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This study aimed to estimate the serum levels of interleukin-1 alpha
(IL-1a) and interleukin-36 alpha (IL-36a) in women with polycystic
ovary syndrome (PCOS) and to examine their relationship with age and
body mass index (BMI). A total number of collected specimens are 75,
which were 45 patients and 30 healthy control women participated in
this study from different private clinics in Baghdad/ Iraq, for the period
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starting December 2023 to February 2024. The age ranges for both
patients and controls was 18—40 years, with mean ages of 25.60 + 6.38
years for patients and 29.44 + 11.61 years for controls. BMI was
determined for all participants, revealing a statistically highly
significant difference between the PCOS group (27.53 + 4.72) and the
control group (24.02 + 2.84). The results showed significantly elevated
levels of IL-1a (567.0 = 59.0 pg/ml vs. 196.56 + 21.56 pg/ml) and IL-36a
(511.0 £ 99.4 ng/L vs. 175.82 + 41.67 ng/L) in the PCOS group compared
to the control group. A positive correlation was found between IL-1a and
IL-36a. IL-36a was not significantly correlated with age or BMI, while
IL-1a was not significantly correlated with age but showed a significant
positive correlation with BMI (r = 0.356, P = 0.013). This suggests that
the higher IL-1a levels may be partly associated with the higher BMI in
the PCOS group and may not be due to PCOS alone. Furthermore, levels
of luteinizing hormone (LH), follicle-stimulating hormone (FSH),
prolactin (PRL), and testosterone (T) were significantly elevated in
women with PCOS.
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1. Introduction

Polycystic ovarian syndrome (PCOS), a metabolic
and endocrine condition, is one of the most prevalent
reasons for infertility due to anovulation and
hyperandrogenism [1]. The prevalence of polycystic
ovaries in the general population is estimated to
range between 20% and 33%, and they are often
detected through ultrasound or other pelvic imaging
methods [2]. The primary characteristics of this
syndrome include oligo/anovulation and disruptions
in androgen hormones, resulting in varying degrees
of hirsutism, weight gain, acne, and amenorrhea.
Overweight or being obese with a body mass index

(BMI) exceeding 30 kg/m? is a substantial risk factor
for women in their 30s who develop PCOS [3], in
addition to being a risk factor for heart disease, type
2 diabetes, high blood pressure, and a number of
malignancies. Genetics, metabolism, hormones,
lifestyle, dietary patterns, and psychological
behavior all contribute to causing obesity and PCOS,
which are complex disorders [4]. It has been shown
that PCOS patients have a persistent low-grade
inflammatory condition, which includes abnormal
proinflammatory cytokine levels and excessive
leukocyte counts [5]. In PCOS, hormonal alterations
promote interleukin-1 alpha (IL-1a) production
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through activation of M1 macrophages and
neutrophils; this elevated IL-1a not only contributes
to inflammation in the reproductive system but also
disrupts follicular development and endometrial
repair by inhibiting estradiol secretion and
correlating with androgen excess [6,7]. IL-la is
strongly expressed by a variety of cell types, such as
T lymphocytes cells, fibroblasts, hepatocytes,
keratinocytes, macrophages, and dendritic cells [8].
Numerous skin cells, including endothelial cells,
dermal fibroblasts, and epidermal keratinocytes, as
well as immune cells, such as macrophages,
monocytes, dendritic cells, T lymphocytes, and B
lymphocytes,  express interleukin-36  (IL-36)
cytokines [9].IL-36a may contribute to ovulatory
dysfunction and insulin resistance, which are core
features of PCOS pathophysiology; moreover, its may
be associated with chronic low-grade inflammation,
increased ovarian androgen production, and elevated
luteinizing hormone (LH) levels, warranting further
experimental studies to elucidate its mechanistic
role[10]. Recent studies suggest that IL-36a and IL-
1 family cytokines may play different roles in obesity
and insulin resistance depending on the tissue
involved, their circulating levels, and whether the
evidence comes from animal or human studies [11,
12]. The study goal was to estimate the serum level
of IL-1a and IL-36a in PCOS women and to examine
their relationship with age and BMI.

