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Abstract Human uncoupling proteins (UCPs) are mito-
chondrial proteins that are involved in the control of energy
metabolism and the pathophysiology of obesity. Although
there have been several reports on the association between
the UCP2/UCP3 locus and the obesity, there have been no
haplotype-based case—control studies with gender-specific
analysis. The aim of this study was to examine whether
there is an association between the UCP2/UCP3 locus and
the obesity in the Japanese population when using a single
nucleotide polymorphism (SNP)-based and haplotype-
based case—control study with gender-specific analysis. We
examined a group consisting of 551 subjects, of which 369
were non-obese and 182 were overweight and/or obese. We
selected one nonsynonymous SNP (rs660339: Ala55Val)
as a genetic marker. Genotyping for all subjects was per-
formed by the TagMan® polymerase chain reaction (PCR)
method. Although the overall distributions of genotype and
allele were not significantly different between the non-
obese and the obese groups, the overall distributions of the
genotype were significantly different in men (P = 0.030).
In the obese group, male subjects with the Val allele were
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significantly more frequent in both association studies.
There was a significant difference in the overall distribu-
tion of the haplotype (UCP3 rs180049, UCP3 rs2075577,
UCP2 rs660339) between the weight groups (P = 0.010),
and in women, there was a significant difference
(P = 0.042) in the overall distribution of the haplotype
(UCP3 152075577, UCP2 1s660339). Nonsynonymous
rs660339 in the human UCP2 gene in men, and the hap-
lotype (UCP3 rs2075577-UCP2 rs660339) in women
might be good obesity markers.

Keywords Single nucleotide polymorphism -
Uncoupling protein 2 - Obesity - Association study

Introduction

Obesity is the state of abnormal energy metabolism. Both
systemically and at the cellular level, energy metabolism is
controlled by a large variety of enzymatic and nonenzy-
matic proteins [1].

The cell’s energy substrate, ATP, is synthesized within
the mitochondria. Energy is derived from the oxidation of
fuels and is used to create an electrochemical gradient
across the inner mitochondrial membrane by the export of
protons from the matrix. These protons re-enter the mito-
chondrial matrix via ATP synthase, which uses energy
from the electrochemical gradient to convert ADP to ATP.
A group of five proteins, which are known as the uncou-
pling proteins (UCPs), are located within the inner
mitochondrial membrane [2, 3]. UCP1 is expressed
exclusively in brown adipose tissue (BAT) and is respon-
sible for thermogenesis in mammalian neonates and
rodents [4]. UCP2 is expressed in almost all mammalian
tissues, suggesting that it plays a functional role in global
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energy metabolism in the body [1, 5, 6]. UCP3 is pre-
dominantly expressed in mammalian skeletal muscle and
BAT [7-9]. UCP4 is mainly expressed in brain tissue [10]
and UCPS5 is expressed with high abundance in the brain
and testis [11, 12].

A substantial role for UCP2 or UCP3 in thermogenesis
in humans is unlikely, as these proteins are not upregulated
by cold. It has been suggested that the main function of
UCP2 is to provide protection from the damage caused by
reactive oxygen species or oxidative stress [13—15].

UCP2 and UCP3 genes are located in tandem within
8 kb of each other on chromosome 11q13 [16]. In previous
association analyses that examined variations in the UCP2-
UCP3 gene cluster and obesity or diabetes traits [5, 17-21],
it was reported that this locus is associated with a risk for
these disorders. A linkage study reported that resting
metabolic rate (RMR) and other obesity-related phenotypes
are associated with markers at the UCP2/UCP3 locus [17,
18, 22]. Several UCP2 gene variants have been reported in
human studies and include: a G/A single nucleotide poly-
morphism (SNP) in the promoter region (—866G/A) [23], a
valine-for-alanine substitution at amino acid 55 in exon 4
(Ala55Val), and a 45-bp insertion/deletion in the 3'-
untranslated region [24, 25]. The Ala55Val polymorphism
has been linked to variations in the energy balance via
effects on the RMR and nocturnal physical activity [26,
27], and to type 2 diabetes [28, 29].

