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Abstract. Previous studies have shown conflicting results
between the association of leptin receptor (LEPR) genetic
polymorphisms and cancer risk. The frequent LEPR
Lys656Asn or Ser343Ser genetic polymorphism has been
demonstrated to be functional and may promote genetic
susceptibility to cancers. However, the association between
the LEPR Lys656Asn or Ser343Ser genetic polymorphism
and cancer risk remains to be determined. To improve the
understanding of the LEPR Lys656Asn or Ser343Ser genetic
polymorphism role in global cancer, a comprehensive
meta-analysis was conducted that comprised 2,480 cases and
3,162 controls. The LEPR Lys656Asn or Ser343Ser genetic
polymorphism did not significantly affect the cancer risk. In
the stratified analysis, there was no significant association of
the LEPR Lys656Asn or Ser343Ser variants with any type of
cancer under any model. In addition, significantly increased
risks were found in the Asian population in heterozygous
codominant [odds ratio (OR), 1.24 (1.01-1.53)] and domi-
nant [OR, 1.24 (1.02-1.50)] genetic models. A significantly
increased susceptibility to cancer was not found when strati-
fied by study design. There were no significant differences
found in genotype method and sample size in cases among
the genotypes. These findings indicated a lack of associa-
tion between LEPR Lys656Asn or Ser343Ser polymorphisms
and cancer susceptibility, however, these polymorphisms
may increase the cancer susceptibility among the Asian
population, particularly in the dominant genetic model. The

Correspondence to: Dr Ming Cai, Department of Orthopedics,
Shanghai Tenth People's Hospital, School of Medicine, Tongji
University, 301 Middle Yanchang Road, Shanghai 200072,
P.R. China

E-mail: cmdoctor@tongji.edu.cn

“Contributed equally

Key words: leptin receptor, Lys656Asn, Ser343Ser, cancer, genetic
polymorphism, meta-analysis

single-nucleotide polymorphism is also suggested to func-
tion as a dominant mutation, which requires verification or
association with functional studies.

Introduction

Cancer is one of the leading causes of mortality and has
become a worldwide public health problem (1). The exact
mechanism of carcinogenesis remains to be fully eluci-
dated (2). Previous studies have indicated that the contribution
of genetic variation to cancer development and progression has
become clearer (2,3). However, the identification of suscepti-
bility genes is problematic and the majority of the associations
have not been replicated due to various problems, such as
significant heterogeneity of the disease.

Obesity has been found to be associated with an increased
risk of cancer. Leptin (LEP, also known as OB for obese) is an
adipocyte-derived hormone that is mainly produced by white
adipose tissue to regulate appetite and weight, body metabolism
and reproductive functions, together with the leptin receptor
(LEPR) (4). The LEP gene, located at chromosome 7q31.3,
encodes a 16-kDa protein that has been consistently shown to
be associated with endocrinological metabolism (5). Leptin
has been previously indicated to contribute to serum insulin
levels and the development of type 2 diabetes (6), and to be
involved in the pathophysiology of obesity (7,8) and carcino-
genesis (9-14). In addition to regulating body weight, leptin
also affects reproduction, angiogenesis, hematopoiesis and
immune processes (15). There is evidence indicating that
leptin may play a critical role in the initiation and progression
of human cancers (16).

A number of studies have investigated the possible asso-
ciation between the LEPR Lys656Asn or Ser343Ser genetic
polymorphism and cancer risk, but the results have been
conflicting (14,17-21). Thus, the association between the LEPR
Lys656Asn or Ser343Ser genetic polymorphism and cancer
requires further investigation. In an attempt to clarify this
inconsistency, all the published hospital and population-based
studies prior to June 2014 were combined in a meta-analysis
to provide a comprehensive outlook of the role of the LEPR
Lys656Asn or Ser343Ser gene by multiple research methods
and models.
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In the present study, a comprehensive meta-analysis was
performed on previous studies to investigate the association of
LEPR Lys656Asn or Ser343Ser genetic polymorphism with all
types of cancer, different types of cancer, ethnicities, popula-
tions, genotype methods and various types of sample size in
cases.

