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Abstract
BACKGROUND: Polycystic ovary syndrome (PCOS) stands for highly prevalent female endocrine pathology. 
Females suffering from PCOS have a significantly higher number of inflammatory markers. The IL-1 family members 
enormously affect the innate immune system.

AIM: Study the changes in the levels of Interleukin-1ß and Interleukin-27 in the stimulated and non-stimulated cycle 
(by gonadotrophin) in polycystic ovarian syndrome women.

METHODS: Fifty-eight infertile women with polycystic ovary syndrome (PCOS) have been included in this research 
article. Twenty-nine of them did not undergo ovulation induction (OI) protocols, while the other 29 were under 
ovulation induction (OI) therapy. Interleukin-1ß and Interleukin-27 measured in both groups, in the stimulated cycle 
just before administration of HCG and on the 2nd day of the menstrual cycle in the non-stimulated females.

RESULTS: Both interleukins have been significantly more significant in the ovulation stimulated group than the non-
stimulated one, with p-value of (0.04) for interleukin -1ß and (0.02) for interleukin-27.

CONCLUSION: The ovulation processes involve an increase in the inflammatory process, as demonstrated by the 
rise in these interleukins’ levels. This increase is more prominent in the process of ovulation induction.
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Introduction

Polycystic ovary syndrome (PCOS) represents 
a highly prevalent endocrine pathology in females with a 
classic triad of chronic anovulation, hyperandrogenism, 
and polycystic changes in ovaries [1]. It is remarkably 
seen in women aged between 18 and 44  years and 
may manifest itself as early as adolescence [1]. The 
syndrome is heterogeneous clinically and biochemically. 
PCOS represents a primary reason for female 
infertility, and it is responsible for 15–20% of the 
infertility cases [2]. PCOS is associated with a low-
grade of chronic inflammation mainly attributable to 
the accumulation of visceral fat, although an effect 
of insulin resistance cannot be excluded [3]. In vitro 
research indicated that pro-inflammatory signals 
are strong inducers to the steroidogenic enzymes 
necessary for producing androgens in an ovary’s theca 
cells [4]. This mechanism might be a source of high 
androgen in the PCOS sufferer and its subsequent 
hyperandrogenism [5]. Renowned those inflammatory 
markers, such as high-sensitive C-reactive protein 
(hs-CRP), interleukin-6 (IL), and TNF-α, are greater in 
women with PCOS than the general populace. A level 

of the above markers has a huge positive correlation 
with body mass index (BMI). However, the level is 
further higher in obese women with PCOS than BMI-
matched controls [6], [7]. Ovarian dysfunction, insulin 
resistance, and cardiovascular complications that are 
frequently observed in patients with PCOS have been 
attributed to the low-grade inflammatory condition 
induced by the high level of interleukins [8]. Cytokine 
polypeptides produced by cells of both the innate and 
other particular units of the immune system [9]. The 
IL-1 family members are known to be the major players 
in the innate immune system [6]. The dual central 
classic agonist cytokines in this family are IL-1α, and 
IL-1β work similarly through binding to the IL-1 receptor 
type 1 (IL-1R1) with subsequent expression of an array 
of pro-inflammatory molecules [10], [11]. The (31 kDa) 
precursor molecule is shared by both IL-1α and IL-1β 
that is subjected to further processing by specific cellular 
proteases to form two (17  kDa) molecules [12], [13]. 
IL-1β is produced by inflammatory cells and is functional 
when it reaches maturation by cleavage by caspase-1. 
Adipocytes, macrophages, and vascular endothelial 
cells secrete interleukin-1β (IL-1β). It acts as a mediator 
of the inflammatory response and is engaged in cell 
proliferation, differentiation, and apoptosis [14]. One 
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of the pro-inflammatory cytokines is IL-27. It is mainly 
generated from antigen-presenting cells (APCs) [14]. 
The recent challenge that the infertility arena has 
encountered is identifying a strategy to exploit IL-27 
for therapeutic purposes by modulating the chronic 
inflammation that is generally observed in PCOS [15].

