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Abstract 
Infertility is a complex multifactorial problem that affects about 7% of men and 15% of couples worldwide. Many mo-
lecular mechanisms involved in male infertility. Destructive effects of infertility on the next generations are not well 
understood. Approximately 60-75% of male infertility cases have idiopathic causes, and there is a need for additional 
investigations other than routine examinations. Molecular factors that surround DNA, which are mitotically stable and 
independently regulate genome activity of DNA sequences, are known as epigenetics. The known epigenetic mecha-
nisms are DNA methylation, histone modifications and non-coding RNAs. Prevalence of metabolic diseases has been 
increased dramatically because of changes in lifestyle and the current levels of inactivity. Metabolic disorders, such 
as obesity and diabetes, are prevalent reasons for male infertility; despite the association between metabolic diseases 
and male infertility, few studies have been conducted on the effects of epigenetic alterations associated with these 
diseases and sperm abnormalities. Diabetes can affect the reproductive system and testicular function at multiple lev-
els; however, there are very few molecular and epigenetic studies related to sperm from males with diabetes. On the 
other hand, obesity has similar conditions, while male obesity is linked to notable alterations in the sperm molecular 
architecture affecting both function and embryo quality. Therefore, in this review article, we presented new and devel-
oped technologies to study different patterns of epigenetic changes, and explained the exact mechanisms of epigenetic 
changes linked to metabolic diseases and their relationship with male infertility.
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Introduction
The concept of epigenetics was presented approximately 

about 30 years ago, after which researchers attributed cell 
inheritance to gene regulatory feedback loops, chromatin 
modifications (DNA methylation and histone modifications), 
and non-coding RNA (ncRNA) molecules, which are 
collectively referred to as "epigenomes" (1). Epigenetics 
is broadly defined as "molecular factors and processes that 
surround DNA, independently regulate genome activity of 
DNA sequence and they are mitotically stable" (2). 

The term of "epigenetics" was first introduced by the 
English developmental biologist Conrad Hal Waddington 
in 1942. He published a research paper titled "The 
Genetic Assimilation of the Bithorax Phenotype" in 1956 
and stated that environmental stimuli play important roles 
in the inheritance of an acquired trait in a population (3, 
4). Gametes contain epigenetic information that plays a 
key role in embryonic development and any perturbation 

in the epigenome of gametes could alter the phenotype 
of the next generation offspring through epigenetic 
inheritance (5). Epigenetic mechanisms may be the 
main mediators in the occurrence and development of 
metabolic disorders and subsequent diseases (6). Study 
of the impact of epigenetic alterations on male infertility 
and complications in the next generation is an undeniable 
need and studies on this topic have recently been initiated.

Male infertility, as a complex multifactorial problem 
that affects about 7% of men and 15% of couples 
worldwide. It is commonly reported that both genetic 
and epigenetic factors play a role in infertility. Chronic 
diseases such as inflammations, obesity and infections as 
well as lifestyle choices and environmental factors play 
major roles in incidence and prevalence of infertility in 
men (7). Abnormal sperm epigenetic profiles are related 
to semen analysis parameters and reproductive function 
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defined by embryo quality and abortion rate (8), In 
spermatozoa, DNA methylation and post-translational 
histone modifications are carriers of epigenetic signals. 
In addition, sperm-transmitted small RNA (sRNA) may 
also contribute to epigenetic inheritance (5). Abnormal 
epigenetic mechanisms play an important role in the 
pathology of infertility; therefore, new frontiers can be 
set in the search for infertility causes and their associated 
clinical manifestations. Here, we intended to review 
association of epigenetic alterations and metabolic 
diseases with male infertility.

Sperm genome and epigenome
Sperm nucleus has a very complex architecture. Sperm 

DNA methylation is substantially reduced in comparison 
with somatic cells. DNA methylation occurs at the 
cytosine residue of CpG dinucleotides in gene control 
regions, which are named CpG islands. These islands are 
frequently located at gene promoters. DNA methylation is 
an epigenetic landmark that results in regulation of gene 
transcription (9). 

