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ABSTRACT

Objective: Almost half of infertility is related to male factors. Although the effect of genetic factors on male
infertility is identified, about 30%-50% still has no proven cause and is classified as idiopathic infertility.
This study was performed to investigate the correlation of some single nucleotide polymorphisms of PYGO2,
DAZL, PRM1, and PRM?2 genes with male infertility in idiopathic cases among the Iranian population.

Material and methods: In this case-control study, 120 idiopathic azoospermia or severe oligospermia
patients in the range of 25-45 years and 120 fertile men in the same age range were recruited as case and
control groups, respectively. Eight different single nucleotide polymorphisms including PRM1 rs737008,
PRM1 rs423668, PRM?2 rs1646022, PRM?2 rs11645592, PYGO?2 rs141722381, PYGO2rs61758741, DAZL
rs75931701, and DAZL rs188506466 were genotyped by using amplification-refractory mutation system
polymerase chain reaction methods. Hardy-Weinberg was calculated by using online website. Statistical
Package for Social Sciences software was applied for statistical analysis. P value <.05 was considered sig-
nificant. Thirty percent of the samples were regenotyped to confirm the obtained results.

Results: The obtained results showed a significant correlation between PYGO2 rs141722381 in the heterozy-
gote form (odds ratio: 2.803, 95% CI: 1.397-5.626). Heterozygote over-dominance was also observed in this
variant (odds ratio: 2.637, 95%CI: 1.321-5.264). There was no significant association between other studied
single nucleotide polymorphisms and male infertility.

Conclusion: This study proposed a novel single nucleotide polymorphism as a predisposition of male infer-
tility among the Iranian population, but more studies in larger populations are needed to confirm the results.

Keywords: Male infertility, DAZL, PYGO2, PRM1, PRM2

Introduction may play an important role in spermatogenesis

defects and male infertility.>* Pygo2, DAZL,

Male infertility affects about 7% of the male
population, a figure that is increasing.! Male
infertility is usually associated with decreased
sperm count.” The role of genetic factors in male
infertility is well-known, such as Klinefelter
syndrome, Y-chromosome microdeletions, and
cystic fibrosis. Genetic factors are reported in
about 4% of infertile men, but the vast majority
of infertility in men (50%-60%) have no dis-
tinct causes yet and are classified as idiopathic
infertility.! The sperm production process
which is called spermatogenesis is a complex
process involving spermatogonia stem cell pro-
liferation, meiosis, and spermatid differentia-
tion. Genetic diversity involved in this process

and PRM1 are some genes involved in sper-
matogenesis which are reported to play the
main role in male infertility.’ Human PYGO2
protein is localized in the nucleus and com-
posed of 2 domains: the zing finger motif
(PHD) and the N-terminal homology domain
(NHD).® PYGO2 acts as a co-activator of the
Wnt pathway. N-terminal homology domain of
this gene, with the help of beta-catenin, BCL9,
and LEF/TCF transcription factors, forms the
transcription complex and leads to the expres-
sion of some specific target genes.” N-terminal
homology domain also plays an important role
in histone methylation.® Pygo2 gene is located
on chromosome 1q21.3 and is expressed
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during sperm chromatin remodeling.’ The effects of pygo2 tar-
geted mutations in mice have shown that the limited activity of
pygo2 during spermatogenesis leads to a selective decrease in
the expression of essential post-meiotic genes for chromatin
condensation including protamine (P1 and P2), transfer protein
2 (TNP2), and Hlfnt genes which may lead to infertility.'® It
has also been shown that decreased pygo2 activity in elongated
spermatids leads to disruption of histone H3 acetylation suggest-
ing that pygo2 recruit HAT facilitates H3 acetylation and further
histone-to-protamine transitions.'"!

DNA in the sperm head is highly compacted, which is vital to
maintain the hydrodynamic shape of the sperm and the genom-
ics integrity.!* At the last stage of the spermatogenesis process,
histones are replaced with protamines to provide this level of
chromatin condensation.!* There are 2 types of protamines
(PRM1 and PRM?2) in humans that are located on chromosome
16.5 PRMs are highly basic and rich in arginine residue, which
provides strong bindings to negatively charged DNA.'S More
than 20 single nucleotide polymorphisms (SNPs) are reported
in PRM1 and PRM2 genes."” Various studies have reported an
association between PRM2 and male infertility.'® Jiang et al'®
released a report indicating PRM?2 rs1646022 polymorphisms
and the risk of male infertility. Iguchi et al' have reported a
correlation of PRM1 c.197G>T polymorphism and male infer-
tility. It was also suggested that PRMI c.-190C>A polymor-
phism may lead to male infertility due to abnormal sperm
morphology.?

