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INTRODUCTION

Obesity is caused by the deposition of fat in the body due to imbalanced food intake, where most of the calories 
are stored as lipid in adipose tissue. Recent studies have suggested that obesity is a neuroendocrine disease where 
a combination of genetic and environmental factors predispose a combined net effect of polygenic traits in body 
composition[1]. The variations in genes have been reported to account for 25% to 70% of obesity[2]. As concluded from 
several studies, genetic factors may predispose individuals to an estimated 30% to 80% in varying weight[3].

POMC is a protein coding gene that undergoes extensive, tissue-specific posttranslational cleavage to produce 
adrenocorticotropic hormone (ACTH), β-lipotrophin (β-LPH), corticotrophin-like intermediate lobe peptide (CLIP), 
β-endorphin (β-END) and α, β and γ-melanocortin stimulating hormone (MSH). POMC plays a crucial role in the 
leptin/POMC-melanocortin pathway in the central nervous system to express neuropeptides that function to inhibit 
food intake and increase energy expenditure[4]. POMC-containing neurons are a group of anorexigenic neurons in the 
arcuate nucleus (ARC) of hypothalamus that reduce food intake by generating a sense of fullness[5-7]. The expression 
of POMC has been reported to respond to leptin, insulin, serotonin, ghrelin and glucocorticoids[8-10]. Study has shown 
that 2 kb of 5’ flanking sequence is sufficient to direct pituitary-specific POMC expression; however, a 13 kb of 5’ 
flanking sequence is required for appropriate spatial and temporal expression in hypothalamus. Thus, the promoter 
region is the unique transcription modulator for POMC[6].

In humans and mice, congenital complete POMC deficiency causes isolated adrenocorticotropin hormone (ACTH) 
deficiency, hyperphagia and severe early onset obesity [11]. Vivid evidence has shown that mutations in POMC neurons 
displayed hyperphagic, red hair pigmentation and adrenal insufficiency in humans[12]. Autosomal recessive mutations 
in POMC has been described to cause nonsyndromic monogenic obesity in human[2, 13]. The diverse biological effects 
of POMC have been described to cause hyperphagic and reduce thermogenesis, thus it is worthy to study the relation 
of POMC to body composition in the Malaysian population.

Since POMC is a protein coding gene, the deficiencies in untranslated region (UTR) has aroused a question 
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ABSTRACT
The pandemic of obesity is of great concern as its associated co-morbidities are devastating; causing 
lifelong burden to individual’s health and is economically costly to a country. Factors that lead to obesity 
are a combination of environmental and genetic factors. The Pro-opiomelanocortin (POMC) gene resides 
in chromosome 2p23.3, and its protein is composed of 241 amino acids which is responsible for the 
production of polyhormones that regulate appetite and food intake. The study aimed to investigate the 
prevalence of the RsaI single nucleotide polymorphism (SNP) site in the 5’-untranslated region (UTR) 
of POMC and its possible association with obesity among 302 multi-ethnic Malaysian subjects (142 
obese, 160 non-obese; 120 males, 182 females) from the Kampar Health Clinic. Subjects were recruited 
by convenience sampling with informed consent and socio-demographic data as well as anthropometric 
measurements were taken. Subjects were genotyped by polymerase chain reaction - restriction fragment 
length polymorphism (PCR-RFLP) analysis using DNA extracted from blood. The distribution of the 
RsaI genotypes was significantly different among the different ethnicities, but the mutated RsaI (- / -) 
genotype was rare as it only occurred in 8.9% of the subjects. With the frequency of the RsaI (-) allele 
of 0.31, it was associated with the percentage of skeletal muscles (p<0.05), but not with obesity, gender, 
ethnicity and related anthropometric measurements. In conclusion, the 5’-UTR RsaI SNP in POMC 
may not be associated with obesity in the Kampar Health Clinic cohort; however, it could lead to the 
down-regulation of skeletal muscle build-up of up to 0.71%. 
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into its linkage with obesity. The defects in the coding sequences of POMC gene are confirmed to affect the normal 
function of the body; however, the UTR is non-coding sequence and the probability of mutations in this region leading 
to occurrence of obesity is an interesting area for investigation. The function and impact of UTR of POMC in the 
regulation of energy expenditure and food intake are still elusive[14, 15]. Studies have shown that the haplotypes of RsaI 
in 5’-UTR and C8246T polymorphisms in 3’-UTR of POMC had significant association to varying leptin levels in 
different populations, suggesting that linkage disequilibrium in the UTRs lead to impaired function of POMC[14-16]. 
This study therefore aimed to investigate the prevalence of RsaI single nucleotide polymorphism (SNP) of POMC 
(dbSNP rs3754860) and its possible association with obesity among the Kampar Health Clinic cohort in Malaysia. 
 

