men from the Andrology Outpatient 
Clinic of the Human Reproduction Service of the ABC School of Medicine. Additionally, C-banding was performed in 
men with heterochromatin polymorphism, and NOR-banding in men with satellites variations. 

Results: 47 patients of the sample showed chromosomal variants (12% of the sample). Considering these men, 
8 presented idiopathic infertility, where 19 presented severe oligozoospermia, 18 had non-obstructive azoospermia, 2 
presented recurring pregnancy loss. The most frequent chromosome involved was chromosome 9, observed in 37.5% 
of the cases. Increased heterochromatin of chromosome 9 isolated was present in 8 men and pericentromeric inversion 
of chromosome 9 isolated was present in 7 men. Both aberrations were found in one man. Increased heterochromatin 
of chromosome 16 was found isolated in 6 cases and associated to other variation in 3 cases. For chromosome Y, 
variation in heterochromatin was found in 6 cases and associated to other variation in two cases and for chromosome 
1, increased heterochromatin was found only associated to other variations. Satellites’ variation of chromosome 14 
was found isolated in one case and associated in other case, of chromosome 21 was found isolated in 3 cases and 
associated in one case and of chromosome 22 was found isolated in 2 cases and associated in one case. Twenty 
men presented beyond chromosomal variations factors that couldn’t be discharged as cause of infertility as orchites 
and criptorchidia. 

Conclusions: The incidence of heterochromatin polymorphism was high in infertile men, as observed in the 
present work. This increased rate in infertile males seems to be more than an incidental finding, and must be considered 
an important factor contributing to male infertility.
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Introduction
Polymorphic variations are known to occur in the general popula-

tion. They include varying sizes of heterochromatin blocks, satellite or 
repeat sequence regions and inversions [1,2].

These polymorphisms have been observed from the early studies 
of cytogenetics and are believed to have no impact on phenotype [3]. 
However, higher frequencies of these variants have recently been re-
ported in infertile and subfertile individuals, Madon et al. [4] & Sahin 
et al. [5], compared with population cytogenetic data obtained mainly 
from newborn screening surveys [6].

Increased rates of chromosomal polymorphic variants have been 
shown to be associated with poor spermatogenesis [7]. These chromo-
somal variations associated with male infertility, including structural 
or numerical chromosomal abnormalities and quantitative or posi-
tional modifications of the constitutive heterochromatin, have been 
shown to affect male gamete formation and function possibly due to 
the silencing effect of these heterochromatic variations on otherwise 
normally expressed genes [8].

The aim of this study was to determine the frequency of chromo-
somal variants in a group of Brazilian infertile men attending an infer-
tility service.

Materials and Methods
Study Group

This study made a retrospective assessment of the data of 392 

infertile men (age range 22 to 60 years, mean: 36,6 ± 6,8 years), 
recruited consecutively between June 2006 to September 2010 at the 
Andrology Outpatient Clinic of the Human Reproduction Service 
of the Faculdade de Medicina do ABC, Santo André/SP, Brazil. We 
also included, as control group 63 semen donors (age range 20 to 43, 
mean 29,12±7,07), recruited in the same period of time in the Human 
Reproduction Service of FMABC.

All patients underwent an andrological work-up, which included 
routine clinical and laboratory tests, including analysis of semen and 
karyotype. For semen donors analysis of semen and karyotype were 
performed. Semen analysis was performed according to the guidelines 
of the World Health Organization [9]. Microdeletion of 5 regions of Y 
chromosome was performed to all infertile men. 

There were 111 men with azoospermia and 160 with oligozoosper-
mia with a sperm count of <5 x 106/ml. All participants gave informed 
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consent, according to the protocol approved by the local ethics com-
mittee (FMABC No. 237/2008). All semen donors presented as an in-
clusion criteria normal seminal volume and concentration.