Another gene that plays an important role in spermatogenesis
is DAZL. DAZL is expressed in primordial germ cells (PGCs)?*!
and produces an RNA-binding protein that controls the growth,
differentiation, and maturation of germ cells.?> DAZL protein
acts as an activator of transcription and is present in the nucleus

e About 15% of couples have infertility, a health problem that is
increasing globally.

e Male factors contribute 40%-60% of cases of infertility.
Genetic factors are reported in about 4% of infertile men, but
the vast majority of infertility in men (50%-60%) have no dis-
tinct causes yet and are classified as idiopathic infertility.

e Genetic diversity involved in spermatogenesis process may
play an important role in sperm production defects and male
infertility.

» Investigating the association of single nucleotide polymor-
phisms of the key genes involved in this process is one of the
most exciting areas of male infertility research worldwide.

e The obtained results can be used by urologists in infertility
treatment centers as a predisposition for male infertility in
idiopathic cases.

of gonocytes and spermatogonia.” Lin et al® reported that dazl
transcripts were lower in the testes of azoospermia cases than
in fertile men. Also, it is suggested that approximately 10% of
patients with azoospermia and oligospermia show deletion in
the DAZ family gene.*

In this study, we tried to find the association of some SNPs of
PYGO2, PRM1, PRM2, and DAZL genes with male infertility.
Single nucleotide polymorphisms were selected for the study
which lead to a stop codon or missenses that alter the nature of
the amino acids which in turn can produce truncated proteins or
proteins with improper function.

Materials and Methods

In this case—control study, the association of the studied SNPs
and their majority or minority effect on male infertility was
investigated to identify biomarkers that can be used for diagno-
sis and prognosis of male infertility in medical centers.

Participants: A total of 120 case samples were selected among
infertile men referred to the assisted reproductive technology
center of the Valiasr Hospital (Tabriz, Iran) between 2019 and
2020. Control subjects were 120 fertile healthy men with normal
spermogram who had at least 1 child at the time of study. All the
participants were in the range of 30-45 years old. Case samples
were idiopathic azoospermia or oligospermia. To exclude sam-
ples that have a possible cause, all cases were subjected to phys-
ical examination, and necessary hormonal (Follicle-stimulating
hormone (FSH), Thyroid stimulating hormone (TSH), luteiniz-
ing hormone (LH), testosterone, and prolactin) and genetic tests
(karyotyping and microdeletions of Y chromosome, CFTR, etc.)
were taken. Semen analysis was performed twice for all par-
ticipants using microscopic methods and according to World
Health Organization criteria (WHO, 2010). The sperm count
of infertile patients was <5x10°. All the parameters for control
subjects were in the normal range.

Sample size influences random sampling error. In order to con-
trol type I and type II errors, the sample size was obtained using
the statistical sample size calculation formula.?® The ratio of the
case to control (r) was considered 1. The P value was consid-
ered similar to the standard deviation (0.29). The probability of
exposure in case (P2) and control groups (P1) was 0.38 and 0.2,
respectively. The minimum sample size was 100 individuals, but
more (120) were recruited to increase power calculation.

Ethical Considerations

This study has been carried out in compliance with all the rules
and instructions related to medical research in Iran. Written
consent was obtained from all participants in this project. The
project was approved by the Science and Research Branch of
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Tehran’s Islamic Azad University Ethical Committee (IR.IAU.
SRB.REC.1398.001). STORBE guidelines were followed in this
study.

DNA Extraction: 3 mL of venous blood was collected from
all participants in the ethylenediaminetetraacetic acid (EDTA)
containing venoject tubes. DNA was extracted using PCR Bio
Rapid Extract kit (PCR Biosystems, London, N6 4ER, UK). The
yield and purity of DNA samples (OD 260/280) were measured
by using a nanodrop (Denovix Ds-11 spectrophotometer).