MATERIALS AND METHODS

Subjects recruitment and anthropometric measurements

Three hundred and two subjects were recruited by random convenience sampling from the Kampar Health Clinic 
between April and December, 2010. This study was registered under the National Medical Research Registry of 
Malaysia (NMRR-09-826-4266) and the protocol was approved by the Medical Research and Ethics Committee, 
Ministry of Health, Malaysia. Informed consent form was signed by all the respondents in this study and the blood 
samples were taken in accordance with the World Medical Association (WMA) Declaration of Helsinki (as revised 
in Seoul, 2008). Subject’s socio-demographic information including age, gender, race, marital status, occupation, 
monthly household income, educational status and family history of obesity were obtained. The systolic blood 
pressure (SBP), diastolic blood pressures (DBP) and pulse rate were determined by using Omron SEM-1 Model 
Automatic Blood Pressure Monitor after the subjects had rested for 10 min. Height, waist circumference (WC) and 
hip circumference (HC) of subjects were measured by using a measuring tape to the nearest 0.1cm and their waist-
to-hip ratio (WHR) was calculated by dividing the WC by HC. A bio-impedence body fat weighing scale (Omron 
Model HBF-362 KaradaScan Body Composition Monitor with Scale) was used to determine weight as well as the 
body compositions such as percentage of skeletal muscle (SM), total body fat (TBF), visceral fat level (VFL) and 
subcutaneous fat (SF). Body mass index (BMI) and resting metabolism (RM) was also obtained by using the weighing 
scale. Subjects with the BMI cut-off point of ≥27 kg/m2 was considered as obese[17].

Genotyping of subjects

Genomic DNA was extracted from the peripheral blood using the Wizard® Genomic DNA Purification Kit (Promega 
Corporation, Madison, WI, USA) and tested for purity and concentration via NanoPhotometer (IMPLEN). The RsaI site 
in the 5’-untranslated region (UTR) of POMC was studied using polymerase chain reaction - restriction fragment length 
polymorphism (PCR-RFLP) analysis according to the conditions adapted from the study of Suviolahti et al.[14]. The RsaI 
site of POMC located 1789 bp 5’ to the beginning of the first exon was flanked with 10 pmol of each oligonucleotide 
primers 5’-AATGGCCTTTCAGTTCATGGAG and 5’-AATTAGGGTCTCACTCTGTTGC (Eurogentec S.A., Seraing, 
Belgium) in a final volume of 20 µL with 1X Taq buffer, 40 µmol/L dNTP mix, 1.5 mmol/L MgCl

2
, 0.5 U Taq polymerase 

(Fermentas, Lithuania), 25 ng DNA template, 5% DMSO and distilled water. PCR conditions started with 95˚C for 
5 mins, 32 cycles of 94˚C for 30 s, 62˚C for 30 s and 72˚C for 30 s followed by final extension at 72˚C for 10 mins. 
Amplified genes were electrophoresed on 2% agarose gel and showed as a band of approximately 365 bp. SNP of the RsaI 
site was analysed using RFLP where the amplified genes were cleaved with 1 U of RsaI restriction enzyme (Fermentas, 
Lithuania) and incubated at 37˚C for 3 hours. The digested DNA was then electrophoresed on 3% agarose gel and the 
wild-type RsaI (+ / +) presented as 2 bands of 255 bp and 110 bp, mutated RsaI (- / -) genotype presented as a single band 
of 365 bp, and the heterozygous genotype RsaI (+ / -) had all 3 bands of 365, 255 and 110 bp present (Figure 1). 

