
Summary
Purpose: This meta-analysis was conducted to evaluate 
the association between LEPR K109R (rs1137100) genetic 
polymorphism and cancer risk. 

Methods: To better understand the role of LEPR 
K109R(rs1137100) genetic polymorphism in global cancer, 
we conducted this comprehensive meta-analysis encom-
passing 5819 cases and 8068 controls.

Results: Overall, the LEPR K109R(rs1137100) genet-
ic polymorphism did not significantly affect the risk of 
cancer. In the stratified analysis, significant associations 
were found between the LEPR K109R(rs1137100)  genet-
ic polymorphism and  breast cancer under additive genetic 
model (odds ratio/OR=0.67, 95% CI 0.61-0.73). For pros-
tate cancer, there was no significant association of LEPR 
K109R(rs1137100) variant with this disease under any 
model. For lung cancer, there was significant association 
of LEPR K109R(rs1137100) variant with the disease under 
heterozygous co-dominant model (OR=0.72, 95% CI 0.55-
0.96), recessive genetic model (OR=0.76, 95% CI 0.61-0.94) 

and additive genetic model (OR=0.89, 95% CI 0.80-0.99). 
For gastric cancer, significant association was found in the 
3 genetic models (AG vs GG, AA/AG vs GG and A vs G), the 
ORS (95%CI) being 2.93 (1.25-6.86), 2.93 (1.25-6.86) and 
2.25 (1.07-4.72), respectively. Moreover, no significant can-
cer risk was found in any genetic model among  Caucasian 
and Asian populations. When stratified by study design, 
no significantly elevated susceptibility to cancer was found 
among any studies. No significant differences in the geno-
type method and sample size in cases were found among 
genotypes.

Conclusion: These findings suggested that the LEPR 
K109R(rs1137100) genetic polymorphism may decrease 
the susceptibility in breast cancer, especially in the additive 
genetic model. The findings also indicate that single nucle-
otide polymorphism (SNP) functions as a recessive muta-
tion, which needs to be verified or linked with functional 
studies.
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Introduction 

Cancer is a worldwide public health prob-
lem [1] and the process of carcinogenesis is not 
yet elucidated [2]. However, genetic variation 
may contribute to susceptibility of cancer [2,3]. 
Obesity has been reported that may increase 
the risk of cancer. Leptin (LEP, also called OB 
for obese), an adipocyte-derived hormone pre-
dominantly produced by white adipose tissue, 
regulates appetite and weight, body metabo-
lism 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 endocrinologic metabo-
lism [5]. It has been also suggested that leptin 
could contribute to serum insulin levels and the 
development of type II diabetes [6] and that it 
is involved in the pathophysiology of obesity 
[7,8] and carcinogenesis [9-14]. Apart from reg-
ulating body weight, leptin also can influence 
reproduction, hematopoiesis, angiogenesis and 
immune processes [15]. There is evidence sug-
gesting that it might play a very important role 
in the initiation and development of human 
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cancers [16].
A considerable number of researchers have 

studied the association between the LEPR 
K109R(rs1137100) genetic polymorphism and 
cancer risk, with conflicting results [10,14,17-
25]. Thus, the association between the LEPR 
K109R( rs1137100) genetic polymorphism and 
cancers requires further investigation. 

In an attempt to clarify this inconsist-
ency, we have combined all the hospital- and 
population-based published studies up to Feb-
ruary 2014 in a meta-analysis to acquire a 
comprehensive picture of the role of LEPR 
K109R(rs1137100) gene polymorphism in rela-
tion to carcinogenesis using multiple research 
methods and models.

This meta-analysis included different kinds 
of cancers, different kinds of ethnicities, differ-
ent kinds of populations, different kinds of gen-
otyping methods and different kinds of sample 
size of cases.

Methods

Search strategy and data extraction

In this meta-analysis, a comprehensive 
literature research of the US National Library 

of Medicine’s PubMed database, ISI Web of 
Knowledge, Medline, Embase and Google 
Scholar Search (updated to February 2014) was 
conducted using the following search terms: 
“leptin receptor” or “leptin gene receptor” or 
“leptin receptor gene” or “LEPR” or “K109R” or 
“rs1137100”, “polymorphisms” or “variation” 
or “mutation” or “SNP” , “tumour” or “tumor” 
or “cancer” or “neoplasm” or “phyma” or “onco-
ma” or “knub” or “carcinoma” or “malignancy”, 
and the combined phrases in order to obtain all 
genetic studies over the relationship of LEPR 
K109R(rs1137100) genetic polymorphism and 
cancers. 

