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Aberrant Epigenetic Modifications in Male Infertility*
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Abstract: Epigenetic modifications change gene expression in such a way that gene action is affected without change in
DNA sequence. Several genes playing crucial roles in spermatogenesis are known to be epigenetically regulated.
Epigenetic modifications affect spermatogenesis, and aberrant epigenetic modifications at certain loci are linked to male
infertility. Epigenetic modifications could be the mechanism by which several environmental hazards such as exposure to
endocrine disruptors affect spermatogenesis. Imprinting as an effect of changes in the epigenome has the potential to
change gene expression up to several generations leading to inheritance of the modified phenotype. In the present review,
we have gathered evidence that epigenetic modifications affect spermatogenesis and contribute to male infertility.
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INTRODUCTION

Among various causes of male infertility, genetic factors
have explained 10-15% of cases, with Y-deletions being
most commonly observed abnormality [1]. The emphasis of
male infertility etiology has recently shifted to epigenetic
modifications. The genome is defined as the total amount of
information encoded by the nucleotide sequence of an
organism’s DNA. The epigenome is the modifications made
in gene expression by changing DNA and histone structure
without altering the DNA sequence itself. Epigenetic
modifications include DNA methylation, posttranslational
histone modifications and chromatin remodeling. These
changes can have short or long-term effects and could be
trans-generational [2]. DNA is bound to histone proteins
which determine the compactness of DNA. Gene expression
in a particular region of DNA is determined by core histones
in a way that tightly packed regions named as heterochro-
matin are transcriptionally inactive; conversely, regions that
are bound loosely to histones are called euchromatin and are
transcriptionally active. Epigenetic modifications play
important role in determining the compactness of DNA in a
particular region. Therefore epigenetic changes could be
synonymous with changes in gene expression. While the
genetic code is considered to be static, or the same in every
cell for an organism’s entire life, the epigenetic code is
dynamic and tissue-specific [3]. Therefore, genetic code
defines permanent imprint of information determining the
phenotype and characteristics, while epigenetic code pro-
vides dynamic imprint to finely tune the phenotype and
characteristics according to environmental and other factors.
The possibility of reversal of epigenetic changes due to
dynamism of the process forms the basis of therapy based on
epigenenetics [4]. The present review provides an update on
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evidence that disturbed epigenetic changes
associated with male infertility.

may be

OVERVIEW OF EPIGENETIC PROCESSES

Of the known epigenetic processes, the three most com-
mon and best characterized are DNA methylation, histone
modification and chromatin remodeling. These processes
though involve different mechanisms to modify gene exp-
ression, have same end effect. The processes are briefly
summarized below.

DNA Methylation

DNA methylation particularly at the CpG dinucleotides
within promoter regions of genes conveys important epige-
netic information about gene expression. These dinucleotides
consist of cytosine bound to guanine by a phosphodiester
bond. CpG dinucleotides can be found in clusters that have
been termed CpG islands. Takai and Jones defined a CpG
island as a 500-base pair stretch of DNA with a C+G content
of 55% or greater and a CpG frequency of at least 0.65 of the
statistically expected value [5]. CpG islands have been found
near promoters [6], indicating that they play a role in
regulating gene expression. Indeed, hypermethylation of
DNA in CpG islands is associated with the maintenance of
gene suppression, while hypomethylation in these regions is
associated with gene expression [7]. Hypermethylation is
also found in centromeric and pericentric heterochromatic
sites [8]. In vertebrates, CpG islands are often associated
with “housekeeping” genes, which are required for general
cell functions, as well as certain tissue-specific genes [9].
Three DNA methyltransferases, DNMT1, DNMT3A and
DNMT3B have been identified as DNA methylation
enzymes in eukaryotic cells [10, 11]. DNMT3A and
DNMT3B are considered to be responsible for de novo
methylation and are important in the dynamic process of
DNA methylation during embryogenesis and pathogenesis
[12, 13]. DNMTT1 is the enzyme responsible for maintaining
the already established DNA methylation pattern [14, 15].
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Whereas the process of DNA methylation has been well
characterized, DNA demethylation remains less well
characterized [16].

