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Ala55Val and 45 basepair (bp) insertion/deletion (I/D) of UCP2 gene polymorphisms cause a decrease 

in resting energy expenditure, decreasing fatty acid oxidation and influencing mRNA transcription and 

stability, thereby increasing the risk of obesity. The purpose of this study was to determine the role of 

Ala55Val and 45 bp I/D polymorphisms of the UCP2 gene as a risk factor for obesity. This study consisted 

of 200 Indonesian subjects of Javanese ethnicity consisting of 100 obese and 100 non-obese participants. 

Examination of Ala55Val (C > T) UCP2 genotype used Polymerase Chain Reaction-Restriction Fragment 

Length Polymorphism (PCR-RFLP) methods and 45 bp I/D genotype used PCR methods. Polymorphism 

of Ala55Val UCP2 genotype in the male group showed that TT genotype and T allele significantly lowers 

the risk of obesity. Insertion/deletion of 45 bp UCP2 gene in the male group showed that II genotype and I 

allele significantly increase the risk of obesity whereas for women it showed that the DI genotype and I 

allele lower the risk of obesity. The results of this study demonstrate that Ala55Val and 45 bp I/D UCP2 

polymorphisms play a role in the risk of obesity in Javanese ethnicity of Indonesia after gender 

stratification. 

 

INTRODUCTION 

Obesity is a major health problem for most countries in the world and is influenced by environmental and 

some genetic factors (1). Most of the overweight populations live in countries where there is increasing 

incidence of mortality caused by complications of obesity (2). Uncoupling proteins (UCP) are a group of 

mitochondrial anion carrier proteins (MACP) located in the inner mitochondrial membrane and are associated 

with energy homeostasis (3). There are three types of uncoupling proteins: UCP1, UCP2 and UCP3. One of the 

genes that is important for regulating intracellular adenosine tri-phosphate (ATP) is UCP2. 

The UCP2 gene is widely expressed throughout the body tissues and acts as an uncoupler in oxidative 

phosphorylation including regulation of lipid metabolism and the production of ATP (4-6). Homo sapiens’ UCP2 

gene is located on chromosome 11q13, consisting of 8 exons and 7 introns, with 8174 base pair (bp) length and 

has 309 amino acids. Disturbance of UCP2 expression in adipose tissue can lead to obesity (7). UCP2 gene 

polymorphisms that are widely studied include Ala55Val in exon 4, -866G/A in the promoter region and 

insertion/deletion in the 45 bp of 3'UTR region in exon 8. Ala55Val polymorphism is a missense mutation C to T 

that occurs in exon 4. Ala55Val polymorphism is also associated with a reduction in 24-hour energy expenditure 

and decreases in the rate of fat oxidation, thereby increasing the risk of obesity (8-10). 

Until now there are limited information about the biological effects of I/D 45 bp polymorphism of the UCP2 

gene, and it is thought this polymorphism influences the process of mRNA transcription and stability (8,11). 

Insertion/deletion of the 45 bp polymorphism at 3'untranslated region (3'UTR) in the exon 8 UCP2 gene plays an 

important role in some metabolic diseases, causing changes in the rate of metabolism and increased body mass 

index (BMI) (3). This polymorphism leads to the decrease of UCP2 protein expression and lower energy 

expenditure. It causes an imbalance of the ratio between intake and expenditure of energy that can lead to obesity 

and the polymorphism depends on the population (12). 

In Indonesia, especially in the Javanese ethnic group, research on Ala55Val and 45 bp I/D polymorphisms UCP2 

gene is necessary to determine the effect of this polymorphism as a risk factor for obesity. 
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MATERIALS AND METHODS 

Blood sample collection 

This study was a case control study. Subjects were unrelated from students of Universitas Gadjah Mada 

Yogyakarta and Universitas Muhammadiyah Purwokerto who were eligible according to the inclusion criteria 

with consecutive sampling. All subjects agreed and signed an informed consent form prior to participating. The 

approval for the study was obtained from the Ethics Committee of the Faculty of Medicine, Public Health, and 

Nursing Universitas Gadjah Mada, Yogyakarta, Indonesia. Subjects consisted of obese (BMI > 25) as case group 

(n = 100) and non-obese participants with BMI > 18.5 – 24.9 as the control group (n = 100) with ages 18 – 30 

years old. Subjects were excluded if they were breast-feeding mothers, pregnant women, had infectious diseases, 

or taking medications such as anti-hypertensive drugs, medications for diabetes, ketosteroids and hypolipidemic 

agents. Five mL fasting blood were taken and inserted into a tube containing EDTA and then centrifuged to 

obtain buffy coat. DNA isolation was done using the Promega kit reagent. 

