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Infertility is a reproductive health problem that affects many couples in the human population. About 13–18% of 
couple suffers from it and approximately one-half of all cases can be traced to either partner. Regardless of 
whether it is primary or secondary infertility, affected couples suffer from enormous emotional and  
psychological trauma and it can constitute a major life crisis in the social context. Many cases of idiopathic 
infertility have a genetic or molecular basis. The knowledge of the molecular genetics of male infertility is 
developing rapidly, new “spermatogenic genes” are being discovered and molecular diagnostic approaches (DNA 
chips) established. This will immensely help diagnostic and therapeutic approaches to alleviate human  
infertility. The present review provides an overview of the causes of human infertility, particularly the molecular 
basis of male infertility and its implications for clinical practice. 

1. Introduction 

The recent growth of the Indian population has been 
unprecedented. It stands currently at over one billion and 
is expected to touch 2 billion by 2035 (assuming an 
average growth rate of 2%). Even though curtailing 
population growth is a major national concern, a sub-
stantial number of infertile couples in the Indian population 
have an equally great concern, that of having a child. This 
is an equally important national problem concerning 
reproductive health and the infertile couples have to be 
treated by medically assisted reproductive technology 
(MART) for procreation. Globally, the incidence of 
infertility is estimated to be about 13–18% (Hull et al 
1985; Thonneau et al 1991; Jones and Toner 1993; Irvine 
1998; Mueller and Daling 1989) in the human population, 
regardless of race, ethnic group, etc. 

Infertility is defined as the state in which a couple 
wanting a child cannot conceive after 12 months of 
unprotected intercourse (Mueller and Daling 1989; Thonneau 
et al 1991). It is a problem faced by couples rather than 

individuals. Among the causes of infertility, about half of 
them could be traced to the male partner. When efforts to 
have children are unsuccessful, feelings of helplessness, 
frustration and despair are common, it can be a major life 
crisis for many couples. They go through enormous 
emotional crisis and psychological distress, as their friends 
and peers begin to have children. In this review article, 
causes of infertility in the human female and male,  
the molecular basis of male factor infertility and the 
implications of the rapidly developing molecular know-
ledge on infertility in the context of alleviating human 
infertility using MART approaches will be described. 
 

2. Causes of infertility 

Infertility is either primary, when no pregnancy has ever 
occurred, or secondary, where there has been a pregnancy, 
regardless of the outcome. About 67–71% and 29–33% of 
patients have primary and secondary infertility, respec-
tively (Mueller and Daling 1989; Thonneau et al 1991; 
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Irvine 1998). Female and male factors can both contribute 
to infertility. Idiopathic infertility is a condition of 
couples unable to conceive for more than two years, with 
no abnormalities seen on repeated investigations of tubes 
or as regards ovulation, luteal phase, cervical mucus, 
semen, sperm–oocyte interaction or intercourse. Among 
the major causes of infertility, chromosomal abnorma-
lities, microdeletions, cystic fibrosis transmembrane con-
ductance regulator (CFTR) mutations and other genetic 
factors [follicle stimulation hormone (FSH) receptor 
mutation] are important (Irvine 1998; Diemer and 
Desjardins 1999; Egozcue et al 2000; Hargreave 2000; 
Phillip et al 1998). Because immunological factors operate 
at almost every step in the human reproductive process, 
antibodies-induced damage to gametes and developing 
embryos is a major cause of immunological infertility. 
Besides, life style, environmental factors (Benoff et al 
2000; Sharpe 2000), including smoking (Zenzes 2000), 
can affect gamete and embryo development, leading to 
sub(in)fertility. A combined cause of infertility is found in 
about 10–30% of couples (Hill et al 1985; Jones and 
Toner 1993; Thonneau et al 1991). It is, therefore, important 
to investigate both partners and inappropriate to assume 
that infertility is exclusively a female or a male problem. 

