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Abstract The predisposing role to human obesity of the
MC3R gene polymorphism is controversial. In this report
we present the first study focused on the search for the
MC3R polymorphism in the Polish population. Altogether
257 obese children and adolescents (RBMI>120) and 94
adults, who were never obese or overweight (BMI<25),
were studied. For all subjects the entire coding sequence
was analyzed by direct DNA sequencing. One common
polymorphism (81Val>Ile) and two rare mutations
(257Arg>Ser and 335Ile>Ser) were identified. The com-
mon polymorphism was widely distributed in the obese and
control cohorts, while the mutations were identified in four
obese subjects only. In case of the 335Ile>Ser substitution
a three-generation family, consisting of 20 members, was
also analyzed. It was found that all carriers of the 335Ser
mutation were obese, but among non-carriers obese
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subjects also were found. Our study suggests that the pre-
disposing effect to obesity of the §11Ile polymorphic variant
is rather unlikely. With regard to the studied rare mutations
we suggest that the 335Ser allele may have a small pre-
disposing effect.
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Introduction

Obesity and overweight constitute an increasingly impor-
tant medical problem in adults, as well as children and
adolescents. In the USA 17 % children and adolescents
aged 2-19 years are obese and this incidence rate has tri-
pled since 1980 (http://www.cdc.gov/obesity/childhood/
data.html). Data on the prevalence of childhood obesity
and overweight in Europe also indicate their alarming
levels in some countries [1]. In Poland the prevalence of
overweight and obesity, estimated on a group of 17,573
children and adolescents (aged 6-19 years, in the years
2007-2009), was 18.7 and 14.1 % in boys and girls,
respectively [2].

It is known that the main type of obesity has a polygenic
background, but with a strong influence of environmental
factors. The heritability coefficient of this trait ranges from
0.4 to 0.7 [3]. Extensive genomic studies focused on the
identification of genes predisposing to obesity revealed
presence of more than 50 loci, which polymorphisms are
associated with obesity traits [4]. Among them the most
important polymorphisms were identified within or in a
close vicinity of the FTO and MC4R genes [3]. These two
genes were also studied in Polish obese children and ado-
lescents. It was confirmed that the known FTO
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polymorphism (rs9939609 T>A) is significantly associated
with predisposition to obesity [5]. On the other hand,
analyses of the entire coding sequence of the MC4R gene
revealed numerous polymorphisms, but their association
with obesity was not evident [6].

The MCR gene family consists of five members and two
of them (MC3R and MC4R) are involved in the control of
mammalian energy homeostasis and thus their mutations
and polymorphisms may predispose to obesity [7, 8]. It
should be pointed out that among over 150 missense
variants in the MC4R gene there are polymorphisms pre-
disposing to polygenic obesity, as well as mutations caus-
ing the monogenic type of obesity. On the other hand, the
role of the MC3R gene polymorphisms and mutations in
relation to obesity is still controversial. Among over 20
missense substitutions in the MC3R gene two (6Thr>Val
and 81Val>lIle) are common polymorphisms and one
(335Ile>Ser) is considered as strongly predisposing to
obesity [9]. Recently it was shown that the 6Thr>Val
polymorphism is not a missense substitution, since it is
located in the 5'-flanking region between two ATG start
codons, out of which the proximal one is evolutionarily
conserved and functional [10]. Since the MC3R gene
polymorphism has not been studied to date in the Polish
population, the aim of our study was to search for poly-
morphisms in the coding sequence of the single-exon
MC3R gene in two cohorts; i.e. obese Polish children and
adolescents, and adults who had never been obese.

Materials and methods
Patients

Altogether 257 patients of the Department of Pediatric
Diabetes and Obesity (Poznan University of Medical Sci-
ences, Poznan, Poland) and 94 non-obese adults were
included in the study. In the cohort of obese patients there
were 130 boys and 127 girls, at an average age of
12.3 years (£3.8), within a range between 4 and 17 years.
In this cohort the BMI z-score was calculated for obese
children and adolescents, using the LMS method, which
presents the distribution of BMI by age and gender, using
the formula as follows:

7 = [(BMI/M)L—I}/(L X S),

where the values of L, M and S were adequate for Polish
population according to the data reported by Kutaga et al.
[2].