The aim of this study was to examine whether there is an
association between the UCP2/UCP3 locus and the obesity
in the Japanese population when using an SNP-based and
haplotype-based case—control study with a gender-specific
analysis.

Subjects and methods
Subjects

We examined 551 subjects who visited various depart-
ments of the Nihon University School of Medicine
Hospital, such as Endocrinology, Cardiology, Public Care,
etc. The subjects typically underwent healthcare examina-
tions that included tests for high blood pressure, high blood
sugar, hyperlipidemia, and high serum uric acid, among
others. In order to avoid any sampling bias, we recruited
subjects by handing out documents that detailed the nature
of the study, and if the subjects then agreed to take part,
samples were collected once informed consent was
obtained. Therefore the recruitment methods were not
designed to specifically enroll subjects as members of the
control or obese groups. After sample collection, we used
the body mass index (BMI) to divide the subjects into two
groups, which were based on the presence or absence of
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obesity. The obese group consisted of 182 obese and
overweight subjects (BMI was >25) with a mean age of
50.1 & 8.0 years. The non-obese group consisted of 369
subjects with weights considered to be normal or within the
normal lean range (BMI was <25) and these subjects had a
mean age of 50.7 & 8.3 years. Samples were also matched
by gender (P = 0.120). Informed consent was obtained
from each subject in accordance with the protocol
approved by the Ethics Committee of the Nihon University
School of Medicine and the Clinical Studies Committee of
Nihon University Hospital.

Biochemical analysis

The Clinical Laboratory Department of Nihon University
Hospital used standard laboratory methods to measure the
serum total cholesterol, HDL cholesterol, creatinine and
uric acid concentrations, fasting blood sugar, and HbAlc in
blood [30].

Genotyping

Using information on SNP allelic frequencies from the
website of the National Center for Biotechnology Infor-
mation (NCBI) (http://www.ncbi.nlm.nih.gov/SNP/snp_ref.
cgi?locusld=7351) and the SNP browser software 3.0
(Applied Biosystems, Branchburg, NJ, USA), SNPs on the
human UCP2 and UCP3 genes with minor allele frequencies
>30% (in Japanese subjects) were selected. SNPs with
relatively high minor allele frequencies have been shown to
be very useful as genetic markers for genetic association
studies. We selected three SNPs for the human UCP2 and
UCP3 genes. The SNP accession numbers were rs1800849,
rs2075577, and rs660339 (Fig. 1). rs1800849 is a C-to-T
substitution in the 5’-untranslated region of exon 1 of the
UCP3 gene. 152075577 is a synonymous C-to-T substitution
in exon 5 of UCP3, with a change of Tyr to Tyr at codon
210 (Tyr210Tyr). rs660339 is a nonsynonymous C-to-T
substitution in UCP2 exon 4 at position 544 of the putative
mRNA, with a change of alanine to valine at codon 55
(Ala55Val). Genotypes were determined using Assay-on-
Demand kits (Applied Biosystems) with TagMan® PCR.
When allele-specific fluorogenic probes hybridize to the
template during the PCR, the 5'-nuclease activity of Tagq
polymerase can discriminate alleles. Cleavage results in
increased emission of a reporter dye that is otherwise
quenched by the dye TAMRA. Each 5-nuclease assay
requires two unlabeled PCR primers and two allele-specific
probes. Each probe is labeled with a reporter dye (VIC and
FAM) at the 5-end and TAMRA at the 3’-end. PCR
amplification was performed using 2.5 pl of TagMan®
Universal Master Mix, No AmpErase® UNG (2x) (Applied
Biosystems) in final reaction volumes of 5 pl, along with
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Fig. 1 Locus of the human UCP3 and UCP2 genes in 11q13. The
UCP3 gene consists of seven exons separated by six introns, and the
UCP2 gene consists of eight exons separated by seven introns. Boxes
indicate exons, while lines indicate introns and intergenic regions.
Filled boxes indicate coding regions. Arrows mark the polymorphism
locations

