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Abstract. Polycystic ovary syndrome (PCOS) is a disorder 
characterized by hyperandrogenism, chronic oligoanovulation 
and insulin resistance. A number of women with PCOS are 
obese and exhibit abnormal phenotypes, including high levels 
of androgens, an irregular menstrual cycle and increased 
hair growth. Studies on obese PCOS patients have proven 
the crucial role that obesity plays in insulin resistance and 
hyperinsulinemia. The uncoupling protein (UCP) gene is one 
of the genes known to have a strong association with obesity 
and insulin resistance. Thus, we analyzed the association 
between the -866G/A polymorphism in the promoter of UCP2 
and PCOS. Genotyping was performed by polymerase chain 
reaction along with restriction fragment length polymorphism 
analysis, followed by an analysis of the genotype of the 
UCP2 polymorphism in PCOS and control subjects using 
HapAnalyzer. The study included samples from 277 PCOS 
patients and 152 healthy controls. P<0.05 was considered to 
be statistically significant. In conclusion, no association was 
found between the -866G/A single nucleotide polymorphism 
and PCOS (P=0.7168, OR=1.07, 95% CI). The present study 
showed that -866G/A, a UCP2 gene polymorphism, is not 
associated with the pathogenesis of PCOS.

Introduction

Polycystic ovary syndrome (PCOS), one of the most common 
endocrine disorders, affects 5-10% of women. It is character-
ized by hyperandrogenism and chronic oligoanovulation (1-6). 
PCOS patients are reported to have high serum concentrations 
of androgenic hormones, including testosterone, androstene-
dione and dehydroepiandrosterone sulfate (DHEA-S)  (1-5). 

PCOS is also associated with the metabolic syndrome, which 
is linked to insulin resistance, hyperinsulinemia and obesity. 
The post-binding defect in the insulin receptor signaling 
pathway may be one of the reasons for insulin resistance in 
PCOS, while the high insulin level potentially has have a 
gonadotropin‑augmenting effect on ovarian function (3,5,7). 
Obesity is also a significant common clinical feature in 
women affected by PCOS. Over 50% of patients were found 
to be overweight or obese (5,8), which may occur due to the 
onset of oligomenorrhea and hyperandrogenism, suggesting a 
pathogenic role of obesity in the development of the syndrome 
(5).

Uncoupling proteins (UCPs) are mitochondrial carrier 
proteins that uncouple the transport of protons across the 
inner mitochondrial membrane from electron transport and 
are involved in the synthesis of ATP from ADP (9-10). The 
archetypal UCP1 is mainly expressed in brown adipocytes, 
while UCP2 expression is widely distributed in mammalian 
tissues, including white adipose tissue, skeletal muscle, 
pancreatic islets, and the central nervous system (11-13). A 
number of polymorphisms and mutations in three uncoupling 
protein homolog genes (UCP1, UCP2 and UCP3) have been 
reported (10). The polymorphisms in these UCPs have been 
shown to play a significant role in the pathogenesis of type 2 
diabetes (T2D) mellitus and obesity (10). Perturbation in the 
expression level of UCP2 or altered action of UCP2 leads to 
T2D, disordered lipid metabolism, impaired insulin secretion 
and dysfunctional weight homeostasis (10,14-16).

There are three main reported polymorphisms in the UCP2 
gene that are associated with changes in body mass index 
(BMI), energy expenditure and maintenance of body weight 
after overfeeding (10,17). Various studies have been performed 
on exon 4 of the UCP2 gene for the substitution of valine (V) 
for alanine (A) (Ala55Val) or the 45-bp insertion/deletion 
variant (10,18). If not all, the majority of these polymorphism 
studies on the UCP2 gene revealed an association with obesity 
and energy expenditure. Esterbauer et al identified a functional 
polymorphism located in the promoter region of the UCP2 
gene  (17). This polymorphism contributes to 71% of varia-
tion in the expression ratio between the insertion and deletion 
alleles  (17). The -866A allele has been shown to enhance or 
suppress UCP2 transcriptional activity in transfected cultured 
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cells (13,19), indicating that UCP2 mRNA levels are associ-
ated with the -866A allele. Additionally, the -866G allele is 
associated with an increased risk of chronic inflammatory 
diseases (20), and susceptibility to autoimmune (21) and cardio-
vascular diseases (22).