Additionally, the relative body mass index (RBMI) was
calculated, following the formula proposed by Poskitt [11]:
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RBMI = (individual BMI / standard BMI for a given
age and gender) x 100 (%).

RBMI ratio exceeding 120 % was classified as obesity.

The control group was recruited from healthy adults
(both genders) with a body mass index (BMI) below 25,
who have never been obese. Additionally hair samples
were collected from 19 relatives of an obese-carrier of the
335Ser mutation. The study was approved by the local Bio-
Ethics Committee at the Poznan University of Medical
Sciences.

Methods

DNA was isolated from blood samples and hair follicles
using the Blood Mini Kit and the Genomic Mini Kit,
respectively (A&A Biotechnology, Poland) according to
the manufacturer’s instructions. The entire MC3R coding
sequence (972 bp), starting from the evolutionarily con-
served translation start codon, as well as short fragments of
the 5’ and 3’-flanking regions (112 and 33 bp, respec-
tively), were PCR amplified as two overlapping amplicons
(562 and 639 bp). It should be pointed out that a recent
study of Tarnow et al. (2012) revealed that also in human
translation starts from the evolutionarily conserved start
codon (AUG), which is in opposition to earlier reports.
Primer pairs were designed using the Primer3 tool (http://
frodo.wi.mit.edu/primer3/) based on NG_012200.1 Gen-
Bank sequence. Amplification was conducted in a Biom-
etra T-Gradient thermocycler (Biometra, Germany) using
EURx Taq polymerase (EURXx, Poland). Primer sequences
and PCR amplification conditions are shown in Table S1.

Screening for polymorphisms in all patients and controls
was performed by direct sequencing of MC3R amplicons
with the use of an ABI Prism 3130 automatic sequencer
(Applied Biosystems, USA). An association study between
81Val>Ile polymorphism and obesity indices (BMI z-score
and RBMI) in obese children and adolescents was con-
ducted using the Kruskal-Wallis test. Statistical analyses
were performed in the R statistical package version 2.15.1
(http://www.r-project.org/).

Results

Altogether 1 common polymorphism (81Val>Ile) and 2
rare mutations (257Arg>Ser and 335Ile>Ser) were found
(Table 1). To make our results comparable with previous
reports concerning polymorphisms of MC3R we decided to
follow a common numbering of the codons, starting from
the non-conservative upstream translation start site.
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Table 1 Distribution of the MC3R missense variants in obese patients and non-obese control adults
Group n Genotypes
81Val>Ile 257Arg>Ser 335Ile>Ser
Val/Val Val/lle Ile/Tle Arg/Arg  Arg/Ser Ser/Ser lle/lle Ile/Ser Ser/Ser
Obese children and adolescents 257 199 55 3 255 2 0 255 2 0
774 %) (214%) (1A2%) (992%) (08%) (0.0%) (992%) (0.8%) (0.0 %)
Non-obese (control adults) 94 75 19 0 94 0 0 94 0 0
(79.8 %) (202 %) (0.00 %) (100 %) (0.0 %) (0.0 %) (100 %) (0.00 %) (0.0 %)

Table 2 BMI z-score/RBMI of patients carrying rare missense
mutations in comparison with obese non-carriers of these mutations

Codon/
mutation

BMI z-score/RBMI

Obese carriers (genotype at  Obese non-carriers

codon 81)

257Arg>Ser Patient 1 (Val/lle): 2.6/197.0

Patient 2 (Ile/Ile): 3.2/199.0

Mean (+SD) for patients 1
and 2: 2.9 £+ 0.4/
198.0 + 1.4

Patient 3 (Val/Val): 2.5/
173.0
Patient 4 (Val/lle): 1.8/135.0

Mean (£SD) for patients 3
and 4: 2.2 £+ 0.5/
154.0 + 26.9

2.3 £ 0.5/163.6 £ 22.6
(n = 239%n = 255)

335Ile>Ser 2.3 £ 0.5/164.0 £ 22.7

(n = 239%/n = 255)

SD standard deviation

4 BMI z-score could not be calculated for patients under 6 years

Distribution of the variants at the common polymorphic
site (81Val>Ile) was similar in both cohorts (obese chil-
dren or adolescents, and non-obese adults). The rare mis-
sense mutations occurred in four unrelated obese patients
who had heterozygous genotypes. The 257Ser variant was
carried by two obese patients and the 335Ser variant by
another two obese patients. Among carriers of the 257Ser
variant one was a heterozygote at codon 81 (Val/lle), while
the other one was a homozygote at this site (Ile/Ile). In case
of the carriers of the 335Ser variant, one was a homozygote
at codon 81 (Val/Val) and one was a heterozygote (Val/
Ile).

