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The polycystic ovary syndrome (PCOS) is a complex endocrine disorder
characterized by polycystic ovarian morphology, hyperandrogenism and
ovulatory dysfunctions. One of the key molecular contributors to its
pathophysiology is the altered activity of enzymes belonging to the
Cytochrome P450 (CYP450) superfamily, which plays a central role in
steroid hormone biosynthesis and metabolism. This study was designed to
be a case-control study conducted in the Kamal Al Sammarae hospital for
fertility and IVF during the period from 1 August 2024 to 1 September
2025. In this study, 100 blood samples were collected from PCOS women
aged between (20-35) years who were enrolled in this study. These women
were complaining of polycystic ovary syndrome (PCOS), documented
according to the Rotterdam criteria. Also, 100 Non-PCOS women were
selected as a control group; the non-PCOS control group matched with the
PCOS group by age and BMI. The results of gonadal hormone analysis in
PCOS cases revealed that the mean level of TSH was (2.62+ 0.12)
compared to the control group (1.81+0.08), and the mean level of LH in
the patient group was (7.78+1.12) in comparison to the controls
(3.72+0.54). On the other hand, FSH levels were (5.9440.21) in the PCOS
women compared to the healthy control (1.97+0.12) and the mean level of
Free T3 was (0.61+0.05) compared to the controls (0.01+0.03) with highly
significant variations (P<0.01) respectively. In addition, the mean level of
Prolactin in PCOS women was (12.22+ 0.71) in comparison to the controls
(11.73£0.35) with a non-significant difference (P=0.53). The mean levels
of Insulin in POCS women was (12.85+1.10) compared to the controls
(13.43£0.36) with a non-significant variation (P=0.61), while the mean
level of FBS in the patient group was (7.95+0.37) compared to the healthy
group (0.23+0.14), and the mean level of HOMAIR was (5.43+ 0.86) in
comparison to the controls (1.58+0.22), with highly significant differences
(P<0.01) respectively. Mutations were detected in rs6466, rs6474,
rs147821751, and rs6467 genes, and GG was changed to GA of G/A
heterozygous allele in samples 1,5,6,7,8,12,15,16,18 and 19. While it was
changed to AA of A/C heterozygous allele in samples 3 and 17 of rs6466
in comparison to the controls. However, the CC were the CC nucleotides
were changed to CT sequence of C/T heterozygous allele.

Corresponding Author:

* Rawyia Fawzi Chillab

College of Health and Medical Technology, Middle Technical University, Baghdad, Iraq

Email: rawyiafwzy@gmail.com

102


mailto:rawyiafwzy@gmail.com

Dijlah Journal of Medical Sciences (DJMS) Vol. 3, No. 3, September, 2026, pp. 102-114
P-ISSN: 3078-3178, E-ISSN: 3078-8625, paper ID: 10

1- INTRODUCTION

Polycystic ovary syndrome (PCOS) is a complex endocrine disease characterized by polycystic ovarian
morphology, hyperandrogenism, and ovulatory dysfunction. Altered activity of enzymes in the cytochrome P450
(CYP450) superfamily is one of the molecular factors involved in its pathophysiology, since these enzymes have
central roles in steroid hormone biosynthesis and metabolism. CYP21A2, commonly referred to as CYP21, is of
particular interest because it encodes 21-hydroxylase, the main enzyme involved in aldosterone and cortisol
synthesis in the adrenal cortex [1]. Changes in the activity of CYP450 enzymes, including CYP17Al, CYP11A1,
CYP19Al1, and CYP21A2, can disrupt normal steroidogenesis and contribute to the hormonal imbalance
characteristic of PCOS. Hyperandrogenism is a defining feature of PCOS and is generally associated with increased
androgen levels, including testosterone and dehydroepiandrosterone (DHEA). CYP17ALl is primarily associated
with increased androgen production, whereas CYP21A2 has a modulatory role [2]. Partial or deficient CYP21A2
activity, including in non-classical or mild forms, can reduce cortisol synthesis and trigger compensatory increases
in adrenocorticotropic hormone (ACTH) production [3]. ACTH then stimulates adrenal androgen production,
contributing to higher DHEA levels and symptoms that overlap with PCOS [4]. The interaction of pituitary
hormones, including LH and prolactin, thyroid function reflected by TSH, and antioxidant systems such as
glutathione (GSH), helps shape the biochemical and clinical features of PCOS. In women with PCOS, luteinizing
hormone (LH) levels are often elevated, which commonly increases the LH/FSH ratio [5,6]. This imbalance
stimulates the ovarian theca cells to produce more androgens, contributing to anovulation, hyperandrogenism, and
menstrual irregularity. Thus, elevated LH is a major driver of ovarian dysfunction in PCOS. Thyroid-stimulating
hormone (TSH) is another important factor because thyroid dysfunction, particularly subclinical hypothyroidism, is
frequently observed in women with PCOS [7]. Higher TSH levels may worsen metabolic problems, including
weight gain and insulin resistance, while also intensifying menstrual irregularities. Since thyroid hormones affect
ovarian function both directly and indirectly, their imbalance is a significant concern in PCOS management [8].

