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Objectives. The melanocortin system is involved in physiological regulation of homeostasis.
The melanocortin-4 receptor (MC4R) in the hypothalamus is thought to be important in
controlling feeding behavior. Genetic studies have identified two mutations, Ser-30-Phe and Asp-
298-Asn, of MC4-R which are associated with dominant forms of inherited obesity.

Methods. In order to examine whether these two mutations are associated with the
development of early-onset obesity in the Chinese population, we used a polymerase chain
reaction-base analysis to analyze the MC4R genotypes of 92 obese and 185 non-obese children.
Results. No mutations were detected in any of the individuals that were screened in this study.
However, two novel polymorphisms, Ile-103 and Ile-297, were identified in both obese and
normal individuals which were associated with the phenotypes under study.

Conclusions. It seems that the Ser-30-Phe and Asp-298-Asn mutations do not contribute to
inherited susceptibility to early-onset obesity in Chinese children. ( Mid Taiwan J Med

2003;8:66-72)
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INTRODUCTION

Obesity is a serious health problem that
causes complications such as type 2 diabetes,
hypertension, atherosclerosis and neoplasms [1].
Reports indicate that the prevalence of obesity in
childhood has been increasing in recent years in
Taiwan [2] and Western countries [3,4]. Also,
there is evidence that obesity originates in
childhood and tracks to adulthood [5,6].

The most common forms of human obesity
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arise from the interaction of multiple genes,
environmental factors, and behavior [7]. Body
weight regulation is a complex biological system
in which food intake and energy expenditure
depend on the interaction of many independent
regulatory pathways. Data from studies on
families with twins have indicated that the
development of obesity is significantly influenced
by genetic factors [8,9]. About 40% to 70% of the
variations in obesity-related phenotypes, such as
body mass index, sum of skinfold thickness and
fat mass are heritable [10,11]. Genes that have
been implicated in the control of fat-mass
production include hypothalamic neurotrans-
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mitters and steroid hormone receptors [12,13].
Evidence accumulated from murine and human
genetic models suggest that melanocortins and
melanocortin receptors (MCR) play an important
role in regulating body weight [14-17]. Of the
five known melanocortin receptors, the
melanocortin-4 receptor (MC4-R) has been most
closely linked to body weight regulation.

The MC4-R is a 332-amino acid protein
encoded by a single exon gene localized on
chromosome 18q22 [18,19]. It is a G protein-
coupled, seven-transmembrane receptor
expressed in a number of hypothalamic sites
[20,21], and plays an important role in regulating
feeding behavior [22-24]. There are four other
MCR subtypes that have been identified: the
MCI-R [25], MC2-R [26], MC3-R [27,28], and
MC5-R [29,30], which differ in their tissue
distribution as well as physiological function.
MC4-R integrates an agonist signal provided by
an alpha-melanocyte-stimulating hormone ( o -
MSH) [24], a neuropeptide derived from POMC
[31]. Inactivation of this receptor by gene
targeting results in obesity in mice [23].
However, the association of the MC4-R gene with
human obesity is still controversial [32-34].

Mutations of POMC were found to be
associated with a human syndrome that is
characterized by severe early-onset obesity [35].
It is therefore reasonable to assume that MC4-R
also plays a role in early-onset obesity. Recently,
two missense mutations, Ser-30-Phe and Asp-
298-Asn in the MC4-R, were detected and were
assumed to lead to the phenotype of extreme
obesity [14,36]. Ser-30-Phe is located at the
extracelluar domain of the receptor, where it
harbors 3 N-linked glycosylation sites. Asp-298-
Asn was identified in the 7-transmembrane
domain, a region highly conserved among MCR
genes [14], and was found to be associated with
fatter, higher-feed consuming and faster-growing
animals. To examine whether these two missense
variants in the MC4-R gene are associated with
early-onset obesity, we analyzed the MC4-R
genotypes of elementary school children in
Taiwan using a polymerase chain reaction-based
assay.
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SUBJECTS AND METHODS

Study Design and Population

A cross-sectional study was conducted from
March to April 2000 in Taichung city, Taiwan.
The population of this study consisted of first
graders from elementary schools in northern
Taichung city. A total of 2,230 students were
recruited. All selected students were given a
structured questionnaire to take home to their
parents with a cover letter briefly describing the
study. Those parents who approved of their
children participating in this study would sign
their consent forms before they filled out the
questionnaires. Information collected by the
questionnaires consisted of demographic factors
and medical history. The clinical examination
included measurements of sitting blood pressure
(with a random-zero sphygmomanometer),
height, and weight.

Body mass index (BMI) was calculated as
follows: BMI = weight (kg)/height (m)’. Obesity
was defined as a BMI greater than or equal to the
95th percentile [37]. Ninety-two obese and 185
non-obese children (BMI between 45th and 55th
percentile) were selected for this study.