Genotyping: Amplification refractory mutation system method
was used for genotyping the studied polymorphisms. Primers
were designed by Primer 3 software. Oligoanalyzer and primer
blast softwares were used to check the quality and specificity of
the primers. Polymerase chain reaction products were visualized
on 2% agarose gel electrophoresis by using Novel juice stain

(Cat.No.LD001-1000). The obtained results were confirmed by
regenotyping 30% of samples.

Primers and Cycling Condition: Polymerase chain reaction
was performed in a final volume of 25 puL. Ready to use master-
mix (PCR Biosystems Ltd) was used to amplify the target gene.
Cycling condition for all the reactions was 95°C for 5 minutes
for the first cycle, followed by denaturation at 94°C for 45 sec-
onds, annealing temperature according to optimum Tm of each
reaction (Table 1) for 40 seconds, extension at 72°C for 40 sec-
onds for 29-30 cycle and then final extension at 72°C for 7 min-
utes. The sequence of primers is summarized in Table 1.

Statistical Analysis

In order to find a significant difference between the case and
control groups in relation to each of the studied SNPs, minor
allele frequencies (MAFs) were estimated by using excel soft-
ware and compared between the 2 groups.

Table 1. Sequence of Primers and Annealing Temperatures

Primer Type Primer Sequence Annealing Tm (°C) Product Size (bp)
PRM1 rs737008G>A 55.5°C for 45 seconds 189
Wild type forward primer 5-AACGCTGTCACCATTGTCG-3"

Mutant type forward primer 5"-GAACGCTGTCACCATTGTCA-3"

Common reverse primer 5-TCTTCTTGGTGCATTGTGG-3"

PRM1 rs423668 C>T 58.5°C for 45 seconds 193
Wild type forward primer 5°- TTAGCCAGGTGTGGTGGC-3"

Mutant type forward primer 5°- TTAGCCAGGTGTGGTGGT-3"

Common reverse primer 5"- ACAGTTGTCACGCTGGGTTT-3"

PRM2 rs1646022 CG 55°C for 30 seconds 171
Wild type forward primer 5’- GGGTGGTCAGGGACATAC- 3’

Mutant type forward primer 5’- GGGTGGTCAGGGACATAG-3’

Common reverse primer 5’- GGCCAGTCTCACTATAGGC-3’

PRM2 rs11645592 G>A 56°C for 30 seconds

Wild type reverse primer 5-GGAGCAGATGACTATTTTGGAG-3’

Mutant type reverse primer 5-GGAGCAGATGACTATTTTGGAA-3’

Common forward primer 57- CATTCCTCACTCTTACAATCCTC-3’

PYGO2 rs141722381 T>A 56°C for 40 seconds 233
Wild type forward primer 5- CCAGGAAAGGGACTTGTGT-3"

Mutant type forward primer 5’- CCAGGAAAGGGACTTGTGA-3"

Common reverse primer 57- CAGCCTCTGGGTCAAAACTT-3"

PYGO2 rs61758741 T>C 57°C for 40 seconds 171
Wild type forward primer 57- CAG GTG GAT TCA AGG GCT T- 37

Mutant type forward primer 57- CAG GTG GAT TCA AGG GCT C-3”

Common reverse primer 5- CTC TGT CCC AAC GAT TTG CT-3°

DAZL rs75931701 T>G 55°C for 35 seconds 218
Wild type forward primer 5- ACGTGGCTAGAGTTCAGAT-3"

Mutant type forward primer 5"-ACGTGGCTAGAGTTCAGAG-3~

Common reverse primer 5"-TTGTCACATCATCGAACCTT-3"

DAZL rs188506466 G>A 59.5°C for 45 seconds 549
Wild type forward primer 5-TGTGGGCCATTTCCAGAGGG-3~