 

Genotyping 

Genotyping of Ala55Val UCP2 gene was performed using PCR-RFLP with forward primer 

5’-GGCCAGTGCGCGCTACGG-3’ and reverse primer 5’-ATT GTA GAG GCT TCG GGG GCC C-3’ (13). 

The steps of the PCR cycle included initial denaturation at 95°C for 3 min, followed by 35 cycles of denaturation 

at 95°C for 15 s, annealing at 60°C for 15 s, extension at 72°C 15 s, final extension at 72°C for 1 min and storage 

at 4°C. Products of PCR underwent electrophoresis with 3% agarose resulting in 95 bp length and then digested 

by HaeIII enzyme giving fragments of CC genotype (95 bp), CT genotype (95, 77 and 18 bp), and TT genotype 

(77 bp and 18 bp) length. 

Genotyping of 45 bp I/D UCP2 polymorphism was performed using PCR methods with the forward primer 

5'-TCTGGCTGAACTTTCCAA-3' and reverse primer 5'- TTCATGCCCTCCTTTCTC-3' (14). The steps of the 

PCR cycle included initial denaturation at 95°C for 3 min, followed by 35 cycles of denaturation at 95°C for 15 s, 

annealing at 60°C for 15 s, extension at 72°C 15 s, final extension at 72°C for 1 min and storage at 4°C. 

Electrophoresis of product PCR for DD genotype was 383 bp, II genotype was 428 bp and DI genotype was 383 

bp and 428 bp. 

 

Statistical analysis 

Characteristics of subjects were compared by T-test analysis. Differences between genotype and allele 

frequencies of each obese and control groups were analyzed by chi-square test and odds ratio analysis with P < 

0.05 considered as significant. 

 

RESULTS 

Characteristics of subjects were listed in Table I and electrophoretic products of Ala55Val and 45 bp I/D 

polymorphism of UCP2 gene were shown in Figures 1 and 2. 

 
Table I. Characteristics of subjects 

Characteristics of 

Subjects 

Obese (n = 100) Control 

(n = 100) 

P 

Gender 

Men Women 

 
55 

45 

 
57 

43 

 
0.776 

Age (year) 22.35 ± 4.81 22.03 ± 4.61 0.559 

Height (cm) 164.96 ± 9.88 163.35 ± 9.03 0.232 

Weight (kg) 89.09 ± 15.55 57.28 ± 7.85 < 0.001 

BMI (kg/m
2
) 32.65 ± 4.38 21.40 ± 1.76 < 0.001 

Data were reported as mean ± SD. Significant if P < 0.05. 
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Figure 1.  

Product of RFLP Ala55Val UCP2 gene 

polymorphism. CC genotype shown with a 95 bp, 

CT genotype with 95, 77 and 18 bp (not shown), 

TT genotype with 77 and 18 bp (not shown). UC 

was un-cut PCR product. 

 

 

 

 

 

Figure 2.  

Insertion/deletion (I/D) of 45 bp PCR product of 

UCP2 polymorphism. DD genotype was shown 

with 383 bp fragment, DI genotype indicated by 

428 and 383 bp, II genotype was shown with 

428 bp fragment. UTC was negative water 

control. Table II and III showed the frequency 

of Ala55Val UCP2 genotype and allele and 45 

bp D/I UCP2 genotype and allele in the obese 

and control groups. 

 

 

 

Table II. The frequency of Ala55Val UCP2 genotypes and allele in obese and control groups. 

 Obese 

(%) 

Control 

(%) 

OR (95% CI) P 

Genotype     

CC 16 (16) 14 (14) 1.00 1.00 

CT 52 (52) 41 (41) 1.11 (0.48-2.53) 0.80 

TT 32 (32) 45 (45) 0.6 (0.27-1.45) 0.27 

 
CC 

 
16 (16) 

 
14 (14) 

 
1.00 

 
1.00 

CT+TT 84 (84) 86 (86) 0.85 (0.39-1.86) 0.69 

 
CC+CT 

 
68 (68) 

 
55 (55) 

 
1.00 

 
1.00 

TT 32 (32) 45 (45) 0.57 (0.32-1.02) 0.06 

Allele     

C 84 (42) 69 (34.5) 1.00 1.00 

T 116 (58) 131 (65.5) 0.73 (0.48-1.09) 0.12 
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Table III. The frequency of 45 bp D/I UCP2 genotypes and allele in obese and control groups 

