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Genetic Testing in Male Infertility
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Abstract: Infertility is a major health problem which affects approximately 22% of married couples in reproductive age.
The apparent increased incidence of male infertility, in parallel with the widespread use of in vitro fertilization (IVF),
raises concern as to the impact of advanced assisted conception techniques in transmitting genetic anomalies to the
offspring. Recent research has widely focused on genetic factors underlying male infertility and several genetic tests are
now clinically available. Genetic testing plays an important role not only to identify the etiology of male infertility but
also aids in counseling as well as in the prevention of the transmission of genetic defects to the offspring via assisted
reproduction. This review is focused on the syndromic and non-syndromic causes of male infertility and the diagnostic

tests use in their evaluation.
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INTRODUCTION

Infertility, a genetically heterogeneous disorder with
multifactorial etiology affects approximately 22% of couples
in reproductive age group and has a major impact on
reproductive health [1]. In about 50% of these cases the
underlying problem lies in the male either solely or in
combination with female factor. In males, the main causes of
infertility include anatomical defects, gametogenesis dys-
function, endocrinopathies, immunological problems, eja-
culatory failure and environmental toxicity [2]. Infertile men
may present with phenotypical abnormalities or with sperm
abnormalities. Phenotypic abnormalities include Klinefelter
syndrome (KFS), congenital absence of vas deferens
(CAVD), Kallmann syndrome (KS), cryptorchidism, hypo-
spadias, ambiguous genitalia, and androgen insensitivity
syndrome (AIS). Otherwise infertile men are considered as
having idiopathic or unexplained infertility as they present
with or without abnormal sperm parameters, respectively.
Both phenotypic and non-phenotypic abnormalities have
long been accepted as important causes of male infertility
[3]. Hence genetic studies as either cytogenetic analysis or
detection of specific gene mutations have been incorporated
in most of the male infertility screening protocols. Recently,
the role of sperm DNA damage has also been highlighted
both in primary infertility (PI) and recurrent spontaneous
abortions (RSA) following natural and assisted conception.
In general, DNA damage cannot be detected by routine
cytogenetic and molecular methods. As such, special tests
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such as Comet assay, sperm chromatin dispersion assay
(SCD), transferase-mediated dTUP nickend labeling
(TUNEL), or sperm chromatin structure assay (SCSA) have
been developed. Tests to assess DNA damage are of great
importance to understand the etiology of both idiopathic
infertility and idiopathic RSA as DNA damage in the sperm
can be transmitted to the offspring and may potentially
increase the risk for transgenerational infertility or other
serious health problems such as congenital malformations
and childhood cancer [4].

Genetic screening includes cytogenetic analysis to detect
numerical and structural chromosomal rearrangements,
analysis of single gene mutations and assessment of
nonspecific DNA damage. Research on reproductive
genetics has recently expanded fueled by the increased
demand of couples attending infertility clinics and opting for
advanced assisted reproduction techniques. Intracytoplasmic
sperm injection (ICSI) has revolutionized the management of
infertility, is developed to circumvent the inability of sperm
to fertilize an egg. The major concern with regard to ICSI is
that it bypasses all natural selection mechanisms that sperm
encounter during their course to fertilize the oocyte and may
aid in the transmission of paternal-derived genetic anomalies
to the offspring. Due to the association of ICSI with
increased incidence of neurological and genitourinary
abnormalities, major congenital abnormalities and low birth
weight [5], identification of genetic abnormalities has
become an integral step for the proper management in
infertile subjects seeking such treatment. As such, genetic
screening should be considered as part of the diagnostic
workup in ART candidates. This review focuses on the
various possible genetic causes of male infertility and the
tests involved in their diagnosis.
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CYTOGENETIC ABNORMALITIES

Cytogenetic analysis is the most often used diagnostic
genetic test for the evaluation of men with severe oligozoo-
spermia and azoospermia [1, 6]. Karyotyping involves
collection of heparinized peripheral blood (approximately 5
ml) and isolation of the plasma lymphocyte suspension.
Lymphocytes are transferred to a culture media (RPMI)
containing a mitotic stimulator (PHA) and the mixture is
then incubated for 72 hours. After 70 hours cell division is
arrested at the metaphase stage by using colchicine. Cells are
then subjected to hypotonic treatment (KCI) and are fixed
with carnoy’s fixative overnight at 4°C. Finally, cells are
spread onto a clean grease free wet slide and subjected to
GTG banding for karyotyping. The standard protocols are
available in various guidelines and should be optimized for
respective laboratory conditions [7].

Chromosomal defects are the most common genetic
abnormalities in infertile men [8]. The reported incidence of
cytogenetic abnormalities in infertile males ranges from
2.1% to 15.5% [9-13]. Patients with chromosomal anomalies
display severely compromised semen quality ranging from
azoospermia to severe oligozoospermia. Klinefelter synd-
rome (KFS) is the major cytogenetic/sex chromosomal/
numerical anomaly detected in infertile men followed by
translocations, deletions and inversions.

Klinefelter Syndrome (KFS)

Men presenting with Klinefelter syndrome have a 47,
XXY chromosomal complement in all cells or are ‘mosaic’
[14-25]. The 47, XXY karyotype of KFS arises sponta-
neously when paired X chromosomes fail to disjoin in the
first or second phase of meiosis during oogenesis or sperma-
togenesis. The presence of two X chromosomes in KFS leads
to seminiferous tubule dysgenesis in approximately one-third
KFS cases. The failed inactivation of X chromosome in KFS
is the most plausible reason for impaired spermatogenesis in
these patients. Chromosome complement is usually identi-
fied by conventional GTG banding and karyotyping. The
frequency of Klinefelter syndrome (KFS) is 0.2% of male
newborns and 11% azoospermic men [14]. In its non-mosaic
form, Klinefelter syndrome is associated with elevated serum
FSH levels. The sterility in KFS is due to the high
prevalence of azoospermia, seen in 92% of KFS men able to
provide a semen sample, with the remainder having a median
of 0.1 million sperm/mL. It has also been reported that there
is a progressive decline in spermatogenesis in men with KFS
and hence early sperm retrieval or sperm banking (if
possible) is advocated in such cases [26].