We also used a hand search of references 
of original studies or reviewed articles on this 
topic to identify additional studies. Eligible 
studies were selected according to the follow-
ing explicit inclusion criteria: (1) a case-con-
trol study on the association between LEPR 
K109R(rs1137100) genetic polymorphism and 
cancer risk; (2) detailed number of different 
genotypes for estimating OR with 95% CI; (3) 
when several publications reported on the same 
population data, the largest or most complete 
study was chosen; (4) cases with carcinomas di-
agnosed by histopathology; (5) animal studies, 
case reports, review articles, abstracts, editori-

Figure 1. Flow diagram of study identification.



LEPR K109R polymorphisms and cancer risk 849

JBUON 2014; 19(3): 849

als, reports with incomplete data, and studies 
based on pedigree data were excluded (Figure 
1). For each eligible study, the following infor-
mation was recorded: the first author’s name, 
the year of publication, country, ethnicity, can-
cer type, genotyping methods, sources of con-
trols, racial descent of the study population, 
genotype and allele distributions and main re-
sults of each study.

Statistics

The strength of the relationship between 
LEPR K109R(rs1137100) genetic polymor-
phism and cancer was assessed by using crude 
OR with 95% CI. We examined the association 
between the LEPR K109R(rs1137100) genetic 
polymorphism and cancer risk using the follow-
ing genetic models: homozygote co-dominant 
model (AA vs. GG), heterozygote co-dominant 
model (AG vs GG), dominant genetic model 
(AA/AG vs GG), recessive genetic model (AA 
vs AG/GG) and additive genetic model (A vs G). 
Firstly, we checked the Hardy-Weinberg equi-
librium (HWE) in controls for each study. Then 
we performed Q-test for evaluating the heter-
ogeneity [26]. Fixed effects model was used to 
pool the data when the p-value of Q-test was 
≥0.05; otherwise, the random effects model was 

selected [27]. I2 was also used to assess the 
heterogeneity in this meta-analysis. If I2>50%, 
heterogeneity existed [28]. We also performed 
sensitivity analysis and subgroup analysis to 
explore the reason of heterogeneity. Both fun-
nel plot and Egger’s test were used to assess 
the publication bias (p<0.05 showed statistical 
significance) [29]. All statistical analyses were 
performed using STATA 12.0 software and Re-
view Manager 5.2.

Results

Eligible studies

Overall, 12 relevant studies involving  5819 
cases and 8068 controls were selected in this 
meta-analysis [10,14,17-25]. The main charac-
teristics of these studies are shown in Table 
1. Genotype and allele distributions of LEPR 
K109R(rs1137100) genetic polymorphism 
among cancer cases and controls and p-value of 
HWE in controls are shown in Table 1 . All stud-
ies were case-control studies, including 5 breast 
cancer studies [10,18,19,22,23], 2 prostate can-
cer studies [17,21], and the others including one 
esophageal cancer study [20], one endometrial 
cancer study [19], one colorectal cancer study 
[14], one lung cancer study [24], and one gat-

Table 1. Characteristics of studies included in the meta-analysis  

Name Year Country Ethnicity Cancer type Cases/controls Source of 
controls

Genotype 
method

Polymor-
phisms

PHWE in 
controls

Kote-Jaral 2003 UK Caucasian Prostate 
cancer 273/262 PB PCR-RFLP K109R 0.547 

Woo 2006 Korea Asian Breast cancer 45/45 HB PCR- 
sequencing K109R 0.217 

Liu 2007 Taiwan Asian Breast cancer 47/41 HB PCR-RFLP K109R 0.006 

Chia 2007 USA Caucasian Colorectal 
cancer 157/191 HB PCR- 

sequencing K109R /

Ulybina 2008 Russia Caucasian Breast cancer 110/105 HB Real-time 
PCR K109R 0.383 