Karyotyping

Chromosome investigations were performed on cultures of 
peripheral blood lymphocytes bystandard protocols. From each 
patient, 40 well spread metaphases were analyzed by G-banding. The 
metaphases were karyotyped using a Zeiss Axioskop microscope (Carl 
Zeiss Light Microscopy, Göttingen, Germany) and MetaSystems Ikaros 
software (MetaSystems, Altlussheim, Germany). To characterize the 
polymorphisms, specific techniques such as C-banding and NOR 
staining were additionally applied. All chromosomal abnormalities 
have been reported in accordance with the current international 
standard nomenclature [2].

Classification of polymorphic Variations

Polymorphic variations in the length of the centromeric hetero-
chromatin on the long arms of chromosomes 1, 9, 16 are designated 
as 1qh+, 9qh+, 16qh+ (increased heterochromatin). Heterochromatin 
can also be reduced in these chromosomes, such as 1qh-, 9qh- and 
16qh-. The pericentric inversion of chromosome 9, inv(9)(p11q13), 
was also considered as a heteromorphism. For the Y chromosome in-
crease of heterochromatin (Yqh+) was considered when it was larger 
than chromosome 18, and decrease of heterochromatin (Yqh-) when 
the Y chromosome was smaller than the G-group chromosome [10]. 

Increase in length of the short arm satellites (ps+) and stalks 
(pstk+) of the acrocentric chromosomes (13, 14, 15, 21, 22) were also 
recorded [2]. The alteration was classified as a variant, when it has at 
least twice the size of the corresponding region on the other homologue 
[11]. Double satellites can also be observed and are designated as PSS 
[2]. All karyotypes were examined by three independent laboratory 
technicians to avoid uncertainty and variable results.

Statistical analysis

Fisher’s exact test was applied to compare data between cases and 

controls. Statistical analysis was performed by SPSS Windows 18.0 
(SPSS, Inc., Chicago, IL) and a p < 0.05 was considered significant.

Results
The prevalence of chromosomal polymorphic variation on our 

sample is shown in Table 1. From the 393 male patients evaluated, 
47 patients of the sample showed chromosomal variants (12% of the 
sample). Considering these men, 8 presented idiopathic infertility, 
where 19 presented severe oligozoospermia, 18 had azoospermia, 2 
presenter recurrent gestational loss.

The three most common variants observed were 9qh+ observed in 
9 men (19.15%), 9ph present in 9 men (19.15%) and 16qh+ also found 
in 9 cases (19.15%). In one case 9qh+ was associated to 21ps+. In two 
cases 9ph was associated to other variant. In three cases 16qh+ was 
associated to other chromosomal variants. Chromosome Y increased 
heterochromatin was found in 5 cases (10.64%), being associated to 
other variation in 2 cases and Yqh- was observed in one man (2.13%). 
Chromosome 1 increased heterochromatin was found only associated 
to other variations (Table 1). 

Concerning satellites’ variation, 13ps+ was found associated to 
other variation (9qh+, 13ps+). 14ps+ was found in one case (2.13%). 
14pstk+ was associated to 22ps+ in one case. 15ps+ was found in 2 
cases (4.25%). 21ps+ was found in 6 cases (12.77%), being associated 
to other variation in 2 cases. 22ps+ was found in 6 cases (12.77%), 3 of 
them associated to other variation (Table 1).

Twenty man presented beyond chromosome variant factors that 
couldn’t be discharged as cause of infertility as orchite and criptorchidia. 
One patient with azoospermia presented Y chromosome microdeletion 
beyond the chromosome variant (16qh+). 

In comparison to control group we found no difference in the 
incidence of chromosomal variants (Table 2). 

Discussion
Chromosomal variations have been associated to male infertility, 

Karyotype Number of affected and 
frequency

Cause of Infertility
azoospermia oligospermia idiopathic infertility recurrent pregnancy loss

