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Summary To determine the effect of variants in LEPR gene on obesity in north-
ern Chinese, three coding polymorphisms Arg109Lys (A/G), Asn656Lys (C/G) and
Pro1019Pro (C/T) were investigated for association with overweight and obesity.
By a case control design, 248 overweight or obese subjects and 351 lean normal
controls were recruited in Harbin region in north China. All three polymorphisms
were genotyped by Sequenom single nucleotide polymorphism (SNP) detection sys-

tem in both cases and controls. Genotypes for all three polymorphisms were in
Hardy—Weinberg equilibrium in control subjects. Both groups had similar distribution
of alleles and genotypes created by the three coding polymorphisms of LEPR gene.
No differences in frequencies of genotypes or alleles between cases and controls for

2
any polymorphism individually were found by � analysis (p = 0.444, p = 0.507 and
p = 0.662, respectively). Further, when the haplotypes of three polymorphisms were
assessed, no association for any haplotype of three polymorphisms was revealed.

Abbreviations: LEPR, leptin receptor gene; SNP, single nucleotide polymorphism; PCR, polymerase chain reaction; BMI, body
ass index; STAT, signal transducer and activator of transcrip-

ion; WHR, waist hip ratio.
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In the present study, the three coding polymorphisms in LEPR gene were firstly inves-
tigated in a population of northern Chinese. It was suggested that the three coding
polymorphisms in LEPR gene were unlikely to have major effects on susceptibility to
obesity in northern Chinese.
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Introduction

Leptin receptor is a member of cytokine receptor
family, which plays a critical role in leptin signal
transduction and the regulation of body weight by
activating signal transducer and activator of tran-
scription (STAT) proteins STAT3, STAT5 and STAT6.
Leptin receptor gene (LEPR) was considered as an
important candidate of overweight and obesity in
recent years. In animal models, LEPR gene muta-
tion can lead to serious obesity and diabetes, and
these complicated syndromes can be completely
rescued by introduction of a neuron-specific LEPR-B
trans-gene in db/db mice [1], which confirmed the
critical role of LEPR gene in the etiology of obesity
and diabetes. It was also suggested LEPR can help
recombinant leptin across the human blood—brain
barrier by binding and endocytosis [2]. Since Gotoda
et al. found five common DNA sequence variants on
entire coding sequence of the human leptin recep-
tor cDNA from 22 morbidly obese patients [3], some
association studies on common polymorphisms in
LEPR gene were conducted in different popula-
tions in order to find the role of these variants
in obesity or related metabolic phenotypes [4—7].
Part of them focused on Arg109Lys, Asn656Lys and
Pro1019Pro polymorphism and suggested their asso-
ciation with metabolic phenotypes and obesity
related disorder. For examples, Loos et al. found
that Arg109Lys polymorphism was significantly asso-
ciated with respiratory quotient while walking at
4.5 km/h, and Asn656Lys polymorphism was asso-
ciated with resting metabolic rate in the Quebec
Family Study [8]. In 630 Caucasian individuals,
Zhang et al. found Pro1019Pro (T/C) polymorphism
was associated with inflammatory traits including
plasma fibrinogen and C reactive protein levels [9].
de Luis Roman et al. found that Asn656Lys variation
was associated with decreased leptin response and
weight loss secondary to life style modification in
obese patients [10].

Overweight and obesity become a serious prob-
lem menacing health of more and more people.
Though a few association studies were conducted

on the association of LEPR variation with over-
weight and obesity in several populations including
southern Chinese. The effects of coding polymor-
phisms Arg109Lys, Asn656Lys and Pro1019Pro have
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iation for the Study of Obesity. Published by Elsevier Ltd.

ot been clearly defined in northern Chinese pop-
lation with a high frequency of overweight and
besity. In this study, we attempted to test the
ssociation of the three coding polymorphisms in
EPR gene with overweight and obesity in northern
hinese.