Histone Modifications

Histones pack DNA compactly in the cell and determine
availability of particular DNA sequences for gene expres-
sion. The N-termini of histone tails contain amino acid resi-
dues that are affected by methylation, acetylation, phos-
phorylation, ubiquitylation and sumoylation. The sum of
these modifications and the information they communicate is
referred to as the histone code. Methylation is one of the
most prevalent histone post-translational modifications. It is
monitored by histone methyltransferases (HMTases) and is
generally associated with gene silencing. Methylation of
H3K09, for example, is a classic indication of gene silencing
and is commonly found in heterochromatin, as well as
silenced promoters [17]. In some cases, however, methyla-
tion of arginine and lysine residues can lead to gene
activation [18]. For example, methylation of histone H3K4 is
implicated in gene expression [19]. More than one methyl
group may be transferred to a single amino acid residue. The
location and number of methyl groups in a region of DNA
convey a specific epigenetic signal.

Histone acetylation is associated with increased levels of
transcription and is modulated by both histone acetyl
transferases (HATs) and histone deacetylases (HDAC:S).
HATS activate gene expression, while HDACs inhibit gene
expression [20]. Acetylated lysines are specifically recog-
nized by bromodomain-containing proteins and act to
enhance chromatin remodeling [21]. Phosphorylation of
histones occurs on serine residues and generally leads to
gene activation [20]. However, chromosome condensation
and gene silencing is seen when the histone variant H2AX is
phosphorylated [22]. Covalent modification of histones by
ubiquitylation of lysine residues can cause both gene expres-
sion and repression. For example, addition of ubiquitin to
histone H2A is linked to gene silencing [23] whereas
ubiquitylation of H2B is linked to gene activation [24].
Lysines may also undergo sumoylation, or the attachment of
small ubiquitin-related modifier proteins [SUMOs] [25].
This not only serves to silence gene expression, but also
inhibits other types of histone modifications like acetylation
[25].

Chromatin Remodeling

In contrast to the two previously described epigenetic
processes, chromatin remodeling is not based on covalent
interactions. Instead, ATP-dependent chromatin remodeling
complexes use energy from hydrolyzing ATP to alter the
location and/or structure of nucleosomes [26]. This can
change the available of genes for transcription and can lead
to either gene expression or silencing [26]. In yeast, the
positions of nucleosomes can generally be predicted based
on the primary DNA sequence; this is because nucleosomes
must be situated in regions where the DNA can bend [27].
Chromatin remodeling complexes primarily act by sliding
histones along the DNA, but they can also twist, spool and
bulge the DNA [28]. Two of the common families of such
complexes include the SWI/SNF family and ISWI family
[29]. The SWI/SNF and ISWI families are ubiquitous, as
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well as they act in a non-specific fashion on various loci
[30]. Each family has a conserved catalytic ATPase subunit
to carry out its function [29].

EPIGENETIC ABERRATIONS IN MALE INFER-
TILITY

There is enough evidence to support that at least some
spermatogenic genes are epigenetically regulated. A recent
spurt in the number of studies analyzing epigenetic aberra-
tions in male infertility is seen. Eventually, epigenetic
modifications are being considered to be very important for
normal fertility. Endocrine disruptors have been proposed to
affect fertility by epigenetic alterations, though only few of
these have been subjected to scientific studies; vinclozolin
being the most well studied. Only limited data is available on
epigenetic concerns in assisted reproduction but concern has
been raised about the possible differences in the children
conceived using in vitro and in vivo methods as a result if
differential modification.

ENDOCRINE DISRUPTORS, EPIGENETIC MODIFI-
CATIONS AND MALE INFERTILITY

Endocrine disruptors induced epigenetic changes may
have wide implication in disease etiology [31] and evolution
[32]. In particular exposure during embryonic gonadal
development and sex-determination are capable of inducing
adult onset disease that may perpetuate across generations
[31, 33]. Exposure to vinclozolin, a fungicide commonly
used in agriculture and known to be an anti-androgenic
endocrine disrupting compound, provides a classical exam-
ple in this field [34]. Exposure to vinclozolin results in
spermatogenic cell defect in the testis of the coming
generations [33, 35]. Additional transgenerational diseases
develop as animals age (6-14 months), including increased
frequencies of tumors, prostate disease, kidney disease,
immune abnormalities and other defects in spermatogenesis
[36]. Vinclozolin-induced transgenerational effects have
been correlated with DNA methylation [33]. The effect of
endocrine disruptors on epigenome is transduced during
germ line migration, between embryonic days 8 to 14. The
comparable period in the human is between 6 weeks and mid
gestation. Germ line during this developmental period is
undergoing major reprogramming in its global DNA
methylation status [37]. Demethylation to erase the parental
epigenetic modifications is followed by re-methylation to
establish new sex specific epigenetic pattern.

