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1. Introduction 
Polycystic ovary syndrome (PCOS) is a multifactorial 

endocrine disorder characterized by oligo- or anovulation, 
clinical and/or biochemical signs of hyperandrogenism, 
and polycystic morphology of the ovaries as detected by 
ultrasound. It is one of the leading causes of female infer-
tility and is commonly associated with metabolic distur-
bances [1]. It is important to appreciate that PCOS is a 
syndrome, not a disease, reflecting multiple potential etio-
logies and variable clinical symptoms [2]. The three most 
significant menstrual abnormalities associated with poly-
cystic ovarian syndrome are oligomenorrhea (less than 
nine menstrual periods annually), amenorrhea (more than 
three months without menstruation), and erratic bleeding 
(loss of the cyclic menstrual pattern). About 85–90% of 
women with oligomenorrhea also have PCOS, and 30% to 
40% of women with complete amenorrhea will also have 
PCOS. Additionally, 30% of women with PCOS will have 
regular menstruation [3]. A set of physiological alterations 
known as endometrial receptivity occurs when the endo-
metrium offers the optimal conditions for embryo locali-
zation, adhesion, invasion, and implantation. Importantly, 
successful implantation of a fertilized ovum depends on 
the synchronized development of the embryo and the endo-

metrium’s ability to achieve an optimal state of tolerance. 
Endometrial receptivity refers to a series of physiological 
and molecular changes within the endometrium that create 
the appropriate conditions for embryo localization, adhe-
sion, invasion, and subsequent implantation. Importantly, 
the key to figuring out whether the fertilized ovum can be 
successfully implanted is whether its timing and level of 
tolerance change in tandem with its growth [4]. During 
the implantation window, which usually lasts 30 to 36 
hours after ovulation, the endometrium typically exhibits 
its maximum receptivity 6 to 9 days later [5]. In addition 
to being influenced by a number of genes, proteins, cyto-
kines, and adhesion molecules, it needs the support of the 
estrogen and progesterone that the corpus luteum secretes. 
For blastocyst adhesion and implantation into the recep-
tive endometrium, this time frame is essential. A close 
"dialogue" mechanism can then be established to finish 
the implantation once the embryo's invasive ability preci-
sely matches the endometrium's receptivity [6Specifically, 
certain CYP gene SNPs may impact sex steroids, resul-
ting in pathological or physiological alterations in people. 
The synthesis of sex hormones depends on the choleste-
rol side chain cleavage enzyme (CYP11A1) gene, which 
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has also been linked to the pathophysiology of polycystic 
ovary syndrome. Cytochrome P450 family 11, subfamily 
A, includes CYP11A1. Cytochrome p450's superfamily is 
encoded. It can be found in the mitochondrial inner mem-
brane [7].

Immune dysregulation is an important factor in the 
development of polycystic ovary syndrome, and chronic 
inflammation might be a critical underlying mechanism 
for polycystic ovary syndrome risk [8]. Immunomodula-
tory proteins called cytokines are crucial for managing im-
mune system cell activity and function [9]. The pathophy-
siology of polycystic ovary syndrome has been thought to 
involve low levels of chronic inflammation and an imba-
lance between pro- and anti-inflammatory cytokines [10]. 
There is growing evidence that the etiology of PCOS may 
involve immune regulation and inflammation. But the un-
derlying mechanisms are still unknown [7,10]. We attemp-
ted to explore the role of interferon-gamma, interleukin-2, 
interleukin-4 and interleukin-10 and CYP11A1 gene poly-
morphism in development of PCOS.

2. Materials and methods 
2.1. Study design 

In this case-control study, 100 women with PCOS (ages 
22–42) were enrolled from among the 200 women who 
were referred to the Consultant Clinic at the Department 
of Gynecology and Obstetrics in Al-Diwaniyah Teaching 
Hospitals. Of those patients, 50 were pregnant and 50 were 
not pregnant when they were enrolled in the study. On the 
other hand, 100 women who appeared to be in good health 
and were almost the same age as the patients made up the 
control group. The Iraqi Council for Medical Specializa-
tions has approved the study, and the included individuals 
have provided written consent. The clinic's consulting 
medical staff used international criteria based on labora-
tory and sonography evaluations to diagnose PCOS in the 
patients.