Most women with PCOS experience insulin resistance at some point, even without diabetes. This may lead to
irregular periods, weight gain particularly around the abdomen acne, hair thinning, or excessive facial hair [9]. IR
can also develop into acquired or genetic conditions such as obesity, noninsulin-dependent diabetes, polycystic
ovary syndrome, and metabolic syndrome (10). Insulin controls blood glucose levels by being secreted into the
bloodstream (11). The relationship between vitamin D3 (VD3) and PCOS matters, yet it is often overlooked. Rather
than functioning solely as a vitamin, vitamin D helps regulate hormones, and a deficiency may affect both the
metabolic and reproductive features of PCOS [12]. This study examines the pathophysiological role of Cytochrome
P450 (CYP450) enzyme activity in women with Polycystic Ovary Syndrome (PCOS), focusing on its association
with increased gonadal hormones and Dehydroepiandrosterone (DHEA) concentrations. It also compares metabolic,
hormonal, and oxidative stress markers including insulin, TSH, LH, FSH, GSH, and Vitamin D3 in PCOS patients
and healthy controls. A further aim is to identify potential genetic variations (mutations) in the CYP21A2 gene that
may help explain the molecular basis of the disorder.

2- MATERIALS AND METHODS

This study was designed to be a case-control study conducted in the Kamal Al Sammarae hospital for
fertility and 1VF during the period from 1 August 2024 to 1 September 2025. in the current study, (100) blood
samples were collected from PCOS women aged between (20-35) years who were enrolled in this study. These
women were complaining of polycystic ovary syndrome (PCOS), documented according to the Rotterdam criteria.
Also, (100) Non-PCOS women were selected as a control group; the non-PCOS control group matched with the
PCOS group by age and BMI. Fasting blood sugar, Insulin, TSH, LH, Free T3, Prolactine and VD3 were tested by
Automated 411 E Cobas Analyzer. While CYP450, CYP21, DHEA and GSH were examined by the Enzym
Immuno-Assy ELISA technique. The molecullar analysis was performed with PCR technique and sequenced sanger
sequener.

Kits Company/ Origin
ReliaPrep™ Blood gDNA Miniprep System, Agarose, Ethidium Bromide
Solution (10mg/ml), GoTag Green Master Mix, Nuclease Free Water, TAE| Promega, USA
40X, Quantifluor dsDNA System,
100bp DNA ladder
Primers Macrogen, Korea

Primers
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Primer Name Sequence 5°-3° Annealing Product size (bp)
Temp. (C)
CYP21A2-F CCCAGGCTGGTCTTAAATTC
60 929
CYP21A2-R CGATGTGATCCCTCTTCTCTA

Ethical approval

Before the study commenced, written informed consent was obtained from all participants. Ethical approval
was granted by the Medical Ethics Committee (Approval No. 204) on April 1, 2026.