Looking at the trans-generational effects, Guerrero-
Bosagna et al., (2010) conducted a study to investigate
genome-wide promoter DNA methylation alterations in the
sperm of F3 generation rats whose FO generation mother was
exposed to vinclozolin [38]. The study used analysis on 52
different regions with statistically significant altered
methylation in the sperm promoter epigenome. Mass spec-
trometry bisulfite analysis was used to map the CpG DNA
methylation and confirm 16 differential DNA methylation
regions, while the remainder could not be analyzed due to
bisulfite technical limitations. Analysis of these validated
regions identified a consensus DNA sequence (motif) that is
associated with 75% of the promoters. Interestingly, only
16.8% of a random set of 125 promoters contained this
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motif. One candidate promoter (Faml11a) was found to be
due to a copy number variation (CNV) and not a methylation
change, suggesting that initial alterations in the germline
epigenome may promote genetic abnormalities such as
induced CNV in later generations. This study identified
differential DNA methylation sites in promoter regions three
generations after the initial exposure and identifies common
genome features present in these regions. In addition to
primary epimutations, a potential indirect genetic abnor-
mality was identified, and both are postulated to be involved
in the epigenetic transgenerational inheritance observed. This
study confirms that an environmental agent has the ability to
induce epigenetic transgenerational changes in the sperm
epigenome [38].

CHROMATIN REMODELLING AND MALE INFER-
TILITY

Histone modifications regulate gene expression after
fertilization by deciding compactness of a region of DNA.
Histone modifications are responsible for chromatin re-
modeling and determination of the availability of a particular
region of DNA for transcription. Steilmann et al., 2010
analyzed the interaction between the bromodomain testis-
specific (BRDT) gene and differentially modified histones in
human spermatozoa [39]. The BRDT transcript level was
studied to identify possible correlations between epigenetic
changes, mRNA level and subfertility associated with
impaired sperm chromatin condensation. Interestingly, re-
duced binding of investigated modified histone modifica-
tions was observed in the BRDT promoter of subfertile
patients. Different mRNA levels of BRDT have been de-
tected in a group of infertile patients, as well as in fertile
men. Enrichment of methylated histones within the BRDT
promoter of fertile sperm suggests that this epigenetic mark
may cause repression of BRDT after fertilization, and may
be changed in infertile patients. The authors suggested that
reduced histone methylation in the promoter of BRDT may
be associated with increased transcript levels in subfertile
patients [39].

Chromatin remodeling in human spermatogenesis occurs
during the replacement of histones with transition proteins
followed by protamines in spermatids from Step 3 to Step 5
[reviewed in 40]. This exchange is supported by the presence
of acetylated histones [41] and chromatin remodelling fac-
tors [42]. To date, 10 chromatin remodelling factor protein
families are known: SWI/SNF complex components, poly-
comb-group genes, chromobox/heterochromatin protein 1
(HP1) homologues, bromodomain proteins, chromodomain/
helicase/DNA-binding domain (CHD) proteins, nucleosome
remodelling and histone deacetylase (NuRD) complex com-
ponents, plant homeodomain (PHD) proteins, inhibitor of
growth (ING) family members, methyl-CpG DNA-binding
domain (MBD) proteins and the CCCTC-binding factor
(zinc finger protein) [43].

Steilmann et al., (2010) analyzed whether a different
chromatin remodelling factor expression pattern exists
between normal spermatogenesis and round spermatid matu-
ration arrest as potential reason for impaired spermato-
genesis and idiopathic male infertility [43]. The expression
pattern ranges from a few high expressed genes in round
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spermatid maturation arrest to a multitude of genes (74)
which are more highly expressed in normal spermatogenesis
than in maturation arrest. A total of 22 genes showed a
significant difference between normal spermatogenesis and
round spermatid maturation arrest (1 gene was up-regulated
and 21 genes were down-regulated in the developmental
arrest). The significantly different expression of chromatin
remodelling factors between normal spermatogenesis and
round spermatid maturation arrest may lead to impaired
epigenetic information and aberrant transcription during
sperm development representing one possible reason for
developmental arrest of round spermatids [43].

