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Abstract

Background: Polycystic ovary syndrome (PCOS) is known as the most common endocrine and metabolic disorder in
the reproductive-age women. Due to the effects of PCOS on the physical and mental health, the investigation of the factors affecting the development of PCOS is crucial. Hexose-6-phosphate dehydrogenase (H6PD) is a microsomal enzyme
that catalyzes the first two reactions of the oxidative chain of the pentose phosphate pathway. The present study examined
the polymorphisms of the H6PD gene (R453Q and D151A) in PCOS patients of Iranian Kurdish women.
Materials and Methods: In this case-control study, a total, of 200 female volunteers in two equal groups participated
in our study. The PCOS patients were selected based on the Rotterdam diagnostic criteria. The association of H6PD
gene polymorphisms, D151A and R453Q, with the development of PCOS were investigated. The polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) method was used for genotyping. Statistical analysis
was applied by the SPSS (version 16) software.
Results: Statistically significant lower frequencies of AA+AG genotype (37% vs. 55%, P=0.01) and A allele (22.5%
vs. 34%, P=0.01) of R453Q were observed in the patients compared to the controls. In the case of D151A, no significant differences were observed in the frequency of genotypes and alleles between the two groups.
Conclusion: The findings of this study suggest that variants of H6PD R453Q affect the risk of PCOS.
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Introduction
Polycystic ovary syndrome (PCOS) is known as an endocrine disorder with oligomenorrhea, chronic anovulation, hyperandrogenemia, and polycystic ovary morphology (1). Although the findings of a review study of twins
and familial segregation patterns provide convincing evidence for genetic etiology, there is no obvious Mendelian
inheritance pattern of PCOS (2); it is widely accepted that
multiple genetic and environmental factors and their complex interaction are involved in the PCOS occurrence (3).
Multiple disorganizations related to this endocrine disorder can lead to various pathological conditions such as
irregular menstruation, hyperandrogenemia, high luteinizing hormone/follicle-stimulating hormone (LH/FSH)
ratio, infertility, obesity, insulin resistance, and ovulatory
dysfunction (4-6). The etiology of this complex heterogeneous disease is still unknown which has attracted the
attention of many scientists (7).
In this complex disorder, PCOS, the genetic and environmental factors are closely related to the insulin reRevised: 28/November/2020, Accepted: 01/November/2021
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sistance that leads to steroidogenesis dysregulation. On
the other hand, PCOS is mimicked by steroidogenesis
defects that exist in hyperandrogenemia like congenital
adrenal hyperplasia and cortisone reductase deficiency
(CRD) which possess a monogenic base. Also, CRD results in the 11β-hydroxysteroid dehydrogenase type 1 enzyme (11β-HSD1) regeneration failure (8). CRD is seen
in hyperandrogenic signs, including oligo-amenorrhea,
hirsutism, and female infertility, as well as premature puberty in males (9). The similarities between the CRD and
the PCOS phenotypes are focused on the HSD11B1 and
H6PD genes to describe the overloaded androgen and adrenal hyperandrogenism which are common in the PCOS
phenotypes (10).
Hexose-6-phosphate dehydrogenase (H6PD) gene is located on chromosome 1p36.22, spans 37 kb, including 5
exons. It encodes H6PD protein, a microsomal enzyme that
catalyzes the first two reactions of the oxidative chain of
the pentose phosphate pathway (11-13). H6PD influences
the activity of the 11β-HSD enzyme, which is involved in
cortisol metabolism. Also, H6PD through the 11β-HSD en-
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zyme can modulate insulin sensitivity in the adipose tissue
(10). It has been reported that mutation in the H6PD gene is
associated with the PCOS phenotype (4, 8).
Gene polymorphisms are common DNA sequence variations among populations that are important in the development of several hereditary diseases. There are contradictions in the role of two polymorphisms in the H6PD gene,
namely D151A (rs4603401) and R453Q (rs6688832) in
the PCOS phenotype (8, 10, 14, 15). Therefore, a casecontrol study was designed to investigate the association
of these two polymorphisms with PCOS in a population
of Kurdish women in the West of Iran.

