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ABSTRACT 

 
Background: KDM3A is a key epigenetic regulator expressed in the testis and is required for packaging and 
condensation of sperm chromatin. To this point, the association of the KDM3A gene with infertility has not been 
studied in human. The aim of this study was to screen any new mutation in KDM3A gene to explore more details 
of human male infertility. Methods: In this work, 150 infertile men (oligozoospermia and azoospermia) and 150 
normal healthy fathers were studied.  Polymerase chain reaction-single-strand conformation polymorphism (PCR-
SSCP) and sequencing were used to screen any mutation in exons 12, 22, and 24 of KDM3A.  Results: The infertile 
men showed various SSCP patterns for the exons 12 and 24, but not for exon 22. A transversion point mutation in 
exon 12 and a single nucleotide deletion in exon 24 were detected using sequencing analysis. The transversion 
mutation was located in the preceding exon of lysine-specific demethylase1 and Jumonji (Jmj)-C domain and the 
later one (deletion) in the cupin-like motif of KDM3A protein. Neither Y chromosome microdeletions nor partial 
azoospermia factor deletion was found in these patients. Conclusion: The mutations found in infertile men  
with otherwise unexplained severe spermatogenic failure could be considered as the origin of their abnormalities. 
DOI: 10.29252/ibj.23.3.220 
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INTRODUCTION 

 
he couple's reproductive failure after two years 

of  unprotected sexual intercourse are called 

infertility, and male side defects account for 

50% of infertility
[1,2]

. Two-thirds of infertile men  

have sperm production difficulties, including 

undescended testis, infections, heat, sperm antibodies, 

varicocele, drugs, or radiation damages
[3]

. Mammalian 

spermatogenesis is a unique and also a complex 

process and involves physiological, biochemical and 

morphological changes
[4]

. During spermatogenesis, 

histone replacement is occurred via histone-to-

protamine transformation
[5]

. On the other hand, histone 

tails can post-translationally be modified to promote  

the activation or the repression of their underlying 

genes
[6]

. Histones methylation and demethylation, 

especially for histone three (H3), are essential steps of 

successful spermatogenesis
[7-9]

. The most studied sites 

of histone tails already modified are lysines 4, 9, 27, 

36, and 79 of H3 and lysine 20 of H4
[10,11]

. In contrast, 

lysine-specific demethylase1 and Jumonji (Jmj)-C 

domain containing proteins are involved in the 

elimination of the methyl group of histones and could 

activate or silence the genes
[12]

.  

The Jmj-C domain containing proteins are composed 

of 44 proteins and grouped into four clusters; lysine-

specific demethylase 3 A (KDM3A) is a member of 
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cluster 2
[13,14]

. KDM3A (NG_047167.1) was first 

recognized in a testis c-DNA library and revealed that 

this protein is highly expressed in male germ  

cell
[15]

. KDM3A null mice showed up to 90% reduction 

in TNP1 mRNA level when compared with wild  

types; therefore, TNP1 is necessary for sperm 

maturation
[16,17]

.  

According to the catalogue of somatic mutations in 

cancer (COSMIC v85 database), missense substitution 

(69.49%), synonymous substitution (22.06%), and 

nonsense substitution (9.93%) are the most prevalent 

mutations detected for KDM3A
[18]

. All the 169 point-

mutations recorded in Cosmic v85 database are 

completely based on germ cell tumors, and no mutation 

has been documented for normal testis tissue. In this 

work, for the first time, the existence of KDM3A gene 

mutation was investigated in non-cancerous testis 

tissue of human infertile men to reveal any relationship 

between this gene and infertility.  

 
 

MATERIALS AND METHODS 

 

Patients 
The study was approved by the University of 

Isfahan, Isfahan, Iran. We obtained written informed 

consents from all patients, family members, and 

control subjects who participated in the study. Normal 

healthy fathers (n = 150) have participated voluntarily 

in this work. Semen and blood samples from 150 

infertile men were collected by Isfahan Fertility and 

Infertility Center following the institutional review 

board approval of Royan Institute (Tehran, Iran) and 

Isfahan Fertility and Infertility Center. The age of the 

infertile men ranged from 23 to 65 years. Detailed 

information of their life style, such as smoking, alcohol 

and drug use, exposure to physical or chemical agents 

during their work or life, surgical history, and family 

history were recorded in a standard questionnaire. 

 
Semen analysis 

Semen samples were analyzed according to WHO 

criteria. A number of factors were normally determined 

during semen analysis including semen volume (a 

measure of how much semen a man produces), sperm 

count (the number of sperms per ml of semen in one 

ejaculation), sperm motility (the percentage of sperms 

moving normally), sperm morphology (the percentage 

of sperms with a normal shape, tail, and head), and 

white blood cell count, though there were no blood 

cells in the semen. These men were then categorized 

into two groups: oligozoospermia and azoospermia. 