ubjects and methods

tudy subjects and clinical characteristics

wo hundred and forty-eight overweight or obese
ubjects (47.8 ± 10.5 years old) from Harbin region
ere recruited. Obesity was diagnosed based on

he standard set up by the World Health Organiza-
ion (WHO) with minor modification. Subjects were
efined as overweight or obesity when their body
ass indexes (BMI) were more than 25.0 kg/m2.
hree hundred and fifty-one normal lean sub-
ects (46.7 ± 11.3 years old) were recruited through

routine physical examination. All subjects are
rom unrelated Han ethnic group. Height, weight
nd blood pressure were obtained in all subjects.
MI was calculated as weight (kg) divided by
eight squared (m2). Informed written consent was
btained from all subjects before participation.
he study was approved by the ethics committee
f Beijing Hospital, Ministry of Health, PR China.

enotyping of the three polymorphisms

enomic DNA was extracted from peripheral
lood leukocytes by phenol—chloroform method.
equenom SNP detection system was used for the
enotyping of Arg109Lys, Asn656Lys and Pro1019Pro
olymorphisms in LEPR gene. Sequenom SNP detec-
ion system is based on MALDI-TOF MS technique.
he primer sequences for PCR and extension were
s indicated in Table 1. The genotyping results were
onfirmed by direct sequencing of 20 randomly
tatistical analysis

ll statistical analyses were conducted using SPSS
1.5 software package. Hardy—Weinberg equilib-
ium of the genotypes was assessed in control
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Table 1 Primer sequences for Sequenom polymorphisms genotyping

Polymorphism Primer sequence

Arg109Lys
Forward: ACGTTGGATGGCTCCTTATGTGCAGACAAC
Reverse: ACGTTGGATGAGCTAATGCTTACCTATTTG
Extension: TGCAGACAACATTGAAGGAA

Asn656Lys
Forward: ACGTTGGATGACCTTCCAAAGTAAAGTGAC
Reverse: ACGTTGGATGAGTTCCTATGAGAGGACCTG
Extension: AAAGTAAAGTGACATTTTTCTC

Pro1019Pro
Forward: ACGTTGGATGTCAGTCACCAAGTGCTTCTC

Table 2 The clinical characteristics of overweight or
obese patients and control subjects

Phenotypes Controls Cases

Age (years) 47.8 ± 10.5 46.7 ± 11.3
Sex (M/F)a 144/104 181/170
BMI (kg/m2) 22.3 ± 1.9 28.1 ± 2.9**
WHR 0.8 ± 0.1 0.9 ± 0.1**
SBP (mmHg) 112.4 ± 19.5 122.1 ± 19.6**
DBP (mmHg) 81.5 ± 13.0 85.5 ± 13.1**

Note. Continuous variables are expressed as mean ± S.D.
values; **, p ≤ 0.01; BMI, body mass index; WHR, waist
hip ratio; SBP, systolic blood pressure; DBP, diastolic blood
pressure.
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equilibrium in control subjects (p = 0.779, 0.351 and
0.716, respectively). Both groups had similar distri-
bution of alleles and genotypes created by the three
opulation. Genotype and allele frequencies in
ifferent groups were compared through �2 anal-
sis and quantitative phenotypes were analyzed
ith Student’s t-test and expressed as mean ± S.D.
≤ 0.05 was taken as significant threshold. Haplo-

ype of the three polymorphisms were analyzed by

sing HAP-haplotype resolution: version 3.0 [11]. c

Table 3 Genotype and allele frequencies of the three polym
and control subjects

Variations HWE (p) AA

Arg109Lys (G/A)
Cases 0.574 174 (70.2%)
Controls 0.779 242 (69.0%)

Gln656Lys (G/C)
Cases 0.423 224 (90.3%)
Controls 0.351 314 (89.4%)

Pro1019Pro (T/C)
Cases 0.623 198 (79.8%)
Controls 0.716 271 (77.2%)

For the Arg109Lys, Asn656Lys and Pro1019Pro polymorphisms in LE
as A; while minor allele designated as B; the genotype and allel
Pearson �2 analysis (p > 0.05). Number and percentage were show
HWE, Hardy—Weinberg equilibrium.
Reverse: ACGTTGGATGAAAATGCCTGGGCCTCTATC
Extension: TTCTCTAGCAAAAATTCTCC

esults

linical characteristics of obese and control
ubjects

he clinical characteristics of obese and control
ubjects are summarized in Table 2. In addition to
ignificantly higher BMI, the obese subjects also had
higher waist hip ratio and blood pressure. No sig-
ificant differences for the distribution of age and
ex were found between case and control.