Nevertheless, focal areas of spermatogenesis may be
present within the testis of azoospermic men with KFS, and
sperm can be retrieved in approximately 50% of cases on
testicular exploration. In such cases, ICSI can be performed
with an estimated success rate ranging from 30% to 50%
[14]. As in other men with non-obstructive azoospermia,
none of the clinical parameters are predictive of success in
sperm retrieval. The majority of babies born from 47, XXY
fathers have been normal although chromosomally abnormal
fetuses have also been reported [15-17]. Recently, Sciurano
et al. (2009) have shown that seminiferous tubules with germ
cells represent only a minor fraction (8-24%) of all tubules
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in men with non-mosaic Klinefelter syndrome [18]. Using
fluorescence in situ hybridization (FISH) with probes for the
X-centromere and immunolocalization of meiotic proteins,
they showed that all the 92 meiotic spermatocytes analyzed
with FISH were euploid, 46, XY, and thus can form normal,
haploid gametes. On the other hand, Sertoli cells showed two
signals for the X chromosome, meaning that they were 47,
XXY. These new findings may explain the high rate of
normal children born after testicular sperm extraction plus
ICSI when applied to Klinefelter patients. The authors of this
aforementioned study speculated that spermatogenic foci
most probably originated from clones of spermatogonia that
have randomly lost one of the X chromosomes, probably
during periods of life when high spermatogonial mitotic
activity occurred. Nonetheless, FISH analysis has demons-
trated that the frequency of aneuploidy for the sex chro-
mosomes varies from 1.5% to 7% [19, 20] in sperm from
Klinefelter mosaics, and from 2% to 45% [12, 21, 22] in the
sperm of men who appear to have a non-mosaic 47, XXY
karyotype. Therefore, preimplantation genetic diagnosis
using advanced FISH technique can be used to select normal
embryos in KFS with sperm production.

The clinical features of androgen deficiency in KFS
provide a complete spectrum of male reproductive health and
its diverse disorders. A crucial issue is whether prior testo-
sterone treatment, required to rectify lifelong androgen
deficiency, has deleterious effects on spermatogenesis,
thereby reducing chances of TESE sperm pickup. Sperm
retrieval rate appeared to be lower (20%) in men who
previously received exogenous androgens [14]. These
findings argue against the routine treatment of Klinefelter
patients with testosterone therapy at the time of diagnosis.
Such treatment may suppress the hypothalamic-pituitary-
testis axis, impairing FSH secretion and causing decreased
intratesticular androgen levels that could impair spermato-
genesis. Return of spermatogenesis after testosterone pre-
treatment may be irreversible or require a washout and
recovery period of several years. Therefore, the concern for
maintenance of fertility potential in young men with
Klinefelter syndrome must be balanced with potential
benefits of testosterone replacement, including the possible
psychosocial benefits of early androgen replacement therapy
in these patients. On the other hand, other medication
leading to endogenous testosterone increase seems to be
beneficial to KFS men seeking fertility. A recent study by
Ramasamy et al. (2009) assessed the potential predictive
factors for successful sperm retrieval (SR) in patients with
KFS. They showed that men with KFS with either normal or
low baseline testosterone but who respond to medical
therapy had a better chance of sperm retrieval. In their study,
a total of 68 men with non-mosaic KFS underwent 91
microdissection testicular sperm extraction (TESE) attempts.
Men with serum testosterone levels of <300 ng/dL received
medical therapy (aromatase inhibitors, clomiphene or human
chorionic gonadotropin) prior to micro-TESE. Patients who
responded to medication with a resultant testosterone of 250
ng/dl or higher had higher SR rate than men in whom post
treatment testosterone was less than 250 ng/dl (77% vs. 55%)
[16]. Sperm retrieval rates were similar irrespective of the
type of preoperative hormonal therapy, but the best SR rates
(86%) were achieved in men with normal baseline
testosterone levels.



44  The Open Reproductive Science Journal, 2011, Volume 3

Autosomal Translocation

Autosomal translocations occur in 1 in 500 live births
and is the most commonly observed structural chromosomal
anomaly in infertile men. Autosomal translocations impair
spermatogenesis due to disrupted meiotic pairing and segre-
gation [27-31]. Autosomal translocations are 4 to 10 times
more common in infertile men than in the fertile population
[32, 33]. Most translocations have no effect on other tissues
but can severely impair spermatogenesis. This may be due to
disruption of genes responsible for spermatogenesis or due to
impaired synaptic complex pairing during meiosis [34]. In
cases of autosomal translocation, the percentage of balanced
and unbalanced gametes using meiotic segregation analysis
was determined by fluorescence in situ hybridization (FISH)
[35, 36]. Carriers with unbalanced reciprocal translocation
have a higher risk of producing unbalanced gametes or
offspring with abnormalities. Studies also suggest that
unpaired regions, regardless of whether or not they pair with
the sex chromosomes, are transcriptionally silenced during
meiosis in reciprocal translocation carriers. If genes critical
for meiosis are present in the asynapsed regions, meiotic
arrest is likely to occur. Both the chromosomes involved in
translocation and location of the breakpoints are likely to be
determining factors for the fidelity of synapsis, and thus for
the fertility status of the carrier [34]. These types of
translocation carriers always have reduced number of
gametes with an unbalanced karyotype [37].

Sex-chromosome Translocation

The autosome translocation occurs approximately in 1 in
2,000 individuals in the general population [38, 39]. Like
other chromosomal translocations any part of the sex
chromosome may translocate to autosomes. Translocations
involving sex chromosomes have direct consequences on
genes required for germ cell differentiation. Translocations
between the Y and autosomes are rare and may involve any
part of the Y chromosome, often leading to abnormal
spermatogenesis and hence infertility [40, 41]. The proposed
mechanisms for impaired fertility due to sex chromosome
translocation are the altered gene loci or impaired formation
of sex vesicle during meiosis. During meiosis I of spermato-
genesis, pairing between the X and Y chromosomes occurs
in primary spermatocytes at the zygotene and pachytene
stages, resulting in a condensed sex vesicle. Pairing of sex
chromosome appears to be distinct from autosome pairing as
it is limited to the telomere pseudoautosomal regions
(PARs), PAR1 (at Xp/Yp) and PAR2 (at Xq/Yq). Pairing
between the sex chromosomes begins in Xpter and Ypter
with synapses occurring in most parts of Yp and in the distal
third of Xp. Deletions of pseudoautosomal sequences result
in impaired pairing between the X and Y chromosomes, thus
indicating that there is an obligatory recombination event in
the DNA homologue segment located in Xpter and Ypter
during meiosis I, which is essential to promote meiotic
pairing and ensure sperm production [42]. Translocations
involving a sex chromosome and an autosome are more
capable of causing infertility than translocations involving
autosomes. This is mainly due to the fact that derivative
chromosomes interfere with normal sex and autosome
homologue pairing and thus inhibit homologue segregation
[38,43].
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Robertsonian’s Translocation (RT)

Robertsonian’s translocation or centric fusion is a trans-
location between two acrocentric chromosomes in which
both chromosomes lose their p arms. It may lead to male
infertility and is found in about 1 in 1,000 newborns [44].
Heterozygous carriers contribute significantly to genetic
imbalance, fetal wastage, mental retardation, birth defects
and fertility problems [45, 46]. In heterozygous carriers, RT
chromosomes and their acrocentric homologues may under-
go either alternate segregation or adjacent segregations at
meiosis. Alternate segregation results in the formation of
balanced gametes carrying either the RT or the normal
karyotype. In contrast, adjacent segregation leads to the
formation of aneuploid gametes that are directly responsible
for all of the associated phenotypes observed in hetero-
zygous carriers and their offspring. It has been suggested that
the most children conceived from fathers who are
heterozygous for RT carry the translocation in balanced form
[47]. Robertsonian translocation may in some way predis-
pose to malsegregation and/or lack of normal embryo deve-
lopment [48]. PGD analysis showed that better quality
embryos are formed from sperm of an RT carrier [49].
Consequently, occurrence of aneuploid embryos will lower
the success rate of the IVF treatment [50, 51], increase the
risk of an unbalanced translocation and alter the amount of
genetic material in the offspring. Hence, preimplantation
genetic diagnosis (PGD) may be useful for such couples
undergoing IVF treatment. In Fig. (1), we present the distri-
bution of cases with numerical, sex-chromosome, autosomal
and Robertsonian translocation found in our laboratory (Fig.
1).

