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ABSTRACT

Backgrounds and Objective: Many studies suggested that cytochrome P4501A1 (CYP1A1) 3801T > C polymorphism may be correlated
with human male infertility but the reported results are conflicting. Hence, we conducted this case-control study in Algerian population to
determine the frequency of this polymorphism and its relationship to male infertility.

Methods: This study included 173 subjects grouped into two categories: controls (84) and patients (89) with abnormal semen analysis
parameters. Genomic DNA from the patients and controls was extracted and PCR-restriction fragment length polymorphism was used to
genotype the 3801T > C CYP1A1 polymorphism.

Results: In the control group, the prevalence of homozygous wild-type TT, heterozygous TC, and mutant homozygous CC genotypes of
the CYP1A1 T > C polymorphism was 84.52%, 13.10%, and 2.38%, respectively, while infertile men had 77.53%, 20.22%, and 2.25%,
respectively. There was no correlation between the 3801T > C CYP1A1 variant and male infertility. Furthermore, the rs4646903 C allele was
not a risk in the dominant genetic model.

Conclusion: The 3801T > C polymorphism cannot be considered as a risk factor for male infertility in Algerian population. Our results need
to be validated and confirmed through prospective studies with a larger number of patients.

Keywords: Male infertility, CYP1A1, 3801T > C polymorphism, PCR/digestion, Algeria.

Received: 10 February 2021 Revised date: 22 April 2021 Accepted: 26 May 2021
Correspondence to: Chellat Djalila

Laboratory of Molecular and Cellular Biology, University Fréres Mentouri Constantine 1, Constantine, Algeria.
Email: rezgoune.chellat.djalila@umc.edu.dz

Full list of author information is available at the end of the article.

Introduction
The World Health Organization (WHO) estimates that male tract, lymphocytes, and testicular tissue [6]. Several CYP1A1
infertility accounts for about half of all infertility cases and gene polymorphisms have been identified [7], but the 3801T

affects 9% of couples worldwide [1]. The etiologies of this > C variant has received the most attention due to its higher
disorder are the product of a complex gene-gene and/or genotype frequency and potential role in spermatogenesis.
gene-environment interaction [2]. CYP1A13801T > C polymorphismis a T to C base substitution in
Geneticabnormalities account for 15%-30% of male infertility the 3’-untranslated region (3’UTR) [7,8]. CYP1A1 is implicated
cases [3]. Furthermore, environmental factors such as polycyclic in the synthesis of endogenous substrates including steroid
aromatic hydrocarbons (PAHs) are endocrine disruptors, and hormones, and the variant may be linked to the production of
their activated metabolite may form DNA adducts which may highly reactive electrophilic intermediates that could damage
be linked to a drop in human sperm quality [4]. DNA in the meiotic division during spermatogenesis, diminish
Cytochrome P4501A1 (CYP1A1) is a crucial enzyme in semen quality and lead to male infertility [9].
phase | oxidation reactions that catalyze a wide variety of In recent years, several studies proposed that CYP1A1l
environmental toxins and carcinogens [5]. CYP1Al gene is 3801T > C polymorphism may be associated with
positioned on chromosome 15¢g22-q24, encodes a 512 amino spermatogenic failure causing infertility, but the findings
acid protein and it is expressed in the liver, gastrointestinal from previous studies reported conflicting results [10-12].
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The aim of this study was to determine the relationship
between the CYP1A1l 3801T > C polymorphism and
the possibility of human male infertility in the Algerian
population.

Methods
Study population

This case-control study included 173 subjects comprising 89
infertile patients and 84 controls. Patients were diagnosed
at Ibn Sina Laboratory (8 Rue Belhoula EI Mekki Constantine,
Algeria) and lbn Rochd Clinic (BOUSSOUF Abdelhafid city,
Constantine, Algeria) between June 2012 and May 2018. After
receiving written informed consent, all of the participants
were personally interviewed. Controls and patients were
matched for age and geographic origin. The infertile men
with unexplained etiology (idiopathic) were included while
those with known causes (cytogenetic, biochemical, and
Y-chromosomal deletions) were excluded.

Sperm count test was performed as per WHO guidelines,
2010 [13] by a trained technician. The reference values for
sperm parameters were: >1.5 for semen volume, 215 x 10°
ml* for sperm concentration, 239 x 10° per ejaculate for total
sperm counts, >58% for vitality, 240% for total motility, 232%
for sperm progressive motility, 24% for normal morphology.

The control group consisted of 80 men who had already
fathered at least one child without the use of assisted
reproductive technology.

Genotyping

Genomic DNA was extracted using the salting-out procedure
from peripheral blood leukocytes. PCR-restriction fragment
length polymorphism (PCR-RFLP) was used to genotype the
polymorphism.