Mutant type forward primer
Common reverse primer

5"-TGTGGGCCATTTCCAGAGGA-3~
5-CTCTGCCTCTGGCTTTACCA-3*
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To determine the statistical analysis pattern, Hardy Weinberg’s
equilibrium (HWE) and chi-square were calculated. Obtained
x? was compared with standard statistical table (3.8). If it was
smaller than 3.8, the group is in HWE otherwise HWE is dis-
turbed in that group.?” The status of HWEin the case and control
group was obtained using online software (https://wpcalc.com/
en/equilibrium-hardy-weinberg/). If both the case and control
groups were in HWE, the multiplicative model was used for sta-
tistical analysis. If the control group was under HWE but the
case group was not, dominant/recessive model was used; oth-
erwise, additive model was performed. The association of gen-
otypes with male infertility was analyzed by calculating odds
ratios (ORs) with 95% ClIs via logistic regression. Statistical
analysis was performed IBM SPSS Statistics v.22 (IBM SPSS
Corp.; Armonk, NY, USA). P < .05 was considered significant.

Results

Semen analysis parameters are summarized in Table 2. The con-
centration of extracted DNA was in the range of 77-297 ng/uL. and
obtained OD 260/280 was in the range of 1.79-1.9. The frequency
of the studied genotypes and their association with male infertil-
ity are summarized in Table 3. There was an association between
PYGO2 rs141722381 and male infertility, but no relationship was
found between the other studied SNPs and male infertility.

The obtained P values comparing MAF between case and control
groups showed a significant difference between MAF of infer-
tile patients and controls in the case of PYGO2 rs141722381
(P value=.007), but there was no such a difference between
case and control groups in the other studied SNPs. The results
are summarized in Table 3.

Table 2. Semen Characteristic

Fertile Infertile Lower
Controls Cases  Reference Limit
Semen Characteristic (n=120) (n=120) (WHO 2010)
Volume, ml 2-8.5 1-8 1.5
Total sperm count in 50-120 <1039
ejaculate (x10%mL)
Sperm count x10¢%/mL 35-95 0-5 15
Total motility, % 45-85 - 42(38-42)
Progressive motility 42-80 - 32(31-34)
(PR), %
Vitality, % 55-65 - 58 (55-63)
Normal morphology % 4-5 0-1 3-4
PH 7.2-8 7.2-7.6 >7.2
Viscosity N N-M-H'N Smooth & watery
Liquefaction time 20-35 min  20-45 min <60 min
Round cells x10%mL 0-4 0-4 <5
Sperm agglutination 0-1 0-1 <2

*N, Normal; M, Moderate; H, High.

Table 3. Allele Frequency and Distribution of the PR}M2,
PYGO2, and DAZL Genotypes in Infertile Patients and
Controls

MAF* MAF
Cases (Case (Control
(n=120) Controls Group) Group)
Genotype (%) (n=120) % % B
PRM?2 1646022 12 (10.0) 20 (16.7) 55 50 292
CC
PRM?2 1646022 84 (70.0) 80 (66.7)
CG
PRM2 1646022 24 (20) 20 (16.7)
GG
PRM?2 11645592 57 (47.5) 68 (56.7) 36.25 29.16  .338
GG
PRM2 11645592 39 (32.5) 34 (28.3)
GA
PRM?2 11645592 24 (20) 18 (15.0)
AA
PRM1 79 (65.8) 80(66.7) 24.58 2541 734
737008GG
PRM1 23(19.2) 19(15.8)
737008GA
PRM1 18 (15.0) 21 (17.5)
737008AA
PRM1 423668 52 (43.3) 56 (46.7) 43.75 38.33 413
CC
PRM1 423668 31(25.8) 36 (30.0)
CT
PRM 1 423668 37 (30.8) 28 (23.3)
TT
PYGO2 7 (5.8) 10 (8.3) 52.5 48.75  .305
61758741 TT
PYGO2 100 (83.3) 103 (85.8)
61758741 TG
PYGO2 13 (10.8)  7(5.8)
61758741GG
PYGO2 79 (65.8) 100 (83.3) 21.25 10.83  .007
141722381TT
PYGO2 31(25.8) 14(11.7)
141722381TA
PYGO2 10 (8.3) 6(5)
141722381AA
DAZL 75931701 89 (74.2) 98 (81.7) 17.5 12.5 374
TT
DAZL 75931701 20 (16.7) 14 (11.7)
TG
DAZL 75931701 11 (9.2) 8 (6.7)
GG
DAZL 45 (37.5) 53 (44.2) 46.25 39.16 .377
188506466 GG
DAZL 39 (32.5) 40(33.3)
188506466 GA
DAZL 36 (30.0) 27 (22.5)
188506466 AA

P values were obtained from y test.