2. Materials and Procedures

2.1. Patients and the collecting of control

The study involved 45 women patients with PCOS,
ranging in age from 18 to 40, and 30 healthy
individuals as control subjects. The patients were
attendants seeking treatment at various private
clinics in Baghdad between December 2023 and
February 2024. All cases of PCOS were diagnosed by
professional gynecologists based on clinical findings,
in accordance with standard diagnostic criteria. A
diagnosis required the presence of at least two of the
following three signs [13]: (i) irregular or absent
ovulation, (ii) clinical or biochemical signs of hyper
androgenism (e.g., hirsutism, alopecia, or acne), and
(iii) polycystic ovarian morphology confirmed by
transvaginal ultrasound. These cases were identified
in comparison with a control group. Our study was
approved by Alfarahidi University, college of Medical
Technology, Department of Medical Laboratory
Technology, (Ethical No.:203188 on 15/12/2023). On
the other hand, ethical consent was obtained from

all subjects, and they were provided with
comprehensive information about our study,
including the purpose, procedure, benefits, and

confidentiality of the research.

2.2, Exclusion criteria

Exclusion criteria included the use of hormonal
contraception or fertility medications within the
three to four months prior to enrollment, as well as
any medication known to interfere with follicular
development or hormonal levels. Additionally,
patients with hyper prolactinemia, thyroid
dysfunction, congenital adrenal hyperplasia, or those
with oligomenorrhea or amenorrhea due to causes
other than PCOS were excluded.

2.8. Collection of specimens

A 5 ml disposable syringe and tubes containing gel
were used to draw blood from each woman in the
PCOS and healthy control groups. To extract serum,
the samples were centrifuged at 5000 rpm for five
minutes after being allowed to clot for ten minutes at
room temperature (20-25°C). To prevent frequent
freezing and thawing, the serum was divided into two
Eppendorf tubes following centrifugation. After that,
the tubes were stored at —20°C for 2 months until
analysis. The samples were subjected to only one
freeze—thaw cycle before analysis, and all samples
were analysed in a single batch on the same day.

2.4. Laboratory techniques

Using the ELISA technique and following the
respective manufacturers’ protocols, the levels of IL-
36a and IL-la in serum were measured in a
microplate reader at a wavelength of 450 nm.
Detailed information regarding the two ELISA kits is
provided in Appendices 1 and 2. Additionally the
electrochemiluminescence immunoassay method
(RocheHitachiCobase411) was used during the
menstrual cycle's third day to assess the reproductive
hormones (LH, FSH, testosterone, and prolactin)
associated with PCOS. The same blood samples
collected on the third day of the menstrual cycle were
used to measure serum IL-36a and IL-1la levels by
ELISA. The manufacturer's instructions were
followed in both situations, and the body mass index
(BMID) was calculated using the formula: BMI = body
weight (kg) / height squared (m?) [14].

2.5. Statistical analysis

The data in this study were analyzed using IBM
SPSS V26 and Microsoft Excel. The results are
presented as median and mean + SD. The medians
and means of the two study groups were compared
using the Mann-Whitney U test and the independent
t-test, respectively. The linear relationship between
two continuous variables was evaluated using the
Pearson correlation coefficient. Significant and very
significant were the probability values less than 0.05
and 0.01, respectively.
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3. Results and Discussion

Polycystic ovarian syndrome (PCOS) is one of the
most common endocrine and metabolic conditions,
affecting 5-15% of women who are of reproductive
age [15]. This study was focused on estimating the
serum levels of IL-1a and IL-36a in PCOS women and
their relation with age and BMI. This study indicates
that the age mean + SD of PCOS patients was 25.60
+ 6.38, ranging from 18 to 40 years. Agarwal et al.
[16] noted that the majority of women with PCOS
(80%) were under the age of 40, whereas only 20%
were over 40. Thus, PCOS frequency and severity
seem to rise with middle age. Kasim and Saadoon
[17] revealed that 64% of PCOS cases were prevalent
in individuals aged 18 to 26 years. In addition, Al-
Saffar [18] and Al-Shattawi [19] reported that the
mean age of the PCOS group and the control group
did not vary statistically significantly. While
Alfatlawi [20] showed that the age mean + SD of
PCOS patients was 40.1 £ 3.66, ranging from 35 to 60
years. The results presented in table 1 show that

there was a highly significant difference in the BMI
means + SD among studied case groups of PCOS
(27.53 + 4.72) as compared with the control groups
(24.02 + 2.84). Figure 1: The occurrence of overweight
was more common among women with PCOS
compared to their matched controls. These results
agreed with [21], which explained that the BMI of the
infertile women was significantly increased
compared to the control group. As well as, compared
to their corresponding control group, women with
PCOS had a significantly greater prevalence of
overweight and obesity [22]. According to another
research study, the average BMI distribution of
females with PCOS and the control group did not
significantly vary [23]. Obesity is a common feature
in PCOS women; the relation between adiposity with
menstrual disturbance and hyperandrogenic status
in PCOS is confirmed by data that detect an
improvement in these parameters with weight loss
[24].

