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Abstract

Background and Aims: Female infertility is a complex multifactorial, and polygenic disease
associated with genetic factors plays an essential role in its formation and follicle development,
oocyte maturation, and steroidogenesis regulation in the ovary. The objective of this work was to
pinpoint the polymorphism in the CYP17 gene promoter. The CYPI7 gene polymorphism was
discovered using DNA sequencing techniques. Results: We found that the presence of the rare
allele ““T’” and heterozygous and common homozygous genotypes significantly increased the risk
of infertility in women. The results detected single-nucleotide polymorphism (SNP) in the -34T>C
site in the promoter of the CYP17 gene. The CYP17 gene has three genotypes according to
sequence alignment, which was utilized to detect them using Geneious software V. 2020.0.4. The
genotypic frequencies of TT, TC, and CC were 0.50, 0.375, and 0.125, respectively. Frequencies
of T and C alleles were 0.687 and 0.313, respectively in infertility women.
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Introduction

Infertility is a global barrier affecting people all over the world and its causes and importance
may vary according to geographical location and socio-economic conditions. Awareness of
infertility is the first step in maintaining the power of pregnancy in lifestyle modification (1).
Infertility is a condition when Couples who are not pregnant with more than 12 months of regular
intercourse and provided that the male partner has normal sperm parameters and the woman has
no known risk factors (2). The human genome contains a variety of genetic variations and single-
nucleotide changes that alter amino acids in protein coding regions are one of the main causes of
human phenotypic variation and disease incidence (3). CYP17A1 is a 57.4 kDa protein belonging
to the cytochrome P450 family (4). The protein encoded by its cDNA consists of 508 amino acid
residues (5). The cytochrome P-450c17a (CYP17) gene is located on chromosome 10 on arm q24.3
(6). CYP17 family (CYP17 P-450 C 17a) is associated with hyperandrogenism in women and the
relationship between CYP17 gene polymorphisms and risk of PCOS (7). As PCOS is a complex
reproductive disorder due to endocrine disruption. It is characterized by ovulatory dysfunction and
androgen excess and infertile polycystic ovary syndrome due to excess androgens produced as a
result of a defect in the steroid biosynthesis pathway in which cytochrome P450, hydroxylase-17
(CYP17) plays an imperative role in it (8). A great deal of interest has emerged in single nucleotide
polymorphisms (SNPs) in the CYP17 gene, a substitution of thymine (T) with cytosine (C) at the
34 bp of the translation initiation point in the promoter region of CYP17 (rs743572 14), which has
been postulated that the Sp-1 extra transcriptional binding site was produced and genotyped. Next,
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the expression of the CYP17 gene was enhanced (9). A polymorphism in the CYP17 50-
UTRMspATl gene (rs743572)) at position 34 results in two different genotypes, TC and CC.
Ovaries (10). The results of one study conducted on infertile women in Pakistan indicate the
genotype distribution of CYP17 50-UTR MspAl (TT, TC, CC) and that the CYP17 gene
polymorphism (TC genotype) is the highest (54.9%). It is significantly associated with
susceptibility to PCOS in infertile women (11). Also, a single nucleotide polymorphism in the 50-
UTR, -34 bp results upstream of the T-to-C translation initiation point. It is believed to lead to the
creation of an additional Sp1 promoter located at the CCACC box (8,12).
2. Materials and methods

A case-control study with 60 infertile women and 30 controls between the ages of 15 and 45
years was done. Blood was drawn from participants in the Maysan Governorate throughout the
months of October and December of 2021. Each participant was a native of Maysan. The required
administrative and ethical approvals for conducting this study were provided by the authorized
officials of the College of Science, University of Misan. The Maysan Governorate's Al-Sadr
Hospital staff was in charge of obtaining the blood samples.
2-1: Genomic DNA extraction and genotyping