A comparison of mean BMI z-score and RBMI between
obese patients (excluding 4 carriers of the rare mutations)
with different genotypes at codon 81 revealed the lowest
BMI z-score and RBMI in Ile/Ile homozygotes (2.0 £ 0.6;
146.3 + 23.0), while two other genotypes had similar
values of both indices (2.34 4+ 0.5; 163.1 & 21.4 in Val/
Val and 2.32 £+ 0.5; 166.4 £+ 26.7 in Val/lle). However,
the observed differences were not significant.

Due to the very small number of obese carriers of the
mutations it was not possible to test the significance of the
observed differences (Table 2). In case of the 257Ser variant
carriers a strongly elevated BMI z-score and RBMI (2.6/197
and 3.2/199) was observed, while carriers of the 335Ser var-
iant had different values of both indices (1.8/135 and 2.5/173).

Additionally, an analysis of obesity indices (BMI,
RBMI/BMI z-score) was performed in a family, in which
the 335Ser variant segregated. Among the 20 members of
this family 8 were obese, 4 were overweight and 8 had
normal BMI or RBMI/BMI z-score (Table 3). The 335Ser
allele was carried by 7 persons (Fig. 1). All the carriers,
except for one woman (#1) who was on a restricted diet
after an intestinal surgery, were overweight or obese. With
regard to the polymorphism at codon 81 all of the family
members were Val/Val homozygotes.

Discussion

We compared obese children and adolescents (RBMI>120)
with healthy non-obese adults as a control in respect to
polymorphism of the MC3R gene. Since the control sub-
jects never developed obesity during their life it was
assumed that their genotype was not predisposing to
obesity. For better characteristics of obesity in the inves-
tigated cohort we calculated two indices (the BMI z-score
and the RBMI), which were used in association analysis.
In this study we searched for polymorphism in the entire
coding sequence of the MC3R gene. According to the very
recent report of Tarnow et al. [10] the MC3R gene encodes
a protein consisting of 323 amino acids. Previously it was
claimed that it consists of 360 amino acids and the trans-
lation starts from the non-conserved AUG codon, localized
111 nucleotides upstream of the evolutionary conserved
translation initiation site. Since we analyzed the sequence
starting from the conserved translation start codon, we did
not identify another common polymorphism, known in the
literature as 6Thr>Lys, which is in a complete linkage
disequilibrium with the 81Val>Ile polymorphism.
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Fig. 1 Pedigree of the family in
which 335Ser mutation
segregated

Table 3 Obesity indices in a family in which the variant 335Ser
variant segregated

Individual no. Gender Genotype at codon 335 BMI or
RBMI (BMI
Z-score)
1 F Tle/Ser 19.9*
2 M Ile/Ser 323
3 F Ile/Ile 44.5
4 F Ile/Ser 339
5 F Ile/Tle 243
6 M Ile/Ser 37.3
7 F Ile/Tle 249
8 F Ile/Ser 27.1
9 M Ile/Tle 28.0
10 F Ile/Ile 20.5
11 M Ile/Ile 28.3
12 F Ile/Ile 20.4
13 F Ile/Tle 32.1
14 M Ile/Tle 242
15 M Ile/Ser 36.3
16 F Tle/Ser 147 (2.24)°
17 F Ile/Tle 355
18 M Ile/Tle 104 (0.30)°
19 M Ile/Ile 85 (—1.35)°
20 F Ile/Tle 28.7
Mean BMI for the - 6 subjects (except for  31.1 + 6.6
carriers, Ile/Ser one adolescent, #16)
(£SD)
Mean BMI for - 11 subjects (except for 28.3 £ 7.0

two adolescents: #18
and #19)

non-carriers, Ile/
Ile (£SD)