Table 1: BMI (Kg/m2) distribution by the studied group

Patient

Control P-value¥

BMI 27.563 +4.72

24.02 + 2.84 0.002**

** highly significant (P < 0.01)

Data presented as Mean + SD, ¥ Independent t-test was used to test between groups,
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Figure 1: An analogous boxplot showing the patients' and controls' BMI levels

According to Table 2, the results indicated that PCOS
patients had considerably higher levels of LH, FSH,
testosterone, and prolactin than control. One study
reported higher levels of prolactin, LH, and FSH in

women with PCOS compared with the control group
[25]. These findings are consistent with previous
research indicating that hormonal dysregulation is a
hallmark feature of PCOS [26].
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Table 2: Reproductive hormone concentrations between studied groups

Parameters Patient Control P-value¥
LH (mIU/ml) 10.52+0.45 8.38+0.44 P <0.05*
FSH (mIU/ml) 7.80+0.35 6.11+0.26 P <0.05*
Testosterone (ng/ml) 0.74+0.13 0.06+0.01 P <0.001%*
Prolactin (ng/ml) 16.22+2.81 12.20+1.35 P <0.05*
Data presented as Mean + SD, ¥ Independent t-test was used to test between groups, ** highly significant
(P <0.01), * significant (P < 0.05)

Since this study evaluated two parameters, IL-36a
and IL-1q, these findings suggest that they may be
associated with the inflammatory profile of PCOS.
One antagonist, IL-36 receptor antagonist (IL-
36RN), and three agonists, IL-36a, IL-368, and IL-
36y, are members of the IL.-36 cytokine family, which
is a subfamily of the IL-1 cytokine family and plays a
role in the functional control of immunological and
inflammatory responses [27]. In this study, IL-36a
was assessed in serum; Table 3 revealed IL-36a that
highly significantly increased in patients (511.0 +
99.4 ng/L) than in the control group (175.82 + 41.67
ng/L), Figure 2. The results of the current study were
inconsistent with [10], which found that in
comparison to the control group, the PCOS patients'

IL-36a levels were considerably lower. As well as,
inflammatory markers have been studied in women
with PCOS, indicating that chronic inflammation
may play a role in ovarian dysfunction and
reproductive abnormalities [28]. Additionally,
elevated levels of IL-36 are not an inherent
characteristic in women with PCOS, but they can
serve as a valuable clinical marker for monitoring
and managing the condition [29]. Thus, most global
and current studies improve the importance of IL-36a
in diagnosing many diseases, one being PCOS. The
serum level of IL-36a may have a potential role as an
immune-related parameter in PCOS among Iraqi
women.

Table 3: Groups test of some immune parameters

Patient Control P-value¥
IL-36a (ng/L) 511.0 + 99.4 175.82 +41.67 0.001**
IL-1a (pg/mL) 567.0 + 59.0 196.56 + 21.56 0.001**

Data presented as Mean + SD, ¥ Independent t-test was used to test between
groups, ** highly significant (P <0.01)
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Figure 2: I1.-36a levels in a boxplot that compares patients and control
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Another immunological metric assessed in this
investigation was IL-la; the results in table 3
indicated that IL-la recorded a highly significant
difference between the patients with PCOS (567.0 +
59.0pg/mL) and the control (196.56 + 21.56 pg/mL),
figure 3. In our study, the increasing in IL-1a may
related to the short of ovulate in PCSO women which
match a study carried out by Zangeneh et al. and
Hlail et al, [7,30], which revealed that the serum level
of IL-1a higher in the PCOS group compared to the
control group. In contrast to the present study, Moin

et al. [31] revealed no variation in the IL-1a levels
between non-obese PCOS participants and controls.
Also, Aboeldalyl et al. [32] discovered that the
presence of inflammation has therapeutic benefits
and has been linked to the pathophysiological process
underlying PCOS and its consequences. A study by
Rostamtabar et al. [33] discovered that chronic low-
grade inflammation and IL-1 family mediators may
contribute to the pathophysiology of PCOS.
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Figure 3: Comparable IL-1a level boxplot across patients and controls

On another hand, the current study's Table 4
demonstrates a substantial difference (P < 0.001) in
the serum levels of IL-36a and IL-1q, figure 4. The
strong positive correlation may suggest a potential
association between these inflammatory pathways
IL36a may control IL-1a in a feedback loop, with

primary keratinocytes quickly producing IL-la in
response to IL36a stimulation. Interestingly, IL-1a
induction was associated with increased IL-36a
expression [34]. In Iraq there was no previous
research that reported.

