
Curado et al. Hum Reprod Arch. 2022;37:e001018. DOI: 10.4322/hra.001018 1/6

Infertility

 Copyright Curado et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

RESEARCH ARTICLEISSN 2595-0711

Conflicts of interests: The authors declare no conflicts of interest.
Submitted: September 01, 2018.  
Accepted: February 08, 2022
The study was carried out at Universidade Federal de Goiás (UFG), Goiânia, Goiás, Brasil

Karyotype Analysis in Infertile Men from the Center 
Western Brazil

Roberta Machado de Oliveira Frota Curado1, 2, 3* , Bruno Faulin Gamba2 , Lucilene Arilho Ribeiro Bicudo2 , 
Manoel de Araújo Rocha Filho3 , Mário Silva Approbato3 , Waldemar Naves do Amaral3 ,  

Nádia Aparecida Bérgamo2 

1Programa de Pós-graduação em Ciências da Saúde, Faculdade de Medicina da Universidade Federal de Goiás, Goiânia, Goiás, Brasil
2Laboratório de Genética Molecular e Citogenética da Universidade Federal de Goiás, Goiânia, Goiás, Brasil

3Laboratório de Reprodução Humana do Hospital das Clínicas da Universidade Federal de Goiás, Goiânia, Goiás, Brasil

Abstract
Objective: To investigate the presence of chromosomal abnormalities in infertile men with azoospermia or oligozoospermia evaluated 
at the Human Reproduction Laboratory of the Hospital das Clinicas (LabRep -HC) of the Federal University of Goias (UFG), Goiania, 
Goias, Brazil, in the period 2012-2014. Methods: Metaphases were analyzed by GTG banding obtained from the culture of lymphocytes 
of 33 men with idiopathic infertility. Results: The patients’ ages ranged from 24-59 years and they had been attempting to conceive for 
an average of 5 (± 4,59) years. In 4 cases (12%) have been Klinefelter syndrome (KS) karyotype 47,XXY, was observed in three of these 
subjects and the fourth showed mosaicism 47,XXY[9]/46,XY[2]. The remaining 29/33 had normal karyotype. Conclusions: KS affects 
approximately 5 to 10% of infertile men, according to the literature. In this study, 12% of subjects were observed to have chromosomal 
abnormalities and sex chromosome aneuploidies were the only abnormality to be observed in the samples. Genetic testing can help 
identify which patients would benefit from technical reproduction. As well as contributing to unraveling the etiology of male infertility 
in patients treated at LabRep-HC-UFG, this study is relevant because assisted reproduction techniques ignore the process of natural 
selection and some classic chromosomal abnormalities or deleterious mutations could be inherited. Thus, counseling based on genetic 
assessments may prevent the inheritance of primary and secondary congenital defects in the offspring of patients with male infertility. 
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INTRODUCTION
Male infertility is a public health problem affecting 2,5% a 12% of the world’s population.1 Male infertility has a multifactorial 

etiology, with 30% being considered idiopathic and with a significant proportion of underlying genetic variations.2,3 
Chromosomal abnormalities are one of the genetics causes of human infertility which interfere with spermatogenesis. 
Potentials chromosomal analysis is fundamental in the diagnosis, prognosis and monitoring of chromosomal abnormalities.2,4 
Semen analysis is the first step in the evaluation of men with difficulties conceiving. Although abnormal semen parameters 
are not a definitive indicator of male infertility, they are correlated with a low probability of pregnancy; the most common 
factors are seminal abnormalities, azoospermia, and oligozoospermia.2,5 It is known that patients with oligozoospermia 
or azoospermia have a higher risk of chromosomal abnormalities than the general population.6 Thus, individuals with 
abnormal semen analysis results should be evaluated first by classical cytogenetics.5,7

Among the most frequent chromosomal abnormalities is the presence of an extra chromosome carrying the sex 
karyotype 47, XXY, a condition known as Klinefelter’s Syndrome (KS). KS is present in 1/600 males from birth, only 10% 
are diagnosed prenatally, with another 25% diagnosed during childhood or adulthood. Underdiagnoses occurs due 
to the fact that not all individuals with KS have the characteristic clinical signs but only mild symptoms.8,9 KS affects 
approximately 5 to 10% of infertile men.10,11
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Here we investigate the presence of chromosomal abnormalities in infertile men with azoospermia or oligozoospermia 
evaluated at the Human Reproduction Laboratory of the Hospital das Clinicas (LabRep -HC) of the Federal University 
of Goias in the period 2012-2014.