 Obese (%) Control (%) OR (95% CI) P 

Genotype     

DD 68 (68) 68 (68) 1.00 1.00 

DI 25 (25) 29 (29) 0.86 (0.46-1.62) 0.64 

II 7 (7) 3 (3) 2.33 (0.58-9.40) 0.22 

 

DD 

 

68 (68) 

 

68 (68) 

 

1.00 

 

1.00 

DI+II 32 (32) 32 (32) 1 (0.55-1.81) 0.88 

 

DD+DI 

 

93 (93) 

 

97 (97) 

 

1.00 

 

1.00 

II 7 (7) 3 (3) 2.43 (0.61-9.67) 0.19 

Allele     

D 161 (80.5) 165 (82.5) 1.00 1.00 

I 39 (19.5) 35 (17.5) 1.14 (0.69-1.89) 0.61 

 

 

Table II and III show there were no significant differences in frequency of Ala55Val UCP2 genotypes and 

allele also in frequency of 45 bp D/I UCP2 genotypes and allele in obese and control groups and these 

polymorphisms were not risk factors for obesity. 

Results after being stratified with gender in these two UCP2 polymorphism were shown in Tables IV and V. 
 

Table IV. The frequency of Ala 55Val UCP2 genotypes and allele in male groups 

 Obese  

(n = 55) 

(%) 

Control  

(n = 57) 

(%) 

 
OR (95% CI) 

 
P 

Genotype     

CC 11 (20) 8 (14.0) 1.00 1.00 

CT 28 (50.9) 20 (35.1) 1.01 (0.35-2.99) 0.97 

TT 16 (29.1) 29 (50.9) 0.4 (0.13-1.20) 0.09 

CC 11 (20) 8 (14.0) 1.00 1.00 

CT+TT 44 (80) 49 (86.0) 0.65 (0.24-1.77) 0.40 

CC+CT 39 (70.9) 28 (49.1) 1.00 1.00 

TT 16 (29.1) 29 (50.9) 0.40 (0.18-0.86) 0.02 

Allele     

C 50 (45.5) 36 (31.6) 1.00 1.00 

T 60 (54.5) 78 (68.4) 0.55 (0.32-0.95) 0.03 

 

Table IV shows TT genotype and T allele in the male group had OR 0.40 and 0.55, respectively, and were 

significantly different compared to CC+CT genotype and C allele. This result showed TT genotype and T allele 

were risk protective for obesity in males, but in the female group this genotype was not a risk factor for obesity 

(Table V). 
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Table V. The frequency of Ala 55Val UCP2 genotypes and allele in female groups 

 Obese 

 n = 45 

(%) 

Control 

n = 43 

(%) 

 

OR (95% CI) 

 

P 

Genotype     

CC 5 (11.1) 6 (14.0) 1.00 1.00 

CT 24 (53.3) 21 (48.8) 1.37 (0.36-5.15) 0.64 

TT 16 (35.6) 16 (37.2) 1.2 (0.30-4.74) 0.79 

CC 5 (11.1) 6 (14) 1.00 1.00 

CT+TT 40 (88.9) 37 (86) 1.30 (0.36-4.61) 0.69 

CC+CT 29 (64.4) 27 (62.8) 1.00 1.00 

TT 16 (35.6) 16 (37.2) 0.93 (0.39-2.22) 0.87 

Allele     

C 34 (37.8) 33 (38.4) 1.00 1.00 

T 56 (62.2) 53 (61.6) 1.02 (0.56-1.88) 0.93 

 

 

Tables VI and VII show the 45 bp I/D genotype and allele frequency of UCP2 gene in the male and female 

groups. 

 

Table VI. The frequency of 45 bp I/D genotypes and allele in male groups 

 Obese 

n = 55 

 (%) 

Control 

n = 57 

(%) 

 

OR (CI 95%) 

 

P 

Genotype     

DD 33 (60.0) 46 (80.7) 1.00 1.00 

DI 15 (27.3) 10 (17.5) 2.1 (0.83-5.22) 0.11 

II 7 (12.7) 1 (1.8) 9.76 (1.14-83.14) 0.01 

DD 33 46 (80.7) 1.00 1.00 

DI+II 22 11 (19.3) 2.79 (1.19-6.53) 0.02 

DD+DI 48 (87.2) 56 (98.2) 1.00 1.00 

II 7 (12.7) 1 (1.8) 8.17 (0.97-68.76) 0.02 

Allele     

D 81 (73.6) 102 (89.5) 1.00 1.00 

I 29 (26.4) 12 (10.5) 3.04 (1.46-6.33) 0.002 
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Table VII. The frequency of 45 bp I/D genotypes and allele in female groups 