DNA is associated with histones and shapes the 
nucleosome structure in somatic cells; however, 
in mature sperm, only 5-10% of DNA wrap around 
histone octamers. In the rest, sperm DNA histones 

are replaced by protamines; thus, 90-95% of sperm 
DNA is bound to protamine. Only 5%-10% of 
the male genetic content is packed with retained 
paternal histones (10) and assist in sperm chromatin 
compression, which promotes motility, fertilization 
and sperm DNA protection. The remaining 5-10% of 
histones are essential and part of the sperm’s epigenetic 
signatures (11, 12). These histones could be targeted 
by biochemical modifications. Their alterations have 
the potential to activate or suppress expressions of 
genes organized with these histones. 

In addition, mature spermatozoa contain small RNAs. 
These RNAs are implicated in regulation of gene 
transcription. The exact mechanism by which small RNAs 
act as another part of the epigenetic profile and lead to the 
regulation of gene expression is not known (9).

Effects of epigenetics on male infertility
Studies over the past decade have shown that in addition 

to effective genetic differences, epigenetic alterations 
such as DNA methylation, histone modification and 
RNA Significantly contributed to male infertility and 
health problems of their offspring (13). In the following, 
we explained each epigenetic changes in greater detail.  
Table 1 presents an overview of these changes.

Epigenetics and Male Infertility

Table 1: The effect of some epigenetic changes on male fertility

Epigenetic changes Alterations in infertile individuals Impact on male fertility Reference
DNA methylation Hypermethylation of MTHFR promoter Idiopathic infertility (14)

In repetitive sequences LINE-1, Alu Yb8, NBL2, 
D4Z4

Control of the functional capacity of germ cells (15)

Hypermethylation of the RPS6KA2, APCS, JAM3/
NCAPD3 and ANK2 genes

Oligospermia, abnormalities in some of the sperm 
chromosomes; reduced fertility

(16)

Decreased methylation in H19 gene and increased 
methylation in the MEST and SNRPN genes

Associated with male infertility (17)

Methylation level of MEST, GNAS, LINE-1 FSH and LH level (18)
Abnormal methylation of IGF-2, KCNQ-1 Sperm DNA damage and impaired fertility (19)
Hypermethylation of SPATA4, SPATA5, SPATA6 Oligozoospermia and infertility (13)
Hypomethylation of H19 Multiple sperm defects, Infertility biomarker (20)
Alterations in methylation of the DEFB126, 
TPI1P3, PLCH2 and DLGAP2 genes

Abnormal embryo growth (21)

Histone modification H3K4me2 activation; H3K27me3 suppressive 
changes

Fetal growth and formation (22)

H2A ubiquitination (ubH2A) and histone 3 K18 
acetylation (H3AcK18); acetylation of four his-
tones: H4 K5, K8, K12 and K16 (H4tetraAck)

Disruption of protamine 1 (Prm1) deposition in 
the testes

(23)

testis specific histone H2B variant (TH2B) Abnormal nucleus regeneration during spermio-
genesis

(24)

Non coding RNAs Reduction of HOTTIP expression Promotes proliferation of testicular embryonal 
carcinoma cells

(25)

high expression of lnc32058, lnc09522 and 
lnc98497

Immotile sperm (26)

FSH; Follicle - stimulating hormone and LH; Luteinizing hormone.
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DNA methylation
DNA methylation can regulate gene expression using 

different mechanisms. DNA methylation plays a key role 
in gene expression; therefore, coordination of the increase, 
maintenance and elimination of methylation between 
tissues must be carefully controlled. This regulation is 
mediated by function of the methylation enzymes, such as 
DNA methyltransferases (DNMT1, DNMT3A, DNMT3B 
and DNMT3L) and TET protein family (TET1, TET2 and 
TET3). TET protein family was recently discovered to 
mediate active demethylation processes, particularly after 
fertilization (27).

DNA methylation may potentially influence post-
fertilization processes. Most signs of paternal methylation 
are actively corrected during epigenetic reprogramming 
after fertilization. However, some areas affected by 
incorrect methylation escape reprogramming and may pass 
this methylation status to the developing embryo (9, 28). 
Hypermethylation can suppress gene expression as methyl 
groups prevent recruitment of transcription factors and 
DNA polymerases. On the other hand, hypomethylation 
up-regulates gene expression (20). The results of a study 
showed that most epigenetic changes occurred at the 
pachytene stage of spermatocytes, which might lead to 
a large change in DNA methylation at this growth stage. 
Observations suggested that primary germ cells, pro-
spermatogonia and spermatogonial stem cells had DNA 
methylation profiles correlating with the epigenetic 
programming cascade (29). Accordingly, inappropriate 
hypomethylation and hypermethylation can affect proper 
sperm function.