2 ng of DNA, 2.375 pl of ultrapure water, 0.079 pl of Tris—
EDTA (TE) buffer (1x), 0.046 pl of TagMan® SNP
Genotyping Assay Mix (40x) containing a 331.2 nM final
concentration of primers, and a 73.6 nM final concentration
of probes. Thermal cycling conditions were 95°C for
10 min, followed by 50 cycles of 92°C for 15 s, and 60°C
for 1 min. Thermal cycling was performed using the
GeneAmp 9700 system.

All 96-well plates contained 80 samples of an unknown
genotype, and four reactions with reagents but no DNA.
Control samples without DNA were required for the SDS
7700® signal processing, as outlined in the TagMan®
Allelic Discrimination Guide (Applied Biosystems). PCR
plates were read on an SDS 7700® instrument in the end-
point analysis mode of the SDS version 1.6.2 software
package (Applied Biosystems). Genotypes were visually
determined by comparison with dye-component fluorescent
emission data shown in the XY scatterplot of the SDS
software. Genotypes were also automatically determined
by the signal processing algorithms in the software. The
results of both scoring methods were saved to two output
files for later comparison.

Statistical analysis

Data are presented as means = SD. Allele frequencies
were calculated from the genotypes of all subjects. Hardy—
Weinberg equilibrium was assessed by x> analysis. Dif-
ferences in clinical data between obesity and non-obesity
groups, and genotypes were assessed by Mann—Whitney
and Kruskal-Wallis tests. The distributions of genotypes
between obesity patients and non-obesity subjects were
tested by a two-sided Fisher’s exact test. In addition,
logistic regression analysis was performed to assess the
contribution of the major risk factors.

Statistical significance was established at P < 0.05.
Statistical analyses were performed using SPSS software
for Windows, version 12 (SPSS Inc., Chicago, IL, USA).

Linkage disequilibrium and haplotype-based
case—control study

SNPAlyze software for Windows, version 3.2.3 (Dynacom
Co., Ltd., Yokohama, Japan) was used to perform the
linkage disequilibrium (LD) and the haplotype-based case—
control study. This software is available at: http://www.
dynacom.co.jp/products/package/snpalyze/index.html.

D’ with P > 0.5 were considered to be haplotype blocks.
In this haplotype-based case—control study, haplotypes
with a frequency <0.01 were excluded. The distribution of
haplotype frequencies was calculated using the y* test. A
probability level of P < 0.05 was considered to indicate
statistical significance.

Results

Clinical characteristics are shown in Table 1. SBP, DBP,
BMI, and serum concentrations of uric acid and total
cholesterol were significantly higher, while serum con-
centrations of HDL cholesterol were significantly lower, in
the obese group as compared to the non-obese group. There
were no significant differences between the groups with
regard to serum concentrations of creatinine. Age was not
significantly different between the groups.

We succeeded in genotyping 369 non-obese subjects
and 182 obese patients. The observed and expected het-
erozygosities in the non-obese group were 53.9 and 49.9%,
respectively, which were in good agreement with predicted
Hardy—Weinberg equilibrium values (P = 0.126). Geno-
type frequencies were 25.4% Val/Val, 44.2% Ala/Val, and
30.9% Ala/Ala in obese patients, and 21.4% Val/Val,
53.9% Ala/Val, and 24.7% Ala/Ala in the non-obese sub-
jects. The overall distribution of alleles was not
significantly different between the two groups (P = 0.085,
Table 2). When limited to men, the genotype frequencies
were 23.3% Val/Val, 44.2% Ala/Val, and 32.6% Ala/Ala in
obese patients, and 20.3% Val/Val, 57.8% Ala/Val, and
21.9% Ala/Ala in the non-obese subjects. The overall
distributions of genotypes and Val/Val 4+ Ala/Val versus
Ala/Ala were significantly different between the two
groups, and the frequency of Ala/Ala was significantly
higher than that of Val/Val + Ala/Val in obese men
(P = 0.033, Table 2).