SD standard deviation
 Patient under restricted diet after intestinal surgery

® RBMI (BMI z-score) calculated for adolescents (17, 17 and
14 years old, respectively)

The influence of the MC3R gene variants on obesity is
not evident. There are several reports on the effect of
common polymorphism (81Val>Ile) and a majority of
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them showed a lack of a predisposing effect to obesity
(Table 4). In majority of the reports a relatively small
number of patients were studied. Only in three studies
larger cohorts of obese patients (839, 889 and 1,008) were
included. In our study number of obese subjects (257) was
similar to majority of the listed reports. Our study also
indicates that this polymorphism is rather neutral, which is
in agreement with previous functional analyses, indicating
the lack of its influence on receptor ligand binding ability
[22]. The frequency of the mutation was similar in obese
and non-obese cohorts: 0.10 and 0.11, respectively. How-
ever, BMI values of obese heterozygotes (Val/lle) and
homozygotes (Ile/Ile) were elevated, but the differences
were not significant. There are very few studies concerning
the influence of rare mutations (257Arg>Ser and
335Ile>Ser) on obesity and it seems that only the 335Ser
allele may predispose to obesity, since it was shown that
this variant is responsible for a disturbed ligand binding
ability of the MC3R [9]. Our analysis of a three-generation
family showed that all carriers of the 335Ser mutation were
obese or overweight. It might support the above mentioned
suggestion that this mutation slightly predisposes to obes-
ity. Functional in vitro studies of 257 Arg>Ser mutation did
not confirm its influence on MC3R receptor ligand binding
ability [21]. Interestingly, in the previous reports the
mutation occurred more frequently in non-obese control
patients [13, 21] whereas in our study this variant was
found only in 2 obese subjects.

The distribution of common variants at codon 81 was
similar in Polish obese and non-obese patients. The fre-
quency of the minor allele (811Ile) in obese children was
0.12 and it was slightly higher when compared with other
studies conducted in Europe (Table 4). The highest fre-
quency of the 811Ile allele (above 0.2) was observed in an
Asian population. Interestingly, two independent studies
based on North American cohorts [12, 13] revealed sig-
nificantly different frequencies of this variant (0.26 and
0.12, respectively). It was probably due to a different racial
composition of the studied obese cohorts. In the first study
a relatively high (0.26) prevalence of the 81lle variant was



Mol Biol Rep (2013) 40:6893-6898 6897
Table 4 Three missense substitutions of the MC3R gene—their distribution and relation to obesity
Polymorphic ~ Population Frequency of the Relation of the mutated allele to obesity ~ Reference
sites mutated alleles in
obese subjects (1)
81Val>Ile Europeans from seven countries: UK, 0.08 (184) No relation, in terms of weight loss after ~ Santos
France, Sweden, Spain, Czech Republic, 10-week long dietary intervention et al. [14]
the Netherlands and Denmark
Chilean Non-random No relation Obregon
sampling et al. [15]
(functional study)
North American 0.12 (889) No relation Calton
et al. [13]
Chilean 0.06 (229) No relation Obregon
et al. [16]
French 0.08 (308) No relation Hani et al.
[17]
North American 0.26 (190) Ile/Ile homozygotes are predisposed to Feng et al.
obesity [12]
Asian 0.22 (201) Increased percentage of body fat content  Lee et al.
and higher insulin sensitivity in carriers [18]
of the Ile allele
Italian 0.05 (184) Lower effect of weight loss program in Santoro
obese children carrying Ile allele et al. [19]
Belgian 0.07 (1008) Associated with increased BMI* Zegers
et al. [20]
Polish 0.12 (257) No relation This study
257Arg>Ser  French and Italian 0.000 (839) Not observed, since only two carriers Mencarelli
(Arg/Ser) were found among 967 non- et al. [21]
obese controls
North American 0.001 (889) Unclear, since mutation occurred in both  Calton
groups (1 obese and 7 controls) et al. [13]
Belgian 0.008 (249) Four carriers were found among 249 obese  Zegers
patients although initial functional et al. [22]
analysis showed no effect
Polish 0.004 (257) Only two carriers were found among 257  This study
obese patients
335Ile>Ser French and Italian 0.001 (839) Two carriers (Ile/Ser) among 839 obese Mencarelli
patients and none among 967 non-obese et al. [21]
control
Italian 0.002 (290) One carrier (Ile/Ser) among 290 obese Mencarelli
subjects. Brother of the carrier was also et al. [23]
an obese carrier
Polish 0.004 (257) Only two carriers were found among 257  This study