 Obese 

n = 45  

(%) 

Control 

n = 43 

(%) 

 

OR (CI 95%) P 

Genotype     

DD 35 (77.8) 22 (51.2) 1.00 1.00 

DI 10 (22.2) 19 (44.2) 0.33 (0.13-0.84) 0.02 

II 0 (0) 2 (4.6) 0 0.08 

DD 35 (77.8) 22 (51.2) 1.00 1.00 

DI+II 10 (22.2) 21 (48.8) 0.33 (0.12-0.75) 0.009 

DD+DI 45 (100) 41 (95.3) 1.00 1.00 

II 0 (0) 2 (4.7) 0 0.14 

Allele     

D 80 (88.9) 63 (73.3) 1.00 1.00 

I 10 (11.1) 23 (26.7) 0.34 (0.15-0.77) 
0.008 

 

 

Based on Table VI, males with II or DI genotypes and I allele were significantly different and these 

genotypes or allele were risk factors for obesity. In the female group (Table VII), there were no subjects found 

with the II genotype in the obese group. DI +II genotype and I allele were lower in the obese group compared to 

control and this genotype or allele were risk protective for obesity with OR 0.33 and 0.34, respectively. This 

result showed 45 bp I/D UCP2 gene in males and females had contrary risk for obesity. 

 

DISCUSSION 

In this study we found the frequency of Ala55Val UCP2 gene polymorphism was not significantly different 

in the obese and control groups and the polymorphism was not a risk factor for obesity. Results showed the C 

allele frequency was 0.42 in the obese and 0.35 in the control group. This frequency was almost the same as in a 

Swedish population (15). This result differs from previous meta-analysis study in Asian populations, which 

found the C allele frequency range from 0.51 in the Japanese population and 0.81 in the Taiwan population (16). 

Frequency of C allele in this study was significantly lower than in the Oktavianthi study with a Balinese 

population that found the C allele was 0.657 and 0.606 in obese and control groups, respectively (17). Bali is east 

of Indonesia while our sample came from Javanese populations belonging to the West of Indonesia. From our 

previous study examining the gene polymorphism in three populations of Indonesia showed that the frequency of 

gene differed between western, central and the eastern of Indonesia (18). In this study, Ala55Val UCP2 genotype 

polymorphism was not a risk factor for obesity and this result was similar to Italian and Swedish women 

populations which showed that polymorphism of Ala55Val UCP2 gene was unrelated to the characteristics of 

clinical, metabolic and anthropometric obesity (15,19). In a French Caucasian population, polymorphism of 

UCP2 gene was also not correlated with obesity (20). Other studies in an Asian population showed Ala55Val 

polymorphism in the UCP2 gene was a risk factor for obesity in a recessive model (21). UCP2 polymorphism 

was also found to be a risk factor for type 2 diabetes mellitus in Asian individuals but had no effect on European 

individuals (22). This variant is considered a predisposing factor of obesity and increased insulin secretion in 

aboriginal populations in Taiwan (23). Polymorphism of Ala55Val UCP2 gene correlated with higher weight 

loss 12 and 24 months after laparoscopic adjustable gastric banding (LAGB) and 12 months after 

Roux-en-Y-gastric bypass (RYGB) intervention in obese patients carrying TT genotype and T allele compared to 

other genotypes and alleles (21,24). 

Polymorphism of Ala55Val UCP2 gene in this study, after grouped by gender, showed results which were 

different. Analysis of Ala55Val, TT genotype and T allele had protective risk of obesity compared to CC + CT 

genotype or C allele in male group. In the female group, Ala55Val UCP2 gene polymorphism was not different 

in obese and control groups and this polymorphism was not associated with obesity. Similarly results found in an 
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Indian population showed this gene polymorphism reduced the risk of type 2 diabetes (25). In the Japanese 

population, it was found that Ala55Val UCP2 mutation may serve as a marker of obesity in women but not in 

men (26). Different results in a variety of different populations and gender are due to genetic variation of 

Ala55Val UCP2 genes which are influenced by ethnic, gender and geographic differences. Effects of Ala55Val 

polymorphism include decreasing 24 hour-resting energy expenditure and decreasing fat oxidation rate so that it 

can influence the risk of obesity (10). Susmiarsih et al. reported from the reconstruction of the SNP Ala55Val 

position, determining it was adjacent to the phosphorylation site of Protein Kinase C (PKC) and proposed that 

this polymorphism possibly interferes with the phosphorylation of PKC which influences the UCP2 function as a 

controller of body heat (27). 