Statistical analysis

The notation “mean + SE” is commonly used to present a sample statistic, typically the mean, together with
its standard error (SE). This format shows the sample average and its associated precision, providing an estimate of
how closely the sample mean reflects the true population mean and serving as a basis for constructing confidence
intervals.

3- RESULTS AND DISCUSSION

Table 1 showed the distrbution of poly cystic ovary was 37 (37%) in the age groups (20-24) years and (25-
29) years which was equal to the control group, with non-signififican variations (P= 1.0). But the distrbution in the
age group (>29) years was 26(26%) with a non-significant variation (P=1.0).

Table (1):Distribution of studied groups according to age groups (years)

PCOS (n=100) Control (n=100)
Age groups/years N % N % *P-value
(20-24) 37 37 37 37
(25-29) 37 37 37 1.0
>29 26 26 26 26
Total 100 100 100 100

*Chi-square test was applied to calculated P-value, **non-significant

Data showed that the distribution of polycystic ovary syndrome (PCOS) across the different age groups was
identical to that of the control group, with no statistically significant differences (P = 1.0). In women aged 20-24
years, 37 cases (37%) were reported, which was exactly the same proportion as in the control group (37%).
Similarly, in the 25-29 year age group, the distribution remained equal between PCOS cases and controls. For
women older than 29 years, the proportion was 26 (26%) in both the PCOS and control groups. A P-value of 1.0
indicates that there is absolutely no difference between the groups in terms of age distribution. Statistically, this
means that age (within these categories) was not associated with the occurrence of PCOS in your study population.
The identical percentages suggest that the groups were well matched by age, which is methodologically important
because it reduces age as a potential confounding factor. Although PCOS is commonly diagnosed in women of
reproductive age (especially in their 20s), the findings indicate that, in this sample, the condition was evenly
distributed across the studied age ranges when compared with controls. Therefore, age did not appear to influence
the prevalence of PCOS in this dataset. In conclusion, the absence of significant variation (P = 1.0) confirms that
there is no statistical association between age group and PCOS in your study, and the control group was
appropriately age-matched [13]. The prevalence of PCOS according to the Cities showed that in Baghdad was
86(86%), Salahaldin and Diyala 4(4%), Babylon, Al-Diwanya and Anbar was 1(1%), while in Wasit was 2(2%).
One the other hand, the distribution of PCOS according to residency showed that it was 69(69%) in main cities and
in the side cities was 31(31%). Moreover, the distribution of PCOS according to the occupation showed that it was
92(92%) among housewives and 8(8%) among employed women with no significant differences (P= 1.0, 1.0 and
1.0) respectively as shown in table 2.

104



Dijlah Journal of Medical Sciences (DJMS) Vol. 3, No. 3, September, 2026, pp. 102-114
P-ISSN: 3078-3178, E-ISSN: 3078-8625, paper ID: 10

Table (2): Distribution of the studied groups according to city type and residency status

PCOS (n=100) Control (n=100)
N % N % *P-value
Baghdad 86 86 86 86
Salahaldin 4 4 4 4
Diqar 1 1 1 1 1.0
City name | pjyala 4 4 4 4
Babylon 1 1 1 1
Wasit 2 2 2 2
Al-Diwanya 1 1 1 1
Anbar 1 1 1 1
Total 100 100 100 100
City 69 69 69 69
Residency | Cityside 31 31 31 31 **1.0
Total 100 100 100 100
) Housewife 92 92 91 91
et Employed 8 8 9 9 **1.0
Total 100 100 100 100

*Fisher exact probability was used, **Chi-square test was applied to calculate P-value