 

 

DNA extraction 

Genomic DNA was extracted from peripheral blood 

samples using salting-out protocol
[19]

. To detect 

mutations, we used polymerase chain reaction-single-

strand conformation polymorphism (PCR-SSCP) in 

conjunction with sequencing.   
 

PCR amplification 

Three sets of specific primers were designed using 

Oligo®5 for screening any mutation that might exist in 

each of the exons 12, 22, and 24. PCR was performed 

using 20 ng of template DNA, 250 pmol of each dNTP, 

5 pmol of each primer, 25 pmol of MgCl2, and 1U of 

Taq DNA polymerase in a final volume of 25 ml. For 

exon 13, the PCR reactions were carried out for 32 

cycles (denaturation at 94 °C for 1 min, annealing at 64 

°C for 1 min, and extension at 72 °C for 1 min) and 

finally 10 min at 72 °C. An initial denaturation of 4 

min at 94 °C was also considered for both exons. For 

exon 22, denaturation was at 94 °C for 1 min, 

annealing at 68.8 °C for 45 seconds, and extension at 

72 °C for 1 min and finally at 72 C for 10 min. For 

exon 25, included denaturation was at 94 °C for 1 min, 

annealing at 58.4 °C for 1 min, and extension at 72 °C 

for 1 min and finally at 72 °C for 10 min. An initial 

denaturation of 4 min at 94 C was also considered for 

all exons.  

Different sequence-tagged site (STS) primers were 

used in this study; their sequences are available from 

GenBank under the accession numbers: sY1161, 

G66148, sY1191, G73809, sY1291, G72340, sY1206, 

G68331, and sY1201. These primers were employed in 

three different multiplex-PCRs. The PCR conditions 

were almost similar to those used for the amplification 

of the exon 22, except for the annealing temperatures. 
 

SSCP and sequencing analysis 
Due to a very high accuracy in the determination of 

any mutation, SSCP was selected for mutation 

screening in the desired region of KDM3A gene
[20,21]

. 

Polyacrylamide gel electrophoresis was applied for 

analyzing the PCR products. Two separate stages were 

considered in this method, denaturing of PCR products 

and the electrophoresis of denatured products on non-

denaturing polyacrylamide gel with neutral pH. A 

volume of 10 µl of PCR product was mixed in a SSCP 

buffer (98% formamide, 10 mM of EDTA, 0.05% 

bromophenol blue, and 0.05% xylene cyanol), with 2:1 

ratio, kept at 95 °C for 10 min and immediately 

incubated on ice for 10 min. Optimal electrophoresis 

conditions were achieved after performing various 

optimizations.  The gel  was used at a concentration  

of  10%  (29 ml  of  milli-Q  H2O, 2.5 ml of Tris-aceta-  
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                     Table 1. Different primers that were used for mutation screening in exons 13, 22 and 25 KDM3A gene 

Exon Name Primer sequence 
PCR product 

(bp) 

12 
13-F 5'-GCTTCCCCTAGGTTACAATTCAACAAACAT-3' 

225 
13-R 5'-GTGTGGCTCAATAGTTGACATAGCTTCCTT-3' 

    

22 
22-F 5'-GGCAGCCTTTGTTGTCTTTTGTAAAACT-3' 

176 
22-R 5'-ACCCTACCTTCTTCTTGCTCACACTGTC-3' 

    

24 
25-F 5'-TCTAGGTATCAGAAGAGCAAGGTCAA-3' 

159 
25-R 5'-TAAACACCACATCCCCAAGAAA-3' 

  

 

EDTA 10, 5 ml of glycerol, 12.5 ml of 40% 

Acrylamide/Bis-acrylamide, 300 µl of 10% ammonium 

persulfate, and 32 µl of Tetramethylethylenediamine. 

The gel was then silver-stained and visualized.  

Samples with different SSCP patterns were PCR-

amplified  and sequenced (Sinaclone Company Tehran, 

Iran). The data were then analyzed using NCBI-

BLAST, a search tool that compares the sequenced 

variants with NCBI nucleotide collection database and 

is based on GRCh38.p12 Primary Assembly. 

 

 

RESULTS 

 

SSCP analysis 
In this work, 150 infertile men, including 60 

azoospermic and 90 oligozoospermia with non-

obstructive etiology, were studied. Specific PCR 

primers were designed to target exons 12, 22, and 24 

(Table 1).  