3. Female infertility 

In women, the major causes of infertility, accounting for 
50% of cases, are ovulation disorder and tubal damage. 
Other causes include endometriosis, hyperprolactinemia 
and reproductive tract disease (Spira 1986; Mueller and 
Daling 1989). Risk factors include pelvic inflammatory 
diseases and sexually transmitted diseases (STD). Damaged 
fallopian tubes are mainly responsible for infertility and 
Neisseria gonorrhoeae and Chlamydia trachomatis are 
infertility-inducing organisms. Pelvic surgery is associated 
with increased risk of infertility (Spira 1986; Mueller and 
Daling 1989). Also, ectopic pregnancy can lead to tubal 
infertility. A substantial number of unsafe abortions 
carried out in the country also contributes to infertility 
due to genital tract infection. It is reported that cigarette 
smoking can lead to tubal diseases and abnormal cervical 
mucous, resulting in an increased risk of infertility and 
childhood cancer (Zenzes 2000). In India, being a deve-
loping country, these are believed to be more prevalent, 
compared to developed countries. 

Even though endometriosis causes infertility, the 
causative factors are not clearly understood. A multitude 
of factors are believed to be involved such as ovulatory 
dysfunction and alterations in gamete/embryo transport. 
Besides, peritoneally-derived components and macrophages 
are believed to affect gamete/embryo function and, 
immunological reactions occurring in uterine lumen affect 

early development. A common disorder of ovulation is 
polycystic ovarian syndrome, which also results in oligo-
ovulation or anovulation and unexplained infertility (idio-
pathic infertility). 

4. Male infertility 

In men, the main causes of infertility are oligospermia, 
asthenospermia, teratozoospermia and azoospermia, which 
account for 20–25% of cases (Egozcue et al 2000; 
Hargreave 2000). There are a number of risk factors such 
as STD involving N. gonorrhoeae and C. trachomatis. 
These cause changes in semen quality and chronic 
infection may lead to a block of the vas deferens or 
seminal vesicles (Megory et al 1987). Mumps, though 
rare in adults, can result in azoospermia. Anatomical 
abnormalities such as varicocele, vesicular damage due to 
torsion and obstruction of testicular sperm passage can all 
lead to male infertility. It is however, believed that non-
obstructive azoospermia has a strong genetic basis 
(Hargreave 2000). Male infertility can occur either as an 
isolated disorder or within the framework of a known 
complex disorder or syndrome. There is an excess of 
autosomal abnormalities in men with non-obstructive 
azoospermia or severe oligospermia. Besides, congenital 
bilateral absence of the vas deferens (CBAVD) associated 
with the phenotype of CFTR gene mutations cause 
obstructive azoospermia (Donat et al 1997). 

There appears to be a world-wide concern over 
decreasing human sperm concentration but this has been 
highly controversial. Decreasing sperm counts are attributed 
to the deleterious effects of environmental contamination 
by heavy metals and estrogenic chemicals (Benoff et al 
2000; Mehta and Anandkumar 1997; Sharpe 2000). To 
what extent there is a genetic contribution is unclear. It 
has been reported that in a certain ethnic group, men with 
a particular haplotype (II) have a lower sperm concen-
tration compared with men with haplotypes (III) and (IV) 
and, the frequency of haplotype (II) is more common in 
azoospermic men compared with normal men (Kuroki  
et al 1999). Based on this, it appears that the genetic 
contribution towards male fertility on account of a 
decreased sperm concentration might be significant in 
some ethnic groups. 
 

5. Molecular causes of male infertility 

Spermatogenesis is a complex process and it is subject to 
the influence of many genes; the molecular mechanisms 
involved are beginning to be understood (Diemer and 
Desjardins 1999; Egozcue et al 2000; Hargreave 2000). It 
is estimated that about 2,000 genes regulate spermato-
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genesis, most of these being present on the autosomes, 
with approximately 30 genes on the Y chromosome 
(Hargreave 2000). While autosomal genes that regulate 
spermatogenesis are concerned with regulation of 
metabolic process in other cells in the body as well as in 
spermatogenic cells, Y genes are not essential for general 
body function except with regard to vital male repro-
ductive processes (Hargreave 2000). Thanks to develop-
ments in molecular genetics over the past decades, a 
significant proportion of idiopathic male infertility in 
otherwise-healthy males is now known to be genetic  
in origin. Despite intense efforts, only a few human 
“spermatogenic genes” have been identified but their 
precise function remains unknown. 