Genomic imprinting is an epigenetic modification 
process that allows gene to be expressed in a certain way 
by parents and it plays an essential role in normal growth 
and development. Expressions of imprinted genes are 
determined by the parents (30). Studies on DNA methylation 
in infertility have mostly concentrated on imprinted genes 
like H19, IGF2, MEST, PEG3, LIT1, SNRPN and KCNQ1 
in addition to some non-imprinted genes, like MTHFR 
and DAZL. These studies showed that alterations in DNA 
methylation of these genes are associated with abnormal 
semen parameters and spermatogenesis. Recently, upon 
analyzing methylation across the genome, a study found 
varying levels of methylation in a number of genes, 
including some of the SPATA family members (SPATA4, 
SPATA5 and SPATA6). These researchers reported that 
hypermethylation of these genes is associated with infertility 
of oligozoospermia men (13, 17). In this context, the results 
of several studies have shown a close relationship between 
changes of cytosine methylation and H19 gene expression 
in males with infertility. Therefore, H19 hypomethylation 
is a proposed epigenomic infertility biomarker that could 
assess oligospermia in men with various sperm defects (20). 
Moreover, methylation of the MEST, GNAS and LINE1 
genes is significantly associated with sperm concentration, 
blood follicle stimulating hormone (FSH) and luteinizing 
hormone (LH) levels (18). Thus, degree of methylation 

of the MEST and GNAS genes is significantly associated 
with increased levels of LH. Likewise, LINE1 methylation 
is remarkably correlated by increased FSH levels (18). 
Abnormal methylation of the IGF2 and KCNQ1 genes is 
associated with DNA damage in sperm and consequent 
impaired fertility (19). Taken together, these studies 
suggested that abnormal methylation patterns in imprinted 
and non-imprinted genes or epimutation may play role in 
male infertility by causing abnormal spermatogenesis.

Histone modifications
Despite their relatively short history, histone modifications 

and histone methylation are one of the most important parts of 
epigenetic research, due to their important role in regulating 
transcription of gene expression in various organisms. 
During spermatogenesis, structure of chromatin changes 
due to histone modifications (31). Histones are sensitive to 
post-translational modification (PTM). These modifications 
include acetylation, methylation, phosphorylation, 
ubiquitination, sumoylation, and glycosylation among the 
others. Histone PTMs collectively act as "epigenetic codes" 
to activate transcription, suppression and coordination of 
chromatin structure in a more orderly fashion (10).

Environmental factors appear to alter histone 
modifications to some degree by directly regulating 
level and/or activity of histone-modifying enzymes. For 
example, hypoxia and nickel exposure increase H3K9me2 
levels by inhibiting the histone demethylase JMJD1A (32).

Some cellular metabolites directly regulate expression 
of metabolic genes through histone modification. Lysine-
specific demethylase-1-dependent flavin adenosine 
dinucleotide (LSD1-dependent FAD) is an enzyme which 
can degrade histones and regulate cellular energy levels by 
suppressing genes involved in mitochondrial respiration 
and energy consumption (33). In human spermatozoa, about 
5-10% of histones are conserved and precise substitution of 
histone by protamine is critical for normal sperm production. 
The relationship between intracellular metabolites, histone 
signatures and their effect on gene transcription may play a 
role in disease progression. Therefore, some infertility and 
sterility problems may be attributed to abnormal histone 
modifications in spermatozoa.