DNA Isolation and Analysis of the MC4R
Mutation

DNA was extracted using a standard
method as previously described [38]. A 532-bp
fragment containing the Ser-30-Phe mutation was
amplified by PCR, using the forward primer
5'-GATGCACACTTCTCTGCACC-3' and the
reverse primer 5'-GATGAACAAAATGCCTGA
AACC-3". A 539-bp fragment containing the Asp-
298-Asn mutation was amplified by PCR, using
the forward primer 5'-CTTCTATGCTCTCCA
GTACC-3' and the reverse primer 5'-GCTAGA
CAAGTCACAAAGG-3". The amplification
conditions were: 35 cycles of denaturation at 94°C
for 2 min, annealing at 52°C for 2 min, and
extension at 72°C for 3 min with a final extension
at 72°C for 7 min. In order to differentiate
between normal and mutated alleles, the 532-bp
PCR products were digested with Hinfl
restriction enzyme and the 539-bp PCR products
were digested with Clal restriction enzyme. The
digested PCR products were then analyzed on a
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Fig. 1. A: PCR-based analysis of Ser-30-Phe genetic
alteration. The N-terminus region of the MC4-R was
amplified by PCR which resulted in a 532-bp fragment (lane
1). After digesting with Hinf1, the wild type was cut into five
fragments, 62-bp, 63-bp, 71-bp, 157-bp and 179-bp (lanes 2
& 3). Lanes 2 and 4, samples from an obese and a normal
child, respectively. M, marker, 100-bp ladder; B: Direct
sequencing analysis of the possible mutagenic region. The
upper numbers indicate the corresponding amino acid
sequence. The boxed area is the Hinf1 cutting site; C: A—G
substitution, marked by the arrow heads, was found in codon
103.

Mutation Analysis of MC4-R

2% agarose gel and visualized with ethidium
bromide.
Sequencing Analysis

The PCR products were extracted using a
QIA quick PCR purification kit (QIAEN, Inc.,
Valencia, CA) as described by the manufacture.
The purified products were sequenced using the
di-deoxy chain termination method as described
in the BigDye™ Terminator Cycle Sequencing Kit
(Perkin-Elmer Applied Biosystems, Inc., Foster
City, CA) and the samples were analyzed by an
ABI PRISM™ 310 Genetic Analyzer (Perkin-
Elmer Applied Biosystems, Inc., Foster City,
CA).

RESULTS

We analyzed DNA from 92 obese and 185
non-obese children based on their BMI. The PCR
reactions amplified the potential mutation
regions: a 532-bp fragment (Fig. 1A, lane 1)
containing codon 30 and a 539-bp fragment (Fig.
2A, lane 1) containing codon 298. To detect the
C—T substitution in codon 30, the 532-bp
fragment was digested with Hinf1 restriction
enzyme. The normal allele was cleaved into five
fragments, 62-bp, 63-bp, 71-bp, 157-bp and 179-
bp (Fig. 1, lanes 2 & 3), whereas the mutant allele
gave only four fragments, 63-bp, 133-bp, 157-bp
and 179-bp. To analyze the codon 298 G—A
substitution, we digested the 539-bp PCR product
with Clal restriction enzyme. If the normal allele
contained a Clal site, the PCR fragment would be
cleaved, giving two fragments of 99- and 438-bp
(Fig. 2, lane 2). On the other hand, if the mutant
allele were not cut, the fragment would remain
539-bp.

None of the PCR products from the 277
children that we screened by this method
contained the C—T substitution in codon 30. The
PCR products were then sequenced and the
results showed that all these PCR products were
normal (Fig. 1B). While screening possible G— A
substitutions in codon 298, we found only one
individual whose BMI was in normal range who
carried the heterozyous genotype (Fig. 2, lane 3).
However, data from direct sequencing of the PCR
product revealed a T—C alteration in codon 297
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Fig. 2. A: PCR-based analysis of Asp-298-Asn genetic
alteration. The N-terminus region of the MC4-R was
amplified by PCR which resulted in a 539-bp fragment (lane
1). After digesting with Clal, the wild type was cut into two
fragments, 99- and 438-bp (lane 3). Lane 2 is the result from
a heterozygous individual. M, marker, 100-bp ladder; B:
Direct sequencing analysis of the possible mutagenic region.
The upper numbers indicate the corresponding amino acid
sequence. The arrow head points to the polymorphic site.

instead of a G— A substitution in codon 298 (Fig.
20).

A new polymorphic region was detected by
sequencing the 532-bp PCR fragment. All
specimens contained an A —G substitution in
codon 103 which resulted in an amino acid
change from isoleucine (ATC) to valine (GTC).
We analyzed 13 unrelated individuals of
Australian, Philippine, Thai, and Caucasian
origins and all of them carried the Val/Val

genotype.
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DISCUSSION

Previous studies [36,14] reported that
individuals who carry C—T mutations in codon
30 (Ser-30-Phe) and G— A mutations in codon
298 (Asp-298-Asn) in the MC4-R gene may be
associated with dominantly inherited obesity. In
this study, we investigated this hypothesis in the
Chinese population using a PCR-based assay. We
found no genetic alteration in codon 30 or codon
298. It seems that these two mutations do not
contribute to inherited susceptibility to early-
onset obesity.

The fact that we detected no genetic
abnormalities in extremely obese young children
can be explained in two ways. First, since the
frequencies of these two mutations are low, they
may not be related to inherited obesity. Second,
these two mutations may vary according to ethnic
groups. The population in our study was
predominantly Chinese and it is possible that the
frequency of mutation is only higher in
Caucasians.

Two novel polymorphic sites were
identified in this study. We found a T—C
substitution in codon 297 but this alteration did
not result in any amino acid change. The analysis
of the Ser-30-Phe mutation led to the
identification of a new polymorphic site A—G in
codon 103. Even though screening of four other
different ethnic groups also yielded the same
genotype, it is possible that this alteration was due
to ethnic differences. Larger epidemiological
studies should be undertaken among a variety of
populations.
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