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Abstract PCOS is a complex multifactorial disorder

involving a number of genetic and environmental factors.

One of the genetic factors that has been associated with

PCOS is Interleukin 1 beta (IL-1b), is an important

inflammatory cytokine that plays a regulatory role in both

the body’s immune and the inflammatory responses. All

these responses appear to be are also affected in at least

some women with PCOS. To investigate the possible

association of polymorphisms of the IL-1b gene with the

occurrence and clinical characteristics of PCOS, we eval-

uated two common polymorphisms of the IL-1b gene

(promoter C [-511] T and exon 5 position [?3953]) in 200

Chinese women with PCOS and 177 healthy Chinese

controls. We found the frequency of IL-1b C/C [-511]

genotype in PCOS was significantly higher than that in the

controls (v2 = 15.48, df = 1, P \ 0.001 OR = 2.73 95%

CI: 1.64–4.56 by genotype; v2 = 10.21, df = 1, P = 0.001

by allele). However in contrast, no association between

genotype and relative allele frequencies was observed for

the C [?3953] T polymorphism for Chinese women with

PCOS when compared to that for a similar group of Chi-

nese women without PCOS (P = 0.35).

Keywords Polycystic ovary syndrome � Polymorphism �
Interleukin 1 beta

Introduction

Polycystic ovary syndrome (PCOS) is the most common

heterogeneous hormonal disorder endocrinopathy in females

and that affects 4–12% premenopausal women [1]. Women

with PCOS have reproductive disorders due to anovulation,

hyperandrogenism, polycystic ovaries, obesity, and a sub-

sequent increased risk for type 2 diabetes [2]. To date, no

study has convincingly established a mode of inheritance for

the disorder [3]. Multiple genetic factors including mutations

and polymorphisms have been reported to be associated with

PCOS [4, 5].

Although the inheritance mode of PCOS is still uncertain,

multiple genetic factors including mutations and polymor-

phisms to within several genes which have been associated

with the established PCOS state to the PCOS risk [6].

The presence of elevated C-reactive protein (CRP)

levels, inflammatory cytokines, and increased leucocyte

count provides evidence of low-grade chronic inflamma-

tion in at least a subgroup of women with PCOS [7].

One of the most prominent mediators of inflammation is

from the interleukin-1 (IL-1) family. The IL-1 gene cluster

on chromosome 2q12-q13 contains three related genes

IL-1a, IL-1b, and IL-1RN, encoding the pro-inflammatory
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cytokines IL-1a, IL-1b, and their endogenous receptor

antagonist. IL-1b and IL-1a are potent pro-inflammatory

cytokines and play a central role in many inflammatory

cascades [8]. IL-1b, a single nuclear factor, which is pro-

duced mainly by the monocytes, giant macrophages, and

dendritic cells during the intake process of antigen–anti-

body complex or antigen presentation [9]. IL-1b is also a

potent pro-inflammatory cytokine released by macrophages

in systemic inflammatory responses. It not only has

important biologic effect but also regulates inflammatory

reaction and immune response through promoting other

cytokines expressions, such as IL-6 and IL-12 [10]. Fur-

thermore, IL-1b has been implicated in inflammatory epi-

sode. Previous studies suggested that IL-1b plays an

important role in inflammatory-linked mechanisms in the

ovary. Hurwitz et al. [11] demonstrated that in vitro

treatment of rat ovarian cells with IL-1b leads to the

accumulation in the culture medium of a 92 kDa gelatin-

ase, which could be involved in the ovulatory process. And

several results lead us to conclude that IL-1b intervenes in

PG production, mainly by acting on cyclooxygenase-2

(COX-2) synthesis [12–15]. In addition, Davis et al. [16]

demonstrated that IL-1b is able to restore ovulation in mice

carrying a null mutation for COX-2, and which thus fails to

ovulate. Finally, IL-1b mRNA and proteins have been

localized in human embryos at the time of fertilization,

suggesting their presence in the mature oocyte [17].

IL-1b is mapping in 2q13-21. There are two common

polymorphisms (C [-511] T and C [?3953] T in exon 5)

in the IL-1b gene. Kolbus et al. [18] carried out the first

association analysis of the two IL-1b gene polymorphisms

and PCOS development in Caucasian women (105 cases

and 102 controls), which failed to establish an association

between these polymorphisms and PCOS.

However, to the best of our knowledge, no study has

addressed the potential correlation of specific polymor-

phisms of the IL-1b gene with the established PCOS state

in Asian women.