ThePCRwascarriedoutin20pl. Polymerasereactionconsisted
of a buffer (10x), Deoxyribonucleotide triphosphate (dNTP) (10
mM), Taq polymerase (5 unit/ul), and primers. The product size
of the 3’'UTR of CYP1A1 gene was 340 bp. The following primer
sequences were used: forward 5’-GGCTGAGCAATCTGACCCTA-3’
and reverse 5’-TAGGAGTCTTGTCTCATGCCT-3". Polymerase Chain
Reaction (PCR) conditions used for amplification of CYP1A1 gene
consisted of initial denaturation at 94°C for 5 minutes, followed
by 35 cycles of denaturation at 94°C for 30 seconds, annealing at
61°C for 30 seconds and extension at 72°C for 30 seconds with a
final extension at 72°C for 4 minutes. 10 pl of the products were
electrophoresed at 100 V on a 2% agarose gel.

A 340-bp fragment was obtained after amplification;
Each PCR product (10 pl) was subjected to Moraxella species
(Msp1) digestion at 37°C for 12 hours and analyzed by gel
electrophoresis (3%). The occurrence of a polymorphic Msp1
restriction site results in 200-bp and 140-bp fragments,
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suggesting that the C allele is present (CYP1A1 3801T > C)
(Figure 1).

Statistical analysis

To see whether the genotype frequencies in the patient and
control samples were statistically different, a probability of p
< 0.05 was considered to be significant. The Hardy-Weinberg
Equilibrium (HWE) departure for each group was tested using
the Pearson x2 test in the online HWE software (http://ihg2.
helmholtzmuenchen.de/cgi-bin/hw/hwa1l.pl).

Results

This research was designed to determine the effect of 3801T
> C CYP1A1 polymorphism in the development of abnormal
sperm parameters. This variant was selected because of
its role in metabolism of fertility hormones and xenobiotic
substances/endocrine disrupters, known to influence the
male fertility. According to semen analysis, infertile patients
were divided into 3 groups: azoospermic (AZOs) group
(absence of spermatozoa in the ejaculate), asthenospermic
(ASTs) (low sperm motility), teratozoospermic (abnormal
sperm form), and Oligoasthenoteratospermic (OATs) group
(condition that comprises of low number, poor motility
and abnormal forms of spermatozoa). The distribution of
genotype and allele frequency of 3801T > C polymorphism
is detailed in Table 1. No significant association for male
infertility was found for CYP1A1l 3801T > C polymorphism
(TT, TC, and CC) in infertile patients (77.53%, 20.22%, and
2.25%) versus fertile controls (84.52%, 13.10%, and 2.38%).
No significant associations between the TC and CC genotypes
and AZOs (OR = 1.37, 95% ClI = 0.49-3.83, p = 0.66; OR =
1.51, 95% Cl = 0.15-15.68, p = 0.91, respectively), OATs (OR =
2.58, 95% Cl = 0.71-9.22, p = 0.18; OR = 0, 95% Cl = 0-21.43,
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Figure 1. CYP1A1 gene polymorphism was analyzed by PCR-RFLP.
Lanes L; Ladder (100 bp); Lanes 1; Heterozygous genotype (CT),
Lanes 2-5 and 7-8; Wild homozygous (TT), and Lane 6; Mutant
homozygous (CC).
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p=0.76, respectively) and ASTs (OR=1.8495% Cl =0.23-11.91,
p=0.83; OR=0,95% Cl =0-51.53, p = 0.41) were noted.

Statistical analysis revealed that the genotypes of the
polymorphism studied were in Hardy-Weinberg equilibrium
in both infertile and fertile groups (p > 0.05).

Discussion

CYP1A1l belongs to the CYP1 family of enzymes and is
involved in the synthesis of a wide range of xenobiotics,
endogenous substrates, and steroidal hormones, including
estrogens [9]. The bioactivation of PAHs is catalyzed by
cytochrome P450s, which are the phase | enzymes. PAHs are
common contaminants in the natural environment that can
form DNA adducts when triggered, resulting in DNA reactive
metabolite [14]. Changing the level of gene expression or the
stability of messenger RNA, polymorphisms of CYP1A1 may
cause damage to DNA, resulting in highly inducible enzyme
activity [8].

CYP1A1Tto Cbasetransition givesrise toa Mspl restriction
site. After the discovery of the CAYP1A1l polymorphisms, a
number of studies in different ethnic communities have been
performed to investigate the role of CYP1A1 polymorphisms
in male infertility [2]. However, no such research has been
conducted in the Algerian population to-date.

This case-control analysis was conducted to investigate
the possible association between the CYP1A1l 3801T > C
polymorphism and male infertility risk. In allele comparison,
homozygous, and recessive genetic models, the 3801T > C
variant was found to be unrelated to the male infertility. The
same findings were obtained in analyses of infertile subjects
with AZOs, OATs, and ASTs (Table 2).

These results are coherent with previous research
in a variety of ethnic groups. In studies of North Iranian
populations, the 3801T > C of CYP1A1 was found to have no
association with male infertility [15]. In addition, CYP1A1l
variants had no effect on disease vulnerability in the Russian

Table 1. Distribution of genotype/allele frequency of CYP1A1 3801 T > C in association with male infertility.

