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Abstract

Objectives: Cytokines regulate ovarian activity through controlling internal ovarian processes as paracrine or autocrine regulators.
In the current study, the follicular fluid (FF) concentration of some cytokines including interleukin (IL-3), IL-5, and IL-6 were
investigated and compared between 39 patients diagnosed with polycystic ovary syndrome (PCOS) and 34 healthy normal women
with male factor infertility as the control group.

Materials and Methods: To this end, FF samples were collected by following gonadotropin-releasing hormone antagonist protocol.
Then, the FF concentration of the studied cytokines was evaluated using the enzyme-linked immunosorbent assay method. Finally,
the characteristics of the participants were collected and compared between PCOS and control groups.

Results: Based on the results, the FF concentration of IL-3 and IL-5 revealed a remarkable reduction in the PCOS group in
comparison to the control group (P=0.0004 and P=0.04, respectively). In addition, there were noticeable differences in the body
mass index (P=0.009), endometrial thickness (P<0.0001), menstrual cycle (P<0.0001), history of ovarian surgery (P<0.0001),
hyperandrogenism (P<0.0001), and hirsutism (P<0.0001) between the groups.

Conclusions: In general, the finding of the diminished concentration of IL-3 and IL-5 in PCOS patients may represent an altered
immune response to the inflammatory condition in this syndrome.
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Introduction

Polycystic ovary syndrome (PCOS) is a multifaceted
syndrome correlated to hyperandrogenism and increased
renin-angiotensin system activity (1,2). In other words,
PCOS is a heterogeneous disease which results from
interactions between genetic, epigenetic, and lifestyle
factors (1). This complex endocrine disease can be
observed in 5-10% of women who are in their reproductive
age throughout the world (1,2).

Hyperandrogenism, polycystic ovaries, and chronic
anovulation based on Rotterdam criteria are the major
diagnostic criteria of PCOS women (3). Further, these
patients usually suffer from obesity, insulin resistance,
metabolic syndrome, and cardiovascular diseases (4).

Recent research recognized PCOS as a chronic low-
grade pro-inflammatory disorder associated with
different metabolic and reproductive abnormalities
(5). Many circulating inflammatory markers are found
to mediate PCOS in response to a stimulus, including
pro-inflammatory cytokines and chemokines, as well as
different endothelial inflammation markers and oxidative
stress and chronic inflammation markers (6).

Cytokines involve in the regulation of ovarian function
through controlling paracrine or autocrine ovarian

processes (7). Furthermore, they control folliculogenesis
and ovulation through providing an environment which
supports follicle selection and growth. Regarding the
folliculogenesis, cytokines regulate the proliferation or
differentiation of cells, the survival or atresia of follicles,
and oocyte maturation (8). Moreover, an impaired
balance between cytokines with inflammatory and
anti-inflammatory activities seems to involve in the
development of PCOS (9).

T helper cell type 2 (Th2) cytokines such as interleukin
(IL-3) and IL-5 contribute to inflammatory reactions
and immune responses. Additionally, IL-3 secreted from
helper lymphocytes, eosinophils, and natural lethal cells
affects blood progesterone and mast cells (10, 11).

Similarly, IL-3 concentration enhances before delivery
during normal pregnancy and progesterone regulates the
production of this cytokine via the induction of a specific
protein designated as a progesterone-induced blocking
factor (12).

Likewise, IL-3 and IL-5 regulate the growth,
differentiation, and activation of eosinophils under normal
physiological conditions. Previous research indicated
that the overexpression of IL-5 in the transgenic mice is
associated with the increased number of eosinophils in
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Key Messages

» IL-6 plays an important role in maintaining the balance
between Th17 cells and Treg, those effects on the
development of human inflammatory diseases (31). IL-5
(@ Th2 cytokine) in inflammatory diseases (PCO) decreases
and tends to the immune responses are of the Th1 type (21).

female reproductive tissues (13).

In addition, IL-6 is another cytokine that mediates
inflammation and participates in the normal immune
response. This pro-inflammatory cytokine increasingly
expresses in female reproductive tissues. IL-6 also
exhibits a crucial function in the maternal immunological
tolerance to the fetus during the pregnancy (14). There are
controversial results regarding the concentration of IL-6
and its association with PCOS. Some studies reported the
higher expression of this cytokine in PCOS (15) while
others demonstrated contrary results in this regard (16).

Based on these observations, a limited body of
research is available on the effect of IL-3 and IL-5
in assisted-reproductive technology (ART) and the
immunopathogenesis of PCOS. Considering controversial
results on the concentration and the role of IL-6 in this
syndrome, the present studyaimed to evaluate and compare
the follicular fluid (FF) concentration of these cytokines
in women with PCOS and healthy controls. Moreover,
any possible relationship between the concentrations of
mentioned cytokines and clinical factors of the patients
were investigated as well.