The findings demonstrated that the majority of PCOS cases were from Baghdad, accounting for 86% of the total
sample, while much lower percentages were observed in Salahaldin and Diyala (4%), Wasit (2%), and Babylon, Al-
Diwanya, and Anbar (1% each). This difference may be largely attributable to population density and accesses to the
healthcare facilities, i.e. Baghdad is the capital city and is highly densely populated with a more access to
specialized endocrinology and gynecological facilities. Therefore, people who reside in Baghdad are likely to have
higher diagnosis rates in comparison with women in other cities, where healthcare accesses are more limited.
Kamber et al., (2025) showed that the greater incidence in Baghdad reflects better detections rather than actual
epidemiological differences [14]. Results of residency showed that 69% of PCOS patients were residing city
(urban) areas, whereas 31% were residing sub-city (rural) areas, and this difference possibly related to lifestyle
issues usually seen in urban residents, e.g. dietary habit, sedentary behaviors, psychological stresses and increased
obesity rates, all of which are known to be PCOS risk factors. In addition, women residing in urban areas likely look
for medical consultations, participating in the elevated recorded proportions [15].

With regard to occupation, most of the cases were housewives (92%), whereas 8% were employed women.
However, it was revealed that there was no significant difference (P = 1.0) between PCOS prevalence and
occupation, suggesting no significant association between PCOS occurrence and occupation. The higher housewife
percentage may be reflecting the general cultural structures and demographics of the cases rather than causal
relationship indication [16]. Numerical variations were reported across cities, occupation and residency by Yu et al.,
(2025). With no statistically significant variations (P = 1.0) indicating that such parameters were not significantly
related to PCOS in this study. Larger, multicenter studies are recommended to further investigate geographical and
sociodemographic influences on PCOS prevalence while controlling for confounding factors such as BMI, lifestyle,
and access to healthcare [17]. The prevalence of PCOS according to family history showed that 31(31%) have
family history and 69(69%) have none. Furthermore, the smoker patients was 5(5%) with no significant variations
P=1.0 1.0 respectively. On the other hand, there was 21 (21%) with Hypotension compared to 79(79%) with normal
blood pressure, with significant variations P <0.01. In addition, the body mass index BMI (Kg/m2) among women
with POCS cases between (18.5-24.9) was 11(11%), between (25-29.9) was 32(32%). Also, between (30-34.9) was
19(19%), While, in >40 was 6(6%) with no significant differences P=0.93, as shown in table 3.
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Table (3): Distribution of studied groups according to family history, smoking habits and BMI (Kg/m2)

Scores
PCOS (n=100) Control (n=100
N % N % *P-value
Yes 31 31 31 31
Family No 69 69 69 69 *1.0
history Total 100 100 100 100
Smoking Yes 5 5 5 5
No 95 95 95 95 *1.0
Total 100 100 100 100
Normal 79 79 100 100
Blood Hypotension | 21 21 0 0 *<0.01
pressure Total 100 100 100 100
18.5-24.9 11 11 9 9
25-29.9 32 32 32 32
BMI (Kg/m2) | 30-34.9 31 31 31 31 *0.93
35-39.9 19 19 18 18
>4() 6 6 9 9
Total 100 100 100 100

*Chi-square test was applied to calculate P-value

The findings of this study showed that 31% of women with PCOS reported a positive family history, while 69% had
no family history. Although a positive family history was present in nearly one-third of the participants, the majority
did not report affected relatives. This suggests that while genetic predisposition may contribute to PCOS
development, environmental and lifestyle factors may also play an important role in its occurrence. Our results were
in agreement with (Begum et al., 2024) who found similar results [18]. Tao et al., (2021) demonstrated that only 5%
of cases were smokers in comparison with 95% non-smokers, with non-significant associations (P=1.0), suggesting
that smoking is not significantly associated with prevalence of PCOS in the study. The small number of smokers
may limit the capacity for detection of any potential relationship [19].