PATIENTS

GENOTYPES (NFERTILE) % ()  CONTROLS % (N) OR P VALUE
3801TT 7753% (69) 84.52% (71) Ref -
3801TC 20.22% (18) 13.10% (1) 1.68 [0.69-4.14] 0.29
3801CC 2.25% (02) 2.38% (02) 1.03[0.10-10.58] 0.63
TC+TTvs.TT 22.47% (20) 15.48% (13) 1.58 [0.69-3.69] 0.32
TT+TCvs.CC 97.75% (87) 97.62% (82) 1.06 [0.10-10.83] 0.65

T allele 87.64% (156) 91.07% (153) Ref -

C allele 12.36% (22) 8.93% (15) 1.4 [0.68-3.04] 0.39

Ref: reference.

Table 2. The frequency of the CYP1A1 3801TC genotype according to the three subtypes of the infertile male group.

1T TC cc TC+CC (3
AZOs % 79.66% 16.95% 03.39% 20.34% 11.86%
n=>59 n=47 n=10 n=02 n=12 n=14
OR (95 % Cl) / 1.37 [0.49-3.83] 1.51 [0.15-15.68] 1.39 [0.54-3.60] 1.37 [0.60-3.16]
P / 0.66 0.91 0.59 0.54
OATs % 71.43% 28.57% 0% 28.57% 14.29%
n=21 n=15 n==6 n=0 n=6 n==6
OR (95 % Cl) / 2.58[0.71-9.22] 0[0-21.43] 0.62 [0.62-7.55] 1.70 [0.54-5.11]
p / 0.18 0.76 0.28 0.45
ASTs % 77.78% 22.22% 0% 22.22% 11.11%
n=09 n=7 n=2 n=0 n=2 n=2
OR (95 % CI) / 1.84 [0.23-11.91] 0[0-51.53] 1.56 [0.20-9.80] 1.27 [0-6.69]
p / 0.83 0.41 0.96 0.90
Controls % 84.52 13.10 2.38 15.48 8.93
n=_84 n=71 n=11 n=02 n=13 n=15

AZOs: Azoospermics; OR: Odds Ratio; Cl: Confidence Interval; OATs: Oligoasthenoteratospermics; ASTs: Asthenospermics.
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population, according to Yarosh et al. [16] Lu et al. [17]
have found no significant correlation between the 3801T
> C polymorphism and male infertility, but CYP1A1*2C
polymorphism may conduce to male infertility in the Han-
Chinese population. Similarly, the allele frequency of the
3801T > C polymorphism does not correlate with semen
production in the American population (New Jersey),
according to Franasiak et al. [10].

Our findings contradict those of Vani et al. [9], who
observed variations in sperm characteristics in both infertile
and fertile men (controls) with the TT, TC, and CC genotypes,
and that these differences were major except for semen
volume and total sperm count. According to Wang et al. [18]
and Ramgir et al. [19], this polymorphism (p = 0.040) may
lead to the pathogenesis of male infertility in Chinese and
South Indian population.

A meta-analysis carried out by Fang et al. [20] conclude that
the CYP1A1 3801T > C variant was found to be associated with
increased risk of male infertility in Asians but not in Caucasians.
Moreover, Luo et al. [2] performed a meta-analysis and found
an important association between the CYP1A1l 3801T > C
polymorphism and the possibility of idiopathic male infertility.
Nejati et al. [21] have conducted a meta-analysis and have
indicated that, CYP1A1 3801T > C transition can be considered as
a biomarker for risk of male infertility within Asian populations.
Cao et al. [22] have similarly investigated the relationship
between the studied polymorphism and male infertility risk
and came to the conclusion that this variant can play a role in
individual susceptibility to male infertility in Asians.

The inconsistency of the findings from different studies
may be attributed to a variety of reasons, including variations
in the sample populations' recruiting processes and genetic
and environmental backgrounds.

Our negative results may be due to the limited sample
size, the fact that this region is highly conserved, or the fact
that the CYP1A1 3801T > C polymorphism has no effect on
male infertility risk. Furthermore, the low penetrance genetic
consequences of a single polymorphism can be heavily
influenced by interactions with other polymorphisms and/or
a specific environmental exposure.

The biological mechanism by which CYP1A1 influences the
pathogenesis of male infertility is stillunknown. According to Vani
et al. [9], DNA adducts in sperm cells can be a sign of significant
DNA disruption, which can reduce the quality of sperm and lead
to male infertility. The toxicity of PAHs on spermatogenic cells
that undergo meiotic division has been demonstrated in vitro
using a rat model, according to Georgellis et al. [23].

Conclusion
CYP1A1 3801TC polymorphism is not a risk factor for
idiopathic male infertility in Algerian men. Further studies
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are however strongly suggested involving larger number of
patients and other phase Il gene polymorphisms.

Limitations of study

The first limitation of this study is the small sample size.
Second, no information about the patients' behaviors,
such as smoking or other potentially harmful activities was
investigated. A selection bias may have occurred in this
study influencing the identification of real associations.
Additionally, only one gene involved in the detoxification was
studied and no study of gene-environment interactions was
done. Further studies with a larger sample size and different
genes of phase | and phase Il detoxification are needed to
confirm these findings.
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