MOLECULAR CYTOGENETIC ABNORMALITIES
Fluorescent in situ Hybridization (FISH)

FISH is a molecular cytogenetic method employed to
study specific loci or number of specific chromosomes (e.g.,
aneuploidies and deletions). It is based on the hybridization
of loci/chromosome-specific DNA probes tagged with
fluorochromes to the complementary DNA sequences for the
region of interest. The fluorochromes are then visualized
under the fluorescent microscope. Fluorochrome probes for
centromere, telomere and whole chromosome (chromosome
painting) are also available. Unlike conventional cytogenetic
analysis, FISH does not require metaphase cells and can be
worked out in the interphase nuclei. The technique can be
used in sperm to detect aneuploidy. Sperm aneuploidies may
result in severe sperm defects, infertility and abortion. The
male partner of couples with increased number of ICSI/IVF
failures and even recurrent spontaneous abortions (RSA) are
found to have increased sperm aneuploidy rate [52]. In such
cases it may be suggested to perform meiotic segregation
analysis to know the percentage of sperm cells with normal
chromosomal number. This may help to prevent the
transmission of aneuploidies to the offspring and also to
prevent abortions. FISH can be applied to any infertile men
with severe sperm defects such as oligozoosperima, terato-
zoospermia or oligoasthenoteratozoospermia (OAT). In such
cases it has been observed that sperm aneuploidies were
inversely correlated to sperm quality. It has been shown that



Genetic Testing in Male Infertility

The Open Reproductive Science Journal, 2011, Volume 3 45

i others; 19%

M Robertsonian
translocation;
8%

u Sex
chromosome
translocation;
4%

H Numerical
Sex
chromosome
abnormality;
54%

H  Autosomal
translocation;
15%

Fig. (1). Pie diagram showing distribution of the frequency of different types of cytogenetic anomalies in infertile men.

the analysis of chromosomes 21, X, and Y for aneuploidies
was enough to identify at risk individuals [53]. Sperm
aneuploidies are found even in the ejaculates and testicular
sperm of fertile controls but the frequency is significantly
lower compared to men with sperm defects [54]. Low
success rate of ART in such cases may be due to the
selection of aneuploid gametes for ART.

FISH is also an ideal method for detection of submicro-
scopic (<3MB) rearrangements, cryptic and low level
mosaicism. In addition, it is used as a confirmatory test for
detecting the chromosomal anomalies after conventional
karyotyping. Although FISH cannot select suitable sperm for
ICSI, the percent of aneuploidies and meiotic segregation
analysis may help to proper counsel infertile couples.

Pre-Implantation Genetic Diagnosis (PGD)

Though PGD is not a routine method in the evaluation of
male infertility; it is often used to evaluate embryos derived
from ART. PGD has a potential role to prevent the trans-
mission of genetic anomalies to the offspring. The technique
involves the isolation of one or two cells (blastomere) from a
3-day in vitro generated embryo, or multiple cells from a 5-
day blastocyst, to perform genetic analysis for aneuploidies
or specific mutations by FISH or PCR. PGD is usually
recommended for couples having a history of genetic
disorders or suspected genetic defects. Infertile males
undergoing IVF, such as those with severe sperm defects and
KFS individuals with sperm production, may consider PGD
analysis as part of their treatment management.

Y Chromosome Microdeletion

Y chromosome microdeletions are a relatively common
cause of male infertility. It is characterized by azoospermia
or severe (<1 x 10° sperm/mL semen) to moderate oligozoo-
spermia (1-5 x 10® sperm/mL semen), but rare cases of mild
oligozoospermia (5-20 x 10° sperm/mL semen) may occur.
Males with Y chromosome infertility usually have no
obvious symptoms, although physical examination may
reveal small testes and/or cryptorchidism, or varicocele. A
single study suggested that one of the deletions of the Y

chromosome in AZFc region (designated gr/gr) also causes a
slight increase in susceptibility to testicular germ cell tumors
[55]. The prevalence of Y chromosome microdeletions is
estimated to be about 1:2000 to 1:3000 males [56-59]. The
frequency of deletion was found to be in the range of
approximately 10% in Indian, European, Italian and French
infertile population [56-59]. Despite that, a marked
difference in the reported frequency of AZF deletions among
patients with non-obstructive azoospermia, i.e., 10-12% in
USA, Australia and Asia, 2-10% in Europe, and 7% in Brazil
has been documented [58]. With the increased demand for
Y-chromosome testing, it is apparent that different methods
are used, particularly with regard to the sets of primers and
number of sequence tagged sites (STS). To obtain uniform
results it is necessary to follow strict guidelines, as those
recommended by the European Academy of Andrology
(EAA). Yq microdeletion analysis is usually carried out by
multiplex polymerase chain reaction (PCR) amplifying
AZFa, AZFb and AZFc loci in the q arm of the Y
chromosome [57]. PCR should be performed in duplicate
and in the presence of internal control (SRY). Positive and
negative control PCRs should run in parallel to validate the
test. PCR is a rapid method for detection of submicroscopic
Y chromosome deletions which are undetectable by
conventional cytogenetic analysis. The EAA recommends
the use of 7 set of markers (6 STS in AZF loci and 1 STS
[sY14] for SRY as an internal control) in men with
idiopathic infertility presenting with severe oligo and
azoospermia.