Cytokines participate in the follicular 
development, ovulation process, endometrium 
receptivity, and intercede embryo implantation processes. 
Humoral immune system interruption may eventually 
cause disturbance of ovarian folliculogenesis [16]. IL-1ß 
mechanism of action remains to be clarified. Still, it can 
be theorized that the increase in the intra-follicular level 
of IL-1ß after injecting may imitate the local preovulatory 
events that pave the way to ovulation, which indicates 
that IL-1ß may have a crucial task in the physiology of 
equine oocytes through acting on meiosis resumption 
along with ovarian function through ovulation-inducing. 
Aim of Study: Study the changes in the levels of 
Interleukin-1ß and Interleukin-27 in the stimulated and 
non-stimulated cycle by gonadotrophin in polycystic 
ovarian syndrome women. Since these two-interleukin 
related to chronic inflammatory, process which is specific 
in those women.

Methods

Study subjects

This is a cross-sectional, randomized long-
term study carried out from December 2018 to May 
2019 in AL-Nahrain University in Baghdad, Iraq, at the 
consultancy clinical of the Higher Institute for Infertility 
Diagnosis and Assisted Reproductive Technologies. 
The Human Research Ethics Committee of the Institute 
approved the study. The study cases randomly selected 58 
infertile women with polycystic ovary syndrome (PCOS) 
who consulted the Institute. Their ages ranged from 21 to 
35; 29 of them did not undergo ovulation induction (OI) 
protocol. At the same time, the other 29 were subjected 
to ovulation induction (OI) therapy protocol.

Inclusion criteria

The diagnostic criteria have been done based 
on the Rotterdam criteria for Polycystic Ovary Syndrome 
(2003 consensus ESHRE/ASRM) [15].

Exclusion criteria

Other androgen excess etiologies and ovulatory 
causes of infertility, endometriosis, tubal factor infertility, 
anatomy, and pathology have been excluded from the 
study. Information about the category and period of 
infertility, hirsutism, and pattern of menstrual cycle was 

obtained. For each infertile woman, the entire history 
and examination 8 were made. Ethical approval was 
taken from the Higher Institute for Infertility Diagnosis 
and Assisted Reproductive Technologies Ethical 
committee at AL-Nahrain University. All contributors 
were knowledgeable about the study aim and 
procedures and obtained written consent from them.

Body mass index (BMI)

It was measured by dividing women’s weight 
in kilograms by the height in meters squared (kg/m²). It 
was categorized as follows: average weight (18.5–24.9), 
overweight (25.0–29.9), and obesity with a body mass 
index equivalent to or higher than 30.0 kg/m².

Blood sampling

For 2nd  day of the menstrual cycle (CD2), 
peripheral venous blood samples have drawn for non-
ovarian stimulated patients and on ovulation triggering 
day very soon before the injection of human chorionic 
gonadotropin (hCG) for the ovarian stimulated patients. 
When blood samples clotted, spins at 2500 rpm for 15 min 
were done, and sera were obtained and kept at –20°C 
until the time of analysis. Serum luteinizing hormone 
(LH), follicle-stimulating hormone (FSH), estradiol (E2), 
prolactin (PRL), and total testosterone were measured 
for all study patients on the menstrual cycle day 2 (CD2). 
The hormones were measured in the participants’ sera 
using automated mini-VIDAS machines (BIOMERIEUX/
France) using its costume kits. Measuring IL-1β and 
IL-27 levels were performed using ELISA technology 
with kits supplied by (CUSABIO/China) and the tests 
were done according to the kit supplier instructions.

Ovulation induction

Twenty-nine women have been given an 
injectable FSH (Gonal-f®) (Merck Serono S.A./Schweiz) 
as a protocol for ovulation induction till 2 dominant follicle 
obtained at least, and triggering was done by human 
chorionic gonadotropin (hCG) injection (OVITRELLE®).

