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Abstract
Background: Some dynamic changes occurs during spermatogenesis such as
histone removal and its replacement with transition nuclear protein and protamine.
These proteins are required for packing and condensation of sperm chromatin.
JHDM2A is a histone demethylase that directly binds to promoter regions of Tnp1
and Prm1 genes and controls their expression by removing H3K9 at their promoters.
Objective: The association between polymorphisms of exon 12 and exon 24 in
JHDM2A gene and male infertility were evaluated for the first time.
Materials and Methods: In this experimental study, 400 infertile men
(oligospermia and azoospermia) and normal healthy fathers were evaluated (n=200).
Single Strand Conformation Polymorphism (SSCP-PCR) and polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) methods were used
for screening any polymorphisms that are exist in exon 12 and exon 24.
Results: Exon 24 PCR products were analyzed by RFLP but no polymorphism was
found in this exon at the restriction site of EcoRV enzyme. Our monitoring along the
whole nucleotides of exon 12 and exon 24 were continued using SSCP method, but
we found no change along these exons.
Conclusion: Generally, this study evaluated the association between polymorphisms
in exon 12 and exon 24 of JHDM2A gene and male infertility which suggests that
polymorphisms of these exons may not be associated with the risk of male
infertility.
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Introduction

I

nfertility is a complex disorder which
affects both men and women within
reproductive
age
group.
Many
abnormalities and genetics alterations are
involved in infertility physiology and etiology.
Recent studies indicate a critical role of
epigenetic regulatory mechanisms relating to
male infertility (1). Epigenetic mechanisms
including DNA methylation, noncoding RNAs
and modifications of histone proteins may
regulate the genes expression level which are
involved in infertility (2).
Histone modifications are defined as
important post-translational regulatory codes
which are essential for appropriate gene
function.
Methylation,
phosphorylation,
acetylation, sumoylation, and ubiquitylation
are some of the most important modifications
which affect the amino acid of N-termini
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histone tails (3). Methylation of Histone3
Lysine9 (H3K9) is a type of classic histone
modifications which commonly results in gene
silencing at heterochromatin regions (4).
H3K9 methylation has important roles during
mammalian spermatogenesis and is precisely
regulated at multiple spermatogenesis stages.
jmjC-containing histone demethylase 2a
(JHDM2A) is a H3K9 demethylase and it is
also known as JMJD1A or KDM3A. The gene
encoding JHDM2A is located on human
chromosome 2p11.2 and contains 26 exons
with 51486 base pairs length (5). JHDM2A
has critical regulatory functions relating the
spermatogenesis control and metabolism. The
expression level of fat metabolic genes in
muscle and brown fat tissues is regulated by
JHDM2A (6). During spermatogenesis, the
expression level of JHDM2A increases up to
70 folds and its highest level of expression
was detected in round spermatids. JHDM2A
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binds to promoter region of transition nuclear
proteins 1 (TNP1) and protamine-1 in order to
increase
their
expression
through
demethylation of H3K9 modification (7, 8).
DNA in mature sperms should be enough
packed to set in a small and compact sperm
nucleus. The expression of post meiotic
proteins such as TNP and protamines is
essential for replacing with histone and
formation of weaved DNA. In fact, the
assembly of sperm nucleus is necessary for
conversion of round spermatids to mature
sperms
and
defection
in
chromatin
condensation results in production of impaired
sperms.
JHDM2A
is
essential
for
spermiogenesis as it directly controls the
expression of post meiotic proteins requiring
for sperm nucleus compaction. The JHDM2A
deficiency is related to male infertility because
immature sperms can't pass through the ovule
membrane and can't penetrate an egg
successfully (9).
In this study, we examined the association
between polymorphisms in exon 12 and exon
24 of JHDM2A gene and male infertility. Exon
12 is prone to a frame shift (rs35743643) at
position of amino acid 632 by insertion of
adenine which causes a shift in reading frame
and alters the gene product. This frame shift
occurred before jmjC and zinc finger domains
and resulted in production of impaired protein.
Our in silico analyses indicate that this frame
shift has main role in alteration of JHDM2A
activity due to its effects on jmjC and zinc
finger domains which are necessary for
enzyme activity. Exon 24 is also prone to
nonsense polymorphism at position of amino
acid 1193 (rs17853822) that causes a
premature stop codon in the transcribed
mRNA and formation of truncated, nonfunctional protein. These polymorphisms
could be a risk factor in susceptibility of male
infertility.
In this work, the existence of any
polymorphism in exon 12 and exon 24 of
JHDM2A gene was investigated in human for
first time. So the results could expand our
knowledge about the association between this
gene and human male infertility.
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Materials and methods
Subjects
In this case-control study 200 healthy
volunteer fathers who referred to clinic for a
checkup and 200 infertile men who attend the
Isfahan Fertility-Infertility Center and Royan
Institute during the period of April to July 2013
were analyzed. Semen and blood sampling