In the logistic regression analysis, the confounding
factors showing the significant difference in Table 1 were
used. SBP and DBP were associated with hypertension,
fasting blood sugar and HbAlc were associated with
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diabetes mellitus, and total and HDL cholesterol were
associated with hyperlipidemia. Therefore, we selected uric
acid, history of hyperlipidemia, hypertension, and diabetes
mellitus as the confounding factors to be examined in the
multiple regression analyses. These subsequent analyses
revealed that the frequency of Ala/Ala was significantly
higher than that of Val/Val + Ala/Val in obese men
(P = 0.015; odds ratio = 0.523; 95% confidence interval,
CI = 0.310-0.882). The Ala/Ala genotype was determined
to be an independent risk factor for obesity that was sep-
arate from the other confounding factors, including
diabetes mellitus.

Table 3 shows the LD analysis for the three SNPs. The
fact that all values of D’ were >0.5 indicates that all SNPs
were located in a haplotype block.

The results of the haplotype-based case—control study
are shown in Table 4. Although the common haplotypes
C-C-C, T-T-T, and C-T-T were not significantly differ-
ent, the haplotypes C—-T—C and C-C-T were significantly
different between obese and non-obese in the combined
total group (Table 4). The overall distributions of the
haplotype (UCP3 rs2075577-UCP2 rs660339) differed
significantly in women (P = 0.042). The frequency of the
haplotype C-T in the obese patients was significantly
higher than that seen in the non-obese subjects.

Discussion

Our study suggests that Japanese men having the Ala/Ala
genotype of UCP2 Ala55Val are prone to obesity. Many
association studies have examined the role of UCP2 in
body weight homoeostasis using genetic variants such as
SNPs. Ala55Val in the UCP2 gene is one of the most
commonly studied variants in previous reports, as it is a
nonsynonymous variant located in an exon region (exon 4).
Furthermore, the heterozygosity rate is very high, with the
rate reported to be 0.578. Urhammer et al. [31] first
discovered Ala55Val by single-strand conformation poly-
morphism and direct sequencing. To date, this variant has
been reported to be associated with the sleeping metabolic

Table 3 Pairwise LD (ID'| above diagonal) for the three SNPs

SNP ID'|
UCP3 UCP3 UCpP2
rs1800849 rs2075577 rs660339
UCP3 rs1800849 0.953 0.757
UCP3 152075577 0.955

UCP2 rs660339

Ttalicized values are ID'l > 0.5
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rate [17] and exercise efficiency while bicycling [32].
There have also been some positive association studies
between UCP2 AlaS5Val and obesity.

Recently, Wang et al. [22] reported that Val55 increased
the risk of being overweight and becoming obese as
compared with Ala55. It was also reported that the fasting
insulin levels in subjects with the Val55 homozygosity
were higher than those in subjects without the Val55
homozygosity in a Paiwan aboriginal obese/overweight
group. Furthermore, Astrup et al. [26] reported that 24-h
energy expenditure, adjusted for fat-free mass, fat mass and
spontaneous physical activity, was lower in the Val/Val
homozygotes than in the Ala/Ala and Ala/Val genotypes.
Val/Val had an approximately 20% higher 24-h spontane-
ous physical activity, particularly at night. Energy
expenditure due to higher spontaneous physical activity
counteracted the Val/Val group’s lower 24-h resting energy
expenditure for a given body size and composition. In
addition, the 24-h respiratory quotient adjusted for energy
balance, age, sex, and spontaneous physical activity, was
higher in the Val/Val homozygotes than in the Ala/Ala and
Ala/Val groups. Therefore, subjects with the UCP2 Val/Val
genotype exhibit enhanced metabolic efficiency and a
lower fat oxidation than the Ala/Ala and Ala/Val geno-
types. In the CARDIA study, it was demonstrated that the
Val/Val genotypes were more likely to be diagnosed with
diabetes mellitus. The relative risk of diabetes for indi-
viduals with the Val/Val genotype when compared with
those having the Ala/Ala or Ala/Val genotypes was similar
for consistently thin persons and for those with central
obesity [28].