*MAF, minor allele frequency in studied case and control group.
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Table 4. Hardy-Weinberg Equilibrium (HWE) Status in Table 5. Genetic Models of Single Nucleotide
Case and Control Group Polymorphism Associated with Male Infertility

Genotype x*for Case % for Control Genotype OR (95%CI) P
PRM?2rs1646022 20.5816 13.3333 PRM?2 1646022 CC 1.00
PRM?2 1511645592 10.5724 11.8531 PRM?2 1646022 GC/CC 1.750 (0.803-3.812) 156
PRM1 15737008 28.006 40.6999 PRM?2 1646022 GG/CC 2.000 (0.789-5.067) 142
PRM 1 15423668 27.0901 16.0267 PRM?2 1646022 GC/CC+GG 1.167 (0.677-2.011) .579
PYGO2rs6175874 54.0038 61.8181 PRM?2 11645592 GG 1.00
PYGO2 rs141722381 6.2455 18.8291 PRM?2 11645592 GA/GG 1.368 (0.767-2.442) 288
DAZL rs75931701 21.4511 26.1333 PRM?2 11645592 AA/GG 1.591 (0.786-3.220) 195
DAZL 15188506466 14.3938 10.8357 PRM?2 11645592 GA/AA+GG 1.218 (0.702-2.113) 483
%7 Chi-squared. In order to analyze HWE status in each group, calculated y* was PRMI 117752382 AA 1.00
compared with standard statistical table (3.8). If it was smaller than 3.8, the group PRM1 117752382 AT/AA 1.226 (0.619-2.426) .558
is in HWE otherwise HWE is disturbed in that group. PRM1 117752382 TT/AA 0.868 (0.430-1.752) .693
PRM1 117752382 AT/AA+TT 1.260 (0.646-2.459) 497
In all studied genotypes, obtained y?indicated neither the case iﬁgﬁ ggggz gg/CC T (01:5(:)03 1.708) B
group nor the control group was in HWE (Table 4). Since PRMI 423668 TT/CC 1:423 (0:766-2:643) :263
the additive model is independent of HWE and our samples PRMI 423668 CT/CC+TT 0.813 (0.462-1.430) 472
showed an imbalance, the additive model was used for asso- PYGO261758741 TT 1.00
ciation analysis. There was a significant association between  py=061758741GT/TT 1.387 (0.508-3.786) 522
PYGO2141722381 and male infertility in the heterozygote form PYGO261758741GG/TT 2.653 (0.699-10.063) 147
(OR: 2.803, CI: 1.397-5.626). Heterozygote over-dominance PYGO261758741GT/TT+GG 0.825 (0.409-1.666) 592
was also observed in this polymorphism (OR: 2.637, CI: 1.321- PYGO?2 141722381 TT 1.00
5.264). No significant association was found between the other PYGO2141722381 AT/TT 2.803 (1.397-5.626) 003
studied polymorphism and male infertility. The association of  PYG02141722381AA/TT 2.110 (0.735-6.054)  .158
each genotype with male infertility is summarized in Table 5.  PYGO2141722381AT/TT+AA 2.637 (1.321-5.264) .005
Heterozygote over-dominance was not observed in other studied =~ DAZL 75931701 TT 1.00
SNPs (Table 5). DAZL 75931701 GT/TT 1.573 (0.750-3.300) 228
DAZL 75931701 GG/TT 1.514 (0.583-3.934) 392
Discussion DAZL 75931701 GT/TT+GG 1.514 (0.726-3.160) 267
DAZL 188506466 GG 1.00
Spermatogenesis is a complex process of mitosis and meiosis in ~ PAZL 188506466 GA/GG 1.148 (0.634-2.079) 648
tandem to produce haploid sperm, in which at least 150 different DAZL 188506466 AA/GG 1.570 (0.830-2.972)  .164
DAZL 188506466 GA/GG+AA 0.963 (0.562-1.650) .891

genes play a key role and any defect of these genes may affect
the production of healthy and functional sperm.'® Since almost
half of the male infertility has no definite cause and is classified
as idiopathic infertility, analysis of the possible association of
genes involved in the spermatogenesis process with male infer-
tility remains an area of active investigation.” In this study, we
investigated the correlation of 6 different SNPs involved in sper-
matogenesis with male infertility in idiopathic cases, which was
not studied before.