To investigate a possible association between the two

common polymorphisms of the IL-1b gene and PCOS in

Asians, we examined the frequency of occurrence of

genotype and alleles for C [-511] T and C [?3953] T in

Chinese women.

Results

Clinical and laboratory variables

The clinical characteristics (Mean ± SD) of women

enrolled in the study are summarized in Table 1. Com-

paring with the healthy controls, PCOS patients have sig-

nificant differences in BMI, E2 levels, and LH levels

(P \ 0.05).

Genotype and allele frequencies

The distribution of the different C [-511] T and C [?3953]

T genotypes in the study population is shown in Table 2.

There were significant differences in C [-511] T

genotypic and allelic frequencies between PCOS cases and

controls.

Table 1 Demographic and

clinical characteristics of the

study population

BMI body mass index,

E2 estradiol, FSH follicle-

stimulating hormone,

LH luteinizing hormone

Parameter PCOS (n = 200) Control (n = 177) P

Age (year) 26.91 ± 4.02 31.14 ± 4.22 NS

Menarche age (year) 14.38 ± 1.94 14.33 ± 1.38 NS

BMI (kg/m2) 23.22 ± 4.19 21.37 ± 2.47 P \ 0.001

E2 levels (pg/ml) 232.04 ± 209.91 176.1 ± 124.6 P \ 0.001

FSH levels (mIU/ml) 5.45 ± 2.47 6.71 ± 2.13 NS

LH levels (mIU/ml) 12.89 ± 6.89 4.98 ± 3.12 P \ 0.001

Prolactin levels (ng/ml) 17.78 ± 33.32 18.07 ± 19.46 NS

Total testosterone (ng/ml) 3.47 ± 8.55 2.07 ± 6.96 NS

Table 2 Genotype distribution and relative allele frequencies of C [-511] T polymorphism of IL-1b gene in Chinese with PCOS (n = 200) and

controls (n = 177)

Group No. Genotype frequency (%) Allele frequency (%)

C/C C/T T/T C T

PCOS 200 64(32) 76(38) 60(30) 204(51) 196(49)

Controls 177 26(14.69) 87(49.15) 64(36.16) 139(39.38) 214(60.62)

v2 = 15.57, df = 2, P \ 0.001, OR = 2.73 v2 = 10.21, df = 1, P = 0.001
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Table 2 presents the distribution of the C [-511] T and C

[?3953] T genotypes in women with PCOS and the control

group. There were significant differences in C [-511]

T genotypic and allelic frequencies between these two

groups with significantly higher C/C genotype and C allele

frequencies associated with the C [-511] T polymorphism

in the PCOS cases (v2 = 15.48, df = 1, P \ 0.001 OR =

2.73 95% CI: 1.64–4.56 by genotype; v2 = 10.21, df = 1,

P = 0.001 by allele).

However in contrast, there was no statistically signifi-

cant difference in genotype frequency or allele frequency

distribution of the C [?3953] T between PCOS and control

subjects.

In addition, to investigate the possible association

between IL-1b gene polymorphism genotypes and clinical/

biochemical parameters in women with PCOS and controls

subjects, we determined the mean ages of the menarche,

BMI values, and plasma E2 levels, FSH levels, LH levels,

PRL levels, and total testosterone levels. Table 3 presents

these clinical/biochemical profiles (Mean ± SD) for the

PCOS group with the data broken out according to geno-

types for both the C [-511] T and C [?3953] T variants of

the IL-1b gene.

Further, there was no significant association between the

C [?3953] T polymorphism and the clinical and bio-

chemical parameters of women with PCOS.

Patients with C/C [-511] genotype in IL-1b gene pre-

sented a lower BMI value, E2 level, LH level, PRL level,

total testosterone level, and LH/FSH, when comparing with

patients with C/T and T/T genotypes (shown in Table 4).

Further, there was no significant association between the C

[?3953] T polymorphism and the clinical and biochemical

parameters of women with PCOS.

