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ORIGINAL ARTICLE

Relation between sperm protamine transcripts with global sperm DNA
methylation and sperm DNA methyltransferases mRNA in men with severe
sperm abnormalities

Tahereh Rahiminiaa, Ehsan Farashahi Yazdb, Saeed Ghasemi-Esmailabadc and Ali Reza Talebic

aGametogenesis Research Center, Fertility and Infertility Center, Kashan University of Medical Sciences, Kashan, Iran; bStem Cell
Biology Research Center Research and Clinical Center for Infertility, Shahid Sadoughi University of Medical Sciences, Yazd, Iran;
cResearch and Clinical Center for Infertility, Shahid Sadoughi University of Medical Sciences, Yazd, Iran

ABSTRACT
This study aimed to evaluate the relationship between mRNA expression of DNA methyltransfer-
ases (DNMTs) such as DNMT1, DNMT3A and DNMT3B mRNA and sperm global DNA methylation
with protamine transcripts in the sperm from men with severe sperm abnormalities. Sperm from
each semen sample were isolated using a standard gradient isolation procedure by layering
1mL of 40% (v/v) density gradient medium over 1mL of 80% (v/v). A total of 30 oligoastheno-
teratozoospermic ejaculates (OAT) and 30 normozoospermic ejaculates as controls were com-
pared using real-time quantitative reverse transcriptase polymerase chain reaction for mRNA
expression of DNMT1, 3A, 3B, protamine1 (P1) and protamine2 (P2). The enzyme-linked
immunosorbent assay was used to detect global DNA methylation in sperm. A p-value of <0.05
was considered statistically significant. In OAT ejaculates, the increased level of DNMT3A, 3B
mRNA, sperm global methylation, P1 plus P2 mRNA and decrease of P1–P2 ratio were signifi-
cantly different. Also the content of protamine transcript was not correlated with sperm parame-
ters. The increased total protamine transcript levels were associated with increased mRNA
methyltransferases. The increase of DNMT1 may lead to an increased level of global
methylation.
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Introduction

During spermiogenesis, sperm chromatin undergoes
substantial compaction (Montjean et al., 2012). In an
elongating spermatid, the protamine protein replaces
the transition proteins leading to DNA stability as well
as transcriptional quiescence (Talbert & Henikoff,
2010). Various studies have described altered protam-
ine1 (P1) to protamine 2 (P2) ratios in the sperm from
infertile men. Some studies reported elevated P1:P2
ratios (Hammadeh, Hamad, Montenarh, & Fischer-
Hammadeh, 2010; Nanassy, Liu, Griffin, & Carrell,
2011), and even the complete absence of P2 (Imken
et al., 2009). However, the P1 plus P2 mRNA as the
total protamine transcript content and the relation to
male infertility were not mentioned.

Regarding the important role of protamine for
proper sperm chromatin integrity and the relationship
to epigenetic reprogramming in sperm, the detection
of 5-methylcytosine (5-mC) has also been suggested
for evaluating DNA methylation (Consales et al., 2014).

DNA methylation is produced by DNA methyltransfer-
ases (DNMTs) and due to its catalytic preference for
hemimethylated DNA, DNMT1 is considered to act as
the maintenance methyltransferase (Fatemi, Hermann,
Gowher, & Jeltsch, 2002; Hirasawa et al., 2008).
DNMT3A and DNMT3B are essential for de novo
methylation, which establish paternal imprints and
regulate normal spermatogenesis and sperm matur-
ation (Jones, 2012).

The DNA methylation profile in sperm from normo-
zoospermic men and isolated by discontinuous density
gradients have been shown to be decreased com-
pared with unprocessed samples (Yu et al., 2015).
Others, however, showed that there was no relation-
ship between global methylation and sperm quality
(Olszewska et al., 2017). In this regard, the results of
the study by Montjean et al. (2015) showed that the
level of global methylation of sperm DNA is signifi-
cantly lower in oligozoospermia (Montjean et al.,
2015). It is noted that global sperm DNA methylation
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was strongly associated with fertilization rate and
embryo quality following assisted reproductive tech-
nology (Barzideh, Scott, & Aitken, 2013; Houshdaran
et al., 2007). However, it is not clear whether the
sperm quality in infertile men is associated with hyper-
methylation (Dhillon, Shahid, & Husain, 2007; Wu
et al., 2010) or hypomethylation (Houshdaran et al.,
2007; Tunc & Tremellen, 2009).