Non-coding RNAs (ncRNAs)
Mammalian sperm RNAs is a source of paternal 

hereditary information beyond DNA. Environmental 
factors that include imbalanced diet, mental stress and 
exposure to toxins can alter sperm RNAs and cause 
phenotypes related to paternal environmental stress 
in offspring (34). Among the different types of RNA, 
messenger RNA (mRNA), transporter RNA (tRNA) and 
ribosomal RNA (rRNA) are the best-known RNAs in all 
organisms. In addition to these, RNAs can be broadly 
divided into coding RNA (cRNA) and ncRNA (35). 
Mature spermatozoa have several types of small ncRNAs 
that include silencing RNAs (siRNAs) and microRNAs 
(miRNAs), which vary in length and generally lack an open 
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reading frame. miRNAs are associated with molecular 
mechanisms regulating spermatogenesis, particularly 
endogenous genes in germline cells which regulate 
their complex process of renewal and/or differentiation. 
Recent studies identified another new class of siRNAs, 
PIWI-interacting RNAs (piRNAs), which are expressed 
in testes during spermatogenesis (36). Hypomethylation 
of repetitive elements in the male germline was associated 
with an increase in miR-29, proposed to reduce DNMT3a, 
a protein required for genomic methylation (37). In a study 
of male infertility, researchers identified 9879 long non-
coding RNAs (lncRNAs) with differential expressions; 
only three (lnc32058, lnc09522 and lnc98497) showed 
high expressions in immotile spermatozoa compared 
to normal motile spermatozoa. Several lncRNAs 
(Mrhl, Drm, Spga-lncRNAs, NLC1-C, HongrES2, Tsx, 
lncRNA-tcam1, Tug1, Tesra, AK015322, Gm2044 and 
lncRNA033862) were confirmed to have functionally 
distinct roles in spermatogenesis (26). Recent evidence 
suggested that small RNAs (tsRNAs) derived from sperm 
tRNA, as a carrier of paternal epigenetic information, may 
mediate intergenerational inheritance (38). In the paternal 
high fat diet (HFD) mouse model, a subset of tsRNAs, 
with size range of 30-34 nucleotides, led to changes in the 
RNA expression profile and modifications. Injection of 
sperm tsRNA from HFD male mice into normal zygotes 
also caused metabolic disorders in F1 offspring and 
impaired the expressions of metabolic pathway genes in 
early embryos. Thus, sperm tsRNAs represent a paternal 
epigenetic factor that might cause intergenerational 
inheritance of dietary metabolic disorders (39). Based on 
these findings, it can be concluded that many lncRNAs 
have potential impacts on male spermatogenesis and 
infertility, but very few have thus far been identified and 
confirmed. Comparing the results of these studies may lead 
to recognition of important lncRNAs for spermatogenesis. 
This can also be used as markers for infertility in men 
with metabolic diseases. Figure 1 provides a summary of 
the epigenetics events in the testis.

Fig.1: The seminiferous tubule regions of testis and possible epigenetics 
events in male fertility. Each process of epigenetics occurs in specific 
cells and regions of the testis: A. Paternal-specific DNA methylation in 
spermatogonia, B. Exchange of somatic histones to testis-specific ones in 
primary spermatocyte, C. Replacement of nucleosomes with protamines 
in spermatid, and D. Addition of non-coding RNAs in the epididymis.

Metabolic syndrome

Metabolic syndrome (MetS) is a complex 
pathophysiological state caused by an imbalance 
between calorie intake and consumption. Urbanization 
and lack of physical activity as well as an excessive 
and poor quality diet can lead to MetS. This metabolic 
syndrome is defined as a cluster of at least three out of 
five medical indicators: abdominal obesity, high blood 
pressure, high blood sugar, increased triglyceride levels 
and reduced high-density lipoprotein (HDL) level. MetS 
increases risk of stroke, cardiovascular disease and type 
2 diabetes mellitus (40). 

MetS is associated with disruption of hypothalamic-
pituitary-testes (HPT) axis, as well as reduction 
of gonadotropins and steroidogenesis, specifically 
testosterone levels in men. In MetS, systemic chronic 
inflammation mediates hypogonadism, erectile 
dysfunction and poor spermatogenesis. Actually, 
oxidative stress cause inflammation in MetS. It finally 
leads to loss of DNA integrity, improper packaging and 
aberrant modification of sperm DNA. In other words, 
there is a change in MetS and sperm epigenetics of 
obese individuals. This change can be passed to the 
next generation. Thus, offspring will be susceptible to 
metabolic and reproductive problems (40, 41). The idea 
of paternal effects on offspring health is an exciting area 
for research and clinical studies. 

Metabolic disorders and male infertility: epigenetics 
approaches

Study of the association of MetS with epigenetic aspects 
of male infertility is a spectacular, emerging topic for clinical 
and basic research. The main problem is multifactorial 
nature of these disorders. Metabolic disorders may be only 
one of the common causes of male infertility; however, 
infertile men suffering metabolic disorders during middle 
age. On the other hand, father lifestyle plays a key role in 
influencing spermatogenesis for future of child, as it has 
been proven that obesity, unhealthy diet, inactivity and 
pollution are factors that can alter sperm counts and sperm 
quality through epigenetics (42).