Materials and methods

Search strategy and data extraction. In the meta-analysis, a
comprehensive literature search of the US National Library
of Medicine's PubMed database, IST Web of Knowledge,
Medline, Embase and Google Scholar Search (prior to to
June 2014) was conducted using the following search terms,
including ‘leptin receptor,” ‘leptin gene receptor,” ‘leptin
receptor gene,” ‘LEPR, ‘Lys656Asn,” ‘K656N,” ‘rs8179183’
or ‘Ser343Ser’; 'polymorphisms,” ‘variation,” ‘mutation’ or
‘SNP;” ‘tumour,” ‘tumor,” ‘cancer,” ‘neoplasm, ‘phyma,
‘oncoma,” ‘knub, ‘carcinoma’ or ‘malignancy;’ and the
combined phrases in order to obtain all the genetic studies
on the association of LEPR Lys656Asn or Ser343Ser genetic
polymorphism and cancers. The references of the original or
reviewed studies were also examined to identify additional
studies. Eligible studies were selected according to the
following explicit inclusion criteria: i) A case-control study on
the association between the LEPR Lys656Asn or Ser343Ser
genetic polymorphism and cancer risk, ii) detailed number of
different genotypes for estimating an odds ratio (OR) with
95% confidence interval (CI), iii) when several publications
reported on the same population data, the largest or most
complete study was chosen, iv) cases with carcinomas were
diagnosed by histopathology and v) animal, case or review
studies, abstracts, editorials, studies with incomplete data and
studies based on pedigree data were excluded (Fig. 1). For each
eligible study, the following information was recorded: First
author's name, year of publication, country, ethnicity, type of
cancer, genotyping methods, sources of controls, ethnicity of
the study population, genotype and allele distributions, and
main results of each study.

Statistical analysis. The strength of the association between
the LEPR Lys656Asn or Ser343Ser genetic polymorphism
and cancer was assessed by using crude OR with 95% CI.
The association between the LEPR Lys656Asn or Ser343Ser
genetic polymorphism and cancer risk was examined using
the following genetic models: Homozygote co-dominant (CC
vs. GG), heterozygote co-dominant (CG vs. GG), dominant
genetic (CC/CG vs. GG), recessive genetic (CC vs. CG/GG) and
additive genetic (C vs. G) models. Firstly, the Hardy-Weinberg
equilibrium (HWE) was checked in the controls for each study.
Subsequently a Q test was performed to evaluate the hetero-
geneity (22). Fixed-effects model was used to pool the data
when the P-value of Q test =0.05, otherwise, random-effects
model was selected (23). I> was also used to assess the hetero-
geneity in the meta-analysis, and heterogeneity existed when
I>>50% (24). Sensitivity and subgroup analyses were also
performed to explore the reason of heterogeneity. The funnel
plot and Egger's test were used to assess the publication bias
and P<0.05 was considered to indicate a statistically significant
difference (25). All the statistical analyses were performed
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Figure 1. Flow diagram of study identification. LEPR, leptin receptor.

using Stata 12.0 software (StataCorp, College Station, TX,
USA) and Review Manager 5.2 (The Cochrane Collaboration,
The Nordic Cochrane Centre, Copenhagen, Denmark).

Results

Eligible studies. Overall, eight relevant studies comprising
2,480 cases and 3,162 controls were selected in the
meta-analysis (14,17-21). The main characteristics of
these studies are shown in Table I. Genotype and allele
distributions of LEPR Lys656Asn or Ser343Ser genetic poly-
morphism among cancer cases and controls and the P-value
of HWE in controls are shown in Table I. All the studies
were case-control studies, including two breast (17,19), two
colorectal (14), two gastric (21), one esophageal (18) and
one lung cancer studies (20). Cancers were histological or
pathological in the majority of the studies. There were four
studies (14,18,19) investigating the Caucasian population
and four studies (17,20,21) investigating the Asian popula-
tion. Population-based controls were carried out in three
studies, whereas hospital-based controls were carried out
in five studies. All the studies were reported in English.
The genotyping methods contained the classic polymerase
chain reaction-restriction fragment length polymorphism
(PCR-RFLP) assay, PCR-sequencing, Sequenom iPLEX and
SNPstream. The sample size in the majority of studies was
>100 patients. The genotype distributions of the controls
were all in agreement with HWE, except for four studies not
estimable (14,19,20).