2.2. Collection of blood samples
Six milliliters of blood were collected from each parti-

cipant in both the patient and control groups via venipunc-
ture. Of this, 3 mL was drawn into a K3-EDTA anticoagu-
lant tube and immediately transported to the laboratory, 
while the remaining 3 mL was collected in a plain tube for 
serological analysis. 

2.3. Hormone levels
FSH, LH, Estrogen, Progesterone, Prolactin and Tes-

tosterone were also estimated automatically by GTQ sys-
tem (USA).

2.4. Polymorphism genotyping analysis
Genomic DNA was extracted from leukocytes using 

the UltraPure™ Genome DNA Kit (SBS Genetech, Shan-
ghai, China) and stored at -80°C until further analysis. 
Genotyping of the CYP11A1 (rs4077582) polymorphism 
was performed using the polymerase chain reaction–res-
triction fragment length polymorphism (PCR–RFLP) 
technique. The sequences of the primers were 5'-GCC 
AGT CAG ACA AGG GCACAG GA-3' (forward) and 
5'-GTG GCC GAC TAT GTAAAC CAG-3' (reverse) for 
rs 4077582. A total reaction volume of 25 μl, containing 
50 ng of genomic DNA, 7.5 pmol of each primer, 2.5 μl 
of 10× STR buffer (Promega, Madison, WI, USA), and 

0.75 U of GoTaq DNA polymerase (Promega, Madison, 
WI, USA), was used for PCR amplification. The PCR was 
performed in a MultiGene Gradient Thermal Cycler (Lab-
net, Edison, NJ, USA) as follows: 30 cycles including 1 
min of denaturation at 94 °C, 1 min of annealing at 60 °C, 
and 1 min of extension at 72 °C. An initial denaturation 
step of 2 min at 96 °C and a final extension of 15 min at 
72 °C were added. PCR products were digested with Mly 
I at 37 °C overnight. DNA fragments were then separated 
using electrophoresis on a 3% agarose gel that had been 
stained with ethidium bromide [11]. Images were taken, 
and image processing software was used to measure the 
lengths of the digits.

2.5. Serological test
Enzyme-linked immunosorbent assay (ELISA) was 

performed to quantitatively measure the levels of IFN-γ, 
IL-2, IL-4, and IL-10 in the follicular fluid (FF) of patients 
and healthy control samples, following the manufacturer’s 
instructions (BT-LAB, USA).

2.6. Statistical analyses
The mean differences were statistically analyzed using 

unpaired, two-tailed tests. To compare differences in the 
case that the data were not normally distributed, a nonpa-
rametric test was employed. When doing statistical analy-
sis using GraphPad Prism version 5.0 and SPSS Statistics 
17.0, P-values of 0.05 were considered significant [12].

3. Results
A total of 200 women were enrolled in the present 

study, including 100 patients with PCOS and 100 healthy 
control subjects. The age of the patients ranged from 22 
to 46 years, with a mean age of 34.75 ± 6.60 years, while 
the mean age of the control group was 36.83 ± 3.10 years 
(P = 0.6045).  

A general clinical examination was conducted prior 
to oocyte retrieval. The baseline levels of FSH, LH, es-
trogens, prolactin, progesterone, and testosterone were 
among the plasma hormones that were measured. FSH 
levels were significantly lower in pregnant women com-
pared to non-pregnant women in both the PCOS and 
control groups (4.49 ± 0.36 and 3.12 ± 0.16 IU/L for pre-
gnant PCOS and control, respectively, versus 6.65 ± 0.16 
and 5.43 ± 0.13 IU/L for non-pregnant PCOS and control, 
respectively (Table 1). Conversely, luteinizing hormone 
(LH) levels were higher in pregnant women in both groups 
(12.89 ± 8.04 and 7.60 ± 1.12 IU/L for pregnant PCOS 
and control, respectively) compared with non-pregnant 
women (6.32 ± 0.46 and 5.18 ± 1.23 IU/L for non-pre-
gnant PCOS and control, respectively).