46,XY,1qh+,Yqh+ 1 (2.13%) 1 - - -

46,XY,16qh+ 6 (12.77%) 3 2 1 -
46,XY,1qh+,16qh+ 2 (4.25%) 1 - 1 -
46,XY,9ph 7 (14.9%) 3 1 2 1
46,XY,9ph,9qh+ 1 (2,13%) 1 - - -
46,XY,9ph+,21ps+ 1 (2,13%) - - 1 -
46,XY,9qh+ 8 (17,02%) 3 4 1 -
46,XY,9qh+,13ps+ 1 (2,13%) - - 1 -
46,XY,Yqh+ 5 (10,64%) - 5 - -
46,XY,Yqh- 1 (2,13%) 1 - - -
46,XY,14ps+ 1 (2,13%) - 1 - -
46,XY,14pstk+,22ps+ 1 (2,13%) 1 - - -
46,XY,15ps+ 2 (4,26%) 1 - - 1
46,XY,21ps+ 4 (8,51%) 2 1 1 -
46,XY,21pstk+,22ps+ 1 (2,13%) 1 - - -
46,XY,22ps+ 3 (6,38%) 1 2 - -
46,XY,22ps+,Yqh+ 1 (2,13%) - 1 - -
45,X,16qh+[10]/46,XY,delY (q11.9-
19.2),16qh+[30]

1 (2,13%) - 1 - -

total 19 18 8 2

Table 1: Chromosomal variants found in infertile man with idiopathic infertility, distributed according to the cause of infertility.
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including structural or numerical chromosomal abnormalities and 
quantitative or positional modifications of the constitutive heterochro-
matin, possible affecting male gamete formation and function [12].

The role of chromosome heteromorphisms in infertility has 
been studied previously for many authors and despite of being 
overrepresented in infertile couples, no consistent data was found to 
correlate these variations with infertility. This subject continues to be 
an intriguing question.

Madon et al. [4] evaluated 842 individuals attending an IVF clinic 
with primary infertility or repeated miscarriages, showed polymorphic 
variants in 28.82% of males and 17.19% of females. Hong et al. [11] 
studied the effect of polymorphic variants in the outcome of in vitro 
fertilization. 1978 couples were evaluated and 182 males presented 
chromosomal variations (9.2%). No differences among implantation 
rates were observed but there was a trend toward higher first trimester 
pregnancy loss rates, compared with normal karyotype couples.

In the present study we evaluated 392 infertile patients and 
found 47 patients of with chromosomal variants (12% of the 
sample). Considering these men, 8 presented idiopathic infertility, 
where 19 presented severe oligozoospermia, 18 had non-obstructive 
azoospermia, 2 presented recurring pregnancy loss. The prevalence 
here observed is in accordance to previous works of male infertility.

Between all chromosomes, chromosome 9 variations seem to 
be overrepresented on infertile couples (18 patients – p=0.08). All 
variation analysis will be discussed in a separate session.

Chromosome 9 variations and infertility

DNA sequence and analysis of human chromosome 9 revealed that 
it is highly structurally polymorphic and contains the largest autosomal 
block of heterochromatin, which is heteromorphic in 6–8% of humans, 
while pericentric inversions occur in more than 1% of the population 
[13]. Chromosome 9, has been described as being especially prone 

Karyotypes Patients with heteromophism 
(total sample=392)

Controls with heteromophism 
(total sample=63)

p

1, 9, 16qh+

46,XY,9qh+

46,XY,16qh+

8

6

1

0

0.41

13, 14, 15, 21, 22, ps+, pstk+

46,XY,14ps+

46,XY,15ps+

46,XY,21ps+

46,XY,22ps+

1

2

4

3

0

0

0

1

0.64

9 ph (inv 9)

46,XY,9ph 7 0 0.28
Y variation

46,XY,Yqh+

46,XY,Yqh-

5

1

0

0

0.32

Multiple variation

46,XY,1qh+,Yqh+

46,XY,1qh+,16qh+

46,XY,9ph,9qh+

46,XY,9ph+,21ps+

46,XY,9qh+,13ps+

46,XY,14pstk+,22ps+

46,XY,15pstk+,16qh+

46,XY,21pstk+,22ps+

46,XY,22ps+,Yqh+

45,X,16qh+[10]/46,XY,delY(q11.9-
19.2),16qh+[30]

1

2

1

1

1

1

0

1

1

1

1

0

0

0

0

0

0

1

0

0

0.77

Total 47 4 0.19

Table 2:
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to breaks that produce asymmetric bivalents in meiotic metaphase I 
spreads (Sarrate et al. [14]) and structural chromosome aberrations in 
sperm studies [15].