Previous studies supported the hypothesis that metabolic 
changes related to environmental factors can be passed 
from father to the offspring. These metabolic disorders 
acquired in offspring may be partly explained by potential 
genetic information carriers like epigenetic agents and 
their processes (38).

Diabetes

Association of type 2 diabetes with reproductive 
dysfunction is a serious challenge, due to the high prevalence 
in young people. Diabetes can affect reproductive function 
in the testes at multiple levels, including changes in sperm 
quality and spermatogenesis, and it may lower testosterone 
levels. Epigenetic alterations are important risk factors for 
diabetic complications (43, 44). 

Epigenetics and Male Infertility
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Glucose metabolism plays a vital role in 
spermatogenesis. Numerous studies in humans and 
animals have confirmed the effects of diabetes on 
sexual function, semen parameters, nuclear DNA and 
chromatin quality (45, 46). But there are few studies on 
the pattern of DNA methylation in spermatozoa from 
type 2 diabetic patients at the genome level (47). In 
2019, Chen et al. (48) investigated the whole-genome 
DNA methylation profile of human spermatozoa by 
comparing eight individuals with type 2 diabetes and 
nine healthy individuals using the whole-genome 
bisulfite sequencing method. The results showed that 
ratio of methylated cytosine in the whole genome of 
type 2 diabetics was lower than the control group. They 
also identified differential methylation of 10 genes: 
IRS1, PRKCE, FTO, PPARGC1A, KCNQ1, ATP10A, 
GHR, CREB1, PRKAR1A and HNF1B in men with type 
2 diabetes.

The results of previous studies have shown that 
abnormal levels of some lncRNAs can accelerate 
progression of diabetic retinopathy (49). Therefore, 
expression profiles of lncRNAs in the sperm of diabetic 
mice were studied to determine genes that might be related 
to reproduction and their association with the onset of 
diabetes. lncRNAs functions were assessed by subgroup 
analysis and their physical or functional relationships 
with the corresponding mRNAs. Expression profiles from 
six microarray evaluations of diabetic mice spermatozoa 
showed differential expressions of lncRNAs and mRNAs 
(4134 up-regulation and 3407 down-regulation of 
lncRNAs, 2590 up-regulation and 3507 down-regulation 
of coding-mRNAs, in sperm samples from mice diabetic 
mice group and control group, respectively). Genetics 
and pathway analysis revealed that function of mRNAs 
with differential expression was closely related to many 
processes associated with development of diabetes. 
In addition, study of lncRNAs and mRNAs identified 
potential nuclear genes that might play a substantial role 
in the pathogenesis of diabetes-related infertility (50).

Molecular studies that involved sperm of diabetic 
men are generally rare. Majority of men are unaware 
of their current status and develop diabetes later in life 
(47). Therefore, it is postulated that future of research on 
epigenetics and male infertility should focus on identifying 
the putative molecular mechanisms of effects of diabetes 
on epigenetic abnormalities during spermatogenesis.

Obesity
The interaction between obesity and diabetes is currently 

established; but more research has been conducted in 
the field of infertile obese men epigenetics rather than 
investigations on epigenetics of infertile diabetics. Male 
obesity is associated with notable alterations in sperm 
molecular composition, not only impairing the sperm 
function, but also posing risks to embryo (37). Many 
studies have shown abnormalities in sperm quality, 
particularly decreased sperm concentrations in over 

weight patients with high body mass index (BMI) of 25-
29 Kg/m2. Two recent meta-analyses, including 14 and 
21 studies, reported an increased risk of azoospermia or 
oligozoospermia in obese men. In this regard, results of 
one study showed association of oxidative stress and sperm 
DNA fragmentation with sperm DNA methylation in men 
(51). In conclusion, it has been shown that spermatozoa 
epigenetic pattern changes in men with high BMI resulted 
in alteration of sperm DNA methylation. Thus, this 
abnormality is directly related to male infertility, low 
embryo quality and a decrease in fertility (52).