A number of PCOS patients with obesity exhibit the condi-
tions of insulin resistance and hyperinsulinemia. Previous 
studies demonstrated the mechanism by which obesity may 
induce an insulin-resistant state in PCOS patients. Additionally, 
these studies emphasized the role of obesity in amplifying 
the degree of hyperandrogenism in PCOS (5,23). A growing 
body of evidence reports that the -866G/A polymorphism of 
UCP2 is associated with T2D and obesity (10,12), which led 
to our hypothesis that the -866G/A polymorphism of UCP2 
plays a significant role in obese PCOS patients. The purpose 
of the present study was to analyze the -866G/A polymorphism 
in the UCP2 promoter in obese PCOS patients. This was the 
first study to investigate the association between the -866G/A 
polymorphism in the promoter of UCP2 and PCOS.

Materials and methods

Subjects. A total of 429 Korean females, of which 152 were 
healthy control subjects and 277 were PCOS patients, were 
selected from the Fertility Center at CHA General Hospital 
in Seoul, Korea, to participate in this study. The diagnosis of 
PCOS was based on the criteria proposed by the 2003 ASRM/
ESHRE Rotterdam consensus. This study was approved by 
the Institutional Review Board (IRB).

DNA extraction and genotyping. For molecular genetic 
experiments, blood samples from the PCOS patients and the 
control group were collected in tubes containing EDTA as an 
anticoagulant and were stored at 4˚C. Genomic DNA was then 
extracted from the whole blood samples.

The -866G/A variant of UCP2 was amplified using a 
forward primer: 5'-CAC GCT GCT TCT GCC AGG AC-3' 
and a reverse primer: 5'-AGG CGT CAG GAG ATG GAC 
CG-3'. Cycling parameters were as follows: denaturation at 
94˚C for 5 min, 30 cycles at 94˚C for 30 sec, annealing at 65˚C 
for 30  sec,  extension at 72˚C for 30  sec and a final at 72˚C 
for 5 min. The PCR products of 360-bp were purified using 
Accuprep Bioneer's PCR purification kit (Bioneer, Daejeon, 
Korea), and digested with MluI (New England Biolabs, Beverly, 
MA, USA) (Fig. 1A). The digested fragments were analyzed 
on 2% agarose gel. Upon digestion with MluI, the A allele was 
cleaved into two fragments (290- and 70-bp), whereas the G 
allele was identified by a single band (360-bp) (Fig. 1B).

Biochemical determinations. Blood samples from the PCOS 
patients and controls were analyzed using biochemical assays, 
including FSH, LH, TSH, PRL, DHEA-S and E2.

Statistical analysis. Genotype frequencies of the patients and 
control samples were compared using the χ2 test, and analyzed 
using HapAnalyzer (NGRI, Seoul, Korea; www.hap.ngri.re.kr). 
P<0.05 was considered to be statistically significant. To verify 
whether the haplotypes in the -866G/A polymorphism of 
UCP2 were associated with PCOS, the results were compared 
using HapAnalyzer.

