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Abstract. The polycystic ovary syndrome (PCOS) is
considered as one of the most common endocrine and repro-
ductive dysfunctional diseases. Recent research for genetic
variants has identified genetic influences between the
polymorphisms of the adiponectin gene and the metabolic
syndromes. The aim of our study was to investigate the
relationship between single nucleotide polymorphisms
(SNPs) in the adiponectin gene and PCOS. Two SNPs,
+45G15G(T/G) and +276(G/T), which are found in exon 2
and intron 2, respectively, of the adiponectin gene, were
genotyped by PCR-RFLP. Out of 303 women studied for the
+45G15G(T/G) and +276(G/T) SNPs, 144 had PCOS and
159 were healthy controls. No association was found between
the +45(T/G) SNP and PCOS (P=0.3558, OR=0.83, 95%
confidence interval), per contra to the association between
+276(G/T) SNP and PCOS (P=0.0126, OR=0.60, 95%
confidence interval). These results indicate that the SNP of
+276(G/T) is strongly associated with PCOS. However, the
+45(T/G) SNP is not associated with PCOS.

Introduction

The polycystic ovary syndrome (PCOS) is a common
multifactorial disease, also considered as an endocrine
syndrome with polymorphic clinical manifestations, including
hyperandrogenism and chronic anovulation (1-5). The
current diagnostic criteria are based on the 2003 American
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Rotterdam consensus (6,7). So far, the aetiology of PCOS
has not been fully elucidated, but correlation studies have
found that PCOS is likely to be hereditary, since a sister with
PCOS increases the risk of PCOS up to 46% (8). Therefore,
the study of the PCOS candidate gene will reveal the
fundamental mechanism and complication of PCOS.

A large number of studies have shown that there is a close
relationship between insulin resistance (IR) and PCOS. IR is
a main factor in the development of PCOS, and about 64.4%
of PCOS patients have IR (9). PCOS patients, whether obese
or not, have different levels of IR and hyperinsulinemia and
IR is independent of obesity. IR leads to obstacles in fat
mobilization and utilization, becoming an important risk
factor for obesity. Furthermore, lipocytes, one of the major
insulin target cells, can produce a variety of factors involved
in the development of IR (10,11).

Adiponectin is one of the most abundant adipokines and
accounts for 0.01% or 3-30 ug/ml of the total plasma protein
(12). Adiponectin is secreted by lipocytes and is composed of
224 amino acid peptides. Several studies have shown that
adiponectin plays an important role in the process of glucose
regulation and lipid metabolism. Moreover, adiponectin can
increase skeletal muscle fatty acid oxidation and peripheral
tissue sensitivity to insulin and can inhibit hepatic gluconeo-
genesis. It has been suggested that adiponectin has a protective
effect on the development of atherosclerosis (13,14). In
different animal models for obesity and diabetes, adiponectin
was found to correlate with the insulin sensitivity index (15).
Furthermore, adiponectin has been shown to be an important
inflammatory response regulator (16).

Adiponectin is a collagen-like protein which is secreted
and produced by adipose tissue and its coding gene is located
on human chromosome 3q27. It has alternative names,
including ACDC, APM1, ACRP30 and GBP28. Studies of
the genetic association have shown that the adiponectin gene
polymorphisms are closely related to obesity, type 2 diabetes
(T2D) and IR. Approximately 6 adiponectin gene poly-
morphisms have been identified and have been associated
with metabolic disorders in different ethnic populations of
different environmental factors and genetic backgrounds.
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These include the following single nucleotide polymorphisms
(SNPs):-11426(A/G), -11391(A/G), -11377(C/G), +45(T/G),
+276(G/T) and H111Y(C/T) (11-12,17-21). Intriguingly,
SNPs +45(T/G) and +276(G/T) which are located in exon 2
and intron 2 of the adiponectin gene, respectively, have been
found to be strongly associated with obesity, IR and T2D in
Asian populations. In this study, we assessed the association
of SNPs +45(T/G) and +276(G/T) in the adiponectin gene
with PCOS in the Korean population.

Materials and methods

Subjects. All of the PCOS patients and controls were Korean
women which were recruited from the Fertility Center of the
CHA General Hospital in Seoul, Korea. Informed consent was
obtained from all patients. Among 303 Korean women, 144
had PCOS, while the remaining 159 were healthy control
subjects. The diagnosis of PCOS was based on the criteria
proposed by the 2003 ASRM/ESHRE Rotterdam consensus.
Blood samples were collected in tubes containing EDTA as
an anticoagulant and stored at 4°C. Genomic DNA was
extracted from the blood of PCOS patients and control women.
The study was approved by the Institutional Review Board.

Biochemical determinations. Blood samples were obtained
from PCOS patients and control subjects for chemical analyses
of FSH, LH, TSH, prolactin, DHEA-S, and E2 as indicators
of discrimination.