Results of blood pressure showed significant difference (P < 0.01), as 21% of cases were hypotensive, while 79%
showed normal blood pressure, and such significant P-value indicates possible blood pressure association with
PCOS in those participants. Nevertheless, because most of cases showed normal blood pressure, additional
investigations are necessary for determining the clinical significance of hypotension in women with PCOS. These
findings were in agreement with (Silva et al., 2024) who indicated that (PCOS) is the endocrine disease that most
commonly affects women at reproductive age, with significant effects for cardio metabolic health [20]. Milanese et
al., (2025) revealed in terms of BMI that the majority of cases were obese or overweight. Specifically, 11% had
normal BMI (18.5-24.9 kg/m?2), 32% were overweight (25-29.9 kg/m?), 19% were in obesity class | (30-34.9
kg/m?2), and 6% had morbid obesity (>40 kg/m?). A non-significant difference was found (P = 0.93), in spite of the
higher rates of obese and overweight patients, and such lack of significance may be attributed to distribution pattern
or sample’s size. However, this high rate of obese and overweight patients aligned with the existing literature
suggesting that excessive body weights are often related to PCOS and may cause exacerbation of its reproductive
and metabolic features [21].

It was shown in the study that the BMI and family history were commonly observed in PCOS women, but blood
pressure demonstrated a statistically significant correlation. Such results highlight the multifactorial natures of
PCOS and the significance of observing metabolic, genetic and cardiovascular factors to evaluate and manage it
(Shruthi et al., 2025) [22]. It was revealed in Table 4 that the mean level of TSH was (2.62+ 0.12) compared to the
control group (1.81+0.08), and the mean level of LH in the patient group was (7.78+1.12) in comparison to the
controls (3.72+0.54). On the other hand, FSH levels were (5.94+0.21) in the PCOS women compared to the healthy
control (1.97£0.12) and the mean level of Free T3 was (0.61+0.05) compared to the controls (0.01+0.03) with highly
significant variations (P<0.01) respectively. In addition, the mean level of Prolactin in PCOS women was (12.22+
0.71) in comparison to the controls (11.73+0.35) with a non-significant difference (P=0.53).
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Table (4): The mean levels of gonadal hormones between cases and control

Test Group Mean SE t-test P-value

PCOs 2.62 0.12 5.35 <0.01
TSH(mIU/L) Control 1.81 0.08

PCOs 7.78 1.12 3.24 <0.01
LH(IU/L) Control 3.72 0.54

PCOs 5.94 0.21 16.2 <0.01
FSH(IU/L) Control 1.97 0.12

PCOs 0.61 0.05 7.981 <0.01
Free T3(pg/mL)  |Control 0.01 0.03

PCOs 12.22 0.71
Prolactin(ng/mL) [Control 11.73 0.35 0.62 0.53

The results showed clear endocrine changes in PCOS women in comparison with the controls, with most of the
hormones showing statistically significant variations (P < 0.01), except the prolactin hormone. Though both values
are within the normal reference value, the increase of TSH in patients may indicate a tendency towards altered
thyroid functions or subclinical hypothyroidism. Such results agreed with (Khan et al., 2025) who showed that
thyroid dysfunctions may exacerbate menstrual irregularity, anovulation as well as metabolic disturbance,
commonly seen in PCOS [23]. Akhter et al., (2025) demonstrated that such finding is consistent with the classic
endocrine hallmarks in PCOS i.e. elevated secretion of LH because of altered regulation of hypothalamic—pituitary—
ovarian axis. High levels of LH result in stimulation of the ovarian theca cells for producing more androgens,
participating in anovulation, hyperandrogenism as well as follicular arrests [24]. The level of FSH was also
significantly increased among PCOS women (5.94+0.21) in comparison with the control group (1.97+0.12). Despite
this elevation of FSH, Xia et al., (2023) indicated that in several cases of PCOS the LH/FSH ratio elevated because
of a relatively greater increased LH level. The normal follicular ovulation and maturation is impaired by disruption
of the balance between FSH and LH, resulting in infertility [25]. Elevated level of Free T3 can reflect an associated
thyroid abnormality or a compensatory metabolic mechanism. Thyroid hormones affect insulin sensitivity, ovarian
functions and metabolic rates, which are usually disturbed in patients with PCOS.