Pericentric inversion was determined on chromosome 9 in 2.3% 
of the sample (9 patients). In the general population, the frequency of 
this inversion is as low as 1–1.65%. Even though it is known that these 
inversions on chromosome 9 do not have a phenotypic effect, by means 
of previous studies, inversions on chromosome 9 and men infertility 
were thought to be related [16-18]. In our sample, 4 patients presented 
oligospermia, 3 patients idiopathic infertility, 1 patient azoospermia 
and one patient presented recurrent gestational loss.

Pericentric inversions are structural chromosomal abnormalities 
resulting from two breaks, one on either side of the centromere, 
within the same chromosome, followed by 180° rotation and reunion 
of the inverted segment. They can perturb spermatogenesis and lead 
to the production of unbalanced gametes through the formation 
of an inversion loop, even if the inverted region includes only 
heterochromatin [19].

If one chromosome is inversed, the mechanics and time constraints 
imposed by the meiotic machinery on the formation of a pairing loop 
can delay meiosis. Recombination is reduced within the pairing loop, 
and this also leads to a breakdown of meiosis [20-22].

Lissitsina et al. [23] in their study of 90 infertile men observed 
inv(9)(p11q13) three times more often than controls. Collodel et al. 
[24] studied the sperm quality of 18 male carriers of a chromosome 9 
inversion and found a variety of effects, from azoospermia to severely 
altered sperm morphology, motility and meiotic segregation. 

Enlarged chromosome 9 heterochromatin (9qh+) is considered 
a polymorphism, and its incidence is estimated between 6 and 
8% of general population. This heteromorphism possibly makes 
synapse difficult due to morphological differences between the two 
homologous and, as a consequence, may delay or prevent it [25]. In 
our sample we found an incidence of 2.55% (10 patients), representing 
21.3% of variants. Four of them presented oligospermia, four of them 
azoospermia, and 2 of them presented recurrent pregnancy loss.

In our study we have one patient who presented oligoasthenozoo-
spermia had both the 9ph and the 9qh+ variants. This case was reported 
previously (Belangero et al. [26]), and we believe that this morphologi-
cal difference between the homologous chromosomes 9 could have led 
to an error in crossing-over and, as a consequence, produced aberrant 
gametes. 

Chromosome y and infertility

The high incidence of chromosomal variants in the infertile male 
population can also be attributed to polymorphic variations on the 
Y-chromosome, contributing to male infertility or subfertility possibly 
due to the silencing effect of these heterochromatic variations on 
otherwise normally expressed genes [27].

In the normal male population, Hou and Wang reported a 3.6% 
prevalence of Yq+ in a genetic survey of 6286 males [28]. Nagvenkar 
et al. [29] reported 3.4% of Yq+ in an Indian population. In our study 
population, there were seven patients who presented the variant Yqh+ 
karyotype, representing 1.78% of the sample and 14.9% of variants. 
Interestingly, six of them presented azoospermia.

Increased size and occurrence of the variant Yqh+ could possibly be 
associated with the inhibition of gene transcription due to the silencing 
effect on the genes/gene promoters in close proximity [8].

Heterochromatic variations on the Y chromosome could also be 
associated with severe male factor infertility by inducing epigenetic 
alterations/modifications [30,31].

The occurrence of decreased heterochromatin (Yqh-) was short 
in our sample present only in 1 patient of our sample. This patient 
presented no microdeletion of Y chromosome. In the presence of 
a microdeletion the decrease of heterochromatin was justified and 
consequently, the decrease of heterochromatin was not considered. 
A possible association of heterochromatic blocks with the silencing of 
gene expression, particularly genes associated with spermatogenesis 
and other fertility/infertility associated genes, should not be ignored.

Chromossome 1 and 16 and infertility

Nakamura et al. [31], investigating 1790 infertile Japanese man 
found that 46,XY,1qh(+) was the most common autosomal anomaly, 
observed in 30 cases and its incidence was significantly higher than in 
normal controls. Nine of this patients presented azoospermia. In our 
sample the variant 1qh+ was associated with other variations (Yqh+, 
16qh+). Patients presented oligozoospermia and idiopathic infertility. 
Nagvenkar et al. [29] in an Indian sample of 88 infertile men found one 
patient with azoospermia and 16qh+ variant and one with 1qh+.