Materials and Methods
Subjects
In this case-control study, 200 Kurdish women participated from the West of Iran. They are divided into two
equal groups, PCOS patients and healthy controls. The
healthy control group was matched by demographic characteristics in the patient group. The inclusion and exclusion criteria were based on the revised Rotterdam diagnostic criteria (16): briefly, i. Oligo or anovulation, ii. Sign of
hyperandrogenism, iii. Polycystic ovaries. The presence
of two items of Rotterdam diagnostic criteria is necessary
to consider a definite PCOS. According to the Rotterdam
diagnostic criteria, members of each group were verified
by a gynecologist. This study was approved by the Ethics
Committee of Kermanshah University of Medical Sciences, Kermanshah, Iran (IR.KUMS.REC.1397.260). And
also, the informed consent form approved by the KUMS
Ethics Committee has been signed by all participants.

of extension at 72°C for 5 minutes. To perform RFLP, 10
µl of PCR products were digested with 2 units of MboII
restriction enzyme (Thermo, USA) at 37°C for D151A
and PstI restriction enzyme (Thermo, USA) at 37°C for
R453Q, for 15 hours. Products of enzyme digestion were
visualized after 2% agarose gel electrophoresis and staining with GelRed (Kawsarbiotech, Iran) under ultraviolet
light (Figs.1, 2).
Table 1: The sequence of primers

NCBI rs#

SNP

Primer sequences (5ˊ-3ˊ)

rs4603401

D151A

F: agctgagccagtaccgccaac
R: gctgatgctcacctgcttgccta

rs6688832

R453Q

F: actacgcctacagccctctgc
R: ccaggaggccagcaagttctc

SNP; Single nucleotide polymorphism.

Fig.1: PCR-RFLP products of H6PD (D151A) on 2% agarose gel electrophoresis. 1; 50 bp DNA ladder, 2; Homozygote AA, 191 and 83 bp fragments,
3, 4; Homozygote CC, 223 and 83 bp fragments, 5; Heterozygote AC, 223,
191, and 83 bp fragments. PCR-RFLP; Polymerase chain reaction-restriction fragment length polymorphism.

DNA extraction
Using the salting-out method, DNA was extracted from
peripheral blood samples (17) and stored at -20°C until
use. The quality and quantity of isolated DNA samples
were evaluated through agarose gel electrophoresis and
Nanodrop spectrophotometer (Thermo, USA).
Genotyping
Polymerase chain reaction (PCR) amplification was
used to assess the variants of H6PD (R453Q and D151A)
followed by the restriction fragment length polymorphism (RFLP) analysis. PCR primers for amplification of
the region spanning the selected polymorphisms were designed using NCBI (https://www.ncbi.nlm.nih.gov/) and
Oligo 7 software (Table 1). PCR was performed in a total
volume of 25 µl containing 2.5 μL of 10X PCR buffer,
20 pmol of each forward and reverse primers (SinaClon
BioScience Co., Iran), 1.5 mM MgCl2, 0.2 mM dNTPs
(SinaClon BioScience Co., Iran), 1 unit of Taq DNA polymerase (SinaClon BioScience Co., Iran) and about 100 ng
of extracted DNA as a template. The thermal cycler program included an initial denaturation at 95°C for 5 minutes, 35 cycles of denaturation at 95°C for 40 seconds, annealing at 62°C (R453Q)/64°C (D151A) for 35 seconds,
extension at 72°C for 40 seconds, and finally one cycle
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Fig.2: PCR-RFLP products of H6PD (R453Q) on 2% agarose gel electrophoresis. 1; 50 bp DNA ladder, 2, 4; Homozygote GG, 113 bp fragment,
3; Homozygote AA, 93 bp fragment, 5; Heterozygote AG, 113 and 93 bp
fragments, and PCR-RFLP; Polymerase chain reaction-restriction fragment
length polymorphism.