Meta-analysis. Overall, as shown in Table II, the LEPR
Lys656Asn or Ser343Ser genetic polymorphism did not signif-
icantly affect the risk of cancer when all the eligible studies
were pooled into the meta-analysis. When the four studies that
the genotype distributions of the controls were not in agree-
ment with HWE were excluded, a significant association was
not observed in any genetic model. In all the genetic models, all
the P-values of the Q test were >0.05 and I? values were <50%.
The sensitivity analysis was performed by deleting one single
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Table I. Characteristics of the studies included in the meta-analysis.
P-value of
Cancer Cases/  Source of Genotype Polymor- HWE in
Author Year Country Ethnicity type controls  controls method phisms  controls (Refs.)
Woo etal 2006 Korea Asian Breast 45/45 HB PCR-sequencing K656N 0.632 a7
Chiaetal 2007 USA Caucasian Colorectal 157/191 HB PCR-sequencing K656N, - (14)
Ser343Ser
Doecke 2008 Australia Caucasian Esophageal 774/1352 PB Sequenom K656N 0.718 (18)
etal iPLEX
Teras et al 2009 USA Caucasian Breast 641/650 PB SNPstream K656N - (19)
Lietal 2012 China Asian Lung 744/832 PB PCR-RFLP K656N <0.05* (20)
Kimetal 2012 Korea Asian Gastric 48/48 HB PCR-RFLP K656N, 0.703, 21
Ser343Ser  0.644

“Not in agreement with HWE. HWE, Hardy-Weinberg equilibrium; HB, hospital-based; PCR, polymerase chain reaction; PB, population-based;

RFLP, restriction fragment length polymorphism.
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1
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Figure 2. Subgroup analysis of the association between leptin receptor Lys656Asn or Ser343Ser polymorphism and cancer risk by ethnicity (CG vs. GG)
(fixed-effects model). The overall OR is shown. The OR of each study is marked with a grey square. The % weight of OR is indicated by a shadow. The overall

OR is indicated by diamond. OR, odds ratio; CI, confidence interval.

study from the overall pooled analysis each time to assess the
influence of the removed data. However, the results revealed
that no studies changed the between-study heterogeneities.
The effects of the LEPR Lys656Asn or Ser343Ser genetic
polymorphisms were evaluated according to specific types
of cancer, different ethnicities, different sources of controls,
different detection methods and different sample sizes in
cases. As shown in Table I, the LEPR Lys656Asn or Ser343Ser
genetic polymorphisms were found to not significantly affect
the risk of any type of cancer in any genetic model tested.

In the stratified analysis by ethnicity, significantly increased
risks were found in the Asian population in the heterozygous
co-dominant [OR=1.24 (1.01-1.53)] (Fig. 2) and dominant
genetic models [OR=1.24 (1.02-1.50)] (Fig. 3). For the Caucasian
population, no significant associations were observed in any
genetic model tested. According to the source of controls, a
significant association was not observed in any genetic model
in population- or hospital-based studies. Regarding the detec-
tion method, signification effects in dominant and additive
genetic models were observed in the PCR-RFLP subgroup.
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Figure 3. Subgroup analysis of the association between leptin receptor Lys656Asn or Ser343Ser polymorphism and cancer risk by ethnicity (CC and CG vs.
GQG) (fixed-effects model). The overall OR is shown. The OR of each study is marked with a grey square. The % weight of OR is indicated by a shadow. The

overall OR is indicated by diamond. OR, odds ratio; CI, confidence interval.

Begg's funnel plot with pseudo 95% confidence limits

2 —
1 —
°
L3
. o
g 01 ©
o
-1 4
2 -
) 02 04 0.6 08
s.e. of: logor

Figure 4. Begg's funnel plot of leptin receptor Lys656Asn or Ser343Ser poly-
morphism and cancer risk for CC and CG vs. GG contrast model. OR, odds
ratio; SE, standard error.