Materials and Methods

Patient’s Characteristics and Study Design

In this cross-sectional study, 39 PCOS patients in the
age range of 16-40 years were randomly selected from
patients referring to the in vitro fertilization (IVF)
center of Imam Reza hospital (reproductive medicine
unit) in Mashhad during 2018. At this center, 200-300
patients receive ART services per month. The control
group included forty healthy women who referred to
the IVF center for male infertility problems. An expert
gynecologist diagnosed PCOS according to the Rotterdam
criteria as the appearance of hyperandrogenism, oligo, or
anovulation and the presence polycystic ovaries on the
ultrasound scan (>20 small follicles with the diameter of
2-9 mm and an ovarian volume of >10 mL even in one
ovary in the follicular phase). The exclusion criteria were
receiving hormones or insulin-reducing agents during
three months pre-test, the discontent of the spouse, and
incomplete information, as well as adrenal dysfunction
syndrome, congenital hyperplasia, autoimmune diseases,
thyroid disorders, and infectious disease. The control
group included fertile women who were selected from
couples referring to the IVF center for men reproductive
problems such as azoospermia. On the other hand,

individuals with regular menstrual periods, normal
range of androgen, and no history of taking medicine
were included in the study as the control group. Different
data were collected and compared between the groups,
including demographic and clinical features of the patient
and control groups comprising age, body mass index
(BMI), endometrial thickness, and menstrual cycle, as
well as the type of infertility and history of ovarian surgery,
galactorrhea, hirsutism, dyspareunia, dysmenorrhea, and
hyperandrogenism.

Ovarian Stimulation Protocol

The ovaries were stimulated using the gonadotropin-
releasing hormone antagonist protocol. On the second day
of the menstrual cycle, recombinant follicle-stimulating
hormone treatment was initiated with a starting daily
dose of 150-225 IU. A total of 0.25 mg S.C. ovulation was
triggered using 10000 IU human chorionic gonadotropin
(hCQG) after observing at least two follicles with a diameter
of 17 mm. Then, oocyte retrieval was carried out following
34-38 hours of hCG administration by transvaginal
ultrasound-guided needle puncture. In addition,
laboratory tests were performed to detect response to
the stimulation, and then sonography was carried out to
evaluate follicle and endometrial growth. Eventually, FF
was stored inside the tubes in a sterile package first at
-20°C and then at -80°C until IL measurements.

Laboratory Tests

IL-3 and IL-5 levels in FF samples taken from mature
oocytes were measured using a sandwich ELISA kit
(EASTBIOPHARM, China, Hangzhou), and the FF
concentration of IL-6 was evaluated using the human
IL-6 Platinum ELISA kit (eBioscience, an Affymetrix
Company, North America and Europe) according to the
manufacturer’s protocols.

The sensitivities of IL-3 and IL-5 assays were 1.02 pg/
mL and 1.52 ng/L, respectively, with the intra-assay of CV
< 10% and inter-assay of CV <12% for both tests. Further,
the sensitivity of IL-6 immunoassay was 0.92 pg/m with
a totally intra-and inter-assay coefficient of variations as
3.4% and 5.2%, respectively. Furthermore, the normal
assay was in the range of 2-600 pg/ mL and 3-900 ng/L
for IL-3 and IL-5, respectively (EASTBIOPHARM, China,
Hangzhou). Eventually, IL-6 had an assay range of 1-100
pg/mL (eBioscience, an Affymetrix Company, North
America and Europe).

Statistical Analysis

All data were performed by Statistical Package software,
version 16 (SPSS, Inc., Chicago, IL, USA) and descriptive
statistics were expressed as the mean + standard
deviation (SD). The normality of continuous variables
was determined using a Kolmogorov-Smirnov test and
the Mann-Whitney U test was performed when data did
not follow a normal distribution. Moreover, a chi-square
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test was used to compare categorical variables between
the groups. Finally, data were analyzed using Fisher exact
test when any expected frequency was less than 20%, and
P <0.05 was considered as statistical significance.

Results

Patient’s Specifications

This cross-sectional study recruited 39 infertile PCOS
patients who were treated with IVF ata center in Imam Reza
hospital (reproductive medicine unit) in Mashhad during
2018. The control group encompassed 34 healthy women
with male infertility problems. The presence of polycystic
ovaries in all PCOS patients was confirmed by ultrasound
analysis and irregular periods. Based on the results, the
mean age of PCOS (27.2 £ 3.9 years) showed no significant
difference with the control group (29.0+5.3, P=0.1). The
mean of BMI was 27.7+5.0 kg/m* and 24.8+3.4 kg/
m? in PCOS and control groups, respectively (P=0.003).
Additionally, the average endometrial thickness in PCOS
patients was 8.5+ 1.4 mm whereas it was 9.9+ 1.08 mm in
the healthy group (P <0.0001).