was performed according to the patient
consent and an agreement between the
University of Isfahan and Isfahan FertilityInfertility Center and Royan Institute.
Blood samples were collected in EDTA and
heparin coated tubes and were stored at-20oC
for further analyses. Semen samples were
analyzed according to WHO criteria. A few
factors are normally determined during Semen
analysis, such as volume, sperm count, sperm
motility and sperm morphology. According to
the data obtained from the semen analysis,
these men were categorized in two groups
including oligospermia and azoospermia.
DNA genotyping
Genomic DNA was extracted from
leukocytes of peripheral blood samples using
Miller
salting-out
method
(10).
The
quantification of genomic DNA was then
determined using agarose gel electrophoresis
(1%) and spectrophotometer. All genomic
DNAs were diluted in 0.5 M TE and stored at
-20oC for further genotyping analyses. To
analyze polymorphisms in exon 12 and exon
24 of JHDM2A gene, PCR-RFLP SSCP
methods were performed.
PCR reactions
Two sets of primers were designed by
Oligo ®7 in order to analyze polymorphisms of
exon 12 and exon 24 (Table I). PCR reactions
were performed in 25 µl reaction mixture
containing 1 µl of template DNA (100 ng/µl),
2.5µl of 10× PCR Buffer (20 mM Tris-HCl pH
8.6, 50 mM KCl, Cinnagen Inc, Iran), 1 µl of
MgCl 2 (50 mM, Cinnagen Inc, Iran), 0.5 µl of
each forward and reverse primer (10 pM/µl),
0.5 µl of dNTPs mix (10 mM, Cinnagen Inc,
Iran), 0.3 µl of Taq DNA polymerase
(Cinnagene, Co., Iran). The PCR program
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was as follow for exon 12: primary
denaturation 94oC 4 min, 30 cycles of
denaturation 94oC 45 sec, annealing 62oC 45
sec, extension 72oC 1 min, and an extra
extension 72oC 10 min.
The PCR program was also adjusted for
exon 24 as following order: primary
denaturation 94oC 4 min, 30 cycles of
denaturation 94oC 1 min, annealing 50oC 30
sec, extension 72oC 30 sec, and a final extra
extension 72oC 10 min. Each PCR products
was run on 1% agarose gel and was
visualized using ethidium bromide staining.
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(10×, Fermentas) at 37oC for 1 hr. The
restriction fragments were analyzed on 1.5%
agarose gel.
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SSCP and RFLP analyses
Polyacrylamide gel electrophoresis was
used for PCR products analyzing which are
related to exon 12 and exon 24. 12% nondenaturing polyacrylamide gel was used for
SSCP with 5% glycerol and 5% TBE buffer.
Each 50 ml solution contains; glycerol 5 ml,
TBE 10×5 ml, acrylamide 40% 15 ml,
ammonium persulfate 0.1 gr/L 1 ml, ddH 2 O 24
ml, TEMED 30 µl. SSCP buffer contains;
formamide 95%, NaOH 10 mM, Bromophenol
Blue 0.025%, Xylen Cyanol 0.025%. PCR
products were mixed with SSCP buffer and
then denatured at 95oC for 5 min and rapidly
cooled on ice. Samples were loaded on
polyacrylamide gel and SSCP processes were
performed at 250 V for 20 hrs.
Finally, silver staining method was done for
gel staining. At this point, each single strand
DNA forms special conformation based on its
sequence, so by using polyacrylamide gel
electrophoresis
polymorphisms
are
recognizable. Observation of two bands
means that there was no polymorphism
because one of these bands was related to
the 5'-3' DNA strand and the other one was
related to the 3'-5' DNA strand. In case of
polymorphism, two bands in different position
compare to normal bands or even more than
two bands may be detected.
In order to determine the nonsense
polymorphism of exon 24 at position of amino
acid 1193 (Ser→Thr) RFLP analysis was also
performed. Restriction analysis was done
using 4 units of EcoRV enzyme (Fermentas,
Vilnius, Lithuania) in EcoRV buffer solutions
R
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Statistical analysis
Statistical analysis was done using SPSS
version 16 software (SPSS, Inc., Chicago, IL,
USA) .The Chi-square distribution (χ2) was
used to evaluate the association between
polymorphisms of exon 12 and exon 24 of
JHDM2A gene and male infertility.
P
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Results
Distribution of exon 12 polymorphism
Using suitable forward and reverse primers
which were designed for exon 12 of JHDM2A
gene, a PCR product (225 bp) was amplified.
The quality and quantity of PCR products
were examined by 1% gel agarose (Figure 1).
Using SSCP method for exon 12 PCR product
that followed by polyacrylamaide gel
electrophoresis, only two bands was detected
for both fertile and infertile samples in the
same position which means that there was no
polymorphism (Figure 2).
Analysis of exon 24 polymorphism using
RFLP and SSCP analysis
It was found that nucleotide C which is
prone to nonsense polymorphism with its
neighbors can be recognition site for EcoRV
by the replacement of G with A in position of
amino acid 1192 in normal genome (Figure 3).
In mutant samples, this replacement makes
no difference. It means that after amplification
there will be EcoRV recognition site for wild
type PCR products, but not for mutant PCR
products.
Therefore a set of suitable primers were
designed for this exon. Forward primer had A
instead of C at situation of nucleotide 20 and
can cause a polymorphism at this point during
PCR. After amplification integrity of PCR
products were tested by 1% agarose gel
(Figure 4). Gel electrophoresis indicates that
both fertile and infertile samples showed two
bands and this polymorphism didn't detect
between these samples (Figure 5). SSCP was
also performed on PCR products to search for
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whole exon 24, but only two bands at same
position were detected for both fertile and