Genomic DNA was extracted from whole blood using the gSYNC™ DNA Extraction Kit
manufactured by the Taiwanese Geneaid Company. A fragment (459bp) of the CYP17 gene in the
women was amplified by using the primer F:5'- CATTCGCACTTCTGGAGTC -3 and R: 5°-
GGCTCTTGGGGTACTTG -3" (13). The PCR amplifications were conducted in a 50 pl volume
containing 5 ul genomic DNA, 25 ul of Master Mix, 4 ul each primer, 11 pl free water. The
amplification conditions were as follows: initial denaturation at 95°C for 5 min followed by 35
cycles of denaturation at 95°C forl min, annealing at 56°C for 0.75 min, and extension at 72°C for
0.75 min, and then the final extension at 72 C for 7 min. The PCR results were using
electrophoresis at 2% agarose-gel with the visualized by contact with ultraviolet light as in the
Figure (1).
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Figure (1) The amplification product of CYP17 gene on a 1% agarose gel
Results and Discussion
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The results of the analysis of nitrogenous base sequences using the Multiple 2 Alignment (MSA)
method (Clustal omega 1.2.3., 2022) revealed the detection of a single genetic change of the
CYP17 gene in sterile women compared with the control group and with the sequences mentioned
in the gene bank for the same gene under accession number EU322845.1. A single polymorphism
was detected in the promoter region of CYP17 gene, specifically at site 725, and it was a significant
genetic mutation for both primary and secondary sterility samples, in which the nitrogenous base
of thymine (T) was replaced by the nitrogenous base of cytosine (C) at a 34 basis point from the
start of translation in the promoter region. (T>C) at site 725 (T725C) of the total nucleotide
sequence of the promoter region as in Figure (2).Figure (2) shows that the non-conservative point
mutation (T725C) led to a change in the genetic code from CTG to CCG and thus led to the
replacement of amino acids at the level of the resulting protein, as the amino acid asparagine (Asn)
was changed to the amino acid serine (Ser) at the site 680 (Asn680Ser)The result was identical to
the results of the researcher (7), which These indicated that the T/C gene polymorphism played a
role in increasing the susceptibility to PCOS when carrying the C allele, suggesting that the CYP17
gene polymorphism is an important factor in the metabolic and hormonal disruption associated
with the infertility of PCOS. And also the result of the researcher (14) on women in North India
who suffer from menstrual disorders due to anovulation, infertility and hyperandrogenism, as the
overproduction of androgens in the ovaries is the main pathological feature of PCOS, which is the
main cause of female infertility, due to genetic polymorphism (-34T>C) susceptibility to
developing PCOS in North India. The results were also identical to the results of the researcher (8)
when studying the association of T/C polymorphisms of CYP17 gene with polycystic ovaries and
hyperandrogenism that causes infertility in Kashmiri women. Replacing the nitrogenous base
thymine (T) with the nitrogenous base cytosine (C) led to a genetic formation that causes infertility
and this is similar to the results of (11) in one of the studies conducted on women who had
infertility cases in Pakistan, where genetic polymorphism (-34T>C) in the 5'-UTR promoter region
of the CYP17 gene was significantly associated with susceptibility to PCOS in infertile women. It
is also identical to what the researcher (9) identified 17 articles related between genetic
polymorphisms. T/C of the CYP17 gene and PCOS, and it was considered that carrying the C
allele increases the risk of PCOS and thus infertility, but the results did not match a study he
conducted (15) for the CYP17A1 gene in Iraqi women, where the researcher concluded No
association between CYP17 and PCOS.
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EU332845.1 GGTGATCAACTGACCTCCCTTACCTAGCTCCTCCTCCGGAGGTTTGCCCTGGAGTTGAGC 540
Control = = --------- CTGACCTCCCTTACCTAGCTCCTCCTCCGGAGGTTTGCCCTGGAGTTGAGC 51
Primary = o--------- CTGACCTCCCTTACCTAGCTCCTCCTCCGGAGGTTTGCCCTGGAGTTGAGC S
Secondary = = o--------- CTGACCTCCCTTACCTAGCTCCTCCTCCGGAGGTTTGCCCTGGAGTTGAGC 51
3K 3k 3 3K 3k 3K K K K K 3K K K 3K K K 3K K K 3K K 3K K K K K K K K K 3K K K K K K K K K K K 3K K K K K K K K K K
EU332845.1 CAGCCCTTGAGGAGGCCTTCACTCCCACCGCCTCTCTCCCTTCTGGATATGAGCTCAGGC 600
Control CAGCCCTTGAGGAGGCCTTCACTCCCACCGCCTCTCTCCCTTCTGGATATGAGCTCAGGC 111
Primary CAGCCCTTGAGGAGGCCTTCACTCCCACCGCCTCTCTCCCTTCTGGATATGAGCTCAGGC i bt o
Secondary CAGCCCTTGAGGAGGCCTTCACTCCCACCGCCTCTCTCCCTTCTGGATATGAGCTCAGGC 111
3 3 3 kK i i K K K ki Kk 3 Ok i Ok R i ki Ok kR ik kiR K i Ok i i OK i K Ok K Ok K K i i OK i K ki OK R iOK KOk K Ok
EU332845.1 CTGGCTGGGCTCCAGGAGAATCTTTCCACAAGGCAAGAGATAACACAAAGTCAAGGTGAA 660
Control CTGGCTGGGCTCCAGGAGAATCTTTCCACAAGGCAAGAGATAACACAAAGTCAAGGTGAA 7
Primary CTGGCTGGGCTCCAGGAGAATCTTTCCACAAGGCAAGAGATAACACAAAGTCAAGGTGAA 171
Secondary CTGGCTGGGCTCCAGGAGAATCTTTCCACAAGGCAAGAGATAACACAAAGTCAAGGTGAA 173
3 3 3 3K K K K K K K K K K K K K K K K K K K K KOk K K K 3Ok K kK kK Ok i Ok 3K R 3K K K K ik K KK Kk K K K K Ok K K K Ok
EU332845.1 GATCAGGGTAGCCCTTTAAAAGGCCTCCTTGTGCCCTAGAGTTGCCACAGCTCTTCTACT 720
Control GATCAGGGTAGCCCTTTAAAAGGCCTCCTTGTGCCCTAGAGTTGCCACAGCTCTTCTACT 233
Primary GATCAGGGTAGCCCTTTAAAAGGCCTCCTTGTGCCCTAGAGTTGCCACAGCTCTTCTACT 2313
Secondary GATCAGGGTAGCCCTTTAAAAGGCCTCCTTGTGCCCTAGAGTTGCCACAGCTCTTCTACT 231
3 2 3 3k K 3 ki K Ok ik i Ok K 3 Ok i 3 OK 3KOk ki K K 3Ok i i Ok KOk i Ok K iR i I R I K K i I OK K i i Ok OR 3KOK K Ok
EU332845.1 CCACTGCTGTCTATCTTGCCTGCCGGCACCCAGCCACCATGTGGGAGCTCGTGGCTCTCT 780
Control CCACTGCTGTCTATCTTGCCTGCCGGCACCCAGCCACCATGTGGGAGCTCGTGGCTCTCT 291
Primary CCACCGCTGTCTATCTTGCCTGCCGGCACCCAGCCACCATGTGGGAGCTCGTGGCTCTCT 291
Secondary CCACCGCTGTCTATCTTGCCTGCCGGCACCCAGCCACCATGTGGGAGCTCGTGGCTCTCT 291
K K R 3K K K i K K i K K K K K K K K 3K K K K K K KK i K kK K K IOK K OK K i OK K K K KK K KK K K K K K K K K K K K
EU332845.1 TGCTGCTTACCCTAGCTTATTTGTTTTGGCCCAAGAGAAGGTGCCCTGGTGCCAAGT 837
Ccontrol TGCTGCTTACCCTAGCTTATTTGTTTTGGCCCAAGAGAAGGTGCCCTGGTGCCAAGT 348
Primary TGCTGCTTACCCTAGCTTATTTGTTTTGGCCCAAGAGAAGGTGCCCTGGTGCCAAGT 348
Secondary TGCTGCTTACCCTAGCTTATTTGTTTTGGCCCAAGAGAAGGTGCCCTGGTGCCAAGT 348
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Figure (2) Comparison of CYP17 gene base sequences in control and patients and accession
number (EU332845.1)