The Yq chromosome loci is named azoospermia factor
(AZFa, AZFb and ZFc) which comprise several genes such
as USP9Y, DBY, RBMY, PRY and DAZ (Fig. 2). These
genes are essential for spermatogenesis at different stages of
germ cell development and their functions are tabulated
(Table 1). Deletions of AZFa and AZFb are usually asso-
ciated with Sertoli-cell-only syndrome (SCO) and maturation
arrest, respectively [60]. AZFa is expressed in spermato-
gonial stem cells and AZFb in premeiotic germ cells
(primary spermatocyte). Partial or complete AZFc loss is
associated with a highly variable heterogeneous phenotype
ranging from oligozoospermia to azoospermia, and testicular
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Fig. (2). Human Y Chromosome. PAR 2 is the region which undergoes end to end recombination with X chromosome. The illustration
depicts SRY on Yp and AZF a, b, c on 5 and 6 Yq intervals with their main genes located in each locus.

histology showing Sertoli cell-only syndrome, maturation
arrest or hypospermatogenesis. This is mainly due to
presence of multiple copies of DAZ gene in AZFc and the
presence of an autosomal homologue on 3p24 (DAZLA).
Calogero et al. (2001) reported that Yq deletions are very
rarely found in men with a sperm count above 5 x 10°/mL,
whereas 8.2% of men with sperm counts below the
aforementioned levels exhibit Yq deletions [61, 62]. It is
well known that AZFa, AZFb and AZFc deletions are caused
by intrachromosomal recombination events between large
homologous repetitive sequences blocks located on Yql1 as
this region is flanked by inverted repetitive element and
palindromic sequences [63].

Y chromosome infertility is inherited in a Y-linked
manner. Because males with deletion of the AZF region of
the long arm of the Y chromosome are infertile, the deletions

are usually de novo and therefore not present in the father of
the proband. Rarely, within a family, the same deletion of
the Y chromosome can cause infertility in some males but
not in others; hence, some fertile males with deletion of the
AZF regions have fathered sons who are infertile.

Screening for Yq microdeletions helps in better diag-
nosing male infertility and to expand the current knowledge
on spermatogenesis. Y microdeletion screening is strongly
recommended for infertile men with severe sperm defect of
unknown origin (ranging from azoospermia to oligozoosper-
mia). Such screening is mandatory for individuals fitting in
the categories mentioned above who opt for ART because
their male offspring will inherit the Yq microdeletion and
infertility [64]. Besides, there is an increased risk of com-
plete Y chromosome loss which leads to genital ambiguity.
Female fetuses from a father with a Y chromosome loss have

Table 1. Important Genes on Various AZF Loci Associated with Spermatogenesis
Location Genes Functions Reason for Investigation
DBY Pl . tant role i ‘ . Involved in the development of premeiotic
(dead box on the Y) ays an important role in spermatogenesis germ cells
AZFa USP9 Y . . . . - o .
Lo . Role in the efficiency of protein turnover in Gene deletion is associated with azoospermia,
(ubiquitin-specific protease 9, Y . . . . .
spermatogenesis oligozoospermia or oligoasthenozoospermia
chromosome)
RBMY Coqf?s for RNA b‘mdmg proteins 1nvolveq n Gene loss associated with spermatogenic
A . splicing, metabolism and signal transduction
(RNA binding motif on Y) arrest
AZFb pathways
HSFYI and HSFY2 (Heat shock Possible role i ‘ . Unk
ranscription factor, Y-linked) ossible role in spermatogeneis nknown
AZFb/c PRY and PRY? Regulates the apoptosis an essential process that Absence of this gene leads to spermatogenic
removes abnormal sperm arrest
Regulates translation, code for germ cell specific Deletion of this gene causes a spectrum of
DAZ . . . . : .
AZFc . . RNA binding proteins, controls meiosis, and phenotypes ranging from oligozoospermia to
(Deleted in azoospermia) L . . . .
maintains primordial germ cell population azoospermia
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no increased risk of congenital abnormalities or infertility. In
ART candidates at risk of having a son with Y chromosome
deletion, PGD can be performed to determine the sex of the
embryo and/or the presence of the Y chromosome deletion.

Alternatively, Yq microdeletion screening may be per-
formed on sperm DNA rather than using blood DNA. It has
been shown that the study of 43 STSs is sufficient to identify
all the known deletion sites associated with male infertility
[65, 66].

Congenital Bilateral Absence of Vas deferens (CBAVD)

Congenital bilateral absence of vas deferens (CBAVD) is
a syndromic disorder characterized by vasa deferentia
agenesis that accounts for at least 6% of obstructive azoo-
spermia and approximately 2% of infertility cases. Cystic
fibrosis transmembrane conductance regulator (CFTR) gene
mutation is responsible for CBAVD in at least 95% of men
[67]. Cystic fibrosis is a disorder characterized by chronic
pulmonary disease, pancreatic exocrine insufficiency, and
elevated concentrations of electrolytes in sweat. CFTR gene
is located on the chromosome 7, comprising 190kb with 27
exons associated with over 1,500 mutations reported so far
[68]. The expressed CFTR protein is a glycosylated trans-
membrane protein that functions as a chloride channel and
expressed in epithelial cells of exocrine tissues, such as the
lungs, pancreas, sweat glands and vas deferens. CBAVD has
an autosomal recessive pattern of inheritance [69]. The
common CFTR mutations are: i) AF508 (three nucleotides
that encode the phenylalanine at position 508 are missing in
the protein's amino acid sequence). AF508 represents 60—
70% of the CF mutations in carriers and patients; ii) poly-
morphisms within intron 8 (5T, 7T). Such polymorphisms
reduce the production of the CFTR protein which results in a
reduction of the splicing efficiency of the CFTR gene; and
iii) the missense R117H mutation in exon 4. It is also related
to CBAVD in association with the 5T variant [70]. Patients
with CBAVD owing to CFTR mutations are at risk of having
both male and female offspring with CF and male offspring
with CBAVD. Recent data suggest that azoospermic men
with idiopathic obstruction and those presenting with the
triad of chronic sinusitis, bronchiectasis and obstructive
azoospermia (Young Syndrome) have an elevated risk of
CFTR mutation [71]. Hence, screening for CFTR mutations
is recommended to such couples who opt for ART for
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Fig. (3). AR gene exons and its functional domains.
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determining the risk of transmitting CFTR mutations to the
offspring. Nowadays different techniques such as blotting, in
situ hybridization, fluorescence in-situ hybridization, single
strand conformation polymorphism, hetroduplex analysis,
PCR, real time PCR followed by direct sequencing have
been developed for screening CFTR mutations. Up-to-date
information CFTR gene mutations can be found at http:/
www.genet.sickkids.on.ca/cftr/app, a CFTR mutation data-
base. Direct sequencing for specific mutation or alleles may
be advantageous [72] over other methods. PGD has been
regarded as a useful tool to identify the presence of CFTR
mutations in in vitro derived embryos given the fact that
mutations have been screened in both male and female
partners.

