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Abstract
Male infertility is a multifactorial condition characterized by the inability of the male to cause pregnancy in a clinically fertile female. Semen quality parameters are used 
to assess fertility of men and it is an indicative of genetic disorders. Male infertility is mainly influenced by spermatogenic qualitative or quantitative anomalies, ductal 
obstruction and hypothalamic-pituitary axis dysfunction. Here, we review the molecular genetic basis of male infertility through X and Y chromosomes anomalies 
and genetic polymorphisms. Several X chromosome linked genes, such as AKAP4 and TGIF2LX, affect the ability of a man to have children. Microdeletions in Y 
chromosome accounts for a large amount of male infertility cases, and the AZF gene is one of the most important and investigated Y chromosome genes related to 
infertility. Moreover, clinical studies and biomarker research are able to provide a molecular genetic panel to answer questions and shed different perspectives to a 
better understanding of the male infertility leading causes.
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Introduction
Male infertility is the inability of the male to cause pregnancy in a 

clinically fertile female [1]. The condition is multifactorial and presents 
heterogeneous phenotypic features. Genetic factors are responsible 
for up to 15% of the male infertility cases and may be even higher for 
quantitative infertility defects such as azoospermia [2]. Genetic factors 
may be involved in idiopathic male infertility, which accounts for 
40% of cases, even though the related genes remain unknown [3]. In 
addition, male infertility is the leading cause of infertility in 20–70% of 
couples [4]. Identifying genetic anomalies plays an essential role in the 
success of assisted reproductive treatments. 

Semen quality parameters (Figure 1) established by World Health 
Organization (WHO) is used to assess fertility of men and it is an 

indicative of genetic disorders. Male infertility can be classified into four 
distinct categories: spermatogenic qualitative or quantitative anomalies, 
ductal obstruction and hypothalamic-pituitary axis dysfunction. The 
onset of any of those aetiological issues can be driven by a genetic cause 
[5]. The most common genetic causes of male infertility include sex 
chromosome aneuploidies [6], Y chromosome microdeletions [7], 
gene polymorphisms [8] and congenital absence of the vas deferens [9] 
among other factors. 

X chromosome anomalies leading to male infertility

Klinefelter syndrome is one of the most frequent cytogenetic 
anomalies found in infertile men [10]. The most frequent type of 
karyotype present in men with Klinefelter syndrome is 47, XXY. The 
syndrome can also be related to mosaicism [11], higher number of 
X chromosomes such as 48, XXXY; 48, XXYY or even 49, XXXXY 
and structurally abnormalities in sex chromosomes [12]. Notably, 
Klinefelter syndrome men present hypogonadism, azoospermia, small 
testes, erectile dysfunction and higher gonadotropin levels compared 
to normal and fertile men [13]. Patients with XX male syndrome (46, 
XX) are less common than Klinefelter syndrome [14]. Uneven crossing 
over  between  X  and  Y chromosomes  may result in an additional X 
chromosome bearing the SRY  gene through a translocation process 
[15, 16]. Patients with XX male syndrome are infertile and may develop 
male external genitalia, micropenis, hypospadia and cryptorchidism 
[14]. Klinefelter syndrome is easily detected through conventional 
cytogenetic analysis but XX male syndrome requires molecular 
cytogenetic with SRY probe to be performed.

Several X chromosome genes function in testicular tissue and 
might be related to different levels of male in fertility. The AKAP4 
gene, for example, code for proteins that interact with protein kinase 
A (PKA) in the sperm flagellum. PKA guarantees energy supply in 
spermatozoids and AKAP4 is requested for sperm motility. AKAP4 

Figure 1. Infertility is a global health issue. The inability to conceive children leads to 
social, psychiatric and severe medical consequences. WHO has standardized a method for 
the evaluation of human semen based on values for normal fertility [1]
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has been investigated in infertile men [17] and it was reported an 
infertile man with normal sperm count and total sperm immobility in 
which dysplasia of the fibrous sheath were promoted by Akap4 gene 
deletions [18]. Another gene, TGIF2LX (transforming growth factor-
beta-induced factor 2 like, X-linked) is located on X chromosome, is 
homologous with a region on the Y chromosome and is expressed in the 
testicular tissue. TGIF2LX is required for normal cellular proliferation 
levels and for differentiation processes during spermatogenesis. This 
gene is altered in patients with Turner syndrome and may also be 
related to severe cases of infertility [19].