Genetic analysis. Two SNPs were genotyped by the PCR-
based RFLP analysis for all subjects. Primers and restriction
enzymes used are shown in Table I. The PCR amplification
conditions used for +45G15G(T/G) were as follows: 94°C for
5 min, followed by 30 cycles of 35 sec at 94°C, 30 sec at
58.8°C, and 30 sec at 72°C. PCR conditions for +276(G/T)
were as follows: 95°C for 5 min, followed by 35 cycles of
30 sec at 95°C, 30 sec at 62°C, and 30 sec at 72°C. The PCR
products were purified using Bioneer's AccuPrep PCR
purification kit (Bioneer, Daejeon, Korea) and were digested
with Smal (New England Biolabs, Beverly, MA, USA) for 6 h
at 25°C or Bsml (New England Biolabs) for 14 h at 65°C for
SNPs +45(T/G) and +276(G/T), respectively. The digested
DNA fragments were electrophoresed on a 2% agarose gels
containing ethidium bromide and visualized by an ultraviolet
transilluminator. In regard to the SNP +45(T/G), a single
390-bp band indicates homozygosity for the T allele; the two
bands, 217- and 173-bp, indicate homozygosity for the G
allele; the presence of three fragments, 390-, 217- and 173-bp
bands, indicate heterozygosity for the T or G allele (Fig. 1).
As for the SNP +276(G/T), presence of a single 468-bp band
indicates homozygosity for the G allele; presence of two
fragments, 320- and 148-bp, indicates homozygosity for the
T allele; and three fragments, 468-, 320- and 148-bp indicate
heterozygosity for the G and the T allele (Fig. 2).

Statistical analysis. Genotype and allele frequencies were
compared between patients and controls by the x> test.
Analyzed haplotypes composed of SNPs were evaluated with
HapAnalyzer. P-values of <0.05 were considered as statis-
tically significant.
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Figure 1. (A) Structure of exon 2 of the adiponectin gene. The arrow
indicates the restriction site of Smal. The site of the adiponectin +45(T/G)
polymorphism is marked with an asterisk. When the sequence contains the
G allele, Smal restricts the site and produces two fragments, 217-bp and
173-bp. Presence of the T allele makes one fragment, 390-bp. (B) RFLP
analysis of the T/G polymorphism in exon 2 of the adiponectin gene.
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Figure 2. (A) Structure of intron 2 of the adiponectin gene. When the sequence
has the T allele, Bsml recognizes the site and make two fragments, 320-bp,
148-bp. Presence of the G allele makes one fragment, 468-bp. (B) RFLP
analysis of the G/T polymorphism in intron 2 of the adiponectin gene.
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Table I. Oligonucleotide sequences for detection of adiponectin gene SNP +45(T/G) and +276(G/T).

Length Tm Restriction enzyme Incubation
+45(T/G) SNP primers
(F) AGGTGGGCTGCAATATTCAG 20 58.8 Smal 6h
(R) CCTGGATCTCCTTTCTCACC 20
+276(G/T) SNP primers
(F) TCTCTCCATGGCTGACAGTG 20 62 Bsml 14h
(R) AGATGCAGCAAAGCCAAAGT 20

Table II. Biochemical and clinical characteristics of normal controls (n=159) and PCOS patients (n=144).

Characteristics

Controls (n=159)

PCOS patients (n=144)

BMI (kg/m?) 20.73+2.36  (16.61-27.70) 2322+3.88  (16.18-37.32)
Waist/hip ratio (WHR) 0.80+0.07 (0.70-0.91) 0.82+0.06 (0.67-1.49)
Hyperandrogenism and oligo- or amenorrhea n=0 (0.00%) n=22 (15.30%)
Hyperandrogenism and polycystic ovaries n=0 (0.00%) n=12 (8.33%)
Oligo- or amenorrhea and polycystic ovaries n=0 (0.00%) n=94 (65.28%)
Hyperandrogenism, oligo- or amenorrhea and

polycystic ovaries n=0 (0.00%) n=15 (10.42%)

FSH levels (mIU/ml) 6.55+1.82 (3.00-13.50) 5.81£1.83 (1.00-19.90)
LH levels (mIU/ml) 3.24+1.48 (1.12-7.10) 8.37+6.55 (1.00-25.00)
E2 levels (pg/ml) 32.47+15.13 (4.25-64.10) 42.93+34.58  (5.00-88.50)
Prolactin levels (ng/ml) 12.24+6 48 (4.10-46.40) 13.42+9.64 (2.30-72.20)
TSH levels (#1U/ml) 1.88+0.94 (0.03-4.06) 2.25+143 (0.46-1045)
DHEA-S levels (ug/dl) 157.86+55.46 (67.20-257.40) 198.07+76.54 (45.30-377.20)
Testosterone levels (ng/ml) 0.25+0.15 (0.01-0.54) 0.58+0.21 (0.06-0.86)

Results

The analysis of the clinical and biochemical characteristics of
the healthy control subjects and of patients with PCOS are
shown in Table II. In regard to the diagnostic criteria of
PCOS, we followed the 2003 ASRM/ESHRE Rotterdam
consensus (6). According to the criteria, patients are diagnosed
with PCOS when they have two of the following three
features: oligo- or amenorrhea, clinical or biochemical hyper-
androgenism and ultrasonographic polycystic ovarian
morphology (6). As shown in Table II, there was difference
in the level of TSH, DHEA-S and testosterone for the PCOS
patients and control groups. In addition, the level of LH in
PCOS patients was almost twice as much as in the control
group. In the PCOS patient group, 22 patients (15.30%) had
hyperandrogenism and oligo- or amenorrhea, 12 patients
(8.33%) had hyperandrogenism and polycystic ovaries, 94
patients (65.28%) had oligo- or amenorrhea and polycystic
ovaries, and 15 patients (10.42%) had hyperandrogenism,
oligo- or amenorrhea and polycystic ovaries (Table II).