Figure 1. Genotyping of the subjects by RsaI Polymerase Chain Reaction-Restriction Fragment Length 
Polymorphism (PCR-RFLP) analysis on 3% agarose gel. M – Fermentas GeneRuler™ 50bp DNA ladder; 
Lane 1 – Homozygous wild-type (+ / +) (255, 110 bp); Lane 2 – Homozygous mutant (- / -) (365bp),; 
Lane 3 – Heterozygous mutant (+ / -) (365, 255, 110 bp)
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Statistical analysis

The statistical analysis of sample data was obtained by using the Statistical Package for Social Scientists (SPSS) for 
Windows® Version 17.0 (SPSS Inc., Chicago, IL). Descriptive statistics were used to analyze socio-demographic 
characteristics of the subjects. Genotype and allele frequencies of POMC RsaI with respect to BMI status, gender, and 
ethnicity were assessed for the association by Chi-Square test. Besides, the continuous variables between genotypes 
and alleles within non-obese and obese groups, genders and races were compared by Student’s t test or one way 
analysis of variance (ANOVA). p<0.05 was considered statistically significant. 
 

RESULTS
Socio-demographic characteristics

The prevalence of obesity in this study was 47% and the subjects were categorized under non-obese and obese 
groups using the BMI cut-off point of 27 kg/m2 (Table 1). Majority of the subjects were females and Chinese. The 
socioeconomic status of the subjects was low as most of them did not hold a job and earned a monthly household 
income of less than RM 1000. There was a low association of obesity familial history; however, 63.9% of subjects who 
admitted to a family history of obesity were in obese state. 

Variable
Non-Obese Obese

Total
N % N %

N 160 53.0 142 47.0 302

Age (Years) 21 - 30 19 6.3 9 3.0 28

31 - 40 10 3.3 17 5.6 27

41 - 50 32 10.6 32 10.6 64

51 - 60 36 11.9 48 15.9 84

61 - 70 40 13.2 30 9.9 70

71 - 80 23 7.6 6 2.0 29

Genders Males 68 22.5 52 17.2 120

Females 92 30.5 90 29.8 182

Ethnicities Malays 36 11.9 56 18.5 92

Chinese 91 30.1 50 16.6 141

Indians 31 10.3 33 10.9 64

Others 2 0.7 3 1.0 5

Marital Status Single 27 8.9 12 4.0 39

Married 125 41.4 113 37.4 238

Divorced 0 0.0 1 0.3 1

Widowed 8 2.6 16 5.3 24

Occupations Professional 4 1.3 7 2.3 11

White-Collar 8 2.6 10 3.3 18

Blue-Collar 20 6.6 27 8.9 47

Retired / Not Working 91 30.1 76 25.2 167

Own / Others 37 12.3 22 7.3 59

Household Incomes < RM 1000 91 30.1 71 23.5 162

RM 1001 - 3000 52 17.2 59 19.5 111

RM 3001 - 5000 10 3.3 9 3.0 19

> RM 5000 7 2.3 3 1.0 10

Table 1. Socio-demographic characteristics of subjects categorised under non-obese and obese groups.
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Genotype and allele frequencies

The frequencies of genotypes and alleles within BMI status, genders and ethnicities are shown in Table 2. The distribution 
of the RsaI genotypes was significantly different among ethnicities where Indians had the highest frequency of RsaI 
(- / -) genotype, but the mutated RsaI (- / -) genotype was rare as it only occurred in 8.9% of the subjects. The RsaI (- / 
-) genotype was more prevalent in females (9.8%) compared to males (7.5%), within their respective genders. With the 
frequency of the RsaI (-) allele of 0.31, it was not associated with obesity, gender and ethnicity. 

Variable
Non-Obese Obese

Total
N % N %

Education levels No Formal Education 23 7.6 13 4.3 36

Primary Level 56 18.6 47 15.6 103

Lower Secondary Level 30 10.0 33 11.0 63

Upper Secondary Level 23 7.6 32 10.6 55

Pre-University 8 2.7 4 1.3 12

University Level 19 6.3 13 4.3 32

Family history of obesity Yes 35 11.6 62 20.5 97

No 125 41.4 80 26.5 205

Continuation
Table 1. Socio-demographic characteristics of subjects categorised under non-obese and obese groups.