Genetic factors involved in male infertility are manifes-
ted as chromosomal disorders, monogenic disorders, 
multi-factorial disorders and endocrine disorders of 
genetic origin (Diemer and Desjardins 1999; Egozcue  
et al 2000). Microdeletions of the Y chromosome that 
remove associated fertility genes have received attention 
of late (Chandley 1998; Vogt et al 1996). Chromosomal 
abnormalities are common in infertile men, for example in 
those who are 47XXY or have Klinefelter’s syndrome 
(Egozcue et al 2000). Besides numerical abnormalities, 
structural abnormalities also lead to phenotypic male 
reproductive disorder or may predispose to severe con-
genital abnormality when gametes are formed (Diemer  
and Desjardins 1999). In one survey of infertile men 
(n = 9766), the incidence of chromosomal abnormalities 
was 5⋅8% and of these, sex chromosomal abnormalities 
accounted for 4⋅2% and autosomal abnormalities, 1⋅5% 
(Johnson 1998). The incidence of these abnormalities is 
quite low in normal male population (Van-Assche et al 
1996). Unfortunately, such a documented data from across 
the Indian population is not available. 

5.1 Microdeletions in the Y-chromosome 

While microdeletions are known to occur in fertile 
individuals too, they are more prevalent in infertile 
individuals, with the deletion sizes being variable 
(Chandley 1998). Microdeletions have been found in the 
three non-overlapping regions of the Y chromosome 
characterized as azoospermia factor (AZF) a-b-c (Chandley 
1998; Vogt et al 1996). Deletions in these regions can 
cause severe spermatogenic defects ranging from non-
obstructive azoospermia to oligozoospermia. About 7% of 
male factor infertility has been attributed to submicro-
scopic deletions of the Y chromosome, involving deletion 
of two RNA-binding protein gene families viz., the RNA-
binding motif-containing genes (RBM) and the deleted in 
azoospermia (DAZ) genes (Chai et al 1997; Ma et al 
1993; Reijo et al 1996a). The most common abnormality 

is a microdeletion in the AZF-c region, encompassing 
DAZ genes (Pryor et al 1997). Defects in other Y 
chromosome genes, autosomal genes, and X-linked genes 
also are known to lead to infertility. 

DAZ and AZF-c regions are identical. In a few 
instances, deletions of the DAZ region (detected in 
leukocyte DNA) are known to be carried in sperm DNA 
but they do not affect fertilization, embryonic develop-
ment and childbirth (Page et al 1999). In some cases, 
fathers are mosaic for Y chromosome deletion. Although 
leukocytes contain an intact Y chromosome, germ cells 
harbour deleted version of the Y chromosome. Signi-
ficantly, there is a high risk of infertile men vertically 
transmitting microdeletions of the Y chromosome to sons 
born by MART approaches (Cram et al 2000). 

5.2 Y genes affecting male infertility 

Because the Y chromosome has been present for all of its 
evolutionary history in the mutagenic environment of 
spermatogenesis and it does not undergo sexual genetic 
recombination during meiosis, the frequency of mutations 
and gene defects in the “intrinsically haploid” Y-genes 
(single allele gene) of the Y-chromosome, compared to X-
chromosomal and autosomal genes, is quite high. Con-
sequently, Y-linked mutations can be expected that have 
adverse effects on spermatogenesis and/or normal sperm 
function (Hargreave 2000). 