Polymorphism of 45 bp I/D UCP2 gene in this study found the frequency of II genotype was 0.07 in the 

obese group and 0.03 in the control group, similar to that of research in the Japanese population (28). 

Meta-analysis study in the Asian population found the frequency of II genotype and I allele ranged from 0.005 – 

0.02 (22). The study on three populations of Malaysia found the II genotype frequency was 0.02 (29) and another 

did not find the II genotype in the Tongan (30) nor French populations (20). The polymorphism of 45 bp I /D 

UCP2 gene in this study showed this polymorphism was not a risk factor for obesity. Similarly, a meta-analysis 

that studied 42 research results did not show any association of 45 bp I/D UCP2 gene polymorphism with 

obesity, as well as research on an Italian population (19, 22). Other studies found no association between DI 

genotype of 45 bp I/D UCP2 gene polymorphism with obesity, rest energy expenditure, BMI and insulin 

secretion (3, 31-33).  

Contrasting results from other studies showed II genotype and I allele were risk factors for obesity compared 

to the other genotypes or allele (29, 34). Result study by Ochoa, showed the haplotype of the carrier -866G 

rs659336, -55T rs1800849 and the D allele UCP2 gene increased 9 times higher the risk of obesity (35). 

Research by Hashemi et al. in an Iranian population suggests that individuals with DI genotype may have 

reduced risk of metabolic syndrome, and individuals who were carriers of II genotype and I allele had higher risk 

for obesity compared with individuals who had DD genotype (14). This finding in line with research by 

Oguzkan-Balci et al. showed that individuals with II genotype and I allele were associated with obesity and other 

metabolic diseases. This research found II genotype and I allele were associated with obesity in children and 

metabolic syndrome (36). Meta-analysis research by Brondani et al. found I/D polymorphism was associated 

with obesity in a European population (37). Analysis of 45 bp I/D UCP2 polymorphism based on gender 

stratification in this research showed the gene polymorphisms influence both male and female groups with 

opposite effect. In the male group, II and DI+II as a dominant and recessive model had a significant effect in the 

increasing risk of obesity compared to the DD genotype. In the female group, 45 bp I/D UCP2 polymorphisms 

have significant associations with obesity as a recessive model. One research with the same result by Papazoglou 

et al. showed II genotype and I allele lead to decreased UCP2 expression. In male individuals, II genotype and I 

allele 45 bp I/D polymorphism lead to decreased UCP2 expression, and causes weight gain (38). One study on 

three populations of Malaysia; Malay, Chinese and Indian populations showed that 45 bp I/D UCP2 gene 

polymorphism was a risk factor for obesity, but when grouped by ethnicity and gender the results were different. 

In men, the polymorphism of 45 bp UCP2 gene was not associated with the risk of obesity among ethnic groups. 

In women I allele of 45 bp UCP2 allele was a risk factor for obesity, especially in subjects with Indian ethnicity 

(29). 

The biological effects of the 45 bp I/D polymorphism are not widely understood. The location of the 

polymorphism in the 3'UTR in exon 8 is thought to be related with the mRNA transcription process or affects its 

stability. This polymorphism is thought to affect UCP2 protein expression and cause obesity (8). Differences 

between the role of UCP2 gene polymorphism in the incidence of obesity in some populations were likely to be 

due to several factors, including: 1) The gene pool for each population had a different genetic variation; 2) The 

genes associated with obesity are numerous; 3) There was variability of the adjacent loci of UCP2 gene that may 

also play a role in the risk of obesity; and 4) Environmental factors and eating habits in each population/ethnic 

were different. There were several weaknesses in this research due to the limited sample population: one, we 

could not find the II genotype of 45 bp I/D UCP2 gene polymorphism in females, and second as a result, this 

condition caused identification of gene polymorphism to have different risks in men and women for obesity. 

Moreover, in this study we did not control the environmental factors that could interfere with the results such as 

considering the variables of diet, nutrition, lifestyle, and thermogenesis as possible confounding factors of 

obesity. 

 

CONCLUSION 

In conclusion, our results suggest that UCP2 gene polymorphisms of Ala55Val and 45 bp insertion/deletion 

are associated with the risk of obesity in the Javanese ethnic group of Indonesia with gender stratification. 
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