Doecke 2008 Australia Caucasian Esophageal 
cancer 774/1352 PB Sequenom 

iPLEX K109R 0.034 

Ulybina 2008 Russia Caucasian Endometrial 
cancer 191/105 HB Real-time 

PCR K109R 0.383 

Moore 2009 Finland Caucasian Prostate 
cancer 947/863 PB TaqMan K109R 0.814 

Teras 2009 USA Caucasian Breast cancer 641/650 PB SNPstream K109R /

Nyante 2011 USA Mixed Breast cancer 1972/1776 PB IIIumina K109R <0.05

Li 2012 China Asian Lung cancer 744/832 PB PCR-RFLP K109R <0.05

Kim 2012 Korea Asian Gastric 
cancer 48/48 HB PCR-RFLP K109R 0.278

HWE: Hardy-Weinberg equilibrium, HB: Hospital based, PB: Population based, RFLP: Restriction fragment length polymorphisms 
polymerase chain reaction
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ric cancer study [25]. Cancers were diagnosed 
histopathologically in most studies. There were 
7 studies [14,17,19-22] of Caucasian descent, 4 
studies [10,18,24,25] of Asian descent, and one 
study [23] of mixed descent. Population-based 
controls were coming from 6 studies, while 
hospital-based controls were coming from 6 
studies. All studies were reported in English. 
The genotyping methods contained the clas-
sic polymerase chain reaction-restriction frag-
ment length polymorphism ( PCR-RFLP) assay, 
Real-time PCR , PCR-Sequencing, Sequenom 
iPLEX, Taqman, SNPstream and IIIumina. The 
cases’ sample size in half  of the studies was 
over 250 patients. The genotype distributions 
of controls were all in agreement with HWE ex-
cept 4 studies not estimable [10,20,23,24].

Meta-analysis

Overall, as shown in Table 2, we observed 
that the LEPR K109R(rs1137100) genetic pol-
ymorphism did not signifi cantly aff ect the risk 

of cancer when all the eligible studies were 
pooled into the meta-analysis. When the 6 stud-
ies where the genotype distributions of controls 
were not in agreement with HWE were exclud-
ed, no signifi cant association was observed in 
any genetic model. In all genetic models, all 
the p-values of Q-test were < 0.05 and I2 val-
ues were > 50%. So we performed sensitivity 
analysis by deleting one single study from the 
overall pooled analysis each time to check the 
infl uence of the removed data. The results re-
vealed that no extreme sensitive study changed 
the between-study heterogeneities. 

We then evaluated the eff ects of the LEPR 
K109R(rs1137100) genetic polymorphism ac-
cording to specifi c cancer types, diff erent eth-
nicities, diff erent sources of controls, diff erent 
detection method and diff erent sample size in 
cases. As shown in Table 2, we found that LEPR 
K109R(rs1137100) genetic polymorphism de-
creased breast cancer risk in  additive genet-
ic  models (A vs G; OR=0.67/95% CI 0.61-0.73) 
(Figure 2). For gastric cancer, signifi cant asso-

Figure 2. Subgroup analysis of the association between LEPR K109R(rs1137100) polymorphism and cancer risk by 
cancer type ( A vs G) (Random model). The overall odds ratio (OR) is shown. The OR of each study is marked with a 
black dot. The % weight of OR is indicated by a gray square. The overall OR is indicated by a blue diamond.
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Table 2. Meta-analysis of the association between LEPR K109R polymorphism and cancer risk