obese patients

 In fact 6Thr>Lys polymorphism was analyzed, which is in a complete linkage disequilibrium with 81Val>Ile

described in a cohort consisting of 70 % Caucasians, 24 %
African Americans and 6 % representing other races [12].
In the African American subjects the frequency was sig-
nificantly higher than in Caucasians (0.42 vs. 0.11). In
contrast, in the latter study, showing a lower frequency of
the 81lle allele (0.12), 85 % of the obese subjects were
Caucasians [13].

Knowledge on the distribution of the rare mutations is
limited, but the available reports suggest that they occur

with a very low frequency (Table 4). Also in this study the
variants were found only in obese patients and their fre-
quencies were 0.004. In the control group these mutations
were not found, but that group was small (94 adults) and
thus it was not possible to compare the frequencies in both
cohorts.

Our study confirmed that the MC3R gene is significantly
less polymorphic than the MC4R gene. In our previous
report we showed that in the same cohorts of obese and
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non-obese subjects 6 missense substitutions were found,
including 2 novel ones. Among the identified substitutions
in the MC3R gene the 335Ile>Ser one may be considered
as slightly predisposing to obesity.

Acknowledgments

The study was funded by the Polish Ministry of

Science and Higher Education, Grant No. N407 057 32/2522.

Open Access

This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.

References

. Cattaneo A, Monasta L, Stamatakis E, Lioret S, Castetbon K,

Frenken F, Manios Y, Moschonis G, Savva S, Zaborskis A, Rito
Al, Nanu M, Vignerova J, Caroli M, Ludvigsson J, Koch FS,
Serra-Majem L, Szponar L, van Lenthe F, Brug J (2010) Over-
weight and obesity in infants and pre-school children in the
European Union: a review of existing data. Obes Rev 11:389-398

. Kutaga Z, Litwin M, Tkaczyk M, Palczewska I, Zajaczkowska

M, Zwolinska D, Krynicki T, Wasilewska A, Moczulska A,
Morawiec-Knysak A, Barwicka K, Grajda A, Gurzkowska B,
Napieralska E, Pan H (2011) Polish 2010 growth references for
school-aged children and adolescents. Eur J Pediatr 170:599-609

. Herrera BM, Keildson S, Lindgren CM (2011) Genetics and

epigenetics of obesity. Maturitas 69:41-49

. Loos RJ (2012) Genetic determinants of common obesity and

their value in prediction. Best Pract Res Clin Endocrinol Metab
26:26-211

. Luczynski W, Zalewski G, Bossowski A (2012) The association

of the FTO rs9939609 polymorphism with obesity and metabolic
risk factors for cardiovascular diseases in Polish children.
J Physiol Pharmacol 63:241-248

. Nowacka-Woszuk J, Cieslak J, Skowronska B, Majewska KA,

Stankiewicz W, Fichna P, Switonski M (2011) Missense muta-
tions and polymorphisms of the MC4R gene in Polish obese
children and adolescents in relation to the relative body mass
index. J Appl Genet 52:319-323

. Tao YX (2010) The melanocortin-4 receptor: physiology, phar-

macology, and pathophysiology. Endocr Rev 31:506-543

. Tao YX (2010) Mutations in the melanocortin-3 receptor

(MC3R) gene: impact on human obesity or adiposity. Curr Opin
Investig Drugs 11:1092-1096

. Tao YX (2007) Functional characterization of novel melanocor-

tin-3 receptor mutations identified from obese subjects. Biochim
Biophys Acta 1772(10):1167-1174

. Tarnow P, Rediger A, Schulz A, Griiters A, Biebermann H (2012)

Identification of the translation start site of the human melano-
cortin 3 receptor. Obes Facts 5(1):45-51