Obesity changes methylation status of DNA in other 
tissues. Soubry et al. compared sperm DNA methylation 
in 12 differentially methylated regions (DMRs) of 23 
obese compared to 44 normal weight men. Percentage of 
DNA methylation was decreased in MEG3, SNRPN and 
SGCE/PEG10, while it was increased in MEG3-intergenic 
differentially methylated region (MEG3-IG DMR) and 
H19 DMR in the sperm of the overweight/obese men 
(37, 53). Donkin et al. (54) focused on the regeneration 
of sperm methylation after weight loss by gastric bypass 
(GBP) in obese patients (mean BMI=31.8 Kg/m2). The 
results showed that methylation status of 1509 unique 
genes was changed one week after surgery. In addition, 
3910 unique genes had a different methylation status 
one year after GBP rather than before GBP. Additionally, 
sperm histone status was not changed in the lean and 
obese men, and sperm from the obese men altered small 
non-coding RNAs (sncRNAs) expression. These findings 
suggested that weight loss caused a gradual change in the 
sperm epigenome. Future efforts to determine epigenetic 
profile of human sperm exposed to other environmental 
factors, such as exercise or smoking, might reveal specific 
signatures which could influence metabolic health of 
future generations in positive or detrimental ways.

A recent study examined epigenetic changes of sperm, 
in relation to BMI. In this study, 144 samples (48.97%) 
were "normal weight" (BMI: 19.00-24.90) and 149 
samples (50.68%) were "pre-obese/obese" (BMI: 25.00-
40.30). Methylation levels of paternally imprinted genes 
(H19-IG DMR, IGF2-DMR0 and MEG3-IG DMR) and 
non-imprinted gene regions associating with obesity were 
reported. Regression analysis showed positive correlation 
between BMI and MEG3-IG DMR methylation in sperm 
DNA (55). These results suggested that obesity is related 
to sperm DNA methylation programming in humans and 
it may influence epigenome of the next generation.

Changes in histone of sperm DNA is another parameter 
that is affected by obesity. Expression of related genes to 
sperm motility, histone 3 and 4 modifications and post-
translation global modification process in the testes of 
obese mice were reduced compared to the control group. In 
addition, the results of quantitative Western blot analysis 
showed a decrease in H3K23pr, H4K8cr, H3K122ac 
and H4K8ac in the testes of mice that consumed a HFD. 
These findings suggested that altered gene expression and 
PTM are associated with impaired reproductive function 
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in obese males (56).
In addition, abnormal lncRNA expression from HFD 

also causes epigenetic changes. There was a significant 
difference between lncRNAs and mRNA expressions 
in the sperm of obese mice fed HFD compared to mice 
that received normal diets. Neat1 and Malat1 expression 
levels were lower in obese mice compared to normal 
weight mice. NEAT1 is expressed in human embryonic 
stem cells and plays role in spermatogenesis regulation. 
Decreased expression of Neat1 is associated with reduced 
sperm quality and fertility, and its expression is negatively 
regulated by Malat1 (57). Malat1, a long non-coding 
RNA, is present in active loci and it utilizes splicing 
factors. An increase in Malat1 is recognized in all sperm 
samples and extra-nuclear areas. Enrichment of Malat1 in 
sperm is due to the triple helix structure at its 3ʹ end. This 
RNA is associated with histone bound DNA of sperm and 
it plays role in chromatin remodeling (58). 

Overall, male obesity may affect all aspects of sperm 
epigenetics including patterns of DNA methylation, 
histone modifications and ncRNA expression in 
spermatozoa. It ultimately leads to male infertility. 
Although the amount of RNA in spermatozoa is not 
significant, it has potential role in the clinical investigation 
and diagnosis of male infertility. It is also one of the 
factors specifically expressed in germ cells and present 
in mature spermatozoa. Therefore, RNAs are suitable 
molecular markers for detection of cell lineages in the 
spermatogenesis pathway. These markers can provide 
an overview of spermatogenesis status in infertile cases 
instead of invasive testicular biopsy.

Unexplained infertility
The molecular mechanisms involved in male infertility 

are not well understood yet and diagnosis of unexplained 
or idiopathic male infertility is made in cases where 
standard tests are unable to determine the cause. Such 
cases account for about 60-75% of male infertility. 
Uniquely, epigenetic changes such as DNA methylation 
and histone modifications have significant impact on this 
problem (14, 59).