Androgen Insensitive Syndrome (AIS)

Androgen insensitivity syndrome (AIS) is a disorder
involving Androgen Receptor (AR) function due to
mutations in the AR gene. AR function is essential for the
development of male phenotype and spermatogenesis. In
normal males, androgens (testosterone [T]/dihydrotesto-
sterone [DHT]) bind to the AR, forming a complex that
activates the transcription of genes necessary for secondary
sexual growth and spermatogenesis. Unlike other autosomal
genes, AR gene is a single copy gene located on the X
chromosome (Xql1-ql2) containing eight exons. Exon 1 is
the transactivation domain that activates the transcription,
exon 2-3 is the DNA binding domain (DBD), exon-5-8 is the
ligand binding domain (LBD) whereas exon 4 is the hinge
region that connects DBD and LBD (Fig. 3). AR gene
mutations can severely impair the amount, structure and
function of the AR, thus causing AIS in which various
phenotypes may be seen, such as ambiguous genitalia, partial
labialscrotal fusion, hypospadias, bifid scrotum and gynaeco-
mastia [73]. Mutations in this gene ranges from point
mutations, insertions or deletions, or altered CAG repeats of
AR gene. CAG repeats are present in the first exon of AR
gene and contain an average of 21 + 2 repeats. The CAG
repeats are polymorphic and are reported to be either
increased or decreased in infertile men [74], although altered
CAG repeats are also associated with other diseases such as
Kennedys disease, cancers (prostate, ovarian, etc),
Alzheimer’s disease and autism [75, 76].

AR Gene exons
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In male infertility, AR mutation is believed to affect at
least 2% of men [77] and CAG repeats (>28) in up to 35% of
men [78]. Mutations in the AR gene may lead to a female
phenotype, which varies depending on the severity of the AR
gene mutations. Mutations in AR may also result in dep-
ressed spermatogenesis without any abnormalities in male
secondary sexual characteristics [79]. There are no specific
regions (except CAG repeats) or base changes which are
particularly responsible for AIS. It is therefore recommended
to screen the entire AR gene (8 exons) for mutations/
deletions using bi-directional sequencing in a male with
normal 46,XY karyotype (46, XY) [80]. The direct seq-
uencing of human AR gene (4R) has allowed researchers to
examine the effect of AR mutations on the development of
the normal male phenotype including spermatogenesis [81].
Most of the mutations are described in the carboxy-terminal
domain of AR, which includes exons 4 to 8, that can lead to
a defect in androgen binding and the loss of receptor
function [82]. Screening for the CAG repeats in the AR gene
is widely performed as they are the most often detected in
patients with AIS [74, 82-84].

The overall fertility status of affected individuals with
AIS depends not only on the AR sequence alteration but also
on the emergent phenotype resulting from a dynamic
interaction between the genome and proteome. Nevertheless,
detailed characterization of the molecular mechanisms of AR
dysfunction in AIS, together with a thorough phenotype
profiling, may lead to effective therapy and useful genetic
counseling for affected individuals and families. In view of
the success of testicular sperm aspiration and the prospects
of successful conception following ICSI in azoospermic men
[85], screening for AR mutations and appropriate preconcep-
tion counseling should be offered to subfertile men at risk of
having AR mutations. The detailed up to date compilation of
over 400 mutations of AR gene can be found at
http://androgendb.mcgill.ca

Steroid 5-alpha-Reductase 2 (SRDSA?2) Deficiencies

Steroid 5-alpha-reductase is an enzyme encoded by the
SRD5A2 gene which comprises 5 exons and is located in
chromosome 2p23. The main function of steroid 5-alpha-
reductase is the conversion of testosterone into dihydrotesto-
sterone (Fig. 4). In SRD5A2 deficiency, DHT levels are
below normal range. DHT is important for development of
the external genitalia (penis, scrotum) and testes descend to
the scrotum while testosterone plays an important role during
embryogenesis for the normal development and differentia-
tion of internal male genitalia, including the epididymis, vas
deferens and the seminal vesicles. At puberty and adult life,
both androgens are involved in the development of male
secondary sexual characteristics and spermatogenesis.

SRD5A2 deficiency (50-RD2) is considered a rare
autosomal recessive disorder caused by the mutation in the
SRD5A2 gene. However, the prevalence of SRD5A2 gene
mutations in the general population is unknown. Patients
with SRD5A2 mutation may exhibit a female phenotype or a
complex phenotype due to partial virilization that includes
hypospadia, bifid scrotum, micropenis and urogenital sinus
opening in the perineum.

Screening for SRD5A2 mutations are usually performed
after the identification of abnormalities in other biochemical
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markers such as normal-to-high levels of serum testosterone
(T), low DHT levels, or elevated T/DHT ratio. Approxi-
mately 67 mutations have been identified for the SRD5A2
gene. These include both nonsense and missense mutations,
splice—junction alterations as well as entire gene deletion
[86]. Although the prevalence of SRD5A2 mutations is not
well known, p.R246Q mutation in exon 5 has been reported
as a common mutation in S5-alpha-reductase deficient
patients from the Indian subcontinent, including a novel
heterozygous missense mutation p.Q56H and homozygous
polymorphism p.V89L (exon 1) [87].

= Internal genitalia,
= Epididymis
» Vas deferens

= Seminal vesicles

Testosterone (T)

SRD5A2

v

Di hydro testosterone (DHT)

= Penis
= Scrotum

» Prostate gland

Fig. (4). Role of Androgens (T and DHT) in internal and external
genitalia development.

Cryptorchidism

Cryptorchidism is one of the most common congenital
anomalies among infertile males. Cryptorchidism is charac-
terized by failure of testicular migration from an abdominal
position, through the inguinal canal, into the ipsilateral
scrotum during fetal development. It may be unilateral or
bilateral. About 30% of premature infant boys are born with
at least one undescendend testis, making cryptorchidism the
most common birth defect of male genitalia. Men with a
history of cryptorchidism are frequently subfertile in
adulthood due to impaired spermatogenesis [88]. A more
pronounced damage to spermatogenesis is usually observed
in bilateral cryptorchidism. Cryptorchid subjects show
reduced sperm concentration, increased FSH and reduced
inhibin B plasma levels that correlate to reduced testicular
volume in adult life, even after treatment by orchidopexy.
Deterioration of fertility potential, as shown by abnormal
sperm count, is seen in about 50% of individuals in unilateral
cases and in about 80% of bilateral ex-cryptorchid males
[89]. Cryptorchidism is considered one of the most common
causes of non-obstructive azoospermia, accounting for 20%
of such cases [90]. Rare cases of cytogenetic anomalies in
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association with cryptorchidism have been reported;
however, the exact genetic mechanism and the candidate
genes are still unclear. Mutations in the INSL3 and LGRS
genes which are located on chromosomes 19 and 13,
respectively, have been linked to cryptorchidism [91]. Such
mutations occur in approximately 5% of men with cryp-
torchidism.