DNA METHYLATION AND MALE INFERTILITY

Methylenetetrahydrofolate reductase (MTHFR) is a key
regulatory enzyme involved in folate metabolism, DNA
synthesis and remethylation reactions. MTHFR catalyses the
reduction of 5,10-methylenetetrahydrofolate to 5-methyl-
tetrahydrofolate, which is the methyl donor for remethylation
of homocysteine to methionine. Methionine is in turn
converted to S-adenosylmethionine, a methyl donor used in
many reactions whereby substrates such as DNA, RNA,
hormones and lipids are methylated. It has been shown that
MTHFR deficiency, in addition to folate deficiency, hinders
the methylation of a wide variety of substrates, including
proteins, DNA, RNA, and histones because of decreased
methionine supply [44, 45]. Since abnormal DNA methyla-
tion of imprinted genes has been shown to be associated with
oligozoospermia [46], spermatogenesis may be particularly
vulnerable to changes in the methyl pool brought about by
deficiency in MTHFR.

Khazamipour et al., (2009) compared the methylation
status of the promoter region of MTHFR in male patients
with non-obstructive azoospermia (NOA) and obstructive
azoospermia without anomalies of spermatogenesis [47]. In
peripheral blood samples, no differences in the methylation
profile of the promoter region of MTHFR were observed
between patients and controls. In testis biopsies, hyper-
methylation was detected in 53% of the patients with NOA
compared with 0% of patients with obstructive azoospermia
(P = 0.03). The authors concluded that hyper-methylation in
testis DNA from NOA patients is specific and not due a
general methylation defect, and suggested that epigenetic
silencing of MTHFR could play a role in azoospermic
infertility [47].

In another study, Hammoud et al., (2010) examined CpG
methylation patterns in infertile and fertile donors at seven
imprinted loci sequenced: LIT1, MEST, SNRPN, PLAGLI,
PEG3, H19, and IGF2 [48]. At six of the seven imprinted
genes, the overall DNA methylation patterns at their res-
pective differentially methylated regions were significantly
altered in both infertile patient populations. When comparing
the severity of methylation alterations among infertile
patients, the oligozoospermic patients were significantly
affected at mesoderm-specific transcript (MEST), whereas
abnormal protamine patients were affected at KCNQI,
overlapping transcript 1 (LIT1), and at small nuclear ribo-
nucleoprotein polypeptide N (SNRPN). The authors
concluded that patients with male factor infertility had sig-
nificantly increased methylation alteration at six of seven
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imprinted loci tested, with differences in significance
observed between oligozoospermic and abnormal protamine
patients [48].

Jmjdla is a key epigenetic regulator expressed in the
testis. It specifically demethylates mono- and di-methylated
histone H3 lysine 9 (H3K9mel and H3K9me2) but not tri-
methylated H3K9 (H3K9me3). This gene is expressed in
pachytene and secondary spermatocytes [49]. Disruption of
the Jmjdla gene in mice significantly increased H3K9mel
and H3K9me?2 levels in pachytene spermatocytes and early
elongating spermatids without affecting H3K9me3 levels.
Concurrently, the levels of histone acetylation were de-
creased in Jmjdla knock-out germ cells. This suggests
Jmjdla promotes transcriptional activation by lowering
histone methylation and increasing histone acetylation.
Interestingly, the altered histone modifications in Jmjdla-
deficient germ cells caused diminished cAMP-response
element modulator (Crem) recruitment to chromatin and
decreased expression of the Crem coactivator Act and their
target genes Tnpl (transition protein 1), Tnp2, Prml
(protamine 1), and Prm?2, all of which are essential for
chromatin condensation in spermatids. In agreement with
these findings, Jmjdla deficiency caused extensive germ cell
apoptosis and blocked spermatid elongation, resulting in
severe oligozoospermia, small testes, and infertility in male
mice. These results indicate that the Jmjdla-controlled
epigenetic histone modifications are crucial for Crem-
regulated gene expression and spermatogenesis [49].