The clinical features of PCOS and control groups are
summarized in Table 1. As shown, a noticeable difference
was observed between the two groups regarding the
menstrual cycle, history of ovarian surgery, hirsutism, and
hyperandrogenism (P <0.0001, for all variables).
Follicular Fluid Concentration of ILs

The FF concentration of IL-3 in the PCOS group
(121.2+67.1 pg/mL) was considerably lower than that
of the control group (188.8+120.8 pg/mL, P=0.004).
Moreover, the FF concentration of IL-5 in the PCOS
group (181.5+120.8 pg/mL) was lower compared to the
control group (256.6+180.2 pg/mL, P=0.04). On the

Table 1. Clinical Characteristics of the Control and PCOS

other hand, IL-6 concentration in the FF of PCOS patients
(13.1+23.7 pg/mL) was higher than that of the control
group (10.5+6.7 pg/mL) which did not reach a statistical
significance.

Table 2 presents the relationship between clinical
specifications of PCOS patients and cytokine
concentrations. As shown, no signiﬁcant association was
found between the concentrations of studied cytokines
and the clinical factors of patients.

Discussion

The present study aimed to investigate the FF
concentration of interleukin (IL)-3, IL-5, and, IL-6 in
infertile patients with PCOS and healthy women for
controls. The results demonstrated a remarkable decline
in the FF concentration of IL-3 and IL-5 of PCOS patients
when compared to the controls.

Many researchers have studied the effect of cytokines on
PCOS (17-20). As far as we know, there is no report on the
assessment of IL-3 and IL-5 concentrations in the FF of
PCOS patients. In the present study, the concentration of
both Th2 cytokines (i.e., IL-3 and IL-5) in the FF of PCOS
patients was less than that of the controls.

IL-5 is secreted by both hematopoietic (i.e., Th2, mast
cells, and eosinophils) and non-hematopoietic cells in
various tissues. Although in humans, IL-5 largely acts on
eosinophils and their precursors, human IL-5 may involve
in the production of immunoglobulin A in human mucosal
tissues. Furthermore, IL-5 stimulates the production of
antibodies from activated B cells and contributes to the
immune response, chronic inflammation, and control
of disease (21). Therefore, the concentration of this
cytokine increases in a normal pregnancy. In addition,

Variables PCOS (n=39) Control (n=34) P Value
Regular 24 (61.5%) 24 (61.5%)

Menstrual cycle <0.0001*"
Irregular 15 (38.5%) 15 (38.5%)
Negative 22 (56.4%) 22 (56.4%)

Surgical history <0.0001""
Positive 17 (43.6%) 17 (43.6%)
Primary 35 (89.7%) 35 (89.7%)

Type of infertility 0.263°
Secondary 4 (10.3%) 4 (10.3%)
Negative 38 (97.4%) 38 (97.4%)

Galactorrhea 1.00°
Positive 1(2.6%) 1(2.6%)
Negative 24 (61.5%) 24 (61.5%)

Hirsutism <0.0001*"
Positive 15 (38.5%) 15 (38.5%)
Negative 37 (94.9%) 37 (94.9%)

Dysparony 0.495°
Positive 2 (5.1%) 2 (5.1%)
Negative 33 (84.6%) 33 (84.6%)

Dysmenorrhea 1.00°
Positive 6 (15.4%) 6 (15.4%)
Negative 7 (17.9%) 7 (17.9%)

Hyperandrogenism <0.0001""
Positive 32 (82.1%) 32 (82.1%)

Note. SD, Standard deviation; PCOS, Polycystic ovary syndrome; Data are presented as mean + SD.

*Based on Fisher’s exact test; " Based on the chi-square test; * P value less than 0.05; ™ P value less than 0.01.
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Table 2. Relationship Between the Clinical Characteristics of Polycystic Ovary Syndrome Patients and Cytokine Concentration

. Interleukin 3 Interleukin 5 Interleukin 6
Variables
Mean + SD P Value® Mean + SD P Value® Mean + SD P Value®

Regular 155.0+99.1 214.8+156.8 12.5£19.8

Menstrual cycle 0.323 0.223 0.323
Irregular 143.6+88.03 222.9+152.7 9.6+6.1

. . Negative 169.6+102.8 235.3£163.9 9.6+6.3

Surgical history 0.098 0.347 0.967
Positive 97.1+£35.5 154.4+£101.9 19.334.9+
Primary 157.4+98.3 221.3+£158.8 12.4+18.4

Type of infertility 0.567 0.608 0.608
Secondary 88.9+10.4 150.06+60.1 S,1251.9
Negative 153.4+96.9 219.4+153.9 11.9+17.9