Chromatin condensation during sperm remodeling is one of the
important procedures through spermatogenesis.!” Histones are
first replaced with TNP1 and TNP2 proteins, and then these pro-
teins are replaced with PRM1 and PRM2 proteins. This causes
maximum compression of the chromatin to be placed in the
sperm head.’® Pygo2 gene is also essential for chromatin remod-
eling and regulate TNP2and PRM gene expression via histone
methylation changes.!! In the present research, there was no asso-
ciation between studied SNPs of PRM genes (PRM?2 rs1646022,

PRM?2rs11645592, PRM1rs737008, and PRMIrs423668) and
male infertility among the Iranian population. But results revealed
a critical correlation between PYGO2rs141722381 in the hetero-
zygote form (OR: 2.803, 95%CI: 1.397-5.626) and male infer-
tility. There was also no association between PYGO261758741
and male infertility. Pygo2 rs141722381 leads to damage to the
tertiary structure of protein and rs61758741 is a missense muta-
tion that replaces a basic amino acid with an acidic amino acid.”
It is reported that 2 SNP mutations in PYGO2 (rs61758740 and
rs141722381) are correlated to idiopathic azoospermia.® Moud
et al’ have also reported that there is a relationship between
PYGO2 rs61758740 and male infertility among the Iranian popu-
lation, but there is no significant correlation between rs61758741
and male infertility® which confirms our findings.

Two separate studies among the Spanish and Japanese populations
showed an association between the PRM 1 gene (c.-190C>A) and
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male infertility.!?® A meta-analysis study that examined the cor-
relation of 6 different SNPs (rs35576928, rs737008, rs35262993,
rs2301365, rs1646022, and rs2070923) with male infertility has
also defined PRMI c.-190C>A polymorphism (rs2301365) as
a risk factor of male infertility, but no association is reported
between the other studied SNPs and male sterility'® which is
consistent with our results. The PRM2 ¢.248C>T (rs74007626)
polymorphism that replaces glutamine amino acid codon with
stop-codon is also reported benign among the Japanese and
Iranian populations.'” In contrast with our findings, a meta-anal-
ysis study has reported a correlation between PRM?2 rs1646022
polymorphism and an increased risk of male infertility.'> The dif-
ference in ethnicity, control source, sample size, and genotyping
method may be the cause of contradictory results. Publication
year is also reported as a confounding factor in the association
between PRM?2 rs1646022 polymorphism and male infertility."
As far as we know, it was the first study investigating the associa-
tion of rs423668 and rs11645592 with male infertility.

Microdeletions of DAZ gene family on the chromosome Y are
one of the well-characterized causes of infertility in azoosper-
mia and oligospermia patients.** DAZ-like (DAZL), an autoso-
mal homolog of DAZ, is expressed in germ cells and is essential
for spermatogenesis.*® According to the meta-analysis review in
2016, there is no correlation between SNP260 (rs121918346)
of DAZL and azoospermia while SNP386 (rs121918346) of this
gene is related to male infertility only among the Chinese Han
population.®® A significant association is also reported between
T54A polymorphism and male infertility in only Asian popu-
lation.*! An important SNP N109T (rs75931701) in the coding
sequence of the gene was predicted to be deleterious by computa-
tional methods which may affect the structure and/or function of
DAZL significantly,* but contrary to expectations in the present
study, no significant difference was observed among the allele
frequency of case and control group. There was also no associa-
tion between DAZLrs188506466 and male infertility among the
Iranian population. As of our knowledge, this was also the first
study that investigated the effect of this SNP on male infertility.
Confounders such as smoking, alcohol consumption, some envi-
ronmental factors, high-risk jobs, and so on were not included in
the study which was the limitation of this study.

In conclusion, the results of the study revealed an important
association between PYGO2rs141722381 and male infertil-
ity that suggests a novel risk factor for idiopathic cases. The
obtained results can be used by urologists in infertility treatment
centers as a predisposition of male infertility in idiopathic cases,
but the results should be validated by different populations first.
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