Hypogonadism

Hypogonadism is a condition characterized by decreased
gonadal functional activity. When androgen deficiency is the
result of testicular failure, the condition is described as
primary hypogonadism or hypergonadotrophic hypogonad-
ism. When androgen deficiency is the result of abnormalities
in the pituitary/hypothalamus, due to the low levels of LH
and FSH, it is termed secondary hypogonadism or hypo-
gonadotrophic hypogonadism. Primary hypogonadism can
be caused by Klinefelter syndrome or impaired testicular
development such as in cryptorchidism. Secondary hypo-
gonadism may result from either decreased GnRH that
controls LH and FSH production or decreased production of
LH or FSH itself. GnRH is a member of the coupled recep-
tors G-protein family. GnRH gene has seven transmem-
brane domains, comprising 3 exons, and is located on
chromosome 4q21.2. Mutation in this gene is a rare cause of
hypogonadism and screening for mutations is not recom-
mended unless there is a family history of hypogonadism.
Mutations in the LH or FSH receptor gene are also rarely
seen, but this observation may be due to the unusual
screening for such mutations since rare mutations in FSH
receptor gene and several mutations in LH receptor gene
have been described. LH deficiency causes pseudoherma-
phroditism, delayed puberty, micropenis and azoospermia
whereas FSH deficiency is associated with decreased
testicular volume and various stage of impaired spermato-
genesis regardless of normal virilization. Another form of
hypogonadism is Kallmann syndrome (KS), which is a X-
linked recessive disease with marked genetic heterogeneity.
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It is characterized by the association of hypogonadotropic
hypogonadism and anosmia. There are at least six genes,
KAL1l, FGFR1, PROKR2, PROK2, CHD7, and FGFS,
known to be associated with KS. KAL1 gene is located on
chromosome Xp22.3. and encodes a neural cell adhesion
molecule, anosmin-1, which is normally expressed in the
brain, facial mesenchyme, mesonephros and metanephros.
The location and function of genes implicated in KS are
described in Table 2. Mutations involving these genes
account for about 25%-30% of all KS. Various KAL1 muta-
tions have been described in hypogonadotrophic hypogo-
nadal males [92-94]. Mutations in FGFR1 or FGFS,
encoding fibroblast growth factor receptor-1 and fibroblast
growth factor-8 respectively, underlie an autosomal domi-
nant form of KS with incomplete penetrance. Conversely,
mutations in PROKR2 and PROK?2, encoding prokineticin
receptor-2 and prokineticin-2, have been found in hetero-
zygous, homozygous, and compound heterozygous states
respectively. PROKR2 and PROK?2 are likely to be involved
in both monogenic recessive and digenic/oligogenic KS
transmission, and are responsible for at least 30% of KS
cases. Patients with KS are advised to undergo genetic
screening based on their phenotype.

Other Genetic Defects

Although several genetic tests are available for oligozoo-
spermia and azoospermia patients, results in most cases are
normal and a substantial proportion of patients are still cate-
gorized as idiopathic. It is therefore important to consider
other possible genetic defects associated with male inferti-
lity. Mutations in Deleted in azoospermia like (DAZL),
Methyl-enetetrahydrofolate reductase (MTHFR), Protamine
(PRM1 and PRM2), and Transitional protein (TNP1 and
TNP2) genes have been associated with male infertility.

DAZL is located on chromosome 3p24 and share
homology, with approximately 83% similarity, to the DAZ
gene on Y chromosome. It is believed that DAZ loci on Y
chromosome are derivative of the autosomal DAZL which

Table2. Genes Associated with Kallman Syndrome and their Phenotype
Gene Chromosome Protein Function Phenotype
Location p
KALI (KSI): Kallmann . Responsible for migration of nerve cell hypothalamichypogonadotropic
Xp22.3 anosmin-1 . . : .
syndrome 1 sequence precursors during embryogenesis hypogonadism, anosmia

FGFR1 (KS2): fibroblast th Cell division, regulation of cell growth and

Fibroblast growth factor 8pl2 1bTOLIaSt grow maturation, formation of blood vessels, wound Pfeiffer syndrome
factor receptor 1 . .
receptor 1 healing, and embryonic development
PROKR2 (KS3): prokineticin Trigger a series of chemical signals within the

Prokineticin receptor 2 20p12.3 receptor 2 cell that regulate various cell functions Kallmann syndrome type 3

PROK2 (KS4): S Trigger a series of chemical signals within the

Prokineticin 2 3pl3 prokineticin 2 cell that regulate various cell functions Kallmann syndrome type 4

CHD7 (KS5): chromodomain
Chromodomain helicase 8ql2.2 helicase DNA Play a role in the organization of chromatin CHARGE syndrome

DNA binding protein binding protein 7
Possess broad mitogenic, cell survival activities,
FGF8 (KS6): Fibroblast Fibroblast growth and are 1nvolyed in a variety of biological . .
10q24 processes, including embryonic development, cell | Tumor growth and angiogensis
growth factor 8 factor 8 7 .
growth, morphogenesis, tissue repair, tumor
growth and invasion
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arose during primate evolution [95]. Moreover, DAZL is
believed to be the master regulator of germ line gene
expression, as DAZL lead to differentiation of embryonic
stem cells into pre- and post-meiotic germ cells [96]. Despite
that, studies involving infertile men from different popula-
tion revealed that DAZL single-nucleotide polymorphisms
(SNPs) have been associated with reduced sperm count in
the American population [97], whereas no association was
found in other Caucasian population [98]. As such, it is still
necessary to elucidate the type and role of DAZL variants in
different populations.

MTHER is one of the key enzymes in folate metabolism
encoded by MTHFR gene located on chromosome 1p36.3.
MTHFR plays an essential role in de novo nucleic acid
synthesis of thymidine. Folate deficiency is common and the
related hyperhomocysteinaemia is a risk factor for various
diseases including male infertility [99, 100]. The most
studied variant (677C>T) of this gene has been associated
with increased blood homocysteine levels, cardiovascular
disease, neural defects, schizophrenia, thrombosis and male
infertility [101-103]. Infertile patients with hyperhomo-
cysteinaemia can be screened for 677C>T and other possible
MTHEFR variants, and be advised a folate rich diet or folate
supplements in case of mutations.