The findings indicate that prolactin does not appear to play a major role in the endocrine profile of the studied PCOS
group. While mild hyperprolactinemia can sometimes coexist with PCQOS, it is not a defining hormonal feature in
most cases (Kizmaz et al., 2025) [26]. The findings support that PCOS is associated with significant disturbances in
Pituitary gonadotropins (elevated LH and altered LH/FSH balance) and Thyroid function parameters (elevated TSH
and Free T3). These hormonal imbalances contribute to anovulation, menstrual irregularities, hyperandrogenism,
infertility and possible metabolic dysfunction. (Palomba et al., 2023), concluded that the lack of significant change
in prolactin suggests that it is not a primary contributor in this cohort [27]. Kukreti et al., (2025) demonstrated that
the results reinforce the concept that PCOS is a complex endocrine disorder involving both reproductive and
thyroid-related hormonal alterations [28]. The mean levels of Insulin in POCS women was (12.85+1.10) compared
to the controls (13.43+0.36) with non-significant variations P=0.61, while the level of FBS was (7.95+0.37)
compared to the healthy group (0.23+0.14), and the mean level of HOMAIR was (5.43+ 0.86) in comparison to the
controls (1.58+0.22) with a highly significant differences P<0.01 respectively, as shown in table 6.

Table (5): The mean level of diabetic screening tests between cases and controls

Test

Group Mean SE t-test P-value

PCOs 12.85 1.10 0.50 0.61
Insulin (uIU/mL)

Control 13.43 0.36

PCOs 7.95 0.37 14.23 <0.01
FBS (mg/dl)

Control 0.23 0.14

PCOs 5.43 0.86 4.27 <0.01
HOMAIR

Control 1.59 0.22
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It was observed by Kaczmarczyk et al., (2025) that it might be surprising as PCOS is usually related to
hyperinsulinemia. Nevertheless, the insulin level alone may be confusing. The secretion of insulin is dynamic and
affected by fasting status, timing and compensatory mechanism. Thus, the normal level of insulin does not exclude
underlying insulin resistances [29]. Moreover, Ahmed et al., (2025) recommended looking at the fasting blood sugar
level now. The PCOS women showed a much greater mean (7.95+0.37) n comparison with the control group
(2.23+0.14), with a highly significant variation (P <0.01), which indicates impaired glucose regulations in PCOS
women. Although the absolute control value is observed to be unusually decreased (depending on unit), dysglycemia
indicated in PCOS, which is the key takeaway and the strong statistical difference [30]. However, Li et al., (2023)
reported that because HOMA-IR reflected insulin resistance by combining insulin with fasting glucose, which
highly supports the insulin resistance in patients with PCOS. Clinically, this aligns with the well-established role of
insulin resistance in PCOS pathophysiology. Insulin resistance contributes to hyperandrogenism, ovarian
dysfunction, and increased risk of type2 diabetes and metabolic syndrome [31].

Table 6 showed that the mean level of CYP450 with PCOS patients was (248.57+£10.53) compared to the control
group (68.71+8.04) with higher significant variations P<0.01. In addition, the mean level of CPY21 was (2.32+0.13)
compared to the control group (2.32+0.15) with no significant differences. Moreover, the mean level of DHEA was
(150.62+5.20) compared to the control group (42.87+8.04) with higher significant variations P<0.01. Furthermore,
the level of GSH was (26.66+0.71) compared to the control group (13.38+0.42) with higher significant variations
P<0.01. Finally, the level of Vit-D3 was (15.38+£1.19) compared to the control group (48.45+1.63) with higher
significant variations P<0.01.

Table (6): The mean levels of some hormones and enzymes between cases and controls

Test Group Mean SE t-test P-value
PCOs 248.57 [10.53 13.57 <0.01
CYP450(pg/ml) Control 68.71 8.04
PCOs 2.32 0.13 0.03
CPY21 (pg/ml) Control 2.32 0.15 0.97
PCOs 150.62 [5.20 17.49 <0.01
IDHEA (pg/dL) Control 42.87 3.28
PCOs 26.66 0.71 15.93 <0.01
GSH(IU/mL) Control 13.38 0.42
PCOs 15.38 1.19 <0.01
\Vit-D3(ng/ml) Control 48.45 1.63 16.33