Aoki, Emery, and Carrell (2006) showed that there is
no significant relationship between sperm protamine
ratio and DNA global methylation (Aoki, Emery, &
Carrell, 2006). Similarly, Bahreinian et al. (2015) also
found no relationship between sperm protamine defi-
ciency and global methylation. Hence, as mentioned
earlier, the reports of global DNA methylation related
to sperm quality and protamine are contradictory. We
also found an absence of evidence for the relationship
between DNMT1, 3A and 3B mRNA with sperm pro-
tamine transcripts. Therefore, this study aimed to
evaluate the relationship between protamine tran-
scripts content in terms of protamine transcripts ratio
and total protamine transcripts with sperm global
DNA methylation, DNMT1, 3A and 3B mRNA expres-
sion in a population of infertile men with severe
sperm disorders.

Materials and methods

Study participants

Study participants were those seeking treatment for
infertility and referred to the Research and Clinical
Center for Infertility. The participants gave informed
consent in accordance with the Helsinki Declaration of
1975 on human experimentation and all procedures
were approved by the Ethics Committee for Clinical
Research for Infertility in Yazd (Ref:
IRCT201507285261N2). Inclusion criteria were the fol-
lowing: (i) age 25–40 years; (ii) sperm concentration
7–14 million/mL; (iii) total motility <40%; and (iv) nor-
mal morphology <4%. Semen samples from 30 indi-
viduals with oligoasthenoteratozoospermic (OAT)
ejaculates as well as normoazoospermic ejaculates
from 30 other men were used as a control.

Semen collection and determination of
sperm parameters

Semen samples from patients were collected into ster-
ile vessels by masturbation after 2–7 days of sexual
abstinence. Samples were liquefied for at least 30min
at room temperature. Semen analysis was performed
according to strict criteria according to WHO (2010).

For the assessment of sperm morphology, a 10-mL
prepared sperm aliquot smear was dried at room tem-
perature and stained with toluidine blue (Zini &
Agarwal, 2011). A total of 200 spermatozoa were
counted at 100� magnification. Sperm viability in
fresh and thawed samples was determined using the
eosin-nigrosin staining technique. Five microlitre of
prepared sperm was mixed with 5 lL of eosin–nigrosin
stain on a glass slide and assayed using a light micro-
scope to determine the percentage of live sperm. At
least 200 spermatozoa were assessed for each sample.
The white or unstained sperm were classified as live
and pink or red sperm were considered dead.

Sperm preparation by discontinuous
density gradients

Density gradients were used in order to eliminate
non-sperm cells and other debris from samples
(Houshdaran et al., 2007; Rogenhofer et al., 2013).
Briefly, sperm from each sample were isolated and
purified using a standard gradient isolation procedure
according to WHO (2010). The density gradient
medium (In Vitro, Fredensborg, Denmark) was pre-
pared in a 15-mL test tube by layering 1mL of 40%
(v/v) over 1mL of 80% (v/v). About 1mL of each well-
mixed semen sample was placed on top of the density
gradient media and then centrifuged at 1200g for
15min. Most of the supernatant was removed from
the sperm pellet, which was then resuspended in 5mL
of Hams f10 medium by gentle pipetting. The sepa-
rated sperm pellet was centrifuged twice at 1200g and
the sperm pellet was then resuspended in 0.5mL of
PBS. To avoid somatic cell contamination, the proc-
essed sperm were examined under light microscopy.
Purification using a standard gradient isolation proced-
ure was repeated if there was a somatic cell in the
specimen. The specimen was then stored at �80 �C.
RNA and sperm DNA were isolated from the same
sample aliquot.

Global DNA methylation analysis

Global DNA methylation analysis was conducted using
a 5-mC DNA ELISA Kit Catalog Nos. D5326 (ZYMO
RESEARCH CORP., USA). Briefly, 100 ng of isolated
denatured (single-stranded) sperm DNA from selected
samples was dissolved with 5-mC Coating Buffer and
incubated at 37 �C for 1 h. After discarding and wash-
ing each well three times with 200ll of 5-mC ELISA
Buffer, the samples were incubated at 37 �C for
30min. Anti-5-methylcytosine and secondary antibody
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in 5-mC ELISA Buffer was added and incubated at
37 �C for 1 h. After washing the wells, HRP
(Horseradish Peroxidase) Developer was added to each
well and the colour allowed to develop for 20min at
room temperature. The absorbance was measured at
450 nm using an ELISA plate reader (star fax-2100,
Awareness Technology, Palm City, FL). A standard
curve was generated using negative and positive
internal controls on the same plate using different
dilutions. The negative control was unmethylated DNA
containing no 5-methylcytosine, whereas the positive
control was methylated DNA containing 5% of 5-
methylcytosine. The global methylation of each sam-
ple was conducted in duplicate and the final value
was the average.