Estrogen levels in pregnant women were higher in 
the PCOS group compared to controls (47.2 ± 1.62 vs. 
38.67 ± 1.3 pg/ml, respectively). In non-pregnant women, 
estrogen levels were slightly higher in controls than in the 
PCOS group (19.11 ± 0.9 vs. 18.27 ± 1.92 pg/ml, respecti-
vely). Prolactin concentrations were significantly elevated 
in pregnant women across both groups (47.2 ± 1.62 and 
38.67 ± 1.3 mIU/L for PCOS and controls, respectively) 
compared with non-pregnant women (25.73 ± 1.38 and 
20.13 ± 1.54 mIU/L for PCOS and controls, respectively). 
Notably, prolactin levels in pregnant women with PCOS 
were marginally lower than those in pregnant controls, 
but this difference was not statistically significant. As ex-



58

Genetic and immune factors in Iraqi PCOS pathogenesis.                                                                                                                                                                          Cell. Mol. Biol. 2025, 71(9): 56-62

cators (IL-4 and IL-10) were associated with a weak rela-
tionship with those hormones, especially FSH, estrogen, 
and testosterone (Table 3).

The results of our study showed an increase in the pro-
portion of mutant genotype CC and allele C in patients 
(34% and 64% respectively) compared to controls (12% 
and 25% respectively), while a decrease in the proportion 
of normal genotype TT and allele T in patients (6% and 
36% respectively) compared with healthy subjects (62% 
and 75% respectively) (Table 4). In Table 5, we found an 
increase in most hormones in patients carrying the mutant 
CC genotype, and a clear correlation appeared, resulting 
in a statistical difference (P< 0.05) when distributing the 
genotype according to the concentration of prolactin and 
estrogens.

The results presented in Table 6 show that individuals 
carrying the mutant CC genotype exhibited the highest 
concentrations of interleukin-2 and interferon-gamma 
(50.65 ± 8.11 ng/ml and 198.8 ± 22.6 ng/ml, respectively). 
In contrast, the highest level of interleukin-10 was obser-
ved in individuals with the heterozygous CT genotype 
(66.21 ± 12.09 ng/ml). Additionally, the lowest levels of 

pected, progesterone levels were also higher in pregnant 
women compared to non-pregnant women in both groups 
(27.2 ± 1.52 and 16.48 ± 1.3 ng/ml in pregnant PCOS and 
controls, respectively; 14.2 ± 1.44 and 10.22 ± 1.14 ng/
ml in non-pregnant PCOS and controls, respectively). 
In contrast to prolactin, testosterone concentrations 
were higher in non-pregnant women (22.42 ± 0.47 and 
7.57 ± 0.46 ng/dL for PCOS and controls, respectively) 
than in pregnant women (12.49 ± 0.49 and 6.67 ± 0.37 ng/
dL for PCOS and controls, respectively).

Additionally, the ELISA result showed that PCOS pa-
tients' FF had significantly higher levels of IFN-γ and IL-2 
(123.8 ± 33.6, 45.77 ± 8.92 ng/ml respectively) compared 
with those in controls (23.5 ± 4.29, 7.31 ± 1.07 ng/ml res-
pectively) while concentration of IL-4 and IL-10 reduced 
in patients (22.62 ± 6.24 and 5.81 ± 1.11 ng/ml respec-
tively) compared to control (167.1 ± 18.62 and 37.54 ± 
7.11ng/ml respectively) (Table 2).

Pearson's linear correlation showed that IFN-γ and 
IL-2 were associated with a clear positive linear relation-
ship with hormones, especially FSH, estrogen, and testos-
terone. On the contrary, anti-inflammatory immune indi-

Table 1. Hormone levels (FSH, LH, Estrogens, Prolactin, Progesterone, and Testosterone) in patients and controls.

Level in serum Pregnancy state
Groups

P valuePCOS Control
Mean ± SD Mean ± SD

FSH (IU/L)
Pregnant 4.49±0.36 3.12±0.16

0.644[NS]
Non pregnant 6.65±0.156 5. 43±0.126 

LH (IU/L)
Pregnant 12.89±8.04 7.6±1.12

0.502 [NS]
Non pregnant 6.32±0.46 5.18±1.23

Estrogens (pg/mL)
Pregnant 48.77±2.22 23.45±1.36

0.0368 [S]
Non pregnant 18.27±1.92 19.11±0.9

Prolactin (mIU/L)
Pregnant 47.2±1.62 38.67±1.3

0.041[S]
Non pregnant 25.73±1.38 20.13±1.54

Progesterone (ng/ml)
Pregnant 27.2±1.52 16.48±1.3

0.044 [S]
Non pregnant 14.2±1.44 10.22±1.14

Testosterone (ng/dL)
Pregnant 12.49±0.49 6.67±0.37

0.078 [NS]
Non pregnant 22.42±0.47 7.57±0.46

PCOS: polycystic ovary syndrome.  NOW: normally ovulating women.  FSH: follicle stimulating hormone; LH: luteinizing 
hormone; SD: Standard Deviation; S: Significant difference at p < 0.05, NS: Significant difference at p > 0.05.