Results

The 2003 ASRM/ESHRE Rotterdam consensus was adhered 
to for the diagnostic criteria of PCOS in order to recruit 
patients into the study (24-25). According to this standard, 
PCOS may be diagnosed when patients exhibit two of three 
phenotypes, i.e., oligo- or amenorrhea, clinical or biochemical 
hyperandrogenism and ultrasonographic polycystic ovarian 
morphology (1,3,4). The analysis of clinical and biochemical 
characteristics revealed a significant difference between the 
PCOS and control groups in the levels of LH, TSH, DHEA-S 
and testosterone. The LH level in PCOS patients was found 
to be 2-fold higher than that in the control group (Table  I). 
The results obtained from the biochemical analysis on the 
PCOS patient group revealed that 55 patients (19.86%) were 
susceptible to hyperandrogenism and oligo- or amenor-
rhea, 45 (16.24%) had hyperandrogenism and polycystic 
ovaries (PCOS), 129 (46.57%) had oligo- or amenorrhea and 
polycystic ovaries, and 48 (17.33%) had hyperandrogenism, 
oligo- or amenorrhea and polycystic ovaries. These data are 
recorded in Table II.

Figure 1. (A) Structure of the UCP2 gene. The arrow indicates the restric-
tion site of the UCP2 gene by MluI. MluI restricts the site and produces 
two fragments, 290- and 70-bp in the sequence containing the A allele. 
The sequence containing the G allele yields only one fragment of 360-bp. 
(B) G/A polymorphism of the UCP2 gene. The A allele is restricted by MluI. 
Agarose gel electrophoresis (2%) with ethidium bromide staining followed 
MluI digestion of the PCR product. The single band shows 360-bp of the 
G/G genotype. Homozygosity of A allele has two bands of 290- and 70-bp. 
However, the 70-bp band is not detected on the 2% agarose gel. Three bands 
of 360-, 290- and 70-bp indicate the G/A type.
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  B
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In order to perform genotypic analysis of the -866G/A 
polymorphism in the promoter of the UCP2 gene, PCR-RFLP 
analysis was carried out on the 277 PCOS patients and 

152 controls. As a result, the frequency of A/A, G/A and G/G 
genotypes was revealed to be in similar proportion in both 
the PCOS and control groups (Table  III). The frequency of 
the A/A genotype in the PCOS and control groups was 20.6 
vs. 25%, respectively; the frequency of the G/A genotype in 
the PCOS and control groups was 56.7 vs. 44.7%, respec-
tively; and the frequency of the G/G genotype in the PCOS 
and control groups was 22.7 vs. 30.3%, respectively. These 
results reveal that there is no significant difference between 
the PCOS and control groups, indicating that no association 
exists between the -866G/A polymorphism in the promoter of 
the UCP2 gene and PCOS.

Discussion

UCP plays a key role in the regulation of human energy 
metabolism by dissipating proton gradients, uncoupling 
respiration from oxidative phosphorylation, and converting 
fuel to heat (26). In numerous studies, -866G/A, -55C/T and 
45-bp insertion/deletion of the gene polymorphism were 
reported for UCP2 (10,18). Among them, -866G/A SNP was 
identified in the promoter region (17). Notably, this variant 
is reportedly associated with fat metabolism, obesity and 
diabetes in the majority of the population studied, including 
a Korean population  (18). The minor A allele variant was 
frequently reported to be associated with increased adipose 
mRNA expression in  vivo and with a modest reduction 
in obesity (17,27). The -866A allele carrier is generally 
susceptible to developing diabetes due to a reduced insulin 
response to intravenous and oral glucose  (19,28). In addi-
tion, when an intravenous glucose tolerance test was 
performed, the results showed -866A allele carriers have 
a lower insulin secretion, and a reduced risk of diabetic 
neuropathy (29). Carriers of the -866A allele of the UCP2 
gene are reported to have a reduced risk of coronary artery 
disease (30), depleted energy levels in the peripheral nerve 
function (31), a higher waist‑to‑hip ratio, a high risk of 
metabolic syndrome (32) and higher plasma markers of 
oxidative stress (33).

Table I. Biochemical and clinical characteristics of normal controls and PCOS patients.