According to the sample size in cases, a significant association
was not observed in any genetic model in small (<100) or big
(=100) sample studies.

Publication bias. The Begg's funnel plot and Egger's test
were performed to assess the publication bias. The shape of
the funnel plots did not reveal any evidence of clear asym-
metry in the overall meta-analysis (Fig. 4). Egger's test was
used to provide statistical evidence of funnel plot symmetry.
The results did not present any clear evidence of publication
bias (CC vs. GG, P=N/A (not applicable); CG vs. GG, P=0.891;

CC/CG vs. GG, P=0.933; CC vs. CG/GG, P=N/A; and C vs.
G, P=0.926).

Discussion

The present meta-analysis of eight studies involving
2,480 cases and 3,162 controls was conducted in order to
yield a valid conclusion concerning the potential association
between the LEPR Lys656Asn or Ser343Ser genetic poly-
morphism and cancer risk. Indications from epidemiological
studies have shown that overweight and obesity may be
factors associated with the increased risk of endometrium,
kidney, colon and gallbladder cancers in females and breast
cancer in postmenopausal females (26), and increased
mortality rates for cancers at multiple specific sites (27).
Polymorphism-associated low enzyme activity may cause the
reduction of conjugation and thus the reduced elimination of
oxidative intermediates radicals and electrophiles, resulting
in the production of increased carcinogenic substrates
rather than detoxification. Polymorphisms in LEPR may
therefore influence carcinogen levels and potentially play
a role in carcinogenesis. However, studies focusing on the
association of the LEPR Lys656Asn or Ser343Ser genetic
polymorphism with cancer susceptibility have had contro-
versial conclusions (14,17-21). This indicates limitations
in the studies, including ethnical differences, small sample
sizes and research methodology. Meta-analysis is known to
be a powerful tool for summarizing the results from various
studies by generating a single estimate of the major effect
with an augmented precision.
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In the present analysis, the pooled effects for all the genetic
model comparisons indicated no significant association
between the LEPR Lys656Asn or Ser343Ser genetic polymor-
phism and any cancer risk. Furthermore, it was found that for
the Asian population, significant associations were observed
in heterozygous co-dominant and dominant genetic models,
whereas the Asian population with the CG genotype had a
higher cancer risk compared to the Caucasian population.
Inconsistencies between the two ethnicities can be explained by
the possibility that different ethnic groups experience multiple
lifestyle and environmental factors. Different genotype and/or
allele frequencies of this locus polymorphism that are present
in different populations may result in various degrees of cancer
susceptibility. In the present meta-analysis, consistent results
were observed between hospital- and population-based studies,
but it is still believed that controls in population-based studies
are more representative of the general population compared to
the controls from hospital-based studies. Several factors, such
as environmental factors and genetic backgrounds, may also
contribute to the discrepancy.

There were certain limitations in the meta-analysis. Firstly,
the sample size for any type of cancer investigated was not
sufficiently large, which could increase the probability of
false-positive or false-negative results. Therefore, it may be
difficult to obtain a complete conclusion if the number of
included studies in the subgroup was limited. In addition, the
studies involved in the different ethnicities were warranted to
estimate the effects of this functional polymorphism on cancer
risk. Secondly, as the original data from the eligible studies
was not available, evaluating the roles of specific environ-
mental and lifestyle factors, such as diet, alcohol consumption
and smoking status, in developing cancer was difficult.
Thirdly, the influence of bias in the present analysis could not
be completely excluded as positive results are published much
quicker than studies with ‘negative’ results.

In conclusion, the present meta-analysis indicated that the
LEPR Lys656Asn or Ser343Ser genetic polymorphism did not
significantly affect the risk of cancer, but may increase the
susceptibility of cancers in the Asian population in the domi-
nant genetic model. This also suggests that the SNP functions as
a dominant mutation, which requires verification or association
with functional studies. Large well-designed epidemiological
studies are also required to validate these findings.
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