Statistical analysis

We utilized the SAS (Statistical Analysis 
System-version  9.0) software to perform statistical 
analysis. p < 0.05 was considered statistically significant.

Results

In the mean BMI of these two groups, there 
has been no significant difference. Furthermore, no 
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significant difference in type and duration of infertility 
between the dual groups was perceived in Table  1. 
Table  2 illustrates the hormonal level in cycle day 
two between both groups, which show no significant 
difference.

Table 2: Hormonal parameters between the two groups
Hormonal parameter PCOS without ovulation 

induction (mean ± SD)
PCOS with ovulation 
induction (mean ± SD)

p‑value

FSH 5.51 ± 1.74 4.79 ± 1.33 0.08
LH 8 ± 6.52 5.53 ± 2.62 0.06
LH/FSH ratio 1.40 ± 0.73 1.21 ± 0.65 0.31
E2 65.26 ± 62.16 57.85 ± 22.56 0.55
PRL 19.19 ± 8.72 19.20 ± 8.31 1.00
Total. Testosterone 0.59 ± 0.20 0.66 ± 0.20 0.21
Elevated Testosterone 0.78 ± 0.06 0.80 ± 0.07 0.48
p < 0.05 statistical significant; pcos: Polycystic ovary syndrome women, FSH: Follicle‑stimulating hormone; 
LH: Luteinizing hormone; E2: Estradiol; PRL: Prolactin.

There has been a significant difference in 
IL-1ß and IL-27 between the stimulated group and the 
non-stimulated group. Figure 1 shows that the level of 
IL-1ß was significantly higher (p-value 0.04) in PCOS 
stimulated group if compared with non-stimulated other 
(90.60 ± 51.67 and 68.38 ± 21.26, respectively), also 
regarding the status of IL-27, figure (2) shows that its 
level was significantly higher (p = 0.02) in stimulated 
PCOS group compared to non-stimulated PCOS 
(13.14 ± 8.6 and 8.27 ± 6.27, respectively).
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Figure 1: Level of IL-1β in both stimulated and non-stimulated PCOS 
groups

Discussion

Interleukins have a well-documented 
beneficial role in the female reproductive 
physiological process such as ovulation, fertilization, 
follicular development, implantation, and typical 

pregnancy [17], [18]. Endogenous E2 and P4 are 
sensitive to ovarian stimulation and show dramatic 
and fast change, different from the normal menstrual 
cycle variation. However, there is limited knowledge 
about the effect of ovarian stimulation on the level of 
serum cytokines [19]. Promotion of steroidogenesis, 
recruitment, follicular growth, and activation of 
leukocytes essential for ovulation, and tissue 
remodeling throughout ovulation, luteinization, and 
luteolysis by action of interleukin on the ovary [20]. 
Immunological defects have been concerned with 
female reproductive failure [21]. Another study 
revealed that polycystic ovarian syndrome women 
have significant overproduction in inflammatory 
mediators [21]. It recognized that ovarian stimulation 
affected circulating interleukin levels [19]. Another study 
showed that the level of interleukins is influenced by 
exposure to recombinant follicle-stimulating hormone 
(r-FSH) therapy [22]. A  lot of evidence proposes that 
an interleukin-1 system is implicated in periovulatory 
events. The previous work established that interleukin-
1beta (IL-1β) in the mare increases the ovulatory rate 
of metaphase II oocytes. In vitro investigations have 
revealed several cellular doings of granulosa and 
theca cells, like steroidogenesis and the synthesis of 
proteases and prostaglandins synthesis regulated by 
IL-1β [23]. This study showed a marked increase in 
cytokines, IL-1ß non stimulated and stimulated groups, 
higher in the stimulated group. As observed in this 
study, the peak value of plasma IL-1β may be attributed 
to high level of FSH given in the stimulated group 
which leads to an increase in the production of reactive 
oxygen species that upregulates the expression of the 
gene [24]. Furthermore, it supports the facts that had 
been recognized previously in the role of interleukins 
in steroidogenesis and ovulatory process. In ovulation 
induction, many follicles will recruit and mature, causing 
such an increase in the levels. According to Russell and 
Robker (2007), LH acts on the ovary and stimulates the 
synthesis of IL-1β, which has been shown to mimic 
gonadotropin activities at the preovulatory stage in the 
mare [25]. A  previous study showed that clomiphene 
citrate treated rats at the estrus phase have a high 
plasma concentration of IL-1β, suggesting the later 