infertile samples. Therefore no polymorphism
has been detected in this region (Figure 6).

Table I. Two set primers that were designed for screening of polymorphisms in exon 12 and exon 24 of JHDM2A gene
Exon
12
24

Name
F12
R12
F24
R24

Primer sequence
5'- GCTTCCCCTAGGTTACAATTCAACAAACAT-3'
5'-GTGTGGCTCAATAGTTGACATAGCTTCCTT-3'
5'-GTTGCATAATATTTTGAATGTATTCTAGAT-3'
5'-ATACTCTTGATGAAGACGTTTTCTTAATGA-3'

PCR product
225 bp
133 bp

Figure 1. Amplification of exon 12 using specific primers. A fragment of exon 12 (225 bp) was successfully amplified through PCR reaction. 1 Kb
DNA Marker (lane M). A 1% agarose gel was used here for gel electrophoresis. All of the numbers are in bp.

Figure 2. Polyacrylamide gel of exon 12 after SSCP analysis. Samples 1 and 2 are controls, samples 3, 4 and 5 are infertile samples.
Single strand bands in both fertile and infertile samples are in the same position and no polymorphism is detected. 50 bp DNA
Marker (lane M), a 225 fragment which isn’t treated with SSCP buffer (lane C).

Figure 3. Schematic illustration of EcoRV recognition site for normal and mutant samples. The recognition site of EcoRV is detected
in normal samples without polymorphism and it isn’t detected in samples with polymorphism. As clearly shown, a site directed
mutagenesis was performed to form EcoRV recognition site using specific primers.
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Figure 4. PCR product of exon 24. A fragment of exon 24 (133 bp) was successfully amplified through PCR reaction. 50 bp DNA
Marker (lane M). A 1% agarose gel was used here for gel electrophoresis. All of the numbers are in bp.

Figure 5. Detection of C→A polymorphism in exon 24 of JHDM2A gene. After treatment of PCR product with EcoRV enzyme,
both control and infertile samples showed two fragments. It reveals that no sample has polymorphism at predicted site. A) A 1.5%
agarose gel was used here for gel electrophoresis. All of the numbers are in bp. 50 bp DNA Marker (lane M), digested PCR product
of fertile sample (lane 1), un-digested PCR product of fertile sample (lane 2), digested PCR product of infertile sample (lane 3), undigested PCR product of infertile sample (lane 4). B) For detecting the 30 bp band, ethidium bromide staining was performed for
more 30 min.

Figure 6. Polyacrylamide gel after applying SSCP technique for exon 24 PCR products. All single strand bands are in the same
position and no polymorphism is detected. 50 bp DNA Marker (lane M), fertile samples (lane 1, 2), infertile samples (lane 3, 4, 5, 6).

Discussion
Dynamic genetic and epigenetic alterations
during mammalian spermatogenesis are
defined as important biological processes.
Several regulatory processes in testes and

male germ cells result in a distinct epigenetic
pattern for this tissue compare to other
tissues. It has been clarified that structural
changes of chromatin which are caused by
histone modifications plays a vital role in germ
cell development. During spermatogenesis,
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round spermatids undertake many changes to
become a mature sperm, including formation
of tight condensed DNA in a tiny nucleus (1,
2).
DNA in mature sperms should be enough
packed to set in a small and compact sperm
nucleus, and it needs the expression of vast
groups of post meiotic proteins such as TNP
and protamines to be replaced with histone
(11). DNA becomes twisted into packed loops
form through this replacement. Moreover, post
meiotic chromatin condensation defect was
seen in Jhdm2a- deficient mice. JHDM2A is
defined as an enzyme which involves in
chromatin
condensation.
It
specifically
expresses in male germ cells at meiotic and
post meiotic stages (9). JHDM2A is a specific
demethylase for mono and dimethylated H3K9
residues with preference for dimethylated
residues. JHDM2A is about 147.2 KD and
contains 1321 amino acids (12).
JHDM2A is formed of a couple of domains,
including jmjC and a zinc finger domain which
are both involved in demethylation activity