The results indicate clear biochemical differences between women with polycystic ovary syndrome (PCOS) and the
control group, reflecting alterations in steroidogenesis, oxidative stress status, and vitamin metabolism. The elevated
CYP450 level in PCOS patients may reflect increased activity of steroidogenic pathways, which is commonly
associated with hyperandrogenism in PCOS. The enhanced activity of CYP450 may result in elevated production of
androgen, participating in clinical manifestations like acne, hirsutism and menstrual irregularity, as shown by
(Rambaran et al., 2025), [32]. On the other hand, the no significant difference in CYP21 is shown to be involved in
the synthesis of cortisol and aldosterone in the adrenal cortex. In addition, Abdolmonem et al., (2025) concluded
that the absence of significant variations indicates that this enzyme may not have an important role in the PCOS
pathophysiology in these studied women, which also enhances the difference between PCOS and congenital adrenal
hyperplasia (CAH), where the deficiency of CYP21 is a fundamental factor [33].

DHEA is the precursor of adrenal androgen which is involved in excessive androgen. The increased levels of DHEA
in PCOS is coincided with former studies that showed elevated secretion of adrenal androgen, and this elevation
may further cause worsening of hyperandrogenic symptoms and disruption of normal ovarian follicular
developments [34]. The high levels of GSH may be the compensatory responses to oxidative stresses, which are
commonly found in PCOS women. Increased oxidative stress was associated to insulin resistances, inflammations
and impaired ovarian functions in patients with PCOS [31]. Deficiency of Vitamin D is often related to PCOS and
may be involved in metabolic disturbance, such as obesity, insulin resistance and hormonal imbalances, vitamin D
reduces insulin sensitivity by increasing glucose concentration and insulin resistance (35). Decreased levels of
Vitamin D can also negatively influence reproductive functions and follicular developments. These results indicate
that PCOS is related to enhanced activity of steroidogenic enzymes, high productions of androgen, altered balance
of oxidative stress in addition to deficiency of Vitamin D [33]. As the increase of CYP450 and DHEA demonstrate
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the role of abnormal steroid metabolisms, the unaltered level of CYP21 indicates that all steroidogenic enzymes are
not involved. Moreover, Wang et al., (2025) revealed that the high levels of GSH suggests adaptation of oxidative
stress, while low Vitamin D3 can be involved in reproductive and metabolic dysfunction in PCOS. These
biochemical alterations could provide insight into the underlying mechanisms of PCOS and may help guide future
therapeutic strategies [34].

Amplification of CYP21A2 gene of human samples were fractionated on 1.5 agarose gel electrophoresis and stained
by Ethidium bromide as shown in figure 1.

1500bp

1000bp et G bl G G G S by b W 52000

100bp

CYP21A2

Fig (1): Amplification products of the CYP21A2 gene region separated on 1.5% agarose gel electrophoresis
and stained with ethidium bromide. M: 100 bp DNA ladder; Lane’s 6-C4 show 929 bp PCR products

Figures 2,3,4, and 5 revealed that a mutations occurrence in rs6466, rs6474, rs147821751 and rs6467 genes, GG was
changed to GA in samples 1,5,6,7,8,12,15,16,18 and 19, while it was changed to AA in samples 3 and 17 of rs6466
compared, to the control group. On the other hand, the nucleotides CC were changed to CT in samples 1, 6,
7,8,10,11,12,18 19 and 20 with no change to TT of rs6474gene. Moreover, CC was changed to CT in the sample
only with no change in others in rs147821751 gene. But the change occurred in rs6467 gene, the GG transported to
GT in samples 5,7,10 and 14 while the GG transported to the TT in samples 3, 8, 9,11,12,13,15,16,17 and 18 in
comparison to the controls.
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Fig (2): Analysis of SNP rs6466 of CYP21A2 gene using Sanger sequencing Presence of the “G” and “A” peak
indicative of G/A heterozygous allele
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Fig (3): Analysis of SNP rs6474 of CYP21A2 gene using Sanger sequencing. Presence of the “C” and “T”
peak indicative of C/T heterozygous allele
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indicative of G/T heterozygous allele