Discussion

Multiple genetic pathways have been implicated in the

pathogenesis of PCOS including steroid hormone metab-

olism, gonadotropin action, obesity and energy regulation,

Table 3 Biochemical profile (Mean ± SD) of Chinese PCOS women according to genotypes for promoter C [-511] T polymorphism and exon

5 position [?3953] polymorphism of IL-1b gene

Parameter Group

IL-1b C [-511] T IL-1b [?3953]

C/C (n = 64;

32.00%)

C/T (n = 76;

38.00%)

T/T (n = 60;

30.00%)

P C/C (n = 186;

93.00%)

C/T (n = 13;

6.50%)

T/T (n = 1;

0.50%)

P

Menarche age 14.59 ± 2.12 14.36 ± 1.94 14.18 ± 1.73 NS 14.39 ± 1.95 14.31 ± 1.89 14.00 NS

BMI 23.21 ± 3.41 22.98 ± 4.18 23.54 ± 4.94 NS 23.32 ± 4.20 21.88 ± 4.08 22.60 NS

E2 (pg/ml) 228.8 ± 169.37 232.26 ± 163.28 235.28 ± 289.96 NS 232.29 ± 215.67 220.03 ± 111.68 342.89 NS

FSH (mIU/ml) 5.45 ± 2.91 5.75 ± 2.37 5.07 ± 2.01 NS 5.44 ± 2.49 5.47 ± 2.30 5.71 NS

LH (mIU/ml) 12.22 ± 5.65 13.48 ± 7.98 12.87 ± 6.66 NS 12.84 ± 6.91 13.41 ± 7.14 15.49 NS

Prl (ng/ml) 15.58 ± 14.85 16.28 ± 9.95 22.01 ± 57.93 NS 17.83 ± 34.51 17.33 ± 6.64 12.77 NS

Total testosterone

(ng/ml)

2.71 ± 3.69 2.11 ± 1.07 5.99 ± 14.88 NS 3.57 ± 8.86 2.08 ± 0.71 2.26 NS

LH/FSH 2.68 ± 2.13 3.07 ± 4.78 2.73 ± 1.36 NS 2.87 ± 3.36 2.42 ± 1.20 2.71 NS

BMI body mass index, E2 estradiol, FSH follicle-stimulating hormone, LH luteinizing hormone

Table 4 Biochemical profile

(Mean ± SD) of Chinese PCOS

women according to genotypes

for C [-511] T polymorphism

of IL-1b gene

Parameter Group P

C/C (n = 64; 32%) C/T ? T/T (n = 136; 68%)

Menarche age 14.59 ± 2.12 14.28 ± 1.85 NS

BMI 23.21 ± 3.41 23.22 ± 4.52 NS

E2 levels (pg/ml) 228.8 ± 169.37 233.59 ± 227.07 NS

FSH levels (mIU/ml) 5.45 ± 2.91 5.45 ± 2.24 NS

LH levels (mIU/ml) 12.22 ± 5.65 13.21 ± 7.40 NS

Prolactin levels (ng/ml) 15.58 ± 14.85 18.81 ± 39.11 NS

Total testosterone (ng/ml) 2.71 ± 3.69 3.83 ± 10.05 NS

LH/FSH 2.68 ± 2.13 2.92 ± 3.67 NS
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and insulin action. There might be association between

IL-1 family genes and ovarian function for their act as

inflammatory control and host defense responses. IL-1

causes vasorelaxation, increases adherence of lymphocytes

and neutrophils to endothelial cells, and might be impli-

cated in the immunobiology of both acute and chronic graft

rejection [19]. It might also influence ovarian function and

the processes of ovulation, fertilization, and implantation

[18]. IL-1b is an important inflammatory cytokines in the

body’s immune and inflammatory response in both of

which play the regulatory roles. IL-1b participates in the

main type II Des Voeux and helps the T-lymphocytes

(Th2) response [20]. Previous study showed that IL-1b
might be the promoter of a pancreatic islet cell oxygen B

of nitrogen (NO) generation and apoptosis caused by selec-

tive destruction of B cells, which also induced insulin

resistance.

Kolbus et al. [18] carried out first association analysis

between IL-1b gene polymorphisms and PCOS developing,

which showed that the IL-1b gene is not associated with the

presence of PCOS in Caucasian.

To investigate a possible association between the IL-1b
([-511] and [?3953]) polymorphisms and PCOS in Chi-

nese, we examined 200 PCOS patients and 177 healthy

controls. Our findings suggested that the C/C genotype of C

[-511] T may represent a genetic risk factor for PCOS in

Chinese. But the C [?3953] T polymorphism was not

associated with PCOS in Asian.