Table 2. Evaluation of FF level of IFN-γ, IL-2, IL-4 and IL-10 of patients and controls.

Conc.ng/ml
Mean ± SD
PCOS Control P value

IFN-γ	 123.8 ± 33.6 23.5 ± 4.29 0.008 [S]
IL-2 45.77 ± 8.92 7.31 ± 1.07 0.012 [S]
IL-4 22.62 ± 6.24 167.1 ± 18.62 0.00012 [S]
IL-10 5.81 ± 1.11 37.54 ± 7.11 0.024 [S]

Table 3. Pearson correlation coefficient (r) between sex hormones and immunological markers.

Pearson correlation coefficient (r) IFN-γ	 IL-2 IL-4 IL-10
FSH 0.665 0.586 0.110 0.062
LH 0.583 0.499 0.044 -0.371
Estrogens 0.772 0.792 -0.133 -0.201
Prolactin 0.411 0.241 0.088 0.131
Progesterone 0.379 0.201 0.222 0.361
Testosterone 0.682 0.677 -0.261 -0.099
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interleukin-4 and interleukin-10 were found in cases with 
the mutant CC genotype (108.1 ± 18.62 ng/ml and 40.67 ± 
11.6 ng/ml, respectively).

4. Discussion 
Women with PCOS are experiencing pathological 

symptoms due to hormonal changes. It has been shown 
that PCOS causes a variety of hormone changes. Accor-
ding to the current study, PCOS women have abnormal 
levels of androgens, estrogens, and the luteinizing hor-
mone/follicle-stimulating hormone (LH/FSH) ratio. Infer-
tility, overweight and obesity, insulin resistance, diabetes, 
and irregular menstruation in PCOS patients are all asso-
ciated with these hormones [13]. PCOS women are more 
likely to have diabetes and obesity due to the pathological 
alterations of these hormones, which include increased 
insulin, decreased GH, increased ghrelin, and leptin resis-

tance. The high LH basal, increased LH/FSH ratio, high 
androgens, and low estrogen are demonstrated in PCOS 
and linked to infertility [14]. 

The present study hypothesized that, since FSH 
plays a crucial role in follicular development and ovula-
tion processes suppressed during pregnancy, FSH levels 
would differ accordingly. Consistent with this, our results 
showed that non-pregnant women with PCOS exhibited 
higher FSH levels compared to the control group. This is 
a characteristic feature of PCOS, where chronic anovula-
tion leads to elevated FSH levels to stimulate follicle de-
velopment. LH appeared high in pregnant women across 
all groups (LH=12.89±8.04 and 7.6±1.12 IU/L for PCOS 
and control, respectively) compared with non-pregnant 
women (LH=6.32±0.46 and 5.18±1.23 IU/L for PCOS 
and control, respectively) due to increased placental pro-
duction [15]. LH levels were significantly higher in non-

Table 4. Genotype frequencies of CYP11A1 gene polymorphism among studied groups.

Genotype  of       CYP11A1 
PCOS control 

P -value OR CI=95 
No. % No. %

CC 34(34%) 12(12%) 0.033* 1.23 0.44 – 6.77
CT 60(60%) 26(26%) 0.021 * 0.82 (0.37- 3.84) 
TT 6 (6%) 62 (62%) 0.001* 2.86 (0.01- 0.20) 
Total number 100 100
Alleles of CYP11A1
C 128 (64%) 50 (25%) 0.019* 2.86 0.67 -2.91
T 72 (36%) 150 (75%) 0.017* 0.18 0.77 – 0.91
Total 200 200

No: number of cases; OR: Odds ratio; CI: Confidence interval;* significant difference at P<0.05.

Table 5. Evaluation of hormone levels according to CYP11A1(rs4077582) genotypes.

