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INTRODUCTION 

Male infertility is caused by spermatogenetic 
failure, clinically noted as low sperm count 
known as oligospermia or absence of sperm 

in the ejaculate known as azoospermia [1, 2].

The most frequent genetic causes of severe oligo- 
or azoospermia are Klinefenter syndrome (47, XXY) 
and microdeletions of the AZF (Azoospermia factor) 
regions on the long arm of the Y chromosome [3].

It is well reported that more and more genes are as-
sociated with spermatogenic failure in males. For ex-
ample, autosomal genes NR5A1 [4, 5] and DMRT1 

[6] in heterozygote mutations are causative; sex-
chromosomal genes which are suspected to cause 
male infertility are TEX11 [7] and RHOX [8].

The human X and Y originate from ancestral homolo-
gous chromosome pair, which during evolution lost 
homology due to progressive degradation of chromo-
some Y [9, 10].

Females inherit one X chromosome from each par-
ent; in contrast, males inherit X chromosome from 
the mother and Y chromosome from the father. The 
dosage of X chromosome in the female is compen-
sated through inactivation of one of the two X chro-
mosomes [11, 12, 13].
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The supernumerary of X chromosomes 47,XXY and 
47,XXX are inactivated in the same manner. Dis-
teche, in 1995, reported that 10% of human genes 
“escape” from X-inactivation [14].

The short regions of X and Y chromosome PAR1 and 
PAR2 (pseudo autosomal regions) behave like an 
autosome and recombine during meiosis [15, 16, 17].

X chromosome aneuploidy
The first human chromosomes were visible by Tijo and 
Levant [18], three years later a chromosomal aberra-
tion known as Klinefelter syndrome was identified [19].

The most common sex chromosome aneuploidies 
associated with infertility are: 47,XXY (Klinefelter syn-
drome) (1 in 500 newborn boys) and 45,X (Turner syn-
drome) (1 in 2500-3000 newborn girls). Two other sex 
chromosome aneuploidies 47,XYY (1 in 1000 newborn 
boys) and 47,XXX (Triplet X syndrome) (1 in 1000 new-
born girls) have little effect on fertility [20, 21, 22].

MEIOSIS AND XY PAIRING

Meiotic cell division is necessary to produce germ 
cells for female and male. Haploid DNA content in 
germ cells is achieved by one round of DNA replica-
tion, followed by two successive rounds of cell divi-
sion (meiosis).

Autosomal chromosomes are homologous along 
their entire length; but X and Y chromosomes are not 
homologous save for the short segments at the end 
of each chromosome arm, the PARs [17].

X and Y chromosomes differ in size and gene con-
tent, homology for X –Y chromosomes, exist only in 
PARs (pseudoautosomal regions) [23, 24].

X-autosome translocations in males

Meiosis in male with X-autosome translocations is typ-
ically affected due to failure in XY pairing; it is shown 
that practically all males with X-autosome transloca-
tions are infertile due to spermatogenic arrest [25, 26].

In cases of X-autosome translocations, the formation 
of quadrivalents was proposed, in which the PARs of 
the Y chromosome associate with the homologous 
parts of the X chromosome on the derivative X chro-
mosome and the derivative autosome [25, 26].

In this context, also Y-autosomal translocations, with 
an autosomal breakpoint other than an acrocentric 
short arm, may result in the disruption of the sex ves-
icle leading to infertility [27].

X-chromosomal deletions
According the array-CGH and SNP (single nucleotide 
polymorphysem) it is possible to identify and analyze 

submicroscopic deletion and duplication, these are 
analyzed on a large scale in many diseases and are 
termed copy number variations (CNVs). The CNVs 
add to the normal variation in our genome and that 
the majority of CNVs has probably no or little rele-
vance for disease [28].

Androgen receptor (AR)
Mutations in the X-linked AR gene cause three dif-
ferent diseases (1) androgen insensitivity syndrome 
(AIS) [29] (2) spinal and bulbar muscular atrophy 
(SBMA or Kennedy disease) [30] and (3) prostate 
cancer [31, 32].

AR mutations may lead to complete androgen insen-
sitivity (CAIS) with a female phenotype in karyotypic 
males, partial forms (PAIS) in patients with ambigu-
ous genitalia or mild forms (MAIS) in men with hy-
pospadias, gynecomastia and spermatogenic impair-
ment [33, 34].

Two polymorphisms, the CAG and GGN polymor-
phisms, located in exon 1 of the AR gene, code 
for polyglutamine and polyglycine stretches re-
spectively. Longer lengths of the CAG repeat are 
associated with decreased transcriptional activity 
of the AR protein in vitro, suggesting that longer 
polyglutamine tracts may be related to male infertil-
ity [35, 36].

Thus, the CAG repeat length has been extensively 
studied for their role in male infertility. However, over-
all statistically significant, but very small and thus 
clinically irrelevant differences have been determined 
between infertile men and controls [36, 37].