Although different DNA methylation patterns of germ 
cells are associated with changes in sperm quality, few 
studies focused on the epigenetic investigation of infertile 
men with normal sperm parameters. For the first time 
in 2015, a genome-wide study examined sperm DNA 
methylation in patients with idiopathic infertility compared 
to fertile men. In this study, approximately 3000 CpG 
were detected which indicated defective methylation. 
These results suggested that these changes are precisely 
related to specific regions of sperm methylation, and it 
can be concluded that DNA methylation plays a role in 
controlling germ cell function (15). Results obtained from 
one study indicated that hypermethylation of MTHFR gene 
promoter is strongly associated with idiopathic infertility 
in males (14). Therefore, analysis of promoter methylation 
in specific genes may provide valuable biomarkers to 
identify men who are at high risk for infertility. Recently, 

a molecular experiment was conducted to identify male 
idiopathic infertility by using DNA methylation variations 
in sperm. The results of this study showed regions of 
DMRs in males with idiopathic infertility. In this study, 
researchers identified an epigenetic DMR signature of 
male infertility that can be used both as a diagnostic 
tool and to detect FSH response in the studied patient 
population (60). It is predicted that further development of 
this technology will improve diagnosis and management 
of infertile male patients, overall treatment options and 
development of therapies.

To date, much attention has been paid to the cellular 
and molecular mechanisms, in terms of infertility in men 
with asthenospermia (61, 62). Idiopathic asthenospermia 
(IAS) falls into this group, but its cause is unknown. IAS 
is one of the major causes of male infertility diagnosed by 
decreased sperm motility for which there is no effective 
treatment (63). Quantification of methylation specific 
polymerase chain reaction (MS-PCR) data has confirmed 
the significantly lower methylation level of DAZ3 promoter 
in IAS patients compared to normozoospermic men 
(64). Moreover, by studying promoter area methylation 
changes of the other genes in men with idiopathic 
infertility, it was found that promoter methylation profiles 
of the MLH1 and MSH2 genes might be involved in sperm 
DNA packaging and sperm parameters, respectively (65). 
However, hypermethylation of MTHFR gene promoter in 
spermatozoa also appears to be associated with idiopathic 
male infertility (66). Although idiopathic infertility is 
associated with an increased risk of developing MetS, 
obesity, and an increased risk of subsequent cardiovascular 
disease, idiopathic infertility is controversial because the 
underlying mechanisms remain unknown (67).

Future perspective

Sperm epigenome is remarkably specific. It offers 
interesting opportunities for more research and can be 
assessed in clinical trials. Many attempts have been made 
to understand nature of this epigenetic perspective, in 
addition to role of sperm epigenetic patterns in normal 
sperm development and function, as well as in male 
fertility. Investigating these factors, along with epigenetic 
changes in sperm DNA, remains an intriguing target for 
dissemination of biomarkers that may be able to more 
accurately identify cause of male infertility.

The finding that "newly fertilized gametes and 
embryos are sensitive stages for epigenetic changes in 
the environment" has important implications as changes 
in lifestyle and reproductive system environment may 
have long-term consequences for child health, while they 
have not been fully explored yet. Understanding how and 
when metabolic diseases -such as obesity and diabetes- 
affect male fertility and finding ways to modify abnormal 
epigenetic signatures, in addition to determining the best 
time frame for reversing abnormal epigenetic symptoms 
may improve fertility in infertile men.

Currently, most environmental research on the sperm 
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epigenome focuses on DNA methylation. Recently, 
Abbasi et al. (46) opened a new horizon in terms of 
the stable, repeatable platform to measure changes in 
sperm DNA methylation. Uniquely, they suggested 
that Illumina Infinium platform is highly suitable for 
diagnostic use in a clinical setting. Progress in identifying 
other environmentally sensitive epigenetic mechanisms, 
including histone modifications, three-dimensional 
conformations and chromatin structure, as well as 
exosome loading and expression of ncRNA in seminal 
plasma could be important.

Conclusion
It is well-known that sperm is more than a cell that 

carries half of the genome and it has a unique epigenome. 
Any alteration in this epigenome can lead to infertility, 
abnormal fetal development, and increased risk of certain 
diseases in the next generation. In vitro fertilization (IVF) 
treatment cycles were repeatedly failed in some patients 
carrying obesity and diabetes while they may have normal 
sperm parameters. To date, new steps have been taken to 
understand methylation status in patients who refer to 
infertility centers. Future of this science likely depends on 
finding epigenetic codes along with epimutations in these 
individuals. It should be noted that finding epimutations 
alone is not sufficient and targeted treatment strategies 
should be sought. Perhaps these efforts can address large 
gap that exists in the treatment of infertile patients and 
prevent recurrent miscarriages.
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