It is becoming evident that men lacking expression of 
fertility gene(s) of the Y chromosome are unable to make 
adequate functional sperm; the genes involved include 
RBM, DAZ, DFFRY, DBY and CDY (Ma et al 1993; 
Brown et al 1998). Most genes on the Y are believed to 
be involved in the regulation of male sexual diffe-
rentiation and defects will be manifest as phenotypic 
abnormalities except where there are autosomal homo-
logues of the gene, e.g. DAZ. There are several other Y 
genes in the long arm of the Y but little is known about 
the clinical importance of these, as microdeletions in 
regions other than AZF-c are infrequent. Also, the 
interaction between genes may be complex. For example, 
in the case of DFFRY and DBY, complete azoosper- 
mia occurs when both genes are deleted (Brown et al 
1998). 

Many genes that are required for fertility have been 
identified in model organisms (Chubb 1993). Mutations in 
these genes cause infertility due to defects in development 
of the germ-cell lineage, but the organism is otherwise 
healthy. A fly homologue of DAZ, Boule, has been 
identified; loss of its function leads to male sterility, 
characterized by meiotic arrest in pachytene 1 (Eberhart  
et al 1996). A mouse homologue of DAZ, Dazl has also 
been identified (Cooke et al 1996). Its disruption leads to 
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the loss of all germ cells in both sexes during prenatal 
germ cell development; the loss is dosage dependent, 
meaning that copy numbers of DAZ genes decide germ-
cell number and acquisition of morphology and mobility 
(Reijo et al 1996a, b; Ruggiu et al 1997). Men lacking 
DAZ gene(s) may present with no germ cells, meiotic 
arrest, or simply fewer sperm (Reijo et al 1996a, b). Flies 
and mice, however, have autosomal DAZ homologues but 
no Y chromosome gene cluster. The critically important 
fertility genes within the DAZ region, have still not been 
identified. It is, however, clear that infertility is caused by 
loss of one or more of the DAZ genes; the role of other 
genes that map in or near the DAZ gene locus in 
determining fertility is not yet known. 

A number of germ cell-specific proteins are expressed 
during meiosis, such as lactate dehydrogenase C4, 
phosphoglycerate kinase 2, cytochrome cT, and the heat 
shock protein (HSP) 70-2 (Eddy and O’Brien 1997). Gene 
targeting studies in the mouse have shown that a several 
genes expressed during specific stages of spermatogenesis 
and sperm function such as primordial germ cell 
development and migration (TIAR, Lhx9), spermatogo-
nial proliferation and survival (p27, Dazl), various stages 
of meiosis (ATM, ATR, TLS, SCP3, Msh5, Hsp70-2, 
cyclinA1, protamines), spermatogenesis (MHR6b, CREM, 
protein phosphatase 1cγ,  nectin-2) and fertilization 
(fertilin-β) are important for successful formation of 
haploid spermatids and sperm and for the fertilization 
process per se (Venables and Cooke 2000). In their 
absence, there is partial to complete arrest in meiosis, 
leading to male infertility with no impact on the female 
phenotype (Eddy and O’Brien 1997; Venables and Cooke 
2000, references therein). With very few exceptions 
(Philip et al 1998), natural mutations involving human 
homologues of fertility genes have not been reported. But 
their important role in spermatogenesis and male fertility 
in humans cannot be overlooked. Also, very few fertility 
loci in the human Y chromosome have been mapped so 
far (Reijo et al 1996a, b; Vogt et al 1996) but they should 
be rapidly known since a high resolution physical map of 
the human Y chromosome is now available (Tilford et al 
2001) not to mention the entire human genome sequence. 