Distribution of the genotypes of the CYPI7 gene (-34 T>C) in patient and control samples.
The genotypes were detected by using Geneious Software (version 10.1.3). The sequences of
standard and infertile samples of the first and second types were compared with the genotypes of
women present in The World Gene Bank (Accession Number: EU322845), and the alignment of
the sequences of women among them showed that three genotypes were found in the studied locus
-34T> C of the (CYP17) gene, where the presence of one blue curve indicates the wild genotype
(Wild). (CC) the absence of a mutation in both alleles, but the presence of two blue and red curves
indicates the heterozygous genotype (TC) a mutation in one of the alleles, whether the base above
the curve changes to C or not, and the presence of one black curve indicates a change The base
above the curve to C indicates the mutated (homozygous) genotype, that is, a change in both alleles
(TT) Fig. (3).
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Figure (3) Genotypes of the C-34 T>C sit of the CYPI7 gene
Table (1) shows the numbers and percentages of genotypes in samples of patients and control, as
it was noted that the percentage of homozygous genotype (wild) TT in patients and control is
unequal, reaching (50%) in patients and (100%) in control, and for the heterozygous genotype TC,
it was found that its percentage was (37.5%) in patients, while it was observed that it was
completely absent in the control samples, while the homozygous (mutant) CC genotype was
(12.5%) In patients, in the control samples, its complete absence was observed. Regarding the
frequency of the T allele in patients and control samples, it was (68.7%) and (1.0), respectively.
As for the frequency of the C allele, it was (31.3%) in patients and there was no repeat in the