(13). jmjC domain is formed of an alpha
helixes domain and eight beta sheets in form
of a dynamic enzymatic pocket and is
necessary for JHDM2 demethylation activity.
Fe (II) and alpha-ketoglutarate are enzyme
cofactors. jmjC demethylates H3K9 in an
oxidative
reaction
that
generates
formaldehyde and succinate. It seems that
this
demethylation
occurs
by
direct
hydroxylation of methyl group and generation
of unstable product containing a hydroxymethyl release spontaneously in form of
aldehyde (14).
JHDM2A binds to the promoter region of
TNP1 and protamine-1 and by demethylation
of the H3K9 residues at these regions, causes
an increase in expression of protamines and
TNP1 requiring for condensation of sperm
chromatin (15). So JHDM2A is essential for
spermiogenesis as it directly controls the
expression of post meiotic proteins requiring
for sperm nucleus compaction (16). The
JHDM2A deficiency is related to male infertility
and inhibition of JHDM2A expression by
siRNA affects on expression of JHDM2Arelated genes (17, 18).
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Generally, 75% of male infertility are
described as idiopathic and there isn’t any
well-known molecular mechanism relating to
these defects (19). So, many researchers
focus on finding the new molecular processes
which are critical in male infertility in order to
develop more efficient diagnosis and
therapeutic methods. Originally, JHDM2A
gene was reported as a testis-specific gene
transcript by Okada et al (20). They indicated
that JHDM2A gene plays an important role in
transcriptional activation of some testis
specific genes. In fact, the co-expression of
this gene with RNA polymerase II shows that
JHDM2A gene could be important for
transcriptional activation of some testis
specific genes. The infertility and smaller
testes were also reported in JHDM2Adeficient mice (21).
In 2010, Okada et al determined some
important
roles
for
JHDM2A
in
spermatogenesis and regulation of fat
metabolic in muscle and brown fat tissue (5,
22). Recently, Najafipour et al evaluated the
expression level of YBX2 and JHDM2A genes
in testicular tissues of men with nonobstructive azoospermia for the first time.
Their results specified that YBX2 and
JHDM2A genes may have an important role in
male infertility and these two genes can be
helpful biomarkers for diagnosis of male
infertility (23). The protein levels and mRNA
expression of JHDM2A as an epigeneticrelated gene were also evaluated in fresh and
cryopreserved boar spermatozoa using ELISA
and qRT-PCR. JHDM2A mRNA expression
and protein level were decreased after
cryopreservation or freezing in comparison
with fresh spermatozoa (24, 25).
According to these results, we evaluated
the polymorphisms of exon 12 and exon 24 of
JHDM2A gene. Two residues of exon 12 and
exon 24 are prone to frame shift and
nonsense
polymorphism
respectively.
According to the in silico analyses, these two
polymorphisms result in production of
truncated or inefficient JHDM2A protein.
Despite the fact that many studies showed the
important role of this gene in male infertility,
our results did not show significant association
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between polymorphisms of exon 12, exopn 24
and male infertility. On the other hand,
O'Bryan et al indicates that although the
disruption of several mice genes leads to male
infertility, but very few human patients with
that mutated genes show male infertility (26).
Altogether, the role of polymorphisms in
exon 12 and exopn 24 of JHDM2A gene is not
very significant in male fertility; therefore, the
polymorphism of other exons and more
samples must be investigated. In addition,
more comprehensive studies in larger Iranian
population or in other populations are needed
to establish the association of these
polymorphisms with male infertility. It is hoped
that the results of this study will provide a
basis for further researches to explain the
possible roles of JHDM2A gene and its
polymorphisms in male infertility.