Variable
Genotype Allele

(+ / +) (+ / -) (- / -) (+) (-)

BMI status

Non-obese 76 70 14 222 98

Obese 66 63 13 195 89

χ2 0.037 0.036

95% CI 0.519 ; 0.734 0.685 ; 1.366

df 2 1

p 0.982 0.850

Odds Ratio ª 0.967

Genders

Males 62 49 9 173 67

Females 80 84 18 244 120

χ2 1.841 1.726

95% CI 0.34 ; 0.45 0.36 ; 0.44

df 2 1

p 0.398 0.189

Table 2. POMC RsaI genotypes and alleles frequencies according to BMI status, genders 
and ethnicities
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Variable
Genotype Allele

(+ / +) (+ / -) (- / -) (+) (-)

Ethnicities

Malays 45 42 5 132 52

Chinese 70 62 9 202 80

Indians 25 26 13 76 52

Others 2 3 0 7 3

χ2 13.705 7.111

95% CI 0.77 ; 1.01 0.88 ; 1.00

df 6 3

p 0.033 0.068

p values are by Pearson’s Chi-Square test; significant at p< 0.05

ª Risk estimate statistics is only computed for a 2x2 table. 

Continuation
Table 2. POMC RsaI genotypes and alleles frequencies according to BMI status, genders 

and ethnicities

Anthropometric 
measurements

Genotype Allele

(+ / +) (+ / -) (- / -) (+) (-)

Mean ± SD Mean ± SD

SBP (mmHg) 137.33 ± 20.19 140.86 ± 23.02 138.48 ± 21.11 138.46 ± 21.15 140.18 ± 22.40

p 0.396 0.208

DBP (mmHg) 81.48 ± 10.55 81.14 ± 10.98 80.93 ± 9.56 81.37 ± 10.67 81.07 ± 10.54

p 0.949 0.758

Pulse rate (bpm) 73.88 ± 13.17 73.23 ± 13.66 68.96 ± 12.69 73.67 ± 13.30 72.00 ± 13.46

p 0.216 0.377

WC (cm) 90.74 ± 11.38 91.15 ± 11.28 89.43 ± 9.21 90.87 ± 11.33 90.66 ± 10.71

p 0.761 0.923

WHR 0.89 ± 0.08 0.87 ± 0.08 0.88 ± 0.09 0.90 ± 0.08 0.89 ± 0.08

p 0.672 0.989

Height (cm) 160.52 ± 9.60 158.89 ± 9.04 159.59 ± 7.92 160.00 ± 9.44 159.09 ± 8.70

p 0.341 0.154

Table 3. Means of anthropometric measurements according to POMC RsaI genotypes and alleles

All the parametric measurements except SM were not significantly different among the genotypes and alleles 
(Table 3). Subjects with the RsaI (+) allele had 0.71% significantly higher SM compared to subjects with the RsaI (-) 
allele. Nevertheless, RsaI (- / -) genotype had the lowest BMI, WC and VFL, but with the highest TBF. Meanwhile, 
RsaI (+ / -) genotype had the highest SBP, WC, BMI, TBF, SF and VFL. Within RsaI alleles, a higher TBF and SF was 
seen in RsaI (-) allele. 
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Anthropometric 
measurements

Genotype Allele

(+ / +) (+ / -) (- / -) (+) (-)

Mean ± SD Mean ± SD

Weight (kg) 69.95 ± 14.96 68.52 ± 13.65 68.20 ± 12.04 69.49 ± 14.53 68.43 ± 13.15

p 0.657 0.362

BMI (kg/m2) 27.11 ± 5.07 27.13 ± 4.96 26.73 ± 3.84 27.11 ± 5.02 27.02 ± 4.64

p 0.927 0.938

TBF (%) 32.72 ± 7.15 34.17 ± 6.76 34.23 ± 5.13 33.18 ± 7.04 34.18 ± 6.31

p 0.183 0.065

SF (%) 26.52 ± 8.46 28.19 ± 8.20 27.89 ± 6.90 27.05 ± 8.39 28.10 ± 7.81

p 0.228 0.087

VFL (%) 12.21 ± 6.22 12.71 ± 8.20 11.63 ± 4.70 12.37 ± 6.90 12.40 ± 7.36

p 0.715 0.700

RM (kcal) 1468.88 ± 266.24 1421.78 ± 238.09 1424.81 ± 229.00 1453.86 ± 257.91 1422.66 ± 234.29

p 0.275 0.108

SM (%) 25.47 ± 4.27 24.41 ± 3.91 24.43 ± 3.09 25.13 ± 4.18 24.42 ± 3.68

p 0.077 0.023

SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumference; WHR, waist-to-hip ratio; BMI, body mass 
index; TBF, total body fat; SF, subcutaneous fat; VFL, visceral fat level; RM, resting metabolism; SM, skeletal muscle.  