Table 1: Type and duration of infertility
Parameter PCOS without ovulation 

induction no. (%)
PCOS with ovulation 
induction no. (%)

p‑value

Primary infertility 23 (79.31) 19 (65.52) 0.378
Secondary infertility 6 (20.69) 10 (34.48)
Duration of infertility 3.83 ± 2.36 4.34 ± 2.84 0.45
Duration of primary infertility 4.17 ± 2.39 5.05 ± 2.95 0.3
Duration of secondary infertility 2.50 ± 1.87 3 ± 2.16 0.63
Normal BMI (18–24.9 kg/m2) 4 (13.8) 2 (6.9) 0.494
Overweight BMI (25–29.9 kg/m2) 13 (44.8) 9 (31.03)
Obesity BMI (>30 kg/m2) 12 (41.4) 18 (62.07)
p < 0.05 statistical significant, PCOS: polycystic ovary syndrome women; BMI: Body mass index.
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Figure 2: Level of IL-27 in both stimulated and non-stimulated PCOS 
groups
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involvement in ovulation processes. Therefore, the 
effectiveness of clomiphene citrate may be attributed 
to its ability to stimulate the synthesis of IL-1β [26]. An 
interventional, in vivo study which concerned injection 
of 1 microgram of IL-1ß in the mare follicle resulted in 
coincided ovulations [24]. In this study, the level of IL-27 
was found to be higher significantly in the stimulated 
group, which is in agreement with another study that 
recognized a significant increase in the level of IL-17 
and IL-27 in women with unexplained infertility undergo 
ovulation induction determined instantaneously before 
ovulation triggering by giving HCG injection if compared 
with the control fertile women group [17]. As mention 
in other study that conclude, IL-27 is upregulated 
by estrogen and progestogen which promotes 
decidualization possibly through a STAT3-dominant 
pathway [27]. In other study, there was a relationship 
between detectable serum IL-1β at the start of an IVF 
cycle and increasing levels of IL-1β over time and 
successful IVF outcome [28].

Conclusion

The ovulation processes involve an increase 
in the inflammatory process, as demonstrated by the 
rise in these interleukins’ levels. This increase is more 
prominent in the process of ovulation induction.

Author Contributions

All authors have sufficiently contributed to the 
study, and agreed with the results and conclusions.

Ethical Statement

Informed consent was taken from each 
participant. The study methodology was reviewed 
and approved by the consultancy clinical of the 
Higher Institute for Infertility Diagnosis and Assisted 
Reproductive Technologies in AL-Nahrain University in 
Baghdad, Iraq.

References

1.	 Norman RJ, Dewailly D, Legro RS, Hickey TE. Polycystic 
ovary syndrome. Lancet. 2007;370(9588):685-97. https://doi.

org/10.1016/S0140-6736(07)61345-2
	 PMid:17720020
2.	 Badawy A, Elnashar A. Treatment options for polycystic ovary 

syndrome. Int J Women Health. 2011;3:25-35. https://doi.
org/10.2147/IJWH.S11304

	 PMid:21339935
3.	 Repaci A, Gambineri A, Pasquali R. The role of low-grade 

inflammation in the polycystic ovary syndrome. Mol Cell Endocrinol. 
2011;335(1):30-41. https://doi.org/10.1016/j.mce.2010.08.002