Acknowledgments
This study was performed at the University
of Isfahan and was financially supported by
the Graduate Studies Offices of the University
of Isfahan. The authors sincerely thank the
volunteers for their participation.

Conflict of interest
All authors have seen and agreed with the
contents of the manuscript and there is no
conflict of interest to report.

References
1. Rajender S, Avery K, Agarwal A. Epigenetics,
spermatogenesis and male infertility. Mutat Res
2011; 727: 62-71.
2. Minocherhomji S, Madon PF, Parikh FR. Epigenetic
regulatory mechanisms associated with infertility.
Obstet Gynecol Int 2010; 2010: 198709.
3. Dada R, Kumar M, Jesudasan R, Fernández JL,
Gosálvez J, Agarwal A. Epigenetics and its role in
male infertility. J Assist Reprod Genet 2012; 29: 213223.
4. Rousseaux S, Caron C, Govin J, Lestrat C, Faure AK, Khochbin S. Establishment of male-specific
epigenetic information. Gene 2005; 345: 139-153.
5. Okada Y, Tateishi K, Zhang Y. Histone demethylase
JHDM2A is involved in male infertility and obesity. J
Androl 2010; 31: 75-78.
6. Tateishi K, Okada Y, Kallin EM, Zhang Y. Role of
Jhdm2a in regulating metabolic gene expression and
obesity resistance. Nature 2009; 458: 757-761.