Level in serum Pregnancy state
Groups

P valueCC CT TT
Mean ± SD Mean ± SD

FSH (IU/L)
Pregnant 4.77±0.41 4.38±0.15 4.44±0.24

0.701
Non pregnant 6.9±0.156 5. 74±0.14 5.11±0.22

LH (IU/L)
Pregnant 16.89±8.04 8.45±1.12 8.41±1.21

0.215
Non pregnant 18.53±1.33 18.18±1.61 11.20±2.09

Estrogens (pg/mL)
Pregnant 52.8±6.31 33.72±5.53 20.6±7.51

0.027*
Non pregnant 11.12±2.17 22.13±4.82 22.24±5.02

Prolactin (mIU/L)
Pregnant 55.3±10.5 47.55±11.91 40.7±7.81

0.038*
Non pregnant 33.14±5.34 33.10±6.29 20.81±4.25

Progesterone
(ng/ml)

Pregnant 30.2±4.11 27.48±6.72 20.99±4.14
0.064

Non pregnant 15.2±3.28 15.7±4.21 13.72±3.66

Testosterone (ng/dL)
Pregnant 14.44±7.22 15.8±3.77 7.51±1.66

0.113
Non pregnant 25.39±7.42 23.15±4.61 10.73±2.85

SD: Standard Deviation; * significant difference at P<0.05.

Table 6. Distribution of immunological markers according to CYP11A1(rs4077582) genotypes.

Conc.ng/ml
Mean ± SD

CC CT TT P value 
IFN-γ	 198.8 ± 22.6 143.5 ± 22.33 78.63 ± 14.5 0.023*
IL-2 50.65 ± 8.11 44.31 ± 9.10 44.11 ± 11.4 0.204
IL-4 108.1 ± 18.62 200.62 ± 6.3 116.6 ± 23.6 0.037*
IL-10 40.67 ± 11.6 66.21 ± 12.09 58.65 ± 6.52 0.048*

SD: Standard Deviation; * significant difference at P<0.05.
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pregnant women compared to pregnant control groups, 
potentially reflecting underlying hormonal imbalances. Si-
milarly, testosterone levels were elevated in non-pregnant 
groups (22.42 ± 0.47 ng/dl in PCOS and 7.57 ± 0.46 ng/
dl in controls) compared to pregnant women (12.49 ± 0.49 
ng/dl in PCOS and 6.67 ± 0.37 ng/dl in controls), whereas 
prolactin levels showed a different pattern. These findings 
are based on average values and individual variations exist 
within each group. Other factors, like menstrual cycle 
phase, can influence hormone levels [16,17]. Consulting 
a healthcare professional for personalized interpretation is 
recommended. There were differences between our data 
and earlier reports. The genetic and demographic distinc-
tions between Asian and European or American people 
may be the cause of this disparity [16-18]. The immune 
regulatory mechanisms and immune barriers play a cru-
cial role in follicle development, fertilization, and implan-
tation of the fertilized egg in the uterus [19]. The present 
study evaluated the roles of various pro-inflammatory, 
anti-inflammatory, and dual-function cytokines that dif-
fer between patients and controls. We found the highest 
concentrations of interferon-gamma and interleukin-2 in 
individuals carrying the mutant CC genotype, whereas the 
highest levels of interleukin-10 were observed in those 
with the heterozygous CT genotype. Moreover, we found 
a lower level of interleukin-4 and interleukin-10 in cases 
with mutant CC genotype. However, interleukin-10 is a 
cytokine produced by T-H2 cells, macrophages and T cells 
[19]. interleukin-10 inhibits the action of such pro-inflam-
matory cytokines as interleukin-6, interleukin-1 and Tu-
mor Necrotic Factor- alpha [20]. Numerous investigations 
have documented a connection between PCOS and IL-10 
polymorphism [20,21]. Abraham Gnanadass et al. showed 
that abnormal levels of cytokines, such as IL-4, IL-8, and 
IL-10, result in ovarian dysfunction [21]. In a study by 
Talaat et al. (2016), interleukin-10 levels were lower in 
women with polycystic ovary syndrome [22]. A crucial 
type-2 T helper (Th2) cytokine, IL-4, is involved in in-
flammation, the regulation of antibody production, and the 
maturation of effector T-cell responses [23]. Regardless 
of BMI, IL-4 levels in PCOS patients were significantly 
lower than those in healthy women [24]. Serum levels of 
IL-4 were lower in PCOS patients than in controls, accor-
ding to a different study that examined the profiles of the 
type-1 T helper (Th1) (interferon-gamma, IL-2) and Th2 
(IL-4, IL-10) cytokines of CD3+CD4+ T lymphocyte sub-
sets in follicular fluid [25].