Characteristics	 Controls	 PCOS patients
	 (n=152)	 (n=277)

BMI (kg/m2)	 20.75±2.39 (16.38-38.32)	 22.49±2.48 (16.88-29.68)
Waist/hip ratio (WHR)	 0.85±0.078 (0.73-0.95)	 0.89±0.02 (0.71-1.15)
FSH levels (mIU/ml)	 6.89±1.88 (3.29-9.79)	 5.17±1.19 (2.86-18.58)
LH levels (mIU/ml)	 3.28±1.66 (2.51-11.55)	 7.00±5.88 (1.00-21.00)
E2 levels (pg/ml)	 34.97±27.88 (4.79-218.09)	 31.79±18.45 (8.00-86.50)
Prolactin levels (ng/ml)	 14.42±6.48 (5.10-42.60)	 12.64±9.98 (6.30-68.30)
TSH levels (µIU/ml)	 1.88±0.98 (0.05-4.08)	 2.42±1.28 (0.56-12.56)
DHEA-S levels (µg/dl)	 142.46±35.26 (56.63-236.20)	 187.04±54.54 (38.00-350.20)
Testosterone (ng/ml)	 0.23±0.14 (0.03-0.54)	 0.47±0.24 (0.15-0.89)

BMI, body mass index.

Table II. Comparison of disorders/symptoms between the 
control group and PCOS patients.

Characteristics	 Controls	 PCOS patients
	 (n=152) (0%)	 (n=277) (%)

Hyperandrogenism and	 n=0	 n=55 (19.86)
oligo- or amenorrhea

Hyperandrogenism and	 n=0	 n=45 (16.24)
polycystic ovaries

Oligo- or amenorrhea	 n=0	 n=129 (46.57)
and polycystic ovaries

Hyperandrogenism,	 n=0	 n=48 (17.33)
oligo- or amenorrhea and
polycystic ovaries

Table III. Genotypes and allele frequencies of the -866G/A 
polymorphism of the UCP2 gene in women with PCOS and 
the controls group.

Polymorphism	 PCOS	 Controls	 P-value
-866G/A	 (n=277)	 (n=152)

Genotypes, no. (%)
A/A	   57 (20.6)	   38 (25.0)
G/A	 157 (56.7)	   68 (44.7)	 0.7168
G/G	   63 (22.7)	   46 (30.3)

Alleles, no. (%)
A	 271 (48.9)	 144 (47.4)
G	 283 (51.1)	 160 (52.6)
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The -866G allele was shown to be associated with a 
reduced mRNA expression in adipose tissue, decreased tran-
scriptional activity, high BMI, fat mass changes (34), increased 
risk of obesity (17,18,21), high insulin response to glucose and 
a reduced risk of T2D (10,17-19). Carriers of the -866G allele 
of UCP2 are reported to have low blood triglyceride levels, 
high insulin sensitivity (10,19) and higher levels of low-density 
lipoprotein (LDL) cholesterol (35). Taken together, the results 
showed that the -866G allele was found to increase the risk of 
T2D and obesity compared to the -866G/A and -866A alleles 
(35). Additionally, 45 insertion/deletion polymorphisms of the 
UCP2 gene have been reported to be strongly associated with 
BMI in a Korean population (36). Taking all of the data into 
consideration, it is assumed that since the UCP2 gene is asso-
ciated with T2D and obesity, it is also associated with obesity 
in females with PCOS.

The aim of the present study was to analyze the association 
between the -866G/A polymorphism of the UCP2 gene and 
PCOS in Korean females. In conclusion, these results indicate 
that no significant association exists between the -866G/A 
polymorphism in the promoter of the UCP2 gene and PCOS 
in Korean females. The -866G/A polymorphism of UCP2 
was reported to be associated with obesity, insulin resistance 
and hyperinsulinemia but not associated with PCOS in 
patients who share common characteristic symptoms. Thus, 
this genetic association study provides no evidence for the 
involvement of the -866G/A polymorphism in the promoter of 
the UCP2 gene in PCOS patients in the Korean population. 
Further investigation of associations between the -866G/A 
polymorphism of the UCP2 gene and PCOS patients of 
different ethnic groups is required.
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