To analyze the frequency of the genotypes for SNPs in
the adiponectin gene, we performed PCR-RFLP analysis.
Table IIT shows the SNP allele frequency of the TT, TG, GG
genotypes of the exon 2 T/G polymorphism and of the GG,
GT, TT genotypes of the intron 2 G/T polymorphism for the

adiponectin gene in patients with PCOS and control subjects.
In the case of +45 (T/G), the frequency of the TT genotype
was slightly higher in the PCOS patient group than in the
control group (54.9% vs. 45.3%, respectively); the TG
genotype was more frequent in the control group (52.8%)
than in the PCOS patient group (41.0%); the frequency of the
GG genotype was similar between the two groups (patient
group, 4.2%; control group, 1.9%). Also, for the +276(G/T)
SNP, significantly higher frequency of the GG genotype was
shown in the PCOS patient group than in the control group
(42.4% vs. 30.2%, respectively); the rate of the GT genotype
was slightly higher in the control group than in the PCOS
patient group; and the frequency of the TT genotype was
remarkably higher in the control group (15.1%) than in the
PCOS patient group (6.9%). In addition, as indicated in
Table III, there was no association between the SNP +45(T/G)
and the occurence of PCOS. In contrast, the data demonstrate
the association between the SNP +276(G/T) and PCOS
patients in Korean women.

Discussion
Molecular genetic studies have shown that hormone meta-

bolism and energy regulation-related genes, such as CYP19,
INSR, LH are involved in the pathogenesis of PCOS (22-26).
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Table III. Genotype and allele frequencies of +45(T/G) and +276(G/T) polymorphisms of the adiponectin gene in women with

PCOS and control subjects.

Polymorphism PCOS (n=144) Controls (n=159) P
+45(T/G)
Genotypes, n (%)
TT 79 (54.9) 72 (45.3)
TG 59 (41.0) 84 (52.8) 0.3558
GG 6 (4.2) 3 (1.9
Alleles, n (%)
T 217 (75.3) 228 (71.7)
G 71 (24.7) 90 (28.3)
+276(G/T)
Genotypes, n (%)
GG 61 (42.4) 48 (30.2)
GT 73 (50.7) 87 (54.7) 0.0126
TT 10 (6.9) 24 (15.1)
Alleles, n (%)
G 195 (67.7) 183 (57.5)
T 93 (32.3) 135 (42.5)

There was association between PCOS and the SNP +276(G/T), but not with the SNP +45(T/G).

In the present study, we assessed another metabolism-related
gene, adiponectin, and examined the association between the
SNPs +45G15G(T/G) and +276 (G/T) in the adiponectin
gene and PCOS in Korean women. An association was found
between the +276(G/T) SNP and PCOS, while the +45(T/G)
SNP was not associated with PCOS in Korean women. To a
certain extent, variation of the adiponectin gene determines the
overexpression of the phenotype of the metabolic syndrome.
However, it has been reported that the polymorphism of the
adiponectin gene is not the real reason for the metabolic
disorders of PCOS (27); it has been suggested that a certain
degree of interaction may exist between adiponectin and
steroid hormone activity and synthesis. At present, 13 SNPs
have been identified in the adiponectin gene (28), and most
of the studies have focused on two SNPs: +45(T/G) and
+276(G/T). However, the influence of these two poly-
morphisms on the adiponectin gene expression or biological
function is not fully known, because the SNP +45(T/G) is a
synonymous polymorphism while the SNP +276(G/T) is an
intronic one.

It has been reported that SNPs + 45(T/G) and +276(G/T)
in the adiponectin gene are significantly associated with PCOS
in Chinese women (29). These two SNPs have been analyzed
in various diseases and in different ethnic backgrounds. It has
been reported that fasting glucose levels are influenced by
the adiponectin +276(G/T) polymorphism in Korean and
Italian populations (30,31). In French and Swedish Caucasians,
the +45(T/G) and +276(G/T) polymorphisms have not been
associated with T2D (32). However, it has also been indicated
that SNPs +45(T/G) and +276(G/T) are strongly associated

with type 1 diabetes (T1D), but not with diabetic nephropathy
(DN) in Swedish patients (33). Studies have illustrated that
the SNP in intron 2 of the adiponectin gene plays an
important role in the regulation of adiponectin levels, although
the exact cellular mechanism is still not known (34,35).

This is the first report on the association of two SNPs of
the adiponectin gene with PCOS patients in Korea. Our
results provide insight into the role of the adiponectin gene in
the pathogenesis of PCOS in different ethnic backgrounds
and also provide an important basis for the early diagnosis
and prevention of PCOS.
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