Mitochondrial DNA Mutations

Sperm mitochondria contain 1-2 mt DNA and are
helically arranged around the midpiece. Mitochondrial DNA
codes for 37 genes which regulates oxidative phosphoryla-
tion. Mitochondrial DNA is unique and differs from the
nuclear DNA with respect to replication, repair mechanism,
genome packing and position. However, unlike nuclear DNA
mitochondrial DNA 1is not protected by histones and is phy-
sically associated with the inner mitochondrial membrane,
where highly mutagenic oxygen radicals are generated as
byproducts of OXPHOS in the respiratory chain [104, 105].
The leakage of these free radicals makes mitochondria a
major intracellular source of reactive oxygen species (ROS).
These unique features are probably the cause of faster
accumulation of sequence variations in mitochondrial DNA
than in nuclear DNA [106, 107]. PCR amplification of
mtDNA has shown a higher incidence of mtDNA deletion in
asthenozoospermic patients as compared with unaffected
individuals [108]. Recent studies by Shamsi et al. (2008)
showed that sperm with motility disorders harbored mt
mutations and had partially formed or totally dysmorphic
and disorganized axonemal apparatus [109]. They also
reported that men with idiopathic infertility had low anti-
oxidant levels and increased number of mitochondrial
sequence variations. Moreover, it is believed that mtDNA
mutation may impair electron transport chain resulting in
enhanced production of mitochondria ROS due to incom-
plete reduction of oxygen [110]. This excessive ROS pro-
duction may induce the opening of membrane permeability
transition pores and release of free radicals, cytochrome C
and other apoptogenic factors that ultimately lead to apop-
tosis. Although mtDNA mutations have been identified in
many studies, their role as a diagnostic marker in male
infertility is still under debate. Nonetheless, male infertility
due to mtDNA mutation can be successfully treated by ICSI,
as mtDNA mutations are not transmitted to the offspring.
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Sperm DNA Integrity

Sperm nuclear genome integrity is vital for the accurate
transmission of genetic information to the offspring. Unlike
somatic cells, sperm chromatin is tightly packaged due to the
presence of protamine, an arginine rich protein. Improper
DNA packaging may render DNA vulnerable to environ-
mental insult. As a result, sperm DNA integrity is compro-
mised which ultimately impacts the ability of the male
gamete to fertilize the oocyte and to form a normal and
viable embryo.

A small percentage of spermatozoa from fertile men
possess detectable levels of DNA damage [111, 112]. How-
ever, sperm DNA damage is increased in infertile men and
approximately 5%—15% of such individuals have complete
protamine deficiency [113, 114]. Sakkas and colleagues have
proposed that spermatozoa with DNA damage initiated and
subsequently escaped apoptosis [115]. The role of sperm
nuclear proteins, the protamines (P) and transitional proteins
(TP) in sperm function has been the focus of many recent
studies [116-122]. Sperm nuclear proteins play an important
role in chromatin condensation during spermiogenesis. A
highly condensed sperm chromatin is essential for main-
taining sperm DNA integrity [116, 117].

Altered sperm P1/P2 ratio leads to abnormal sperm DNA
packing and has been reported to be an important cause of
male infertility [123-125]. A possible reason for P1/P2
altered ratio is an interrupted post-translation modification or
mutation in PRM/TNP genes. Although early studies
reported rare protamine mutations in association with male
infertility, recent observations demonstrated novel mutations
and high frequency of single nucleotide polymorphisms
(SNPs) in sperm nuclear protein genes (PRM/TNP) [123,
126-129].

DNA damage cannot be analyzed or estimated by
conventional cytogenetics or semen analysis. Various tests
have been developed to measure sperm DNA damage in the
clinical laboratory setting such as sperm chromatin structure
assay, sperm chromatin dispersion test, transferase-mediated
dTUP nick-end labeling (TUNEL), acridine orange test,
acidic and basic dye tests (Table 3). We have established
SCSA in our laboratory in India and found that a DFI cutoff
level of 30.27% was able to discriminate infertile and fertile
men (unpublished data). Infertile men were found to have
higher sperm DNA damage compared to fertile controls (Fig.
5)

Although it is impossible to treat cytogenetic abnorma-
lities and genetic aberrations, sperm oxidative DNA damage
to a large extent can be prevented or decreased. This can be
done by lifestyle changes such as quitting smoking,
decreasing alcohol intake and exercising, by eating anti-
oxidant rich-food and/or treating genital infections and
clinical varicocele.

Importance of Genetic Testing and Counselling

The reasons behind infertility are manifold and a large
proportion of cases are still categorized as idiopathic.
Genetic testing plays an important role in the evaluation of
male infertility not only for diagnosis but also to prevent
iatrogenic transmission of the genetic defect to the offspring.
Several professional organizations have established recom-
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Table 3. Sperm DNA Integrity Methods, Principle, Merits and Demerits

A FL3-H: FL3-Height

Assay type Principle Observation Measurement Merits/Demerits
Terminal deoxynucleotidyl transferase- Sperm are classified as TUNEL fC an be perfli:)rmed on
TUNEL mediated (TdT) deoxyuridine triphosphate positive or negative and expressed as Percentage cells with ewspsirmrﬁenﬁp;iswe
(dUTP) nick end labeling assay. TUNEL is a percentage of the total sperm in the labeled DNA quip
. . . . required. Thresholds
a direct quantification of sperm DNA breaks population .
not standardized.
Normal sperm produce halo and
SCD Individual cells immersed in agarose, sperm which produce a very small Percentage cells with Easy and limited
denatured with acid then lysed halo or no halo at all contain DNA different grade of Halos clinical data
fragmentation
Acridine Metachromatic shift of AO from green to . . . Percentage cells with Maqy cells rapldl‘y
orange . h Visual interpretation of cells under examined. Expensive
red fluorescence is used to determine extent . green, red and orange - . .
(AO) test . fluorescent microscopy equipment is required,
. of DNA denaturation nucleus . .
(Microsopy) time-consuming
Low-molecular weight DNA, short
. fragments of both single-stranded and
Decondensed sperm are suspended in an L .
b . double-stranded DNA will migrate Percentage sperm with ..
agarose gel, subjected to an electrophoretic . S . . o Sensitive/ but labor
COMET . . . during electrophoresis giving the cha- | long tails (tail length, % . .
gradient, stained with fluorescent DNA- 1 o Lo intensive
binding dye racteristic comet ‘tallA ngh-molecular of DNA in tail)
weight DNA will not migrate and
remain in the head of the “comet.”
DNA in sperm with abnormal chromatin
structure is more prone to acid or heat .
. : . Calculation of percent-
denaturation. Using the metachromatic age DFI, which is the Reproducible results
properties of acridine orange (AO), SCSA Metachromatic shift of AO from & : Pro :
SCSA o ratio of the red fluore- Clinically accepted
measures susceptibility of sperm DNA to green to red fluorescence . .
Al 2o . scence to the sum ofred | Expensive equipment
acid-induced denaturation in situ by running
. . and green fluorescence
the sperm cell suspension using flow
cytometry
Identifies single-stranded DNA
In situ nick o breaks in a reaction catalyzed by the Simple.
translation Similar to TUNEL template dependent enzyme, DNA Lacks sensitivity
polymerase I
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Fig. (5). Pseudo colour plot of green versus red fluorescence of sperm DNA treated with acridine orange by SCSA. A- Fertile control, B-

Infertile male.