Variations of the GGN polymorphism are frequently 
found in the general male population and are not as-
sociated with male infertility [38, 39].

TEX11

The TEX11 (testis-expressed 11) gene encodes a 
protein critical for male germ cell meiotic DNA recom-
bination [40].

Tex11-knockout male mice exhibit azoospermia with 
meiotic arrest at the pachytene stage due to an in-
ability to repair double-strand DNA breaks [40]. Re-
cently, Yatsenko et al. identified TEX11 as a new 
genetic marker for spermatogenic arrest in men with 
idiopathic infertility [7].

RHOX

The X-linked RHOX cluster encodes as set off ho-
meobox genes that are selectively expressed in the 
reproductive tract. Members of the RHOX cluster 
regulate target genes important for spermatogenesis 
promote male fertility in mice. Studies show that de-
methylating agents strongly upregulate the expres-
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sion of mouse Rhox genes, suggesting that they are 
regulated by DNA methylation. 

In human RHOX genes, whether DNA methylation 
directly regulates RHOX gene transcription and how 
this relates to human male infertility is unknown.

Results from Richardson et al 2014 [41] indicated 
that DNA methylation is necessary and sufficient to 
silence human RHOX gene expression. To determine 
whether RHOX cluster methylation associates with 
male infertility, Richardson et al 2014 [41] evaluated 
the methylation status of RHOX genes in sperm from 
a large cohort of infertility patients. Linear regres-
sion analysis revealed a strong association between 
RHOX gene cluster hypermethylation and three inde-
pendent types of semen abnormalities. Hypermethyl-
ation was restricted specifically to the RHOX cluster; 
Richardson et al 2014 [41] did not observe genes im-
mediately adjacent to it on the X chromosome. Our 
results strongly suggest that human RHOX homeo-
box genes are under an epigenetic control mecha-
nism that is aberrantly regulated in infertility patients. 
Richardson et al 2014 [41] propose that hypermeth-
ylation of the RHOX gene cluster serves as a marker 
for idiopathic infertility and that it is a candidate to 
exert a causal role in male infertility [41].

Busada et al 2016 [42] described a novel germ 
cell-specific X-linked reproductive homeobox gene 
(Rhox13) that is upregulated at the level of transla-
tion in response to retinoic acid (RA) in differentiating 
spermatogonia and preleptotene spermatocytes. They 
hypothesize that RHOX13 plays an essential role in 
male germ cell differentiation, and have tested this by 
creating a Rhox13 gene knockout (KO) mouse.

Busada et al 2016 [42] indicate that RHOX13 is not 
essential for mouse fertility in a controlled laboratory 
setting, but that it is required for optimal development 
of differentiating germ cells and progression of the 
first wave of spermatogenesis. 

Transcription factor RHOX10 is critical for initiation of 
spermatogonial stem cell (SSCs). Loss of the 33 gene 
X-linked homeobox gene cluster that includes Rhox10 
causes progressive spermatogenic decline. Song et al 
2016 [43] show that Rhox10 drives SSC generation by 
promoting pro-spermatogonia differentiation. Rhox10 
regulate gene migration and promote the migration of 
pro-spermatogonia into SSC niche [43].

The potential role of gene RHOX in human infertil-
ity was addressed by sequencing all RHOX exons 
in a group of 250 patients with severe oligozoo-
spermia. Borgmann et al., 2016 [8] show two mu-
tations in RHOXF1 (c.515G>A and c.522C>T) and 
four in RHOXF2/2B (-73C>G, c.202G>A, c.411C>T 
and c.679G>A), of which only one (c.202G>A) was 

found in a control group of men with normal sperm 
concentration. Functional analysis demonstrated 
that c.202G>A and c.679G>A significantly impaired 
the ability of RHOXF2/2B to regulate downstream 
genes. By combining clinical data with in vitro func-
tional analysis, Borgmann et al., 2016 [8] suggest 
that the RHOX transcription factors and some of their 
downstream genes represent new potential targets 
to be used for the diagnostics and treatment of male 
infertility. 

CONCLUSION

X chromosome plays a predominant role in spermato-
genesis. Several X-chromosomal aberrations are 
known to cause male infertility; this is documented by 
many authors. The genetic aberration ranges from an 
additional X chromosome found such as in Klinefelter 
syndrome to point mutations in genes recently pub-
lished. Furthermore, patients with spermatogenic ab-
erration carry a higher CNV on the sex chromosomes 
compared with fertile males. The genes TEX11 or 
RHOXF1 and RHOXF2/2B emphasize the impor-
tance of the X chromosome for male gonadal devel-
opment. Furthermore the X chromosome aberration 
such as point mutation which occurred during sper-
matogenesis in chromosome X is known as X-linked 
developmental genes, in male chromosome, contain-
ing a multitude of genes orchestrating different stage 
of male gonadal and especially sex cell development.
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