Statistical analysis
A statistical package for social sciences (IBM SPSS vs.
16, Chicago II, USA) was used for statistical analysis.
Pearson’s chi-square (χ2) test analyzed genetic distribution variations between two groups. The odds ratios (OR),
with 95% confidence intervals (95% CI), were measured
with an unconditional logistic regression model.

Results
The mean age of the patient group was 27.09 ± 5.19
that in comparison with the control group (28.34 ± 4.58)
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showed no significant difference (P=0.073). In terms
of body mass index (BMI), a significant difference was
observed, (29.14 ± 2.68 vs. 23.05 ± 2.48 for patient and
control groups, respectively (P=0.001).
The frequency of H6PD genotypes in patients with
PCOS was in Hardy-Weinberg equilibrium (P=0.27 for
D151A, P=0.09 for R453Q).
The results of this study showed that the genotypic frequencies
of the D151A polymorphism have no significant differences
in the patient group in comparison with the control group
(Table 2). Genotype frequencies of the R453Q polymorphism
showed a significant difference between our groups. For
R453Q polymorphism, the ‘AG’ genotype was associated
with a 0.49-fold decreased risk of PCOS (P=0.023); Also, the
A-allele compared to the G-allele reduced the risk of PCOS
by approximately 0.56-fold (P=0.01, Table 2). We observed
a 0.51-fold decrease in the risk of PCOS in the carriers of the
genotypes ‘AA’ (for D151A), ‘AA’ (for R453Q), and also the
carriers of the genotypes ‘AA’ (or D151A), ‘AG’ (for R453Q)
(P=0.02). Also, there was no significant correlation among
other combinations of the D151A and R453Q polymorphisms
with PCOS risk (Table 3).
Table 2: Allele and genotype frequencies of H6PD D151A and R453Q
Genotypes\
Alleles

Controls
n (%)

Patients
n (%)

P value

OR (95% CI)

D151A
AA
AC
CC
AC+CC

86 (86)
13 (13)
1 (1)
14 (14)

82 (82)
16 (16)
2 (2)
18(18)

0.53
0.55
0.44

1
1.29 (0.58-2.85)
2.097 (0.186-23.57)
1.35(0.63-2.89)

A
C

185 (92.5)
15 (7.5)

180 (90)
20 (10)

0.378

1
1.37 (0.68-2.76)

R453Q
GG
AG
AA
AA+AG

45 (45)
42 (42)
13(13)
55 (55)

63 (63)
29 (29)
8 (8)
37 (37)

0.023
0.09
0.01

1
0.49 (0.27-0.91)
0.44 (0.17-1.15)
0.48 (0.27-0.85)

G
A

132 (66)
68 (34)

155 (77.5)
45 (22.5)

0.01

1
0.56 (0.36-0.88)

OR; Odds ratio, CI; Confidence interval, Pearson’s chi-square (χ2) test, (95% CI) with an
unconditional logistic regression model.

Table 3: Calculation of the odds ratio between case and control groups for
the combination of D151A and R453Q genotypes of H6PD

D151A

R453Q

OR (95% CI)

P value

AA

GG

1.63 (0.92-2.85)

0.089

AC+CC

GG

2.14 (0.77-5.94)

0.14

AA

AG+ AA

0.51 (0.28-0.9)

0.02*

AC+CC

AG+ AA

0.73 (0.24-2.19)

0.58

OR; Odds ratio, CI; Confidence Interval, Pearson’s chi-square (χ2) test, (95% CI) with an
unconditional logistic regression model, and *; Statistically significant.

Discussion
Based on the importance of the single nucleotide
polymorphisms in the development of the disease, such
as PCOS and also, the important role of the H6PD gene
in the human endocrine regulation (4), the H6PD (R453Q
and D151A) variants were assessed in a population of
Kurdish women from the West of Iran.