istribution of LEPR genotypes and alleles
n obese and control subjects

verall, the alleles of three polymorphisms were
etermined in 599 individuals including 248 obese
nd 351 normal control subjects. Genotypes for
ll three polymorphisms were in Hardy—Weinberg
oding polymorphisms of LEPR gene (Table 3).

orphisms in LEPR gene in overweight or obese patients

AB BB A/B

66 (26.6%) 8 (3.2%) 0.83/0.17
98 (27.9%) 11 (3.1%) 0.83/0.17

24 (9.7%) 0 (0.0%) 0.95/0.05
35 (10.0%) 2 (0.6%) 0.94/0.06

48 (19.4%) 2 (0.8%) 0.89/0.11
74 (21.1%) 6 (1.7%) 0.88/0.12

PR gene, major allele G, G, T, respectively, were designated
e frequencies between case and control were compared by
n for genotypes while only frequency was shown for alleles.
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Table 4 Haplotype frequencies of the three coding polymorphisms in LEPR gene in overweight or obese patients
and control subjects

Haplotype Controls (n = 702) Cases (n = 498) p, OR (CI)

GGT 543 (77.4%) 395 (79.3%) 0.63, 1.07 (0.81—1.43)
AGC 57 (8.1%) 39 (7.8%) 0.87, 0.97 (0.63—1.48)
AGT 37 (5.3%) 26 (5.2%) 0.98, 0.99 (0.59—1.66)
ACT 26 (3.7%) 17 (3.4%) 0.80, 0.92 (0.50—1.72)
GGC 26 (3.7%) 12 (2.4%) 0.21, 0.65 (0.32—1.29)
GCT 10 (1.4%) 6 (1.2%) 0.75, 0.85 (0.31—2.35)
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The p value, OR and 95% CI of each haplotype relative to o
haplotypes (no more than 1%) in both groups are not shown.

Distribution of haplotypes for three
polymorphisms in LEPR gene in obese and
control subjects

When haplotypes of the three polymorphisms were
assessed, only six out of eight possible haplotypes
occurred in a more than one percentage frequency
in northern Chinese. No significant differences in
distribution of haplotypes of three polymorphisms
and haplotypes combination of them were found
between cases and controls. It was suggested the
haplotypes of three polymorphisms unlikely have
a major effect on the susceptibility of obesity in
northern Chinese. The results of haplotype analyses
were shown in Tables 4 and 5.

Discussion

In the present study, three coding polymorphisms in
LEPR gene were firstly investigated in a population
of northern Chinese. We have not found association
between obesity and polymorphisms in LEPR gene
and failed to find powerful evidence supporting our

hypothesis that these polymorphisms may have a
major effect on obesity in northern Chinese.

According to our present knowledge, this is the
first investigation of the three polymorphisms in

c
m
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Table 5 Haplotype combination frequencies of the three
obese patients and control subjects

Haplotype combination Controls (n = 351)

GGT/GGT 209 (59.5%)
GGT/AGT 31 (8.8%)
GGT/AGC 45 (12.8%)
GGT/GGC 20 (5.7%)
GGT/ACT 17 (4.8%)
GGT/GCT 9 (2.6%)
AGT/ACT 2 (0.6)

The p value, OR and 95% CI of each haplotype combination relative
results for very rare haplotype combinations no more than 1% in bo
haplotypes as a group are shown. The results for very rare

orthern Chinese population. Genotype distribu-
ions for all three polymorphisms were consistent
ith Hardy—Weinberg equilibrium in control sub-

ects which eliminated the possibility of sampling
ivergence. All three polymorphisms are with a fre-
uency of not less than 5% and can be used as
easonable susceptible markers for common dis-
ase, such as obesity and type 2 diabetes.

The coding polymorphisms in LEPR gene were
nvestigated in many different ethics and popu-
ations for their roles in obesity. Yiannakouris et
l. found association only for Gln223Arg polymor-
hism and body composition variables, while not
or Arg109Lys and Asn656Lys polymorphisms [12].
he results were agreed with our ones. The study

n Korean population suggested LEPR gene polymor-
hisms were not associated with type 2 diabetes,
ut Arg109Lys polymorphism was marginally associ-
ted with BMI of the subjects [13]. In 204 southern
hinese, Lu et al. found Pro1019Pro (T/C) polymor-
hism have an effect on lipid metabolism and body
at distribution of type 2 diabetes patients [14].
oth of which were divergent from our results in
orthern Chinese. The inconsistence of the asso-

iation studies on these polymorphisms was due to
ultiple factors. Firstly, it was partly up to the ethic
ifference or genetic diversity of the research sub-
ects, even genetic background of northern Chinese

coding polymorphisms in LEPR gene in overweight or

Cases (n = 248) p, OR (CI)