Table 4: Pearson Correlation among Study Parameters and Their Relationship with Demographic Factors

Variable Statistics IL-1a Age BMI

IL-36a (ng/L) correlation 0.866 -0.248 0.249
P-value 0.001** 0.090 0.088

IL-1a (pg/mL) correlation - 0.212 0.356
P-value 0.149 0.013
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Figure 4: correlation between IL-36a and IL-1a

Furthermore, IL-36a was not significantly associated
with age or BMI. Similarly, IL-la was not
significantly associated with age, but a significant
positive correlation was observed between IL-1a and
BMI (r=0.356, P=0.013), as shown in Table 4. These
results are compatible with some that other
researchers documented. Saleh et al. [35] elucidated
that, based on age, PCOS women's IL-1a levels do not
significantly vary from those of the control group.
Moreover, Eroglu and Cakmakliogullari [10]
confirmed that there was no association between the
IL-36a level and BMI (P > 0.05). Additionally, in
healthy obese women, the concentration of IL-1 was
higher compared to their healthy lean counterparts;
however, no such difference was observed when
comparing obese and lean women with PCOS [36].
However, the findings of the present study consistent
with those reported by [37], who identified IL-1a as
one of the key adipokines regulating inflammatory
processes in obese individuals. They suggested that
dysfunctional adipose tissue contributes significantly
to systemic inflammation through the release of
cytokines such as IL-la. This may support the
possible association between increased BMI and IL-
la levels observed in the present study. A notable
limitation of this study is the sample size of the PCOS
group. While PCOS is a recognized condition, a larger
patient cohort would strengthen the generalizability
of the findings. Furthermore, the underlying causes
and optimal treatment strategies for PCOS remain
elusive. Future research with larger and more
diverse patient populations is warranted to solidify
the observed associations between IL-1a, IL-36a with
PCOS.

4. Conclusions

The findings of the present study demonstrate that
pro-inflammatory cytokines (IL-36a and IL-1a) are
significantly elevated in women with PCOS. These
findings suggest that IL-36a and IL-la may be
associated with the inflammatory profile of PCOS.
Importantly, the elevated IL-1a levels may be partly
influenced by the higher BMI observed in the PCOS
group, whereas IL-36a was not significantly
associated with BMI or age. The significant positive
correlation between IL-36a and IL-la further
supports their potentially interconnected roles in the
inflammatory processes. In addition, this study also
revealed elevated levels of testosterone, FSH, LH,
and prolactin in PCOS patients, which are likely

associated  with  clinical manifestations  of
hyperandrogenism.
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Appendix (1) IL-36 a ELISA kits

Parameter 1L-36a ELISA Kit
Full kit name | Human Interleukin-36 Alpha, IL1F6 ELISA Kit
Manufacturer | BT LAB (Bioassay Technology Laboratory), China

Catalog number | E5524Hu

Lot number

Not specified in the provided kit instructions

Detection range

10-2000 ng/L

Sensitivity

4.65 ng/L

Intra-assay CV | 4.4-6.7%

Inter-assay CV | <10%

Sample dilution | No dilution

Number of technical replicates

Not specified for samples; standards were prepared in duplicate

Appendix (2) IL-1a ELISA kits

Parameter

IL-1a ELISA Kit

Full kit name | Enzyme-linked

(IL1a)

Immunosorbent

Assay Kit for Interleukin 1 Alpha

Manufacturer

Cloud-Clone Corp., USA

Catalog number | SEA071Hu

Lot number

Not specified in the provided kit instructions

Detection range | 7.8-500 pg/mL

Sensitivity | <2.7 pg/mL
Intra-assay CV | <10%
Inter-assay CV | <12%

Sample dilution | Diluted by PBS;

sample concentration

optimal dilution should be

determined according to

Number of technical
replicates

Duplicate readings for standards, controls, and samples; duplication is
recommended but not required
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