	 PMid:20708064
4.	 Shorakae S, Teede H, De Courten B, Lambert G, Boyle  J, 

Moran  LJ. The emerging role of chronic low-grade 
inflammation in the pathophysiology of polycystic ovary 
syndrome. Semin Reprod Med. 2015;33:257-69. https://doi.
org/10.1055/s-0035-1556568

	 PMid:26132930
5.	 González F. Inflammation in polycystic ovary syndrome: 

Underpinning of insulin resistance and ovarian dysfunction. Steroids. 
2012;77:300-5. https://doi.org/10.1016/j.steroids.2011.12.003

	 PMid:22178787
6.	 Ebejer K, Calleja-Agius J. The role of cytokines in polycystic 

ovarian syndrome. Gynecol Endocrinol. 2013;29(6):536-40. 
https://doi.org/10.3109/09513590.2012.760195

	 PMid:23368758
7.	 Samy N, Hashim M, Sayed M, Said M. Clinical significance 

of inflammatory markers in polycystic ovary syndrome: 
Their relationship to insulin resistance and body mass index. 
Dis Markers. 2009;26(4):163-70. https://doi.org/10.3233/
dma-2009-0627

	 PMid:19729797
8.	 Sims JE, Smith DE. The IL-1 family: Regulators of immunity. 

Nat Rev Immunol. 2010;10(2):89-102. https://doi.org/10.1038/
nri2691

	 PMid:20081871
9.	 Vodo S, Bechi N, Petroni A, Muscoli C, Aloisi AM. Testosterone-

induced effects on lipids and inflammation. Mediators Inflamm. 
2013;2013:183041. https://doi.org/10.1155/2013/183041

	 PMid:23606790
10.	 Dinarello CA. Interleukin-1 in the pathogenesis and treatment 

of inflammatory diseases. Blood. 2011;117(14):3720-32. https://
doi.org/10.1182/blood-2010-07-273417

	 PMid:21304099
11.	 Weber A, Wasiliew P, Kracht M. Interleukin-1 (IL-1) pathway. 

Sci Signal. 2010:3(105):cm1. https://doi.org/10.1126/
scisignal.3105cm1

	 PMid:20086235
12.	 Dinarello CA. Immunological and inflammatory functions of the 

interleukin-1family. Annu Rev Immunol. 2009;27:519-50. https://
doi.org/10.1146/annurev.immunol.021908.132612

	 PMid:19302047
13.	 Spritzer PM, Lecke SB, Satler F, Morsch DM. Adipose tissue 

dysfunction, adipokines, and low-grade chronic inflammation in 
polycystic ovary syndrome. Reproduction. 2015;149:R219-27. 
https://doi.org/10.1530/REP-14-0435

	 PMid:25628442
14.	 Iwasaki Y, Fujio K, Okamura T, Yamamoto K. Interleukin-27 in 

T cell immunity. Int J Mol Sci. 2015;16(2):2851-63. https://doi.
org/10.3390/ijms16022851

	 PMid:25633106
15.	 Kastelein RA, Hunter CA, Cua DJ. Discovery and biology of 

IL-23 and IL-27: Related but functionally distinct regulators of 
inflammation. Ann Rev Immunol. 2007;25:221-42. https://doi.
org/10.1146/annurev.immunol.22.012703.104758

https://oamjms.eu/index.php/mjms/index


� Al-Obaidi et al. Interleukin-1β, 27 Level in Stimulated and Non-stimulated PCOS

Open Access Maced J Med Sci. 2022 Jun 11; 10(B):1555-1559.� 1559

	 PMid:17291186
16.	 Hunter CA, Kastelein R. Interleukin-27: Balancing protective 

and pathological immunity. Immunity. 2012;37(6):960-9. https://
doi.org/10.1016/j.immuni.2012.11.003

	 PMid:23244718
17.	 Hantoosh SF, Baqir M, Fakhrildin MR, Meteab MT, Essa RH. 