Y chromosome anomalies leading to male infertility

It has been long known that essential genes on the long arm of the 
Y chromosome is required for normal spermatogenesis [20]. The AZF 
gene is one of the most investigated Y chromosome genes related to 
infertility. The AZF chromosome region contains repeated homologous 
sequences prone to undergo deletion, duplication or translocation 
through homologous recombination [21]. The complete deletion of AZF 
genes in the population is infrequent, but on the other hand, around 
10% of patients with idiopathic infertility show AZF complete or partial 
deletions [22]. Infertile patients with AZF deletions but showing at least 
minimal levels of spermatogenesis could have children through sperm 
aspiration followed by intracytoplasmic sperm injection. Unfortunately, 
the AZF deletion is inherited by the male offspring.

The PAR (pseudo autosomal regions) genes of the Y chromosome 
show regions of homology between the sexes chromosomes X and 
Y. Several studies show relation between PARs deletion and male 
infertility [23], higher chances of producing sex chromosome 
aneuploidy in sperm cells [24] and the occurrence of Turner syndrome 
and Klinefelter syndrome [25]. The non-homologous region of the Y 
chromosome contains genes that code for protein belonging to the 
MSY (male specific region) family genes. They control the development 
of gonads and spermatogenesis, thus, they are potentially involved in 
male infertility causes. 

Evidences show that several genes on the Y chromosome affect 
spermatogenesis [20], sperm maturation, motility and viability [26]. 
The ZFY gene (zinc finger Y linked protein) is locate on chromosome 
Y and has a role in spermatogenesis and processes of microdeletion 
of Y chromosome in the ZFY region could affect men fertility [27]. 
USP9Y is related to the development of germ cells in males [28] and it 
has been show that knock out of this gene in the mice leads to sterility 
due to spermatogenesis arrest [29]. The PRY gene on Y chromosome 
encodes for a tyrosine phosphatase, which is overexpressed in males 
with defective spermatogenesis. PRY takes part in the regulation of 
apoptosis in order to retrieve abnormal sperm cells [26].

Gene polymorphisms leading to male infertility

A polymorphic gene has multiple alleles at a locus with at least 1% 
of frequency in a given population. Several studies have demonstrated 
the solid influence of polymorphisms on a large variety of genes, leading 
to male infertility. For example, the blood-testis barrier is related to 
testicular damage and male infertility. The regulation of the blood-
testis barrier function lies on several cytokines such as the transforming 
growth factor beta 3 (TGF-β3) and the tumor necrosis factor (TNF-α). 
A large study involving 846 patients showed the association between 
TGF-β3 and TNF-α gene polymorphisms and male infertility [30]. 
Other variants of TNF-α have also been subjected to investigation 
regarding the infertility [31]. 

Polymorphism of the Cytochrome P450 1A1 (CYP1A1) gene and the 
risk for idiopathic male infertility has also been investigated. CYP1A1 
regulates phase I metabolism of polycyclic aromatic hydrocarbons that 
can be harmful to the homeostasis of mammal’s reproductive system 
[32]. A large variety of studies have investigated the relationship 
between CYP1A1 polymorphisms and infertility in Chinese [33-35], 
Brazilian [36], Indian [37], Turkish [38] and German [40] populations. 
Another risk factor for male infertility is the polymorphism of the 
methylenetetrahydrofolate reductase (MTHFR) gene. The enzyme 
product of the MTHFR gene regulates folate metabolism and is 
related do DNA methylation. A large-scale study with 5,575 infertile 
patients showed statistically significant relationship between MTHFR 
polymorphism and male infertility [41]. The infertility led by abnormal 
activity of the MTHFR enzyme may be due to abnormal methylation 
of sperm DNA. 

Concluding remarks

Over the last decade, molecular genetic techniques have improved 
diagnosis and treatment of male infertility, a complex and multifactorial 
condition that affects men around the globe. The genetic basis for the 
male infertility ranges from single nucleotide polymorphism to a 
whole chromosome deletion. Diagnostic interpretation of mutations 
and variability is an arduous process and limits the identification of 
genetic aetiology of male infertility. X-chromosomal anomalies, Y 
chromosome microdeletions and genetic polymorphism outline the 
sperm parameters defects found in infertile men such as sperm motility 
and viability. Clinical studies, karyotype investigation and biomarker 
research will provide a molecular genetic panel to answer questions 
and shed different perspectives to a better understanding of the male 
infertility leading causes.
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