The C [-511] T polymorphism and IL-1b-31 sites of the

T to C SNP complete the linkage disequilibrium [21]. The

latter is related with IL-1b in the promoter region of the

TATA box. By changing of the DNA and protein interac-

tions, T allele enhances the transcription factors, thus

affecting IL-1b production. And it showed that C [-511]

T polymorphism may have the effect of the adoption of its

linkage disequilibrium with the TATA box polymorphism

IL-1b-31 mediated [22, 23]. In addition, [-511] allele

T showed a modest increase in transcriptional activity

when compared with allele C [24]. Therefore, the C [-511]

T polymorphism may be involved in the PCOS developing

by influencing IL-1b production.

As well, no statistical significant difference was dis-

covered between clinical and biochemical parameters

(BMI, e2, LH, FSH, PRL levels, mean total testosterone

levels) and genotypes.

In summary, we found there was an association between

C [-511] T variant of the IL-1b and PCOS, which con-

flicted to Kolbus’s findings.

There are several possible reasons for the conflicting

results.

First of all, it should be noticed that, Kolbus’ study was

performed in a limited sample (105 cases plus 102 con-

trols).This might cause false negative results.

Secondly, the frequency of C/C [-511] genotype in our

study is much lower than that in Kolbus’ study (22.2% vs.

39.2%), which suggested an obvious ethnic difference.

This ethnic difference may be a possible reason for the

confused results.

In conclusion, our finding suggested that the C/C

genotype of IL-1b C [-511] T polymorphism may repre-

sent a genetic risk factor for PCOS in Chinese. To our

knowledge, the present study firstly established an associ-

ation between IL-1b gene polymorphisms and PCOS

developing.

Materials and methods

Subjects

A total of 200 patients with PCOS and 177 unrelated

healthy controls were recruited from the First Affiliated

Hospital, Anhui Medical University, China. Women with

PCOS were diagnosed following the criteria of Rotterdam

Revised 2003 (two out of three) diagnosis: oligomenorrhea

or amenorrhea for at least 6 months; clinical and/or bio-

chemical signs of hyperandrogenism; polycystic ovaries

(presence of 12 or more follicles in each ovary measuring

2–9 mm in diameter, and/or increased volume 10 ml).

Congenital adrenal hyperplasia, Cushing’s syndrome,

androgen-secreting tumor, hyperprolactinemia, and thyroid

dysfunction were excluded. Controls were individuals of

proven fertility, with normal menstrual cycles and ovary

morphology, and without the history of treatment for

subfertility.

The study was approved by the Ethics Committee of the

National Research Institute for Family Planning and

informed consent was obtained from all participants.

Biochemical and hormonal measures

Each blood sample’s plasma concentrations of total tes-

tosterone, prolactin (PRL), follicle-stimulating hormone

(FSH), luteinizing hormone (LH), and estradiol (E2) were

determined, respectively. Body mass index (BMI) for each

participant was calculated to assess obesity.

Laboratory methods

Blood samples from PCOS patients and controls were

collected and stored at -20�C. Genomic DNA was

extracted from peripheral blood leukocytes using QIAamp

genomic DNA kits under the brief protocol listed below.

Add 20 ll Proteinase K and 200 ll Buffer AL to the

200 ll blood sample into a 1.5 ml microcentrifuge tube,

mix by pulse-vortexing for 15 s and incubate at 56�C for
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10 min or more. Add 200 ll 100% ethanol to the sample,

and mix again for 15 s. Then apply the mixture to the

QIAamp Spin Column (in a clean 2 ml collection tube) and

centrifuge at 8000 rpm for 1 min. Then add 500 ll Buffer

AW1 and centrifuge at 8000 rpm for 1 min and add 500 ll

Buffer AW2 and centrifuge at 14,000 rpm for 3 min. Place

the QIAamp Spin Column in a clean 1.5 ml microcentri-

fuge tube and add 200 ll Buffer AE. Incubate at room

temperature (15–25�C) for 1 min, and then centrifuge at

8000 rpm for 1 min.

Statistical analysis

The allelic and genotypic distributions of C [-511] T and

C [?3953] T were estimated by allele counting and com-

pared in the PCOS and control groups by v2 test. Logistic

regression analysis was performed to examine the effect of

C [-511] T polymorphism and [?3953] polymorphism on

the risk for PCOS using Statistic Package for the Social

Science (SPSS10.0). The criterion for significance was set

at P \ 0.05. ANOVA and post test was used to compare

data of the clinical parameters (age at menarche, E2 levels,

FSH levels, LH levels, PRL levels, and total testosterone

levels) between different genotypes.
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