mendations with regard to genetic tests for couples seeking
infertility treatment. The European Society of Human Repro-
duction and Embryology has addressed the issue of ‘optimal
use of infertility diagnostic test and treatments’ in the Capri

workshop. The Italian community of professionals, sup-
ported by international societies, has created guidelines for
the appropriate use of genetic tests in infertile couples in
2002. European Molecular Genetics Quality Network
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Table 4. Recommendations for Various Genetic Testing Based on their Phenotypes
Genetic Test Phenotype Recommendations
) ) Severe oligozoospermia Mandatory
Cytogenetic analysis
Non-obstructive azoospermia Mandatory
Sperm- Fluorescent in situ hybridization (FISH)- S . . Suggested (in cases with
o . . evere oligozoospermia .
meiotic segregation analysis mosaicism)
Severe oligozoospermia Mandatory
Y q microdeletion analysis
Non-obstructive azoospermia Mandatory
Cystic fibrosis transmembra‘ne conduc‘tance Congenital bilateral absence of vas deferens (CBAVD) Highly Recommended
regulator (CFTR) mutation analysis
KALLI gene mutation analysis Kallmann syndrome (KS) Recommended
CAG repeat/AR gene mutation analysis Androgen insensitivity syndrome (AIS) Recommended
Steroid Salpha-red}lctase 2(SRD5A2) gene SRD5A?2 deficiency Recommended
mutation analysis
Lutenizing hormone (LH) receptor gene mutation Pseudohermaphroditism, azoospermia, micropenis, delayed puberty Sussested
analysis and arrest of spermatogenesis g8
Follicle stimulating hormon‘e (FSH) gene mutation Decreased testicular volume Suggested
analysis
Gonadotropin releas%ng hormqne (GnRH) gene Low serum LH and FSH levels Suggested
mutation analysis
Protamine /transﬁlqnal nuclegr protein gene Teratozoospermia/ Abnormal P1/P2 ratio Suggested
mutation analysis
Sperm mitochondrial DNA (mtDNA) mutation Asthenozoospermia/ Oligozoospermia Suggested
analysis
DAZL/MTHFR mutation analysis Abnormal sperm parameters Suggested
Sperm DNA integrity Idiopathic infertility& recurrent early pregnancy losses Recommended

(EMQN) has provided elaborated, disease-specific guide-
lines (www.emgn.org). Here, we recommend various genetic
tests in the evaluation of male infertility (Table 4).

ICSI is the only method for many couples with severe
male factor infertility due to genetic defects to achieve a live
birth. ART success rates may depend on the type of genetic
anomaly. Additionally, there is an increased risk of trans-
mitting genetic defects to the offspring. As such, genetic
counseling should be a crucial step prior to embarking on
ART. Genetic anomalies (chromosomal aberrations and AZF
microdeletion) comprise an important etiological factor
which may lead to poor embryo development and blastocyst
formation, and fetal loss. Offspring with genital ambiguity
was reported in cases with AZF deletion due to Y chro-
mosome instability. In male offspring from AZF deleted
father, AZF deletion status should be determined and parents
should be informed about semen cryopreservation [130].
Babies conceived via ART have a higher risk for low birth
weight, developmental delay, increased incidence of major
and minor congenital malformations like neural tube defects,
hypospadias and musculoskeletal disorders and increased
incidence of certain cancers [131]. There is also a fourfold
increase in incidence of sex chromosomal abnormalities and
threefold increase in incidence of structural chromosomal
defects [131]. A sixfold increase in the incidence of im-
printing defects has also been reported babies conceived by

ART/ICSI [132]. This may be due to retrieval of epi-
genetically immature germ cells from the testes Parental
balanced translocations account for the largest percentage of
karyotype abnormalities in the fetus [133]. These can result
in pregnancy loss because segregation during meiosis results
in duplication or deficiency of the chromosome segment.
These structural chromosomal anomalies may not have a
phenotypic effect on carriers (parents), but result in
production of genetically unbalanced gametes, which may
result in fetal loss. Studies have shown that the frequency of
sex and autosomal chromosomal abnormalities and gene
mutation in ART-conceived babies is significantly higher
than in babies conceived naturally [134, 135]. With recent
studies emphasizing the role of oxidative stress induced
DNA damage, men with high DNA fragmentation index
should be counseled towards measures aiming to decrease
DNA damage, such as lifestyle modifications and varicocele
repair, if clinically present [136].

EXPERT COMMENTARY

The aim of this article is to highlight the importance of
genetic testing in male infertility. Several thousands of single
or multiple genes, yet to be identified play an important role
in male fertility. Currently, genetic testing at the chromo-
somal and gene level is available.
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Until about a decade ago the understanding of the genetic
basis of infertility was of limited value. In the current era of
ART, however, a genetic defect may be transmitted to the
offspring. Some genetic defects and DNA damage may lead
to increased morbidity, childhood cancer and genital
ambiguity. As such, genetic testing in infertile males allow
couples to make educated decision regarding choices to use
sperm donor or opt for advanced assisted conception
techniques if an abnormal result is revealed.

FIVE-YEAR REVIEW

Advanced assisted reproduction techniques may transmit
genetic abnormalities to the offspring that can result in the
birth of children with higher risk of infertility, congenital
abnormalities and morbidity [1, 4, 7]. Public awareness and
importance of genetic testing prior to assisted conception
should be initiated. Recently, the role of oxidative stress and
oxidative stress induced DNA damage in men with
idiopathic infertility has also been recognized [4, 104, 137].
Infertile males should be advised for lifestyle modifications
to prevent free radical induced oxidative DNA damage
[104]. Apart from nuclear DNA defects, mtDNA defects
may also play pathogenic role in male infertility [104]. As
such, it is important to distinguish whether an infertile male
has nuclear or mitochondrial defect or nonspecific DNA
damage to provide appropriate treatment options and genetic
counseling.

KEY POINTS

. Genetic factors may involve mitochondrial or nuclear
genes.

. Nuclear DNA defects may be monogenic, chro-

mosomal or syndromic.

° Overall, structural chromosomal abnormalities result
in oligozoospermia whereas numerical sex chromo-
somal abnormalities result in azoospermia.

. Depending on the type of azoospermia being obstruct-
ive or non-obstructive one can decide on which genes
need to be analysed (e.g. CFTR gene analysis in
obstructive azoospermia, Yq microdeletion analysis in
non-obstructive azoospermia or severe oligozoo-

spermia).

. MtDNA sequence variations are an important cause of
impaired sperm motility, low ATP levels and high
ROS production.

. Sperm nuclei peripheral region has critical histone-

bound genes for early embryonic development which
are more prone to oxidative DNA damage.

. Early diagnosis and prompt antioxidant treatment can
result in significant decline in free radical levels and
oxidative DNA damage.

. Oxidative DNA damage can result in sperm methyla-

tion errors that may explain the increased incidence of
imprinting defects in ART conceived children.

. Genetic testing in infertile males allow couples to
make educated decision regarding the choices to use
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sperm donor or opt for advanced assisted conception
techniques if an abnormal result is revealed.
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