Polymorphic variations in acrocentric chromosomes 

On acrocentric chromosomes, the NOR region on the stalks (pstk) 
of satellites consists of rRNA, while the short arm (p) and satellites 
(ps) consist of heterochromatin. Chromatin modification, covalent 
modifications of histone core proteins, noncoding small interfering 
RNA (siRNA) – related silencing of gene expression, and reversible 
methylation of DNA all form part of epigenetic alterations that affect 
gene expression [32]. 

The impact on gametes

Similar to chromosomal rearrangements such as translocations, 
heterochromatin-related defects in centromere function, and 
kinetochore assembly, chromosomal segregation may be impaired. 
This may lead to aneuploidy in spermatozoa involving not only the 
chromosomes affected but also the other chromosomes through 
interchromosomal effects [33].

Polymorphic heterochromatic regions were found to alter the 
synapsis of homologous chromosomes during meiosis. These regions 
are the last to enter synapse, changing the timing of the whole division 
and leading first to probable meiotic defects, eventually to infertility 
[25]. 

One other interesting point about heterochromatin is its effect on 
genes located close to it. In a variety of organisms, euchromatic genes 
brought into juxtaposition with pericentric heterochromatin show 
position-effect variegation, a silencing of gene expression in a subset 
of the cells in which the gene is normally expressed leading to a mosaic 
phenotype [34]. This phenomenon was observed in drosophila, yeast 
and mouse models [35-37].

Yakin et al. [7] revealed a high rate of aneuploidy in spermatozoa 
obtained from men with heterochromatin polymorphism. This study 
detected the heteromorphisms mainly in autosomal chromosomes, 
and a significant aneuploidy was detected on the sex chromosomes. 
The association of heterochromatin variants and special forms of severe 
sperm head and neck abnormalities were also observed. These severe 
morphological defects were associated with poor results in assisted 
reproductive techniques. 
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Mau et al. [38] reported chromosomal polymorphism in 13 out of 
150 infertile male (8.7%). Yakin et al. [7] reported a 10.9% incidence 
of polymorphic variants in the infertile male group. In agreement with 
these studies, we found a large frequency of chromosomal variants 
in the infertile men (12%) and an incidence of 6.35% in controls. 
However, no statistical difference was found between the incidence in 
cases and controls (p=0.19).

Hong et al. [11] investigated the effect of chromosomal polymor-
phic variations on the outcome of IVF and embryo transfer in 1978 for 
infertile couples, 8.05% with polymorphic variation and found no sta-
tistically significant differences in implantation rates between groups. 
Although, there was a trend toward higher first trimester pregnancy 
loss rates in the group of male with chromosomal polymorphic varia-
tions compared with normal karyotype couples, with no statistical sig-
nificance (p>0.05). 

The high frequency of chromosomal variants in infertile men 
could support the opinion that the large heterochromatic blocks on the 
polymorphisms of heterochromatic regions may destabilize the pairing 
of chromosomes and cause meiotic arrest, resulting in infertility 
[23]. Therefore, the possible association of heterochromatic blocks 
with the silencing of gene expression, particularly genes associated 
with spermatogenesis and other fertility/infertility-associated genes, 
should not be ignored [8]. Complementary investigation with high 
performance molecular techniques (e.g. microarray) could identify 
gains and losses associated to the heteromorphisms, and point to new 
sequences associated to infertility and pregnancy losses [39].

In our study, despite of we didn’t find differences in the incidence 
of chromosomal variation compared to controls, the high incidence 
of variants found in infertile men, including azoospermic ones, can 
point to the presence of other chromosomal aberrations unidentified 
by karyotype. More sensitive techniques applied to a larger sample of 
cases and controls could help us to identify the aberrations associated 
to male infertility. Variants should be well described and associated 
with infertility and the cytogeneticists and clinicians should not ignore 
the high frequency of polymorphic chromosome variants in infertile 
males.
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