Determination of IL-17 and IL-27 levels in sera of infertile women 
with unexplained infertility and polycystic ovary subjected to 
ovulation induction/intrauterine insemination program and 
their effects on pregnancy. Int J Curr Res. 20l6;8(12):43901-6. 
https://doi.org/10.9734/bjmmr/2017/31988

18.	 Brannstrom M. Potential role of cytokines in ovarian physiology: 
The case for Interleukin-1. In: Leung PC editor. The Ovary. 
2nd ed. London: Elsevier; 2004. p. 261-27.

19.	 Younis A, Hawkins K, Mahini H, Butler W, Garelnabi M. 
Serum tumor necrosis factor-α, interleukin-6, monocyte 
chemotactic protein-1 and paraoxonase-1 profiles in women 
with endometriosis, PCOS, or unexplained infertility. J  Assist 
Reprod Genet. 2014;31(11):1445-51. https://doi.org/10.1007/
s10815-014-0237-9

	 PMid:25186501
20.	 Yousif NG. Fibronectin promotes migration and invasion of 

ovarian cancer cells through up-regulation of FAK-PI3K/Akt 
pathway. Cell Biol Int. 2014;38(1):85-91. https://doi.org/10.1002/
cbin.10184

	 PMid:24115647
21.	 Mohammadi S, Karimzadeh Bardei L, Hojati V, Ghorbani AG, 

Nabiuni M. Anti-inflammatory effects of curcumin on insulin 
resistance index, levels of interleukin-6, C-reactive protein, and 
liver histology in polycystic ovary syndrome-induced rats. Cell J. 
2017;19(3):425-33. https://doi.org/10.22074/cellj.2017.4415

	 PMid:28836404
22.	 Danielson AJ, Wang DG, Maltzman AF, Johnstona HG, 

Gomez  AS, Lee S. Letrozole versus anastrozole in 
postmenopausal women with chemotherapy-refractory negative 
HER-2 metastatic breast cancer: A  randomized, multicentre, 
open-label, non-inferiority phase 3 study. Am J BioMed. 
2014;2(4):431-40.

23.	 Caillaud M, Duchamp G, Gérard N. In vivo effect of 
interleukin-1beta and interleukin-1RA on oocyte cytoplasmic 
maturation, ovulation, and early embryonic development in 
the mare. Reprod Biol Endocrinol. 2005;3:26. https://doi.
org/10.1186/1477-7827-3-26

	 PMid:15972098
24.	 Shkolnik K, Tadmor A, Ben-Dor S, Nevo N, Galiani D, Dekel N. 

Reactive oxygen species are indispensable in ovulation. Proc 
Natl Acad Sci. 2011;108(4):1462-7. https://doi.org/10.1073/
pnas.1017213108

	 PMid:21220312
25.	 Gérard N, Caillaud M, Martoriati A, Goudet G, Lalmanach AC. 

The interleukin-1 system and female reproduction. J Endocrinol. 
2004;180:203-12.

26.	 Regional office for Europe. WHO/Europe Nutrition-Body mass 
index-BMI. Geneva: World Health Organization; 2021. Available 
from:  https://www.euro.who.int/en/health-topics/disease-
prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi 
[Last accessed on 2022 Apr 01].

27.	 Zhang XY, Shen HH, Qin XY, Wang CJ, Hu WT, Liu SP, 
et al. IL-27 promotes decidualization via the STAT3-ESR/PGR 
regulatory axis. J  Reprod Immunol. 2022;151:103623. https://
doi.org/10.1016/j.jri.2022.103623

	 PMid:35430461
28.	 Kreines FM, Nasioudis D, Minis E, Irani M, Witkin SS, 

Spandorfer  S. IL-1β predicts IVF outcome: A  prospective 
study. J Assist Reprod Genet. 2018;35(11):2031-5. https://doi.
org/10.1007/s10815-018-1296-0

	 PMid:30225820