@ Springer

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Poskitt EM (1995) Defining childhood obesity: the relative body
mass index (BMI). European Childhood Obesity group. Acta
Paediatr 84(8):961-963

Feng N, Young SF, Aguilera G, Puricelli E, Adler-Wailes DC,
Sebring NG, Yanovski JA (2005) Co-occurrence of two partially
inactivating polymorphisms of MC3R is associated with pediat-
ric-onset obesity. Diabetes 54:2663-2667

Calton MA, Ersoy BA, Zhang S, Kane JP, Malloy MJ, Pullinger
CR, Bromberg Y, Pennacchio LA, Dent R, McPherson R, Ahituv
N, Vaisse C (2009) Association of functionally significant Mel-
anocortin-4 but not Melanocortin-3 receptor mutations with
severe adult obesity in a large North American case—control
study. Hum Mol Genet 18:1140-1147

Santos JL, De la Cruz R, Holst C, Grau K, Naranjo C, Maiz A,
Astrup A, Saris WH, MacDonald I, Oppert JM, Hansen T, Pe-
dersen O, Sorensen TI, Martinez JA, NUGENOB Consortium
(2011) Allelic variants of melanocortin 3 receptor gene (MC3R)
and weight loss in obesity: a randomised trial of hypo-energetic
high- versus low-fat diets. PLoS One 6(6):¢19934

Obregén AM, Diaz E, Santos JL (2012) Effect of the melano-
cortin-3 receptor Thr6Lys and Val81lle genetic variants on body
composition and substrate oxidation in Chilean obese children.
J Physiol Biochem 68(1):71-76

Obregén AM, Amador P, Valladares M, Weisstaub G, Burrows
R, Santos JL (2010) Melanocortin-3 receptor gene variants:
association with childhood obesity and eating behavior in Chilean
families. Nutrition 26(7-8):760-765

Hani EH, Dupont S, Durand E, Dina C, Gallina S, Gantz I, Froguel
P (2001) Naturally occurring mutations in the melanocortin
receptor 3 gene are not associated with type 2 diabetes mellitus in
French Caucasians. J Clin Endocrinol Metab 86:2895-2898

Lee YS, Poh LK, Kek BL, Loke KY (2007) The role of mela-
nocortin 3 receptor gene in childhood obesity. Diabetes 56:
2622-2630

Santoro N, Perrone L, Cirillo G, Raimondo P, Amato A, Brienza
C, Del Giudice EM (2007) Effect of the melanocortin-3 receptor
C17A and G241A variants on weight loss in childhood obesity.
Am J Clin Nutr 85(4):950-953

Zegers D, Beckers S, Mertens IL, Van Gaal LF, Van Hul W
(2010) Common melanocortin-3 receptor variants are not asso-
ciated with obesity, although rs3746619 does influence weight in
obese individuals. Endocrine 38(2):289-293

Mencarelli M, Dubern B, Alili R, Maestrini S, Benajiba L, Ta-
gliaferri M, Galan P, Rinaldi M, Simon C, Tounian P, Hercberg
S, Liuzzi A, Di Blasio AM, Clement K (2011) Rare melanocor-
tin-3 receptor mutations with in vitro functional consequences are
associated with human obesity. Hum Mol Genet 20(2):392-399
Zegers D, Beckers S, Hendrickx R, Van Camp JK, Van Hoo-
renbeeck K, Desager KN, Massa G, Van Gaal LF, Van Hul W
(2012) Prevalence of rare MC3R variants in obese cases and lean
controls. Endocrine. doi:10.1007/s12020-012-9862-1

Mencarelli M, Walker GE, Maestrini S, Alberti L, Verti B,
Brunani A, Petroni ML, Tagliaferri M, Liuzzi A, Di Blasio AM
(2008) Sporadic mutations in melanocortin receptor 3 in morbid
obese individuals. Eur J Hum Genet 16(5):581-586


http://dx.doi.org/10.1007/s12020-012-9862-1

	Common polymorphism (81Val greaterthan Ile) and rare mutations (257Arg greaterthan Ser and 335Ile greaterthan Ser) of the MC3R gene in obese Polish children and adolescents
	Abstract
	Introduction
	Materials and methods
	Patients

	Methods
	Results
	Discussion
	Acknowledgments
	References