The DAZ gene family of the Y-chromosome plays key
roles in germline establishment and gametogenesis, with its
members encoding for germ cell-specific RNA binding
proteins involved in transcript transport/storage, translation
initiation and protein regulation. Fittingly, the full deletion of
the DAZ copies, as observed in complete AZFc deletions,
results in a hypospermatogenesis phenotype [50], whereas
studies in mammalian models have demonstrated that DAZL
deficiencies lead to spermatogenic arrest [51]. Owing to their
extensive similarities, DAZ and DAZL display high
sequence identity levels even in non-coding regions. This is
particularly relevant since the promoter CpG islands of both
genes remains unmethylated exclusively in germ cells, the
sole cell type where they are expressed [52]. Experiments
conducted in murine models have shown that Dazl
expression is induced after the selective DNA demethylation
of germ cell differentiation genes in post-migratory pri-
mordial germ cells, and its activation is central to the
establishment of the germline genetic profile [53]. Taking
into consideration both its relevance for male gametogenesis
and regulation via DNA methylation, the DAZ gene family
emerges as a suitable candidate for characterization of the
epigenetic state of germline genes in defective sper-
matogenesis [54].

Based on the above hypothesis, Navarro-Costa et al.,
2010 analyzed the DNA methylation pattern of the promoter
CpG island (CGI) of two germline regulator genes—DAZL
and DAZ in quality-fractioned ejaculated sperm populations
from normozoospermic (NZ) and oligoasthenoterato-
zoospermic (OAT) men [54]. OAT patients displayed
increased methylation defects in the DAZL promoter CGI
when compared with NZ controls. Such differences are
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recorded when analyzing sperm fractions enriched either in
normal or defective germ cells (P = 0.001 in both cases).
Significant differences in DNA methylation profiles are also
observable when comparing the qualitatively distinct germ
cell fractions inside the NZ and OAT groups (P = 0.003 and
P = 0.007, respectively). Contrastingly, the unmethylation
pattern of the DAZ promoter CGI remains correctly estab-
lished in all experimental groups. The authors concluded that
incorrect epigenetic marks in germline genes may be
correlated with male gametogenic defects [54].

Wu et al., 2010 in a study on infertile individuals ana-
lyzed the methylation pattern of DAZ (testis specific) gene
in infertile individuals [55]. Methylation patterns of CpG
island in the DAZ gene promoter region were different
between somatic cells and spermatic cells in the control
group. DAZ gene methylation patterns among groups with
different spermatogenic status were the same in somatic
cells, completely methylated. The results were concordant in
spermatic cells, completely unmethylated, in groups with
different degrees of spermatogenesis, except for the group
with azoospermia (AZ). The authors concluded that
methylation at DAZ gene promoter was not related to male
infertility [55].

GENETIC IMPRINTING AND MALE INFERTILITY

Expression of alleles in a parent specific manner is
named genomic imprinting. Most often this phenomenon is
due to differential methylation in the CpG islands in one of
the alleles [56]. Usually, imprinting is erased in the early
germ cells [57, 58] and a new pattern of imprinting accord-
ing to the sex of germline is established [56]. In male mice,
H19 and igf2 methylation is initiated during pro-spermato-
gonia stage and finalized around the time of birth [59]. In
human, fetal spermatogonia seem to be mostly unmethylated
at H19 differentially methylated regions, although spermato-
gonia in adult testis demonstrate significant methylation in
this region [60]. The importance of genomic imprinting dur-
ing spermatogenesis for male fertility has been postulated as
decreased methylation of the paternal IGF2 /H19 imprinting
control region 1 (ICR1) and GTL2 imprints have been found
in spermatozoa of men with disturbed spermatogenesis [61].
Moreover, MEST hypermethylation was observed in men
with severe oligozoospermia. A study by Marques et al.
(2008) confirmed these findings by classic bisulfite sequen-
cing of IGF2/H19 ICRI and MEST in spermatozoa of men
with poor spermatogenesis [62]. Recently, the sixth CTCF
binding site of the IGF2 /H19 ICR1 has been identified as
the most informative site for the association of hypomethyla-
tion and oligozoospermia and oligoasthenozoospermia [63].