Variables No.of Homozygous 
co-dominant

Heterozygous 
co-dominant Recessive Dominiant Additive

studies AA vs GG Phet
b AG vs GG Phet

b (AA vs 
AG+GG) Phet

b (AA+AG 
vs GG) Phet

b A vs G Phet
b

All 12 0.76 
(0.48-1.21) 0.000 0.97

(0.80-1.19) 0.016 0.84 
(0.62-1.14) 0.000 0.91 

(0.76-1.10) 0.015 0.92 
(0.77-1.10) 0.000 

HWEa 6 0.89 
(0.70-1.13) 0.442 0.96 

(0.67-1.38) 0.056 0.99 
(0.85-1.15) 0.716 0.94 

(0.65-1.36) 0.038 0.97 
(0.87-1.08) 0.099 

Cancer type

Breast 5 0.48 
(0.22-1.04) 0.105 0.94 

(0.57-1.56) 0.094 0.67 
(0.34-1.30) 0.000 0.76 

(0.59-1.00) 0.277 0.67 
(0.61-0.73) 0.483 

Prostate 2 0.96 
(0.74-1.25) 0.938 0.93 

(0.72-1.20) 0.933 1.01 
(0.86-1.19) 0.798 0.94 

(0.74-1.20) 0.999 0.99
(0.88-1.12) 0.869 

Esopha-
geal 1 1.20 

(0.86-1.68) / 1.25 
(0.89-1.76) / 1.00 

(0.84-1.19) / 1.22 
(0.88-1.70) / 1.04 

(0.90-1.20) /

Endome-
rial 1 0.60 

(0.25-1.43) / 0.80 
(0.48-1.32) / 0.68 

(0.30-1.55) / 0.76 
(0.47-1.24) / 0.80 

(0.56-1.15) /

Colorectal 1 / / / / 1.20 
(0.69-2.10) / / / / /

Lung 1 0.87 
(0.66-1.14) / 0.72 

(0.55-0.96) / 1.07 
(0.87-1.31) / 0.80

(0.62-1.03) / 0.96 
(0.83-1.11) /

Gastric 1 / / 2.93 
(1.25-6.86) / / / 2.93 

(1.25-6.86) / 2.25 
(1.07-4.72) /

Ethnicity

Caucasian 7 0.97 
(0.77-1.22) 0.312 0.94 

(0.76-1.16) 0.279 0.99 
(0.89-1.10) 0.853 0.92 

(0.73-1.15) 0.205 0.97 
(0.87-1.08) 0.271 

Asian 4 0.88 
(0.68-1.16) 0.323 1.68 

(0.51-5.57) 0.459 1.05 
(0.87-1.28) 0.812 1.58 

(0.55-4.50) 0.009 1.13 
(0.79-1.60) 0.177 

Mixed 1 0.33 
(0.27-0.41) / 1.04 

(0.92-1.18) / 0.33 
(0.27-0.40) / 0.79 

(0.70-0.88) / 0.66 
(0.60-0.72) /

Source of 
controls

Popula-
tion 6 0.78 

(0.45-1.36) 0.000 0.97 
(0.81-1.15) 0.108 0.83 

(0.56-1.22) 0.000 0.88 
(0.75-1.04) 0.109 0.91 

(0.73-1.13) 0.000 

Hospital 6 0.65 
(0.33-1.25) 0.334 1.21 

(0.58-2.56) 0.011 0.91
(0.64-1.30) 0.648 1.13

(0.55-2.32) 0.011 0.96 
(0.67-1.39) 0.079 

Genotyping 
method

PCR-RFLP 4 0.89 
(0.69-1.14) 0.607 1.32 

(0.63-2.78) 0.008 1.03 
(0.87-1.23) 0.757 1.27

(0.67-2.39) 0.023 1.04 
(0.83-1.30) 0.178 

Real-time 
PCR 2 0.54 

(0.28-1.04) 0.700 0.72 
(0.49-1.04) 0.529 0.63 

(0.34-1.20) 0.818 0.69 
(0.48-0.98) 0.507 0.74 

(0.57-0.97) 0.531 

PCR-Se-
quencing 2 / / / / 1.17 

(0.73-1.87) 0.839 / / 1.06 
(0.47-2.41) /

Sequenom 
iPLEX

1 1.20 
(0.86-1.68) / 1.25 

(0.89-1.76) / 1.00 
(0.84-1.19) / 1.22

(0.88-1.70) / 1.04 
(0.90-1.20) /

TaqMan 1 0.96 
(0.73-1.28) / 0.93 

(0.70-1.22) / 1.02 
(0.85-1.23) / 0.94 

(0.73-1.23) / 1.00 
(0.87-1.14) /

SNPstream 1 / / / / 0.96 
(0.76-1.21) / / / / /

IIIumina 1 0.33 
(0.27-0.41) / 1.04 

(0.92-1.18) / 0.33 
(0.27-0.40) / 0.79 

(0.70-0.88) / 0.66
(0.60-0.72) /

Sample size 
in cases

<250 6 0.65 
(0.33-1.25) 0.334 1.21 

(0.58-2.56) 0.011 0.91 
(0.64-1.30) 0.648 1.13 

(0.55-2.32) 0.011 0.96 
(0.67-1.39) 0.079 

≥250 6 0.78 
(0.45-1.36) 0.000 0.97 

(0.81-1.15) 0.108 0.83 
(0.56-1.22) 0.000 0.88 

(0.75-1.04) 0.109 0.91 
(0.73-1.13) 0.000 

a Conforming to Hardy-Weinberg equilibrium in controls, b P value of the Q-test for heterogeneity testpolymerase chain reaction
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ciation was found in the 3 genetic models (AG 
vs GG, AA/AG vs GG, A vs G), the ORs (95%CI) 
were 2.93 (1.25-6.86), 2.93 (1.25-6.86) and 2.25 
(1.07-4.72), respectively. For lung cancer, sig-
nificant association was found in the heterozy-
gous co-dominant genetic models (AG vs GG; 
OR=0.72/95%CI 0.55-0.96).  In the stratified 
analysis by ethnicity, significantly decreased 
risks were found in mixed in all genetic models 
except heterozygous co-dominant genetic mod-
el (Table 2). For Caucasian and Asian, no signif-
icant associations were observed in any genetic 
model tested. According to the source of con-
trols, no significant association was observed 
in any genetic model in population-based or 
hospital-based studies. According to the detec-
tion method, significant effects in most genet-
ic models were observed in the real-time PCR 
and IIIumina subgroup. According to the sam-
ple size in cases, no significant association was 
observed in any genetic model in small sample 
(<250) or big sample (≥250) studies.