p values are by t-test or one way ANOVA; significant at p< 0.05

Continuation
Table 3. Means of anthropometric measurements according to POMC RsaI genotypes and alleles

DISCUSSION
The low socioeconomic status of the subjects with a high prevalence of obesity was consistent with the study by Law 
et al.[18], where the prevalence of obesity was high in population with low socio-economic status. It was significant that 
the prevalence of obesity was in an emerging state where more than 40% of the subjects were obese. When compared 
to a cross-sectional study involved primary care clinics[19], the prevalence of obesity was 26.6% higher in this study. 
The increase of the frequency was due to different BMI cut-off point being used for investigation and the sample size 
in this study was smaller than the latter. There was a high number of subjects with obesity family history who were 
obese and the frequency was lower than a study in the South Swedish population[14]. The finding was compatible to the 
study of Nirmala et al.[20] where BMI showed a pattern of heritability.

The frequency of RsaI (-) allele in this study was similar with the South Swedish population (0.31)[14], but was 
almost two times more common than in Mexican Americans (0.16)[15]. The heterozygosity of the RsaI genotype was 
44%, higher than the family study in UK[16] – which could be a result of the small sample size in the current study. 
Meanwhile among the 142 obese subjects, the prevalence of RsaI (- / -) genotype was 9.2% and it was lower than the 
study in Sweden (15.2% out of the 99 obese subjects)[14]. The number of obese patients in the latter study was lower 
than the obese subjects recorded in this study, and the frequency was more prominent in obese Swedish patient with 
a BMI more than 40 kg/m2. From the p-value, it can be concluded that the variation in RsaI genotypes and alleles did 
not contribute to obesity in the Kampar Health Clinic cohort.

The frequency of RsaI (- / -) genotype in females was 9.8% and it was higher than those recorded in the UK female 
twins (8.3% out of 1932 subjects)[21] – which could be due to the small sample size and only involving females in 
the latter study. The effect of RsaI (-) allele on ethnicity was insignificant, as the small sample size with a majority 
towards Chinese may not have provided a clear and precise overview on the prevalence of this allele among ethnicities. 
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However, the genotypes were significantly different among the ethnicities which suggest that Indians could be more 
susceptible to the impact of the SNP due to their highest prevalence of the RsaI (- / -) genotype.

For the anthropometric measurements, the p-value showed that the RsaI genotypes did not contribute to obesity 
in all aspects. Deficiency in RsaI site did not contribute to obesity in the Kampar Health cohort as it did not associate 
to any of the fat levels throughout the body, which are known to be risk factors for obesity. However, the RsaI alleles 
were associated with SM, by having a higher mean in the RsaI (+) allele. Thus, it can be concluded that the RsaI allele 
would affect the build up of SM in individuals rather than fat deposition.

The limitation of this study was the sample size and constriction to a certain area. The effect of the RsaI SNP in the 
5’-UTR of POMC on obesity would be more prominent when assessed in a larger sample size involving Malaysians 
from all the states with balanced ethnicities and genders. This study can also be targeted on obese patients with 
complications caused by obesity as seen in the study by Hixson et al.[15]. The effects of POMC gene variants on obesity 
have been carried out in several countries where the serum leptin level was the main measurement, in concordance to 
the investigation of obesity[14, 15, 16, 21]. Thus, the effect of this SNP on obesity can also be evaluated via investigation 
on serum leptin level.

CONCLUSION
In conclusion, the study on RsaI SNP in POMC has found out that the prevalence of the RsaI (- / -) genotype was 
rare among the Kampar Health Clinic cohort, with majority of the RsaI (-) alleles were in the heterozygous form. 
Therefore, RsaI genotypes and alleles did not serve as a risk factor for obesity in the Kampar Health Clinic cohort. 
Also, RsaI (-) allele did not associate with anthropometric indicators of obesity status in humans. However, there was 
association of the RsaI allele with the proportion of SM in body, indicating that the absence of RsaI in the 5’-UTR of 
POMC could down regulate the build up of SM.
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