In the present study, we detected a significant difference
in body mass index (BMI) between healthy controls and
PCOS patients, although there were studies that reported a
higher BMI and fat distribution could increase the PCOS
risk (18-21).
Although the exact effect of H6PD on the PCOS
phenotypes remains unknown, it seems that the H6PD has a
specific role in influencing the function of the hypothalamicpituitary-gonadal axis in humans (4). Some genetic studies
reported that the H6PD variants are related to insulin
resistance, obesity, and hyperandrogenism in PCOS patients
(8, 22). However, the ovaries are the primary source of
increased androgens in the syndrome, 20-30% of PCOS
patients have adrenal androgen excess (23). In an animal
study, the inactivation of the H6PD gene was associated with
abnormalities of the hypothalamic-pituitary-adrenal axis,
glucose homeostasis, and lipid metabolism (24). For the
first time, in a population of Iranian women, we confirmed
an association between the PCOS phenotype and the H6PD
R453Q. In the present study, we observed that the 'A' allele
of R453Q is less frequent in the patient group in comparison
with the control group. Studies in different populations and
ethnicities suggested that the H6PD R453Q polymorphism
may be related the PCOS (4, 10, 14, 15). San Millan et al.
(15) showed homozygosity for the ‘G’ allele of H6PD R453Q
was more frequent in the patients with PCOS phenotype. In
addition, they proposed that the variants of H6PD R453Q
probably affect the adrenal activity involved in PCOS. Ju et
al. (4) showed that the R453Q variant of the H6PD gene may
affect the stability of the mRNA structure or its interaction
with other macromolecules. In vitro study with H6PD as a
bifunctional enzyme demonstrated that the R453Q preserved
the two activities of this enzyme (25). However, in vivo
consequences of this enzyme activity is not clear; thus the
possibility can exist that the correlation of PCOS and R453Q
may be due to variation in the activity of the H6PD enzyme
or linkage imbalance with unknown variants of the H6PD
gene (10). Despite several studies that confirm our results,
several studies showed contradictory results. In the Ju et al.
(4) study, the association between clinical features of PCOS
and H6PD polymorphisms was investigated, and concluded
that the FSH level and phenotype of hyperandrogenism of
PCOS were associated with the ‘AG’ genotype of H6PD
R453Q (rs6688832) in the PCOS patients. They also
declared the ‘GG’ genotype and ‘G’ allele of R453Q likely
have a protective role against PCOS. In another study, it was
reported that the H6PD R453Q variant is associated with
PCOS which has a modifying role in the phenotype of PCOS
by adrenal hyperactivity improvement in the carriers of the
‘A’ allele (15).
A second genetic polymorphism in our study was H6PD
D151A, which was not associated with the PCOS phenotype.
Martínez-García et al. (10) reported that allele A151 was
more frequent in obese women, particularly those with
PCOS phenotype. So far, no functional studies reported the
effects of D151A polymorphism on the activity of H6PD.
In addition, in our study, the interaction of the 'AA'
genotype of D151A with the 'AA+ AG' genotypes of R453Q
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significantly showed a reduction in reducing the PCOS
phenotype development. It seems the D151 and R453
alleles, simultaneously, have a protective role against PCOS.
Although, the interpretation of genetic studies should be
done cautiously, and to confirm these results, studies in larger
populations are necessary. San Millan et al. (15) declared
that the compensatory hyperinsulinemia could elucidate
the increased concentrations of androstenedione in the 'A'
allele carriers (H6PD, D151A), whiles an increase in the
local cortisol levels in the 'Q' allele carriers (H6PD, R453Q)
would reduce the adrenal stimulation. This reduction in
adrenal stimulation occurs by the protective effects of
adrenocorticotropin against adrenal androgen excess and
PCOS. The main limitation of the study lies in the fact that
the BMI in the patient group was higher than in the control
group. Although, the frequency of alleles between BMI
groups was not significant (data were not shown).
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Conclusion
The findings of this study suggest a protective effect
of the R453 allele against the occurrence of PCOS. Due
to the complexity of interaction in many genetic and
environmental factors involved in this disorder, further
studies are required to confirm these results in different
ethnicity and larger sample size.
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