  All the PCR reactions and SSCP analysis were 

carried out in duplicate to assure the reproducibility of 

the results. All the observed SSCP patterns of exon 12 

were  similar  in  almost  all  the PCR products that had 

been obtained from different infertile patients and the 

control group. Two infertile patients showed altered 

SSCP patterns for this exon; the patterns were unique 

and obviously vary with the others (Fig. 1A). No 

mobility shifts in patters were seen among all the 

patients and controls. Altered SSCP patterns of exon 

24 were also observed among three infertile men, in 

comparison with other infertile and normal control 

individuals (Fig. 1B). 

 

Sequencing analysis 

Sequencing analysis coupled with BLAST-type 

homology search against human KDM3A gene 

(NG_047167.1) demonstrated a point mutation 

transversion C39339→A, related to amino acid at 

position 645 (NP_060903.2, proline to glutamine) in 

the exon 12 of two patients (Fig. 2). A single 

nucleotide (A) deletion was also detected at position 

55290,    which   was   associated   with   glutamine   at 

Position 1210 in the exon 24 in three infertile patients 

(Fig. 3). Since single nucleotide deletion changes the 

frame of the DNA and its coded protein, it can disturb 

the function and operation of the KDM3A protein. One 

of these patients had an infertile brother, and this 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. The study of mutations in exons 12 (A) and 24 (B) of KDM3A by SSCP. Lane C, healthy fertile person; lane M, DNA marker 

(100 bp); For A, lanes 1-4 and 6-8, infertile patients with no mutation; lane 5, infertile patient with mutation. For B, lane 1, the infertile 

patient with mutation, and lines 2-5 infertile patients with no mutation. 
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Fig. 2. Schematic representation of the mutated exon 12 according to the sequencing and NCBI gene graphics. Exon 12 point 

mutation transversion C39339→A related to proline 645 to glutamine substitution has been shown by sequencing analysis in two 

patients (A and B). Panel C illustrates the reference nucleotide from NCBI Reference Sequence Database. The arrows show the point 

of mutation according to sequence results. 
 

 

 

matter can reveal the important effects of this gene on 

infertility. Therefore, by further mutation screening on 

this gene and infertile family of these patients, it may 

be regarded as a new gene marker for men's infertility. 

DNA samples from fertile men were also subjected to 

sequencing as a control group (Fig. 4). BLAST 

analysis revealed 100% homology with KDM3A 

reference sequence NM_018433.5 indexed by NCBI 

(data not shown). 

 

Y chromosome microdeletions and partial 

azoospermia factors (AZF) deletions 

Individuals who did carry a mutation in the exon 12 

(two patients) and 24 (three patients) were studied in 

more details for the presence of Yq microdeletions by 

 

multiplex PCR (Fig. 5). Each of these five patients was 

separately tested using eight markers from the AZF 

loci by the following STS primers: AZFa (sY84), 

AZFb (sY87 and sY127), AZFc (sY254 and sY255 

sY153), As illustrated in Figure 5, no microdeletion 

was observed in these patients. The patients were also 

screened for partial AZFc deletions by another 

multiplex PCR using another set of STS primers: 

sY1291, sY1191, sY1201, and sY1161. Besides, one 

single PCR reaction, containing (STS) primer sY1206, 

was used to screen the partial deletion in the AZFc 

region. Finally, neither Y chromosome microdeletion 

nor partial AZF deletion was found in these five 

patients. The data from this part has partially been 

shown here (Fig. 5). 
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Fig. 3.  A single adenine nucleotide deletion at position 3956, related to amino acid at position 1211 in three infertile patients in 

exon 24 (A-C). Panel D illustrates the reference nucleotide from NCBI Reference Sequence Database. The arrows show the point of 

A-nucleotide deletion mutation according to sequence results. 
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Fig. 4.  Sequencing results of exon 12 (A) and exon 24 (B) using DNA of control individuals. The result indicated no differences 

with the NCBI, NM_018433.5 equivalent to Homo sapiens KDM3A. The arrows show the interest point of mutation according to 

sequence results. 

 

 

DISCUSSION 

 

A few single-gene defects that cause male infertility 

have been identified in humans, but the function and 

performance of the KDM3A gene in humans is still 

unclear. Thus, there is uncertainty over the role of 

KDM3A gene in the incidence of infertility in humans. 

A previous study on Loss-of-function mutation has 

indicated the necessity of KDM3A for mouse 

spermatogenesis
[17]

. Okada and co-workers
[17]

 

introduced a large deletion downstream of exon 10 to 

block the coding region of functional Jmj-C domain. 

The exon 10 downstream displayed that KDM3A 

regulates the expression of its specific target genes 

such as transition nuclear proteins and protamine. They 

also established that the deletion of KDM3A could lead 

to oligozoospermia and finally infertility. Further 

studies on KDM3A exons 21 and 22 have shown a 

decreased expression level of ACT (cAMP-response 

element modulator activator) in the testes of KDM3A 

null mice, and consequently, the expression levels of 

all ACT target genes, including Tnp1, Tnp2, Prm1, and 

Prm2, significantly reduced
[16]

.  