Additionally, because PCOS women have a large num-
ber of follicles without ovulation, their estrogen levels are 
elevated, which increases Th1 cell secretion of inflamma-
tory cytokines like IL-2 and IFN-γ [26]. When compared 
to healthy controls, obese PCOS patients have significant-
ly higher levels of IL-2 in both serum and FF, according to 
research on the relationship between PCOS and IL-2 [27, 
28]. They have also found that polycystic ovary syndrome 
patients exhibit decreased levels of regulatory T cells 
due to an inherent hypo-responsiveness to interleukin-2 
[29]. Our findings support the findings of previous clini-
cal analysis that women with PCOS have higher levels of 
circulating VEGF and IL-2, but more research is requi-
red to completely comprehend the underlying molecular 
pathways [30].

A crucial marker in the steroid synthesis pathway, 
CYP11A1's altered expression has been shown to inter-

fere with steroid synthesis, increasing the risk of PCOS 
development. The current study found a significant cor-
relation between PCOS and the CC genotype and the C 
allele. A linkage analysis conducted by Urbanek et al. 
[37] involving 37 candidate genes also identified a pos-
sible association between PCOS and both CYP11A1 and 
CYP17. Therefore, these important genes in the androgen 
biosynthesis pathway may be suitable candidates to help 
identify the genetic cause of the hyperandrogenism lin-
ked to PCOS. These findings contradict the observation 
of Diamanti-Kandarakis et al. [32], who failed to find 
any correlation between this polymorphism and hype-
randrogenism or cystic ovaries. Additionally, a previous 
extensive examination of the CYP11A1 promoter in rou-
ghly 500 PCOS cases did not find any evidence linking the 
CYP11A1 polymorphism to the PCOS phenotype, espe-
cially hyperandrogenism [30]. Our findings are supported 
by a study by Zang et al. that found that people with dif-
ferent rs4077582 genotypes may respond differently to LH 
stimuli due to differences in LH levels between genotypes, 
which influence downstream steroid hormone levels [11]. 
The heterozygous CT genotype's testosterone level was 
significantly higher than the TT genotype's, as predicted, 
and was most likely positively regulated by LH. However, 
no difference in LH levels was found between the three 
rs4077582 genotypes in PCOS patients, most likely as 
a result of the abnormal internal LH secretion in PCOS 
patients [33].

We conclude from previous research that CYP11A1 
polymorphism is linked to the regulation of sex hormones, 
which in turn directly affects the immune response, and 
this explains the association of the immune indicators in 
our study with CYP11A1(rs4077582) genetic variation, as 
hormonal disturbance directly affects the occurrence of in-
flammation and cysts of reproductive cells in the ovaries, 
which leads to an imbalance in the level of some cytokines 
as interferon-gamma, interleukin-2, interleukin-4 and in-
terleukin-10 Studies have been shown that polycystic ova-
ry syndrome is a chronic low-level inflammation and this 
chronic disease can be a potential cause of the long-term 
consequence of polycystic ovary syndrome [34].In vitro 
studies suggest that pro/anti-inflammatory cytokines are 
capable of up-regulation of the genetic basis as CYP11A1 
SNPs for steroidogenic enzymes for the production of an-
drogens in theca cells of the ovary (hyperandrogenism). 
This concept raises the possibility that the CYP11A1 gene 
may be capable of directly inducing hyperandrogenism in 
polycystic ovary syndrome through hormones or indirect-
ly by inducing the immune system [35].

The findings of our investigation revealed a clear asso-
ciation of the interferon-gamma, interleukin-2, interleu-
kin-4 and interleukin-10 and CYP11A1 with develop-
ment or occurrence of polycystic ovary syndrome. We 
found a high concentration of the studied hormones in 
patients carrying the mutant CYP11A1(rs4077582) CC 
genotype. We also found the highest concentration of 
interferon-gamma and interleukin-2 in people carrying 
the CYP11A1(rs4077582) mutant genotype (CC), while 
the lower levels of interleukin-4 and interleukin-10 were 
determined in cases with the CC genotype. From this, we 
conclude that CYP11A1(rs4077582) genetic variation and 
the immune levels of IFN-γ, IL-2, IL-4, and IL-10 may 
be a target for treatments or indicators for diagnosing the 
polycystic ovary syndrome.
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