Human sperm RNA extraction

A suspension of 1� 106 sperm in a PBS buffer was
used. The total RNA was isolated from the sperm pel-
let of each subject using the RNeasy Plus Universal
Mini Kit (Qiagen, Valencia, CA) according to the manu-
facturer’s protocol. The RNA concentration was meas-
ured using a NanoDrop spectrophotometer (Thermo
Scientific, 2000c, Waltham, MA). Regarding the extrac-
tion of RNA, the expected concentration of a sperm is
50 fg. Therefore, in a volume of 30lL, each sample
will be 1.5–2 ng. Our results also corresponded to the
same amount. RNA integrity number (RIN) was meas-
ured using the 28S to 18S rRNA ratio. The RIN of more
than 50% of gradient separated sperm RNA was 1.
After RNA normalization for each sample, the comple-
mentary DNA (cDNA) was prepared.

Quantitative real-time reverse
transcription–polymerase chain reaction
(qRT-PCR)

Approximately 100 ng RNA was reverse-transcribed
into cDNA using RevertAid First Strand cDNA
Synthesis kit (Thermo Scientific, Loughborough, UK).
The quantitative polymerase chain reaction (PCR) was
performed using Fast SYBRVR Green Master Mix, Applied
Biosystems (Foster City, CA). Briefly, 100 ng cDNA per

sample was used for amplification of target genes
with the primers of human genes; P1, P2, DNMT1,
DNMT3A and DNMT3B (Table 1). Using a thermal
cycler (step one, Applied Biosystems, Foster City, CA),
the thermal cycling programme included an initial
incubation at 95 �C for 20 s, followed by 40 cycles of
95 �C for 3 s and 58 �C for 30 s. A final 58–95 �C step
was used to form the melt curve. Values recorded for
quantification were the fractional cycle numbers for
which the background-corrected amplification curves
crossed a threshold value. The threshold value was set
within the log-linear phase of the amplification curves.
Two replicates of each reaction were performed, and
the CT values were averaged. The 2_DCT was calcu-
lated to represent the levels of gene expression after
normalization to that of B2M (beta-2-microglobulin),
where DCT ¼ (CTgenes�CT B2M). The specificity of
amplified products was confirmed by gel electrophor-
esis as well as the melting curve. Each sample was
conducted in duplicate.

Statistical analysis

Non-parametric Mann–Whitney test was used to ana-
lyze differences in sperm parameters, mRNA expres-
sion and global DNA methylation between two study
groups. Spearman’s test was used to calculate correla-
tions. All analyses were performed using PASW
Statistics 18 (SPSS, Chicago, IL). A p value <0.05 was
considered statistically significant.

Results

Values for sperm concentration, progressive motility,
non-progressive motility, immotility, normal morph-
ology and viability were significantly different
(p< 0.001) between OAT and normozoospermic (con-
trol) ejaculates (Table 2). The mRNA expression of P1,
P2 and P1 plus P2 as the total protamine transcripts
was significantly higher in OAT. However, the P1 to P2
mRNA as the protamine ratio was significantly lower
(p< 0.04) in OAT (0.27) compared with the control
group (0.51). The median of global DNA methylation
was 3.1% in OAT compared with 2.0% in the control

Table 1. Primer sequence, sequence amplified and product size of study genes.
Gene Primer sequence (5’–3’) Sequence amplified Product size (bp)

P1 F-AGAGCCGGAGCAGATATTACC R-TCTACATCGCGGTCTGTACCT NM_002761.2 119
P2 F-ATCCACAGGCGGCAGCATCG R-TTCCAGCTGGGGGTGAGGGG NM_002762.3 144
DNMT1 F-TGGACGACCCTGACCTCAAAT R-GCTTACAGTACACACTGAAGCA NM_001318731.1 168
DNMT3A F-TATTGATGAGCGCACAAGAGAG R-GGGTGTTCCAGGGTAACATTGAG NM_001320893.1 111
DNMT3B F-GGCAAGTTCTCCGAG GTCTCTG R-TGGTACATGGCTTTTCGAAGGA NM_001207056.1 113
B2M F-AGATGAGTATGCCTGCCGTG R-TGCGGCATCTTCAAACCTC NM_004048.2 106

Key: F: forward; R: reverse; B2M: beta-2-microglobulin.
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group (p< 0.001). The mRNA expression of DNMT1
was not statistically different between the two groups.
However, the mRNA expressions of DNMT3A and
DNMT3B were significantly higher in OAT compared to
the control (p¼ 0.04, p¼ 0.03, respectively) (Table 2).
In OAT, neither the total protamine content nor the
ratio was related to sperm parameters. However, in
the control group, P1 plus P2 mRNA was significantly
negatively correlated to sperm progressive motility
(Table 3). In the two study groups, the total protamine
transcripts showed high correlation with DNMT3A and
3B mRNA. Moreover, the DNMT1 transcript was associ-
ated with total protamine transcripts in OAT (Table 4).
In OAT, DNMT1 mRNA was related to DNMT3A, 3B
transcripts and global DNA methylation (Table 5).