157 (63.3%) 0.35, 1.17 (0.84—1.64)
21 (8.5%) 0.88, 0.96 (0.54—1.71)
32 (12.9%) 0.98, 1.01 (0.62—1.64)
10 (4.0%) 0.36, 0.70 (0.32—1.51)
11 (4.4%) 0.82, 0.91 (0.42—1.98)
6 (2.4%) 0.91, 0.94 (0.33—2.68)
3 (1.2%) 0.65, 2.14 (0.35—12.88)

to other haplotype combinations as a group are shown. The
th groups are not shown.
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olymorphisms in LEPR gene not associated with ob

as different from that of southern Chinese. Sec-
ndly, phenotypic measurement of obesity in this
tudy was not the same as the study in southern
hinese. We focused on body mass index as a whole
hile Lu et al. paid more attention to biochemical
easurement and fat distribution in different part

f body. Finally, the standard for selection of sub-
ects was not in accord. The subjects from southern
hinese were complicated with type 2 diabetes,
syndrome demonstrated to be closely associated
ith obesity.
Hekerman et al. suggested that three intracel-

ular tyrosines at position 985, 1077 and 1138 were
esponsible for the signal transduction from LEPR
o STATs. Several other important amino acids, for
xample, Met1139 and Gln1141 are determinants
efining the specificity toward the different STAT
actors and can also affect leptin response and
ignal transduction [15]. The absence of associ-
tion for three common cSNPs we test may due
o these polymorphisms were not at functional
ctive site of the protein and with little modifica-
ion on the structure or configuration of the active
ite. Chung et al. suggested the Asn656Lys poly-
orphism can result in positive to neutral change

f charge, which may lead to modification of the
tructure and function of LEPR protein. Besides
nother polymorphism, Gln223Arg, which was adja-
ent to fa mutation in animal model and strongly
upported being associated with obesity and insulin
esponse, also resulted in change of charge from
eutral to positive and most likely have some func-
ional consequences [16]. Studies also suggested
ln223Arg polymorphism in the leptin receptor is
ssociated with familial combined hyperlipidemia
17]. These studies further suggested only those
olymorphisms that modify the structure of func-
ional active site can be possibly closely associated
ith complicated phenotypic measurement such as
besity.

We inferred that three polymorphisms we inves-
igated can be regarded as balanced polymorphisms
hat escaped natural selection, which did not play
central role in body composition and the develop-
ent of obesity, instead, they only slightly modified

he progress of obesity and related disorder. Further
ork is necessary to discern the confound effect
f genetic background of different population and
nd gene variations with critical role, as well as
heir molecular mechanism in overweight and obe-
ity.

In summary, no association with obesity was

evealed for both three coding polymorphisms indi-
idually and their haplotypes. It was unlikely these
olymorphisms played an important role in etiology
f obesity in northern Chinese.

[

y 265

ompeting interests

one declared.

cknowledgements

e thank Professor M.S. Qiu from University of
ouisville and Dr. Kan Rui, Wang Binbin from the
nstitute of Genetics and Developmental Biology,
hinese Academy of Sciences for review of the
anuscript of this article.

eferences

[1] de Luca C, Kowalski TJ, Zhang Y, Elmquist JK, Lee C, Kili-
mann MW, et al. Complete rescue of obesity, diabetes, and
infertility in db/db mice by neuron-specific LEPR-B trans-
genes. J Clin Invest 2005;115:3484—93.

[2] Golden PL, Maccagnan TJ, Pardridge WM. Human
blood—brain barrier leptin receptor: binding and endocy-
tosis in isolated human brain microvessels. J Clin Invest
1997;99:14—8.

[3] Gotoda T, Manning BS, Goldstone AP, Imrie H, Evans AL,
Strosberg AD, et al. Leptin receptor gene variation and obe-
sity: lack of association in a white British male population.
Hum Mol Genet 1997;6:869—76.