5.3 RBM/DAZ genes 

There is a family of up to 50 RNA-binding motif (RBM) 
genes. While most copies are probably inactive, deletions 
of the AZF-b region causes fractional inactivation of 
RBM. The DAZ gene (formerly known a SPGY) is the 
second candidate gene involved in male fertility to be 
described. It is a member of a family of 6–10 genes. Both 
RBM and DAZ genes families encode proteins with 
similar structures. About 15–30 copies of RBM genes are 

dispersed in the short and long arms of the Y chromosome 
(Delbridge et al 1997) and they comprise both non-
functional and functional copies. The RBM protein 
localizes to the nucleus of all spermatogenic cell types. 
The expression of nuclear RBM protein is restricted to 
male germ line in humans and mice, where as DAZ 
protein is cytoplasmic. RBM is highly conserved and 
found on the Y of all mammalian species examined 
(Delbridge et al 1997). But DAZ/SPGY is found only in 
humans and old world primates, but an autosomal 
homologue is present on chromosomes 3 and 17 in mice 
and humans, respectively (Cooke et al 1996). A DAZ 
deletion in the AZF-c region may account for abberrant 
spermatogenesis. 

DAZ cDNA reveals that the predicted amino acid 
sequence contains a single RNA-binding domain and a 
series of repeated 24 amino acid motifs, called DAZ 
repeats (Reijo et al 1996a, b). The DAZ RNA-binding 
domain contains an RNP (RNA-binding protein) consensus 
sequence that is found in RNPs in diverse organisms. 
There are seven tandem copies of DAZ in the Y 
chromosome, all deleted in infertile men containing DAZ-
region deletions (Gläser et al 1998). In addition, there is a 
more divergent copy of DAZ called DAZL on chromo-
some 3. The DAZ genes are thought to have arisen from 
the autosomal DAZL gene during primate evolution 
(Hargreave 2000). RNA substrate(s) of the proteins have 
not yet been identified. DAZ and DAZL proteins are 
present in the nucleus and cytoplasm of fetal gonocytes. 
In the adult testis, both proteins are abundant in the 
nucleus of spermatogonia but transit to the cytoplasm of 
primary spermatocytes at meiosis (Reijo et al 2000). 
Human and mouse DAZ genes function in the nucleus of 
premeiotic germ cells and in the cytoplasm of meiotic 
germ cells. The gene is required for female and male germ 
cell progression into meiosis (Ruggiu et al 1997). DAZL 
is expressed only in male and female germ cells in mice 
and men and is associated with spermatogenesis (Cooke  
et al 1996; Reijo et al 1996b). Knockout-female mice of 
DAZL gene show a failure of proper development of the 
female genital tract (Ruggiu et al 1997). 

RBM and DAZ gene product are related to hnRNPG, a 
family of proteins involved in RNA metabolism including 
packaging of RNA, transport to the cytoplasm and 
splicing. RBM could be regulating splicing events 
essential for spermatogenesis, whereas DAZ/SPGY with 
its autosomal contribution is important for gametogenesis 
in both sexes, perhaps in the male, DAZ is important for 
regulating translational repression during spermatogenesis. 

5.4 X genes affecting male infertility 

Examples of X-linked genetic disorders affecting male 
infertility are Kaltman’s syndrome (mutation in KALIG-1 
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gene on Xp 22⋅3, involved with regulation of cell adhesion 
and axonal path finding) leading to hypogonadotrophic 
hypogonadism (Sauten and Paulsen 1973; Franco et al 
1991) and Reifenstein syndrome (androgen insensitivity; 
defect in androgen receptor gene on Xq11-12, leading  
to testicular feminization with an immature female  
phenotype to an apparently normal but infertile male. 
Among other X-chromosome associated abnormalities, 
azoospermia with spermatogenic arrest has been shown  
to be due to a submicroscopic interstitial deletion on  
the Xp pseudoautosomal region (Gabriel-Robez et al 
1990). 

6. Implications in MART 

Remarkably, MART is able to create progeny as it were 
from infertile couples, something that was previously 
thought to be impossible. Treatment of male-factor 
infertility has improved dramatically despite the low level 
or absence of sperm in the ejaculate. One of the concerns, 
however, is that the infertile couples, regardless of 
whether they can really afford treatment, out of despera-
tion for child, are prepared to undergo even the most 
sophisticated MART approaches such as intra-cytoplasmic 
sperm injection (ICSI) using germ cells from testis 
[testicular sperm aspiration (TESA), round spermatid 
injection (ROSI) and round spermatid nucleus injection 
ROSNI)]. These approaches to treating male-factor infer-
tility need to be carried out with extreme caution, in  
view of the possible risk of vertically transmitting 
defective fertility gene(s) to male progeny, i.e. when the 
etiology of infertility is genetic in origin (Wert 1998; 
Page et al 1999). 