control (Fig 4).

Table (1): Genotypes percentage of the CYP17 gene polymorphism among patients and
control group.

Genotype | Patients (%) | Control (%) OR (95%CI) P value

TT 4 (50) 4 (100) 0.11 0.005-2.727 0.18
NS

P.F 0.89

TC 3(37.5) - 5.73 0.230-142.550 0.29
NS

E.F 0.375

CC 1(12.5) - 1.80 0.059-54.333 0.34
NS

E.F 0.125

OR= Odds ratio «CI = Confidence Intervals, P.F = Preventive fraction, E. F= Etiological fraction

NS= Not significant at the P<0.05 probability level

Allelic frequency of CYP17
gene in control
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Figure (4) Repeats of the T and C alleles of the CYPI7 gene in a sample of patients and control
Women

The results of the CYPI7 gene show a non-significantly difference between the expected and
observed for the control group, with a P=0.7189 value at its P<0.05 probability level, according to
the Hardy-Weinberg equilibrium law. As shown in Table 2, a Hardy-Weinberg distribution applies
to the control group in this situation.

Table (2): CYP17 gene structures, their observed and expected numbers, and the Hardy-
Weinberg equilibrium value in patients and control women.

Gene | Genotype | Observed | Expected | Hardy-Weinberg P value
number number | equilibrium (%)
TT 4 3.78 47.27
CYP17 TC 3 3.44 42.97 0.7189
CC 1 0.78 9.77

Consanguineous marriage is common in these countries, which accounts for the deviation from
the Hardy-Weinberg equilibrium in the control sample. This possibility exists in our society very
probable. 7 The small size of the control sample is another factor that could cause a departure from
the Hardy-Weinberg equilibrium because this equilibrium is extremely sensitive to the low
frequencies of alleles in homozygous individuals. Studies have found a substantial link between
the SNP -34T/C in CYP17A1 and PCOS, that has been corroborated by researchers working with
people of different racial and ethnic backgrounds, including Indians (14). Additionally, both males
and females have reported using the CYPI17A41 allele -34 as a useful biomarker to diagnose breast
cancer [16, 17, 18]. Additionally, it is most likely a biomarker linked to male prostate cancer [19].
The abnormal activity of the CYP17A41 gene may have an impact on the sequential reactions of the
steroidogenesis pathways, which, along with other defective genes in the pathway, may contribute
to infertility in PCOS women, despite the fact that these studies seem to indicate that CYP17A41 is
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not the susceptibility gene that directly causes infertility. The several genetic variations connected
to infertility in women.
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