Poplinski et al. (2010) determined the degree of
methylation of the IGF2 / H19 imprinting control region 1
(ICR1) and MEST differentially methylated regions in
swim-up purified spermatozoa from 148 idiopathic infertile
men and 33 normozoospermic controls [64]. All control
individuals had a high degree of IGF2/H19 ICR1 and a low
degree of MEST methylation. Low sperm counts were
clearly associated with IGF2 / H19 ICR1 hypomethylation
and, even stronger, with MEST hypermethylation. MEST
hypermethylation, but not IGF2/H19 ICR1 hypomethylation
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was found in idiopathic infertile men with progressive sperm
motility below 40% and bad sperm morphology below 5%
normal spermatozoa. Ageing could be ruled out as a cause
for the observed methylation defects. Sequence analysis of
the CTCFL gene in peripheral blood DNA from 20 men with
severe methylation defects revealed several polymorphisms,
but no bona fide mutation. The authors concluded that idio-
pathic male infertility is strongly associated with imprinting
defects at IGF2 /H19 ICR1 and MEST, with aberrant MEST
methylation being a strong indicator for sperm quality. The
male germ cell thus represents a potential source for aberrant
epigenetic features in children conceived via ART [64].

Biossonnas et al., (2010) analyzed DNA methylation
status of 47 CpG islands located in differentially methylated
regions (DMRs), the DMRO and DMR2 of the IGF2 gene
and in the 3rd and 6th CTCF-binding sites of the H19 DMR
in human sperm from men with normal semen and patients
with teratozoospermia (T) and/or oligoastheno-teratozoo-
spermia (OAT) [65]. In comparison to normal level of
methylation in all normal samples, reduced methylation level
at variable CpG positions either in the IGF2 DMR2 or in
both the IGF2 DMR2 and the 6th CTCF of the H19 DMR
was observed in more than half of teratozoospermic patients.
In the OAT group, 16 of 22 patients presented a severe loss
of methylation of the 6th CTCF, closely correlated with
sperm concentration. The methylation state of DMRO and of
the 3rd CTCF was never affected by the pathological status
of sperm samples. The authors proposed that differential
methylation at H19 locus may be a relevant marker of
quantitative defects of spermatogenesis in humans [65].

ASSISTED REPRODUCTION AND EPIGENETICS

There has been remarkable progress in Assisted Repro-
ductive Technology (ART) with the introduction of new
techniques that have improved success rates. Between the
years 1996 and 2007, the number of ART cycles performed
in the United States more than doubled (from 64 681 cycles
in 1996 to 132 745 in 2007) resulting in a steady increase in
the number of infants born who were conceived with ART
[66]. Earlier studies reported no, or small, differences in the
incidence of major and minor birth defects between children
conceived in vitro or in vivo [67- 71]. Although the overall
rate of congenital anomalies in children conceived by ART
is low (4-6%), this rate still represents a significant increase
over the background rate of major malformations (3%).
Several procedures that may be used in the ART process
(hormonal stimulation, egg retrieval, in vitro fertilization
(IVF), intra-cytoplasmic sperm injection (ICSI), micro-
manipulation of gametes, exposure to culture medium,
preimplantation genetic diagnosis and in vitro oocyte
maturation) could subject gametes and early embryos to
environmental stress [72].

Looking at the greater relative risk of low birth-weight,
major and minor birth defects, and rare disorders involving
imprinted genes in children conceived using in vitro
techniques, Katari et al., (2009) examined DNA methylation
at more than 700 genes (1536 CpG sites) in placenta and
cord blood and measured gene expression levels of a subset
of genes that differed in methylation levels between children
conceived in vitro versus in vivo [72]. The study reported
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that in vitro conception is associated with lower mean
methylation at CpG sites in placenta and higher mean
methylation at CpG sites in cord blood. The authors also
reported that in vitro conception-associated DNA methyl-
ation differences are associated with gene expression
differences at both imprinted and non-imprinted genes. The
range of inter-individual variation in gene expression of the
in vitro and in vivo groups overlaps substantially but some
individuals from the in vitro group differ from the in vivo
group mean by more than two standard deviations. Several
of the genes whose expression differs between the two
groups have been implicated in chronic metabolic disorders,
such as obesity and type II diabetes. These findings suggest
that there may be epigenetic differences in the gametes or
early embryos derived from couples undergoing treatment
for infertility, which may affect long term pattern of gene
expression and disease susceptibility [72].