In this regard, ICSI has become a revolutionary MART 
treatment for male infertility and its widespread use raises 
medical concerns about the transfer of genetic defects to 
future generations. Unfortunately, there is a higher than 
normal frequency of sex chromosome abnormalities in 
children born of ICSI procedures compared with the 
normal population (Andrews et al 1998; Bonduelle et al 
1998; Macas et al 2001). Besides, infertile men carrying 
Y chromosome microdeletions pass on this defect to ICSI-
born sons (Cram et al 2000). During ICSI, the process of 
fertilization is dramatically changed. For example, there is 
no fertilization occurring in vivo and physiological 
maturation of sperm, the basis for its selection and 
penetration through egg investments and its influence on 
embryonic spatial patterning (Piotrowska and Zernicka-
Goetz 2001) are missing. Because ICSI bypasses early 
developmental mechanisms, concerns have been expressed 
on the possible reproductive health risk(s) for the 
offspring. In coming years, procedures need to be 
developed to evaluate an individual’s sperm for genetic 

defects. It is worrisome that with the primary aim of 
providing children to the infertile couples, a variety of 
sophisticated MART techniques are being used to 
overcome male factor infertility without understanding the 
underlying molecular etiology. But, in the process of 
curing infertility to the patient, there is an high risk of 
transmitting abnormal paternal geno(pheno)type to a 
MART-born child. 

In India only a small fraction of the 15–20% of married 
couples known to be sub- or infertile category, opt  
for MART. However, a substantial portion of infertile 
patients still remain without help for various reasons such 
as lack of adequate treatment options and their accessi-
bility, high cost and fear of conceiving and bearing 
potentially abnormal offspring. This is despite the fact 
that over the years MART has become useful for couples 
with infertility, with a good success rate of about 20–30% 
globally. There is a need for a multidisciplinary compre-
hensive infertility care, which should also involve 
structured management strategies, and this should include 
clinical evaluation, genetic diagnosis (PGD), genetic 
counseling, patient education, informed consent and most 
appropriate and cost effective MART approaches to 
infertility treatment (Liebaers et al 1998; Fasouliotis and 
Schenker 1999). The extremely limited health care 
resources available in the country makes this particularly 
important. 

7. Conclusion 

Our knowledge of the molecular genetics of human 
fertility is expanding rapidly. This has a profound impact 
on the way MART treatments are offered to infertile 
couples. It is now possible to detect the incidence  
of chromosomal abnormalities using a variety of high-
powered polymerase chain reaction (PCR) techniques 
(Dana et al 1992; Kostiner et al 1998) and multicolour 
fluorescent in situ hybridization (FISH) analysis (Gläser 
and Schempp 1998; Macas et al 2001). Before patients 
can be subjected to ICSI, FISH-sperm studies are 
necessary to understand whether there is a genetic cause 
for male infertility. New spermatogenesis genes will be 
discovered (Venables and Cooke 2000) and testing 
mutations will become easier (DNA chips and microarray 
technology). These possibilities raise questions concerning 
the clinical impact and significance of new findings in 
mammalian reproduction. Diagnostic and therapeutic 
approaches in reproductive medicine have to keep pace 
with rapidly developing molecular knowledge of human 
reproduction; there is an urgent need to implement the 
increasing molecular knowledge in clinical practice. In 
terms of overall scientific priorities for the human race, 
this area of modern biology of human reproduction and 
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allied science rates highly. Besides, increasing public 
unease about the new science of reproduction, needs to be 
addressed meaningfully. 
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