Discussion

This study evaluated the protamine transcript content
in relation to sperm global DNA methylation, DNMTs
expression in sperm from OAT and normozoospermic
ejaculates. We detected that P1 and P2 transcripts
were significantly higher in OAT which is in agreement
with Aoki, Liu, and Carrell (2005) who noted the reten-
tion of these transcripts in spermatogenesis impair-
ment. However, we showed P1 to P2 mRNA was
significantly lower in sperm from OAT ejaculates com-
pared to those from normozoospermic ones. In OAT
sperm, it seemed that P1 was less expressed than P2.
Some findings showed that abnormally increased P1
and P2 mRNA retention appears to be associated with
diminished P1 protein concentration. A significant
negative relationship between P1 mRNA levels and
the aberrant P1 to P2 protein ratio was identified
(Aoki, Liu, & Carrell, 2006; Ni et al., 2014). In a study in
patients with an abnormally low ratio of P1 to P2 pro-
tein, there was a significant increase in P1 and P2
transcript retention (Aoki, Liu, et al., 2006).

In sperm from OAT, we observed that protamine
mRNA content was not associated with sperm parame-
ters. Data from Mengual, Ballesc�a, Ascaso, and Oliva
(2003) showed no significant relationship between
progressive sperm motility and protamine ratio in a
group of oligoasthenospermic men (Mengual, Ballesc�a,
Ascaso, & Oliva, 2003). In contrast, Rogenhofer et al.
(2013) showed a significant relationship between the
ratio of protamine mRNA with motility and morph-
ology of sperm (Rogenhofer et al., 2013). Data from
Depa-Martynow, Kempisty, Jagodzi�nski, Pawelczyk, and
Jedrzejczak (2012) also showed a significant correl-
ation between protamine mRNA and sperm progres-
sive motility in 92 infertile couples (Depa-Martynow
et al., 2012).

We showed that global DNA methylation was
higher in sperm from OAT ejaculates compared to
those from normozoospermic ones. Other studies
showed that global hypermethylation status of the
DNA was characterized by poor-quality spermatozoa.
Hypermethylation was visualized by an anti-5-methyl-
cytosine antibody randomly distributed throughout
the chromatin (Barzideh et al., 2013). Moreover, a sig-
nificant hypermethylation was detected in poor sperm
population which accords with a large number of sin-
gle-gene studies in specific genomic loci in cases of
male infertility (Hammoud, Purwar, Pflueger, Cairns, &
Carrell, 2010; Ouko et al., 2009; Urdinguio et al., 2015).

The DNMT3A and 3B transcripts were high in OAT
sperm, which suggests a failure of the impaired sperm
to obtain the proper methylation level. In a compar-
able study, an increased level of DNMT3A enzyme was
detected in impaired testicular samples (Adiga et al.,
2011). DNA methylation analyses suggested that there
were alterations in specific location patterns in the
human genome (Yu et al., 2015). These changes in the
methylation pattern largely occurred in transcriptional

Table 2. Comparing different variables in control and OAT ejaculates.
Control group median
(minimum, maximum)

OAT group median
(minimum, maximum) p Value

Sperm concentration (�106 per ml) 138.0 (50.0, 150.0) 10.0 (9.9, 12.0) <0.001
Progressive motility (%) 46.0 (42.0, 51.9) 25.0 (15.0, 30.0) <0.001
Non-progressive motility (%) 17.0 (14.0, 22.0) 11.5 (6.5, 16.0) <0.001
Immotile (%) 35.0 (28.6, 39.0) 83.0 (66.0, 90.0) <0.001
Normal morphology (%) 15.0 (12.0, 17.7) 1.0 (0.6, 1.4) <0.001
Viability (%) 70.0 (64.0, 74.0) 50.0 (47.0, 57.0) <0.001
Global DNA methylation% 2.0 (1.7, 2.55) 3.1 (2.9, 3.8) <0.001
P1mRNA 0.0321 (�0.299, 0.31) 6.4 (2.2, 9.5) <0.001
P2mRNA 0.12 (�0.57, 2.24) 12.9 (3.9, 39) <0.001
P1plusP2 mRNA 0.156 (�0.8, 6.5) 20.7 (7.3, 47.7) <0.001
P1toP2 mRNA 0.51 (0.43, 0.74) 0.27 (0.19, 0.52) 0.04
DNMT1 mRNA 0.046 (0.16, 0.49) 0.058 (0.04, 0.09) 0.92
DNMT3A mRNA 0.004 (0.005, 0.039) 0.06 (0.04, 0.12) 0.04
DNMT3B mRNA 0.016 (0.01, 0.03) 0.12 (0.09, 0.17) 0.03