110



Dijlah Journal of Medical Sciences (DJMS) Vol. 3, No. 3, September, 2026, pp. 102-114
P-ISSN: 3078-3178, E-ISSN: 3078-8625, paper ID: 10

The present analysis revealed several nucleotide variations across four SNP loci (rs6466, rs6474, rs147821751, and
rs6467) when compared with the control genotype. For rs6466, the control genotype (GG) showed polymorphic
changes in multiple samples. A heterozygous mutation (GG—GA) indicating a relatively frequent occurrence of the
A allele within the studied population. In addition, a homozygous mutant genotype (GG—AA) was detected in these
samples. This is what was shown by Joseph et al., (2025) who reported that the presence of both heterozygous and
homozygous variants suggests that rs6466 may exhibit notable allelic variability and could potentially influence
gene function depending on its genomic location (coding, regulatory, or intronic region). These results were in a
harmony with. Jahantigh, D and Hosseinzadeh A evaluated the association between genetic polymorphisms of
XRCC5 VNTR, XRCC6 -61C>G, and XRCC7 6721G>T with male infertility susceptibility [36]. In the rs6474
locus, the reference genotype (CC) was altered to CT in samples 1, 6, 7, 8, 10, 11, 12, 18, 19, and 20. However, no
TT homozygous mutant genotype was observed in the examined samples. This pattern indicates that while the
mutant T allele is present in the population, it occurs predominantly in the heterozygous form. The absence of the
TT genotype might suggest a lower allele frequency or possible selective constraints against the homozygous mutant
form. Chai et al., concluded that patients with CYP3A5 rs15524 and CYP3A7 rs776744 mutants had a higher
IPV. Furthermore, the mortality caused by rejection in wild-type patients and mutant patients of CYP3A7 rs776744
was 4.5% vs. 7.7% (p = 0.564), (Jahantigh et al., 2025) [37].

Regarding rs147821751, only a single heterozygous variation (CC—CT) was detected in one sample, while all
remaining samples retained the wild-type CC genotype. This result indicates that such SNP is relatively rare in the
study sample, suggesting decreased genetic variabilities in this locus (Chai et al., 2025) [38]. On the other hand,
rs6467 showed the highest variation degree in the studied SNPs, and this was achieved by Alharazy et al., (2025)
who evidenced that the wild-type of genotype GG was changed to GT in the samples 5, 7, 10 & 14, suggesting the
presence of heterozygosity. Furthermore, a homozygous mutant genotype (GG—TT) was observed in samples 3, 8,
9, 11, 12, 13, 15, 16, 17, and 18. The high TT genotype frequency indicates that the mutant alleles might be
relatively commonly found in the study sample and might have clinical or functional implication based on the
biological roles of such loci [36]. Such findings demonstrated different mutation frequencies within the four SNPs,
with rs6467 demonstrating the uppermost polymorphic distributions, then the rs6466 and rs6474, whereas
rs147821751 showed minimal variations. These polymorphisms can be involved in genetic diversities and may
potentially influence gene expressions, protein functions or vulnerability to diseases, necessitating more
investigations with larger specimen size and functional analysis [39].

4- CONCLUSION

The results concluded that the alterations in the Cytochrome P450 (CYP450) systems, especially enzymes
contributed to steroidogenesis, are involved in significant increase of androgen productions in women with
Polycystic Ovary Syndrome, as observed by increased levels of DHEA. Increased levels of insulin suggest insulin
resistance, which causes enhancement of the synthesis of ovarian androgen via CYP450 enzyme activity’s
stimulation, thus deteriorating hyperandrogenism and metabolic disturbance. The combined increased CYP450
activities, DHEA, insulin and thyroid hormone, as well as changed VD3 and body mass, reveals that PCOS is a
multifactorial disease including complicated interaction between metabolic, genetic and endocrine pathways. In
women with PCOS, thyroid dysfunctions are indicated by increased TSH, T3, T4 and Free T3, which might interact
with reproductive and metabolic hormones, causing more ovarian function disruption.
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