Galactorrhea 0.821 0.06 0.462
Positive 103.2 5.00 11.4
Negative 158.9+99.4 231.8+155.4 12.7+19.9

Hirsutism 0.658 0.131 0.323
Positive 128.5+£82.5 157.2+£142.8 8.7+4.8
Negative 152.1+97.7 214.6+£155.9 11.9+18.1

Disparony 0.113 0.194 0.567
Positive 172.8+28.5 282.8+130.4 9.4+1.5
Negative 142.3£90.4 197.8+£149.8 12.5+19.3

Dysmenorrhea 0.33 0.085 0.829
Positive 211.1+£112.5 321.5+147.4 8.5+4.5
Negative 172.1£108.6 232.5+174.8 9.9+6.6

Hyperandrogenism 0.154 0.892 0.559
Positive 127.9+£72.5 195.9+£124.7 14.4£25.9

Note. SD: Standard deviation; Data are presented as mean + SD; ?Based on Mann-Whitney test; * P value less than 0.05.

the decreased concentration of IL-5 in PCOS patients
indicates alternations in the FF levels of this anti-
inflammatory cytokine.

IL-3 and IL-5, as the members of the Pc receptor family,
have a beta-receptor subunit (fc) and show similar
biological activities. Further, aberrant signaling through
Bc can lead to chronic inflammatory conditions such as
PCOS (22).

A reduction in IL-3 and IL-5 levels as a suppressor factor
for the inflammation in the PCOS probably represents
a decline in T helper (Th2)-related cytokines and a bias
toward Thl-type immune responses. This assertion is
in line with the findings of previous studies, indicating
a higher concentration of Thl-related cytokines and an
increased ratio of Th1/Th2 in PCOS patients compared to
women with normal ovarian function (23).

There are arguably results regarding the association
between IL-6 levels and PCOS (3,15). According to
(24), IL-6 performs a crucial character in keeping the
balance between Th17 cells and regulatory T cells (Treg).
Furthermore, Th17 cells are a subset of pro-inflammatory
cells while Treg cells represent an antagonistic effect.
Moreover, their growth pathways are cross-linked and there
is significant flexibility between these cells. Additionally,
the balance between Th17 and Treg cells determines the
development and outcome of autoimmune/inflammatory
diseases, and impaired balance can aggravate inflammation
(25). In PCOS patients, IL-6 might apparently induce
Th17 cells, mediating inflammation and tissue damage
(26). In the current study, the FF concentration IL-6 in
PCOS patients was higher compared to the healthy group
although the difference was not statistically notable. The
findings of a study also demonstrated a higher serum and

FF concentration of IL-6 in PCOS patients (27) while those
of another one represented no significant association in
this regard (6). These discrepancies can be related to the
difference in the sample size, diverse studied populations,
different inclusion criteria, and analysis methods. A recent
systematic review and meta-analysis indicated that higher
IL-6 concentrations in PCOS patients are associated
with insulin resistance and androgen levels. Therefore,
the concentration of IL-6 for monitoring the treatment
of these patients can be used as a biomarker but not as a
diagnostic tool (3).

Although Th2 cells produce IL-6, this anti-inflammatory
cytokine can be secreted from other cells such as Th1 and B
cells and mediate the host’s response to inflammation and
infection conditions (28). Moreover, IL-6 concentration
increases relatively in the placenta, amniotic fluid, and
choriodecidua from women with preterm labor compared
to those with term delivery. Similarly, the enhanced level
of IL-6 is one of the most sensitive and specific indices
of preterm delivery associated with infections (29). It
seems that the FF concentration of this anti-inflammatory
cytokine reduces during normal pregnancy. The results of
this study revealed a non-significant elevation in the FF
of pro-inflammatory cytokine in PCOS patients probably
due to the sample size of the studied population.

Furthermore, the results of the present study
indicated that women with irregular menstrual cycles
for developing PCOS are at a higher risk. The confusion
PCOS disturbs a lady’s endocrine framework and expands
the circulating levels of free testosterone as a marker for
hyperandrogenism, which causes hirsutism in women
(30). Eventually, testosterone levels in PCOS patients were
meaningfully higher than those of the healthy group.
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Conclusions

In summary, it seems that the altered immune response
to the inflammatory status in the PCOS could be related
to the diminished concentration of IL-3 and IL-5 as Th2
cytokines. However, the FF concentration of IL-6 in PCOS
patients was not statistically significant probably because
of the low sample size of the study society. Accordingly,
further investigations with larger sample sizes and the use
of molecular techniques are recommended for clarifying
the link between pro- and anti-inflammatory factors
and PCOS pathogenesis and providing a new diagnostic
tool in these patients undergoing assisted reproductive
technology.
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