Key: The Mann–Whitney U test was done. OAT: oligoasthenoteratozoospermia. A p value< 0.05 was considered statistically significant.

4 T. RAHIMINIA ET AL.



factor to inhibit proper gene expression during sperm-
atogenesis (Pedersen & Helin, 2010).

Abnormal replacement of protamine and the over-
all decrease in the sperm quality may be due to tran-
scriptional and translation incompatibility system by
aberrant methylation (Carrell, Emery, & Hammoud,
2008). The aberrant methylation level in chromatin
may affect the transcription of other genes involved in
protamine translation. In OAT sperm, the content of
protamine transcript was not correlated with sperm
parameters. However, by increasing the total protam-
ine transcript levels, the methyltransferases mRNA also
increased. Also, by increasing DNMT1, the high level
of global methylation occurred.
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Table 3. The correlation of P1 to P2 mRNA ratio and P1plusP2 mRNA with different sperm parameters in
control and OAT groups.

Sperm
concentration
(�106 per ml)

Progressive
motility (%)

Non-
progressive
motility (%) Immotility (%)

Normal
morphology

(%) Viability (%)

Control
group

P1plusP2mRNA 0.134 �0.385 0.267 0.252 0.177 �0.354
0.480 0.036 0.154 0.179 0.350 0.055

P1toP2 mRNA �0.230 �0.132 �0.291 0.290 �0.519 �0.245
0.239 0.504 0.133 0.134 0.005 0.209

OAT
group

P1plusP2
mRNA

�0.208 �0.147 �0.053 0.097 �0.125 0.137
0.289 0.456 0.789 0.625 0.525 0.487

P1toP2 mRNA 0.186 �0.015 �0.023 0.137 �0.100 0.199
0.325 0.936 0.906 0.470 0.600 0.292

Key: In each cell the upper data is the r value and the lower data the p value. A p value of < 0.05 was considered statistically
significant.

Table 4. The correlation of P1 to P2 mRNA ratio and P1plusP2 mRNA with different sperm parameters in control
and OAT ejaculates.

% global
DNA

methylation P1mRNA P2mRNA DNMT1 mRNA DNMT3A mRNA DNMT3B mRNA

Control group P1toP2 mRNA �0.177 0.181 �0.265 0.139 �0.278 �0.050
0.368 0.357 0.174 0.480 0.161 0.805

P1plusP2 mRNA �0.263 0.884 0.968 0.004 0.711 0.576
0.161 <0.001 <0.001 0.982 <0.001 0.001

OAT group P1toP2 mRNA �0.075 0.108 �0.184 �0.236 �0.158 �0.214
0.692 0.571 0.331 0.209 0.405 0.255

P1plusP2 mRNA �0.137 0.931 0.994 0.502 0.481 0.647
0.487 <0.001 <0.001 0.006 0.010 <0.001

Key: In each cell the upper data is the r value and the lower data the p value. A p value of < 0.05 was considered statistically
significant.

Table 5. The correlation of different DNA methytransferase transcripts with global DNA
methylation in sperm from OAT and normozoospermic ejaculates.

DNMT1mRNA DNMT3AmRNA DNMT3BmRNA % global DNA methylation

control group DNMT1
mRNA

0.114 �0.303 0.159
– 0.555 0.111 0.401

DNMT3A
mRNA

0.620 �0.111
– – <0.001 0.568

DNMT3B
mRNA

�0.089
– – – 0.645

OAT DNMT1
mRNA

0.689 0.736 0.381
– <0.001 <0.001 0.038

DNMT3A
mRNA

0.724 0.338
– – <0.001 0.06

DNMT3B
mRNA

0.210
– – – 0.266

Key: In each cell the upper data is the r value and the lower data the p value. A p value of <0.05 was con-
sidered statistically significant.
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