METHODS
Thirty-three infertile men, who are undergoing treatment in LabRep - HC, were selected to participate in this study. 

Written informed consent for publication was obtained from Patient The Ethics Committee of the Hospital das Clinicas 
and of the Federal University of Goias. The results of semen analysis indicated oligozoospermia or non obstructive 
azoospermia was a criterion of inclusion.

Peripheral blood samples were collected from these individuals and cultured by blood lymphocytes for 72 hours, the 
cells were harvested, hipotonised and fixed using 3:1 methanol: acetic acid.12 GTG-Band chromosomal technique was 
performed and metaphases were spread on slides.13 At least 11 metaphases of each case were analyzed and chromosomal 
abnormalities were described according to the International System for Chromosome Nomenclature (ISCN).14

RESULTS
Of the 33 selected infertile men, it was found that 48,48% were azoospermic (n = 16) and 51,51% were oligozoospermic 

(n = 17). The patients’ ages ranged from 24-59 years and they had been attempting to conceive for an average of 5 (± 
4,59) years.

The results of cytogenetic analysis of the all individuals revealed sex chromosome aneuploidy to be the only constitutional 
abnormality. Four cases were shown to have karyotype 47,XXY (Figure 1) and in one of these cases was observed a low 
level of mosaicism 47,XXY[9]/46,XY[2], and one case was polymorphic variants 46,XY,22ps+ (Table 1).

Figure 1. Metaphase with 47, XXY Case No. 10, indicating the extra X chromosome.
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DISCUSSION
Lack of knowledge of the etiology of male infertility complicates the clinical diagnosis and the targeting for the 

best treatment.15 It is known that men affected by infertility are at a high risk of carrying constitutional chromosomal 
abnormalities.7 About 3 to 11,7% of male infertility can be explained by somatic chromosomal abnormalities.6 Between 
6 and 15% by microdeletions in Yq.16 In the literature, approximately 80% of patients presenting with KS were found 
to have karyotype 47,XXY, while 20% showed some degree of chromosomal mosaicism, including 47, XXY/46,XX, or 
structural abnormalities of chromosome X.17

Polymorphic variations occur in the general population and are typical. They appear in varying sizes of heterochromatin 
blocks, inversions, satellite duplication or repeat sequence regions. Although they have not altered the phenotype, but 
the highest frequencies of these variants have been reported in infertile individuals. In the literature of infertile men 
presents a variation between 2.2 and 14.4% of variants of short arms of acrocentric chromosomes.6,18,19 Chromosomal 
polymorphism was observed in one case (3%) which a double satellite in chromosome 22.

Christofolini et al.,18 observed as polymorphic variants although they were overrepresented in some patients, no 
consistent data were found to correlate them with infertility. This subject remains intriguing need more study.

This study was conducted to explore the implications of chromosomal abnormalities in male infertility. Sex chromosome 
aneuploidies were the only abnormalities observed in the samples. Of the 33 men studied, 12% (4/33 subjects) were 
diagnosed with KS, which is reported as the most common cause of infertility in men.

KS affects approximately 5 to 10% of infertile men.10,11 Ferlin et al.,20 observed a similar frequency in azoospermic 
Klinefelter’s individuals and in individuals with severe oligozoospermia the rate was slightly higher (5%). In our study, no 
individuals in the oligozoospermic group were found to have KS. All four KS cases were in the azoospermic group, which 
corresponds to 25% (4/16) of the azoospermic men. In the present study, 12% were diagnosed three with karyotype 
47,XXY and one had amosaic 47XXY/46,XY karyotype.

In general, mosaics for KS are less severely affected and the chance of finding sperm in the ejaculate of these 
individuals is significantly higher than in non-mosaics.21 Although this study identified one case with the mosaic karyotype 
47,XXY[9]/46,XY[2], this patient did not show any presence of sperm in their ejaculate. Perhaps the absence of sperm in this 
case is due to the low level of mosaicism, since only two cells are normal with the predominance of 47,XXY. Furthermore, 
mosaicism in peripheral blood lymphocytes in the germinal may not reflect the state of the tissue. Individuals with KS 
are generally underdiagnosed, only 10% are diagnosed prenatally, with another 25% diagnosed during childhood or 
adulthood.9 The condition results in a heterogeneous phenotype of variable severity normally are relatively slight, which 
also explains why many individuals do not receive medical attention until adulthood, when seeking medical advice about 
infertility or small testicles. Other signals such as hormone failure, sexual dysfunction, endocrine and metabolic syndrome, 
cardiovascular diseases, osteoporosis, and autoimmune diseases can also lead to a diagnosis.22,23 When a diagnosis 
is made in adulthood, you lose the opportunity to intervene in body and cognitive development, and also to prevent 
comorbidities earlier, since KS is associated with an increased risk of comorbidities, resulting in a reduction of two to six 
years’ life expectancy, compared to men who are karyotype 46,XY.24 The phenotypic abnormalities more frequent in men 
with KS are small testicular volume, hormonal dysfunction, gynecomastia, decreased libido, and sexual or ejaculatory 
dysfunction and lack of sperm in the adult individual,25,26 In this study, we observed some of these characteristics, such 
as ejaculatory decrease, erectile difficulty, and reduced testicular volume, however all these subjects had a normal 
karyotype. Of the four men with KS, only one individual presented with a smaller right testis volume.