The results from our study demonstrated 91% 

similarity between mice and human KDM3A, using 

Clustal W1.83 software (data not shown here). As 

KDM3A is likely important for human fertility, 

introduction of any mutation in this gene could  

lead to infertility. Consequently, the existence  

of any mutation in KDM3A gene investigated  

in infertile men (azoospermia and oligozoospermia 

with more than 90% head abnormality) using  

PCR-SSCP. Oligozoospermic men were selected for 

the present investigation as KDM3A regulates the 

genes responsible for sperm condensation. 

Bioinformatics investigations have revealed that 

human KDM3A mRNA (NM_018433.5) contains 26 

exons, and the catalytic Jmj-C domain covers a  

region  composing  of  exons 21 and 22. Since Jmj-C is 
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Fig. 5. The results of multiplex PCR containing three markers sY153, sY127, and sY84. Lane 1, a normal healthy father (volunteer); 

lanes 2-6, different patients with mutation in their KDM3A gene; lane M, marker 100 bp. 
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considered as the functional domain, any mutation or 

deficiency in this domain or preceding exons might 

have impacts on this region and might lead to failure in 

proper protein function. In order to examine this 

hypothesis, we selected exon 22, as the first composer 

of Jmj-C, for screening any mutation that might 

influence on this functional domain. Exons 12 and 24 

were also chosen as candidates of preceding and 

following exons regarded to Jmj-C domain. In this 

study, we observed a point mutation (C33838→A) in 

exon 12 in two patients; both of them were 

oligozoospermia. This mutation results in a proline to 

glutamine (CAA) substitution. Our results also showed 

that both of the patients have only one copy of mutated 

allele, indicating a heterozygote situation (CA 

genotype). Furthermore, another mutation was detected 

in three infertile patients, two patients with 

azoospermia and one with oligozoospermia showing 

94% sperm head abnormality. This mutation was a 

single nucleotide deletion (A nucleotide) at position 

3956, related to amino acid at position 1211. Since the 

single nucleotide deletions are considered as a frame 

shift mutations, a very significant change in protein 

structure and function can be created by these types of 

mutations. On the other hand, this mutation was 

located after Jmj-C catalytic domain of KDM3A. It 

could be interesting if the mentioned mutation could 

make an impact on sperm maturation and 

condensation.  

As various Y chromosome microdeletions and partial 

AZF deletions are the main causes of male infertility, 

they were considered and studied here
[22-27]

. The five 

patients under study were subjected to further analysis 

by different multiplex PCR procedures. Here, SSCP 

was initially conducted on all patients. Then the 

possibility of Y chromosome microdeletions and 

partial AZF deletions were investigated. In this case, 

the presence of any mutation even in infertile patients 

who possess Y chromosome microdeletions and/or 

partial AZF deletion was also determined. 

Interestingly, neither Y chromosome microdeletion nor 

partial AZF deletion was found in these five patients. 

One of these patients has an infertile brother. In a 

similar work, Bashamboo  et al.
[28]

 sequenced NR5A1 

in 315 men with idiopathic spermatogenic failure in 

order to test the hypothesis that mutations in NR5A1 

gene cause male infertility. They identified missense 

mutations in seven men with severe spermatogenic 

failure, but they did not observe these mutations in the 

entire coding sequence of 359 normospermic men and 

370 fertile male controls. 

Here, we demonstrated that heterozygous mutations 

in KDM3A are associated with severe spermatogenic 

failure in otherwise healthy men. In an analysis of 150 

men seeking infertility treatment because of 

spermatogenic failure, we identified the same 

heterozygous missense mutations in two patients, and 

an identical deletion mutation in three patients, the 

former one in proceeding domain and the later one 

(deletion) in the area located after Jmj-C domain of the 

protein. Using in silico PolyPhen-2 software, we found 

that the P645Q missense mutation is predicted to be 

probably damaged with a score of 0.999 (sensitivity of 

0.14 and specificity of 0.99). Each of the mutant 

proteins presumably fails to transactivate gonadal 

promoters optimally. These mutations may be the 

reason for infertility in these five patients. Since this 

gene contains many other exons, the existence of any 

mutation in the other part of this gene remains to be 

screened. Further molecular genetics studies are 

required to be carried out in order to practically 

confirm the association of the KDM3A gene with male 

infertility. Since, this gene is located on chromosome 

number 2; it could be transferred to all offspring's gene 

pool, regardless of their gender. Therefore, it is 

recommended for infertile couples to investigate the 

existence of these mutations in KDM3A gene prior to 

intracytoplasmic sperm injection or other treatments, in 

order to prevent its transmission to successive 

generations. 
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