[4] Wang TN, Huang MC, Chang WT, Ko AM, Tsai EM, Liu CS,
et al. G-2548A polymorphism of the leptin gene is corre-
lated with extreme obesity in Taiwanese aborigines. Obesity
(Silver Spring) 2006;14:183—7.

[5] Portoles O, Sorli JV, Frances F, Coltell O, Gonzalez JI, Saiz
C, Corella D, et al. Effect of genetic variation in the leptin
gene promoter and the leptin receptor gene on obesity risk
in a population-based case—control study in Spain. Eur J
Epidemiol 2006;21:605—12.

[6] Mars M, van Rossum CT, de Graaf C, Hoebee B, De Groot
LC, Kok FJ. Leptin responsiveness to energy restriction:
genetic variation in the leptin receptor gene. Obes Res
2004;12:442—4.

[7] van Rossum CT, Hoebee B, van Baak MA, Mars M, Saris WH,
Seidell JC. Genetic variation in the leptin receptor gene,
leptin, and weight gain in young Dutch adults. Obes Res
2003;11:377—86.

[8] Loos RJ, Rankinen T, Chagnon Y, Tremblay A, Perusse L,
Bouchard C. Polymorphisms in the leptin and leptin receptor
genes in relation to resting metabolic rate and respiratory
quotient in the Quebec Family Study. Int J Obes (Lond)
2006;30:183—90.

[9] Zhang YY, Gottardo L, Mlynarski W, Frazier W, Nolan D, Duffy
J, et al. Genetic variability at the leptin receptor (LEPR)
locus is a determinant of plasma fibrinogen and C-reactive
protein levels. Atherosclerosis 2007;191:121—7.

10] de Luis Roman D, de la Fuente RA, Sagrado MG, Izaola
O, Vicente RC. Leptin receptor Lys656Asn polymorphism is
associated with decreased leptin response and weight loss

secondary to a lifestyle modification in obese patients. Arch
Med Res 2006;37:854—9.

11] Halperin E, Eskin E. Haplotype reconstruction from
genotype data using imperfect phylogeny. Bioinformatics
2004;20:1842—9.



[

[

[17] van der Vleuten GM, Kluijtmans LA, Hijmans A, Blom
266

[12] Yiannakouris N, Yannakoulia M, Melistas L, Chan JL, Klimis-
Zacas D, Mantzoros CS. The Q223R polymorphism of the
leptin receptor gene is significantly associated with obe-
sity and predicts a small percentage of body weight
and body composition variability. J Clin Endocr Metab
2001;86:4434—9.

[13] Park KS, Shin HD, Park BL, Cheong HS, Cho YM, Lee
HK, et al. Polymorphisms in the leptin receptor (LEPR)—–
putative association with obesity and T2DM. J Hum Genet

2006;51:85—91.

[14] Lu H, Xu Y, Zhu Y. Variation of leptin receptor gene and
their relation to lipid metabolism, insulin sensitivity index
and high blood coagulation state in type 2 diabetes. J Chin
Physician 2001;3:900—2.

Available online at www.s
Y. Qu et al.

15] Hekerman P, Zeidler J, Bamberg-Lemper S, Knobelspies H,
Lavens D, Tavernier J, et al. Pleiotropy of leptin receptor
signalling is defined by distinct roles of the intracellular
tyrosines. FEBS J 2005;272:109—19.

16] Chung WK, Power-Kehoe L, Chua M, Chu F, Aronne L,
Huma Z, et al. Exonic and intronic sequence varia-
tion in the human leptin receptor gene (LEPR). Diabetes
1997;46:1509—11.
HJ, Stalenhoef AF, de Graaf J. The Gln223Arg polymor-
phism in the leptin receptor is associated with familial
combined hyperlipidemia. Int J Obes (Lond) 2006;30:
892—8.

ciencedirect.com


	Analysis of the relationship between three coding polymorphisms in LEPR gene and obesity in northern Chinese
	Introduction
	Subjects and methods
	Study subjects and clinical characteristics
	Genotyping of the three polymorphisms
	Statistical analysis

	Results
	Clinical characteristics of obese and control subjects
	Distribution of LEPR genotypes and alleles in obese and control subjects
	Distribution of haplotypes for three polymorphisms in LEPR gene in obese and control subjects

	Discussion
	Competing interests
	Acknowledgements
	References