CONCLUSION AND FUTURE DIRECTIONS

Changes in epigenenome are now well known to affect
gene expression, and several genes participating in sperm-
atogenesis are epigenetically regulated. Differential methyla-
tion in promoter regions of certain genes contributes to male
infertility, while epigenetic changes in others do not.
Epigenetic modifications not only affect spermatogenesis but
also affect disease susceptibility later in life. Endocrine
disruptors known to adversely affect spermatogenesis could
operate by affecting epigenetic modifications. Epigenetic
modifications thus incurred not only affect short term gene
expression in the generation affected, but also affect long
term gene expression and the effect could be visible in the
coming generations. This could result in imprinting of
certain genes which affect phenotype and are well inherited.
Changes due to epigenome could differ between children
born by assisted reproduction techniques and natural
conception. Preliminary studies in this field indicate possible
differences, however, more numbers of studies with long
term follow up of the children thus born could highlight any
changes attributable to epigenetic changes due to in vitro
methods.

Overall, not many genes important for spermatogenesis
have been analyzed for epigenetic modifications in male
infertility. Therefore, the field is rather young and more
investigations to explore epigenetic modifications in genes
regulating spermatogenesis are required. We have much to
learn about the role of epigenetics in spermatogenesis and
male infertility. Particular emphasis should be given to the
genes having CpG islands in the promoter regions. Epi-
genetics bears the promise of reversing the effect due to its
dynamic nature. It is possible that deep understanding of the
epigenetic processes and their influence could show us the
path to therapies based on epigenome modifications. This
has an edge over genetic studies since we can offer cure to
the individuals bearing epigenetic changes in contrast to
individuals having genetic modifications.

EXPERT COMMENTARY

Newer research everyday is pointing out the important of
epigenetic modifications. Epigenetic modifications are now
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known to affect gene expression and susceptibility to almost
every disease. Several genes participating in spermatogenesis
are epigenetically regulated. Accordingly aberrant epigenetic
modifications at several loci are now known to contribute to
abnormalities in spermatogenesis possibly leading to male
infertility. Differentially methylated regions, abnormal chro-
matin remodelling and imprinting defects could all contri-
bute to male infertility. It has also been proposed that
differences in epigenetic modifications could account for
health problems encountered in the individuals born using in
vitro techniques. However, the field is yet in its infancy and
further research may identify several other regions which are
epigenetically regulated, defects at which could contribute to
male infertility or differences in the individuals born by
natural conception and assisted reproduction. Several regions
of genome could be imprinted to regulate spermatogenesis
and fertility. The field is open to further research to decode
more codes of the epigenome.

FIVE YEAR REVIEW

Though the knowledge of CpG islands is an old pheno-
menon, the dynamics of these islands have been explored
only in the last decade. Research in the recent years has
revealed how CpG islands could regulate gene expression
and the development of a particular phenotype. Apart from
methylation, other epigenetic modifications such as chro-
matin remodelling and genetic imprinting are rather new
concepts and have gained attention only recently. Genetic
imprinting now appears to be an important concept which
could fill the gaps in the knowledge of spermatogenesis
regulation and development of infertility phenotypes.
Several loci are known to be imprinted but the number of
loci unknown at present could outnumber those known to be
imprinted. Several environmental hazards could affect sper-
matogenesis and male fertility by epigenetic modifications.
Vinclozolin is a very well explored environmental hazard
affecting epigenetic modifications; however, more such
substances particularly endocrine disruptors need to be
evaluated for their effects on epigenome. There has been
only little research on other such substances which now
deserve attention.

KEY POINTS

. Several genes participating in spermatogenesis are
epigenetically regulated.

. Modifications in differentially methylated regions
could contribute to male infertility.

U Genetic imprinting could account for regulation of
spermatogenesis and development of a particular
infertility phenotype.

U Aberrant epigenetic modifications in male infertility

include changes in methylation, chromatin remodell-
ing and aberrant imprinting.

. Environmental hazards such as endocrine disruptors
could affect fertility by catering modifications in the
epigenome.
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. In vitro procedures for fertility treatment could change
epigenome, accounting for health implications in the
individuals born using these methods.
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