Infertility due to obstructive azoospermia is not a major concern for men with KS,27 since the majority of individuals 
affected by this syndrome are azoospermic and unable to conceive by natural methods.28 There are isolated pockets 

Table 1. Distribution of patients with azoospermia or oligozoospermia and the results of the evaluation karyotype.

Chromosomal 
abnomalies Results Karyotype Azoospermia 

Frequency (N=16)
Oligozoospermia 
Frequency (N=17)

Normal 46,XY 11 17

Numerical 
abnormalities

Klinefelter Syndrome 47,XXY 3 0

Klinefelter Syndrome 47,XXY/46,XY 1 0

Structural 
abnormalities Pseudo satellite 46,XY,22ps+ 1 0
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of spermatogenesis in the testes of individuals with KS.29 Using microsurgical testicular sperm extraction (microTESE) 
it is possible to uniquely identify the tubules where spermatogenesis occurs in patients with KS, enabling the recovery 
of sperm so they may be a candidate for ICSI.15,29,30 The initial success rate for this observed in subjects with KS was 
40 to 50%,17 whereas with the use of microTESE, the success rate was 70%, which is more favorable for karyotype 47 
individuals, with XXY.31

Some spermatogonia in individuals with KS are able to complete the process of spermatogenesis, leading to the 
formation of mature sperm, but with increased risk of common genetic imbalance.32 Consequently, there is a risk of 
producing a chromosomal abnormality in the offspring, either involving the sex chromosomes or autosomes (mainly 
chromosomes 18:21).32,33

Although there is a risk of the transmission of genetic imbalance, more than 100 healthy children have been born by 
TESE after ICSI to parents with KS.17 Pre-implantation genetic diagnosis (PGD) – chromosomal analysis using the embryo 
- allows the transfer of healthy embryos and greater deployment potential.8

Men diagnosed with changes in the semen should undergo pre-treatment research, as we found a high prevalence 
of cases with chromosomal alteration in a small sample size.5 Even individuals with normal karyotype must undergo 
molecular tests to investigate the genes responsible for spermatogenesis, so that the children produced using assisted 
reproduction techniques are not affected. This investigation is required primarily when the man produces few sperm, 
for oligozoospermia may be a consequence of genetic alteration, which can be masked by fertilization procedures.6 
Chromosomal and molecular analysis of these men assists in the selection process of the ideal technique for fertilization 
and pregnancy success.34

It is very important to establish the causes of infertility as early as possible, to provide an explanation for any failure in 
the reproductive success, avoid the physical, psychological, and financial distress, and guide the treatment of infertility 
by in vitro fertilization with donation semen or oocytes.35 Individuals with unbalanced chromosomal aberrations require 
genetic counseling with specific information about the type of abnormality, its clinical relevance, the genetic risk of 
having affected offspring, and prenatal diagnosis possibilities. In addition, it should be possible to clarify whether other 
family members also carry the same abnormality.36

CONCLUSION
Our results showed a high frequency of individuals with KS diagnosed only after investigation into causes of infertility. 

Genetic tests are very important because assisted reproduction techniques ignore the process of natural selection 
and some chromosomal abnormalities or deleterious mutations can be passed to future generations. Although some 
patients have been not diagnostic with chromosomal abnomalis, karyotype analysis showed be an efficient method to 
investigate chromosomal abnomalies in a infertile man group. This finding suggests the need for cytogenetic analysis 
prior to the application of assisted reproduction techniques. As well as helping to unravel the etiology of infertility 
patients treated at LRH-HC UFG, this evaluation may lead to genetic counseling and hence the primary and secondary 
prevention of birth defects in offspring.
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