Publication bias

Both Begg’s funnel plot and Egger’s test were 
performed to assess publication bias. The shape 
of the funnel plots did not reveal any evidence of 
obvious asymmetry in the overall meta-analysis. 
Then, Egger’s test was used to provide statistical 
evidence of  the funnel plot symmetry. The re-
sults still did not present any obvious evidence of 
publication bias (AA vs GG, p=0.436; AG vs. GG, 
p=0.814; AA/AG vs GG, p=0.129; AA vs AG/GG, 
p=0.976; A vs G, p=0.246).

Discussion

This meta-analysis of 12 studies involving  
5819 cases and 8068 controls was conducted 
in order to draw a valid conclusion concern-
ing the potential association between LEPR 
K109R(rs1137100) genetic polymorphism and 
cancer risk. Clues from epidemiological studies 
have shown that overweight and obesity might 
be associated with increased risk of cancer of 
the endometrium, kidney, colon and gallblad-
der in women and breast cancer in postmeno-
pausal women [30], and increased death rates 
for cancers at multiple specific sites [31]. Pol-
ymorphism-associated low enzyme activity 
may cause reduction of conjugation, and thus 
reduced elimination of oxidative intermediate 
radicals and electrophiles, resulting in the pro-
duction of increased carcinogenic substrates 

rather than detoxification. Polymorphisms in 
LEPR may therefore influence carcinogens’ lev-
els and potentially play a role in carcinogenesis. 
However, studies focusing on the association of 
the LEPR K109R(rs1137100) genetic polymor-
phism with cancer susceptibility produced con-
troversial conclusions [10,14,17-25]. The lack of 
concordance across many of these studies re-
flects limitations, such as small sample sizes, 
ethnic differences, research methodology, and 
so on. Meta-analysis is a powerful tool for sum-
marizing the results from different studies by 
producing a single estimate of the major effect 
with enhanced precision.

In our analysis, there was significant as-
sociation between this polymorphism and low 
breast cancer risk under  additive genetic  model 
(A vs G). Patients carrying the A allele had less 
cancer risk than did patients homozygous for 
the G allele. Besides, there was significant asso-
ciation between this polymorphism and higher 
gastric cancer risk under  three genetic  models 
(AG vs GG, AA/AG vs GG, A vs G). These results 
suggested that A allele had stronger effects on 
an individual’s phenotype than G allele. So indi-
viduals with AA/AG genotype could have higher 
risk of gastric cancer than those with GG gen-
otype. The pooled effects for all genetic models 
comparisons suggested no significant associa-
tion between the LEPR K109R(rs1137100) ge-
netic polymorphism and prostate cancer risk. 
Furthermore, we found that for Caucasians 
and Asians, no significant associations were 
observed in any genetic model tested , while 
mixed individuals with AA genotype had lower 
risk of cancer compared to Asians and Cauca-
sians under all genetic models except the het-
erozygous co-dominant genetic model. This in-
consistency between the three ethnicities could 
be explained taking into account that different 
ethnic groups live with multiple lifestyles and 
environmental factors, and that different pop-
ulations carry different genotype and/or allele 
frequencies of this locus polymorphism that 
may lead to various degrees of cancer suscep-
tibility. In our meta-analysis, we also observed 
consistent results between hospital-based and 
population-based studies, but we still believe 
that controls in population-based studies are 
more representative of the general population 
than controls from hospital-based studies. Sev-
eral factors such as environmental factors and 
genetic backgrounds might contribute to the 
discrepancy.
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It is certain that some limitations existed 
in our meta-analysis. First, the sample size was 
not large enough, which might have led to false 
positive or false negative results. If the number 
of patients in a subgroup was low,  it was hard 
to get a firm conclusion. Second, because the 
original data was unavailable, it was hard to ad-
just the roles of several related factors such as 
lifestyle, alcohol and smoking  in cancer devel-
opment. Third, the influence of  publication bias 
could not be completely excluded.

Conclusions

Our meta-analysis suggested that the LEPR 
K109R(rs1137100) genetic polymorphism did not 
significantly affect the risk of cancer, but this ge-
netic polymorphism decreased the susceptibility 
in breast cancer, especially in the additive genetic 
model. The fact also indicates that the SNP func-
tions as a recessive mutation, which needs to be 
verified or linked with functional studies. Large 
well designed epidemiological studies are needed 
to validate our findings.
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