On the other hand, most studies have reported negative
results for BMI and diabetes mellitus with Ala55Val,
regardless of ethnicity [33]. Chen et al. [34] recently
reported that morbidly obese patients with either Ala/Val
or Val/Val genotype experienced greater weight loss when
compared with patients with the Ala/Ala genotype after
laparoscopic adjustable gastric banding. The current study
is the first one to examine the association between UCP2
Ala55Val and obesity in Japanese subjects, and it revealed
that subjects with the Ala/Ala genotypes were prone to
obesity. Thus, these results might also indicate that
development of obesity could be related to differences in
ethnicity, heterozygosity rate, etc. Walder et al. [17]
reported that Ala55Val heterozygotes had higher metabolic
rates during sleep than homozygotes among the Pima
Indians. Also, when individuals >45 years of age were
considered, heterozygotes were found to have the lowest
BMI.

In normal energy metabolism, oxidative phosphoryla-
tion in mitochondria captures energy from the resulting
proton gradient, leading to an efficient formation of ATP.
UCPs diminish the proton gradient, leading to less ATP
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formation and thus, a smaller release of energy as heat [35,
36]. Uncoupling serves an important physiologic function
by dissipating excess energy in the presence of a positive
energy balance. In humans, the extent of uncoupling is
partially regulated by the genetic polymorphism Ala55Val,
in which the Val/Val genotype uncouples at a lower rate
than the Ala/Ala genotype [28, 35]. Until now, there have
been no reports that have demonstrated that the Ala55Val
variant, which is located in exon 4 and which causes an
amino acid change, affects the function of the UCP2 pro-
tein. However, our results for the variant are in contrast to
previous reports, and thus, might suggest that the variant
can act as a non-functional marker linked to a possible
functional mutation.

The human UCP2 and UCP3 genes are located in tan-
dem on 11q13. Thus, any study involving markers linked to
this locus would test the hypothesis that either one or both
genes can control a trait. Several studies have specifically
examined linkage around the UCP2/3 gene locus. Bouchad
et al. [18] reported positive evidence for a linkage with the
RMR, while Wang et al. [22] reported that there was evi-
dence for linkage to BMI in Paiwan aboriginal subjects.
However, several other studies have reported that there was
no evidence for linkage to BMI or any other measures of
obesity (although none of the studies measured the RMR)
[33]. Recently, Cha et al. [12] reported that AlaS5Val in
UCP2 and Tyr210Tyr in UCP3 were associated with
decreased HDL cholesterol and an increased atherogenic
index in Korean women. However, there was no associa-
tion between these SNPs, HDL cholesterol, and the
atherogenic index in our study (data not shown).

In this study, there were gender differences. The body
weight control system could have a wider margin for
environmental adaptation in female rodents [37]. In most
rodent studies on obesity or on BAT and muscle UCPs, only
male animals have been considered. Upon chronic cafeteria
diet feeding, female rats have been shown to attain a larger
excess of body weight than males, and their BAT, although
hypertrophied, showed no signs of increased thermogenic
potential per gram of tissue. This is the opposite of what
happens in males, which have been found to exhibit BAT
hypertrophy plus an increased BAT thermogenic capacity,
including an enhanced expression of UCP1 and UCP2 [38].

In conclusion, this is the first study that has attempted to
perform a haplotype-based case—control study using these
three SNPs. Our results indicate that the nonsynonymous
rs660339 in the human UCP2 gene might be a good obesity
marker in men. Furthermore, the haplotype (UCP3
rs180049-UCP2 rs660339) might also be a good obesity
marker in women. Further studies with other polymor-
phisms or isolated groups are needed in various populations
in order to be able to determine whether there is an asso-
ciation between UCP2 gene and obesity.
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