7. Martins RP, Ostermeier GC, Krawetz SA. Nuclear
Matrix Interactions at the Human Protamine Domain
a working model of potentiation. J Biol Chem 2004;
279: 51862-518568.
8. Godmann M, Lambrot R, Kimmins S. The dynamic
epigenetic program in male germ cells: Its role in
spermatogenesis, testis cancer, and its response to
the environment. Microscop Res Technique 2009;
72: 603-619.
9. Yamane K, Toumazou C, Tsukada Y-i, ErdjumentBromage H, Tempst P, Wong J, et al. JHDM2A, a
JmjC-containing H3K9 demethylase, facilitates
transcription activation by androgen receptor. Cell
2006; 125: 483-495.
10. Miller S, Dykes D, Polesky H. A simple salting out
procedure for extracting DNA from human nucleated
cells. Nucleic Acids Res 1988; 16: 1215.
11. Cho C, Willis WD, Goulding EH, Jung-Ha H, Choi YC, Hecht NB, et al. Haploinsufficiency of protamine-1
or-2 causes infertility in mice. Nature Gen 2001; 28:
82-86.
12. Tsukada Y-i, Fang J, Erdjument-Bromage H, Warren
ME, Borchers CH, Tempst P, et al. Histone
demethylation by a family of JmjC domain-containing
proteins. Nature 2006; 439: 811-816.
13. Klose RJ, Kallin EM, Zhang Y. JmjC-domaincontaining proteins and histone demethylation.
Nature Rev Genet 2006; 7: 715-727.
14. Klose RJ, Zhang Y. Regulation of histone
methylation by demethylimination and demethylation.
Nature Rev Mol Cell Biol 2007; 8: 307-318.
15. Zhao M, Shirley CR, Hayashi S, Marcon L,
Mohapatra B, Suganuma R, et al. Transition nuclear
proteins are required for normal chromatin
condensation and functional sperm development.
Genesis 2004; 38: 200-213.
16. Agger K, Christensen J, Cloos PA, Helin K. The
emerging functions of histone demethylases. Cur
Opin Genet Dev 2008; 18: 159-168.
17. Martianov I, Brancorsini S, Catena R, Gansmuller A,
Kotaja N, Parvinen M, et al. Polar nuclear localization
of H1T2, a histone H1 variant, required for spermatid
elongation
and
DNA
condensation
during
spermiogenesis. Proc Nat Acad Sci USA 2005; 102:
2808-2813.
18. Höög C, Schalling M, Grunder‐Brundell E, Daneholt
B. Analysis of a murine male germ cell‐specific
transcript that encodes a putative zinc finger protein.
Mol Reprod Dev 1991; 303: 173-181.
19. O'Brien KLF, Varghese AC, Agarwal A. The genetic
causes of male factor infertility: a review. Fertil Steril
2010; 93: 1-12.
20. Okada Y, Scott G, Ray MK, Mishina Y, Zhang Y.
Histone demethylase JHDM2A is critical for Tnp1
and Prm1 transcription and spermatogenesis. Nature
2007; 450: 119-123.
21. Tachibana M, Nozaki M, Takeda N, Shinkai Y.
Functional dynamics of H3K9 methylation during
meiotic prophase progression. EMBO J 2007; 26:
3346-3359.
22. Suikki HE, Kujala PM, Tammela TL, van Weerden
WM, Vessella RL, Visakorpi T. Genetic alterations
and changes in expression of histone demethylases
in prostate cancer. Prostate 2010; 70: 889-898.
23. Najafipour R, Moghbelinejad S, Hashjin AS, Rajaei
F, Rashvand Z. Evaluation of mRNA Contents of
YBX2 and JHDM2A Genes on Testicular Tissues of

International Journal of Reproductive BioMedicine Vol. 14. No. 6. pp: 389-396, June 2016

395

Hojati et al

Azoospermic Men with Different Classes of
Spermatogenesis. Cell J 2015; 17: 121.
24. Changjun Z, Wenpei P, Li D, Lian H, Yan Z, Donghui
F, Keyi T. A preliminary study on epigenetic changes
during
boar
spermatozoa
cryopreservation.
Cryobiology 2014; 69: 119-127.

396

25. Yeste
M.
Sperm
cryopreservation
update:
Cryodamage, markers, and factors affecting the
sperm freezability in pigs. Theriogenology 2016; 85:
47-64.
26. O'Bryan MK, de Kretser D. Mouse models for genes
involved in impaired spermatogenesis. Int J Androl
2006; 29: 76-89.

International Journal of Reproductive BioMedicine Vol. 14. No. 6. pp: 389-396, June 2016

