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Background: Leptin (LEP) is a human analogous form of the mouse obese gene and plays
a critical role in energy expenditure as well as the progression of carcinogenesis. Many
studies exploring the relationship between the LEP rs7799039 (G2548A) polymorphism and
cancer risk have observed controversial results. To extensively evaluate this potential asso-
ciation, we conducted this meta-analysis.

Methods: All eligible studies published up to August 2018 on the relationship between the
LEP 157799039 G>A polymorphism and cancer risk were obtained by searching PubMed,
EMBASE, and the China Biology Medicine databases. The association of LEP rs7799039
G>A polymorphism with cancer risk was evaluated by crude ORs together with their 95%
CI's.

Results: Thirty-one case—control studies involving 25,799 subjects were included for meta-
analysis. We identify a significant correlation with an overall cancer risk when these eligible
case—control studies were pooled for analysis: for AA vs GG: an OR=1.22, 95% CI=1.01-1.48,
P=0.042 and for AA/GA vs GG: an OR=1.16, 95% CI=1.02-1.33, P=0.026. A significant
association was also detected in Asians, prostate cancer, other cancers, and hematopoietic
malignancy subgroups. Sensitivity analysis was conducted by deleting an individual study in
turn and calculation of the pooled ORs and CIs of the remainders. The results of sensitivity
analyses indicated that no eligible study influenced the pooled ORs and Cls materially. Begg’s
and Egger’s tests revealed that there was no evidence of publication bias.

Conclusion: In conclusion, our study suggests that the LEP 1s7799039 G>A polymorphism
might contribute to the development of cancer. In order to further verify or refute our
findings, large and well-designed epidemiological studies are needed.
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Introduction

Cancer is one of the major public health burden with over 18.1 million new cancer
cases and 9.6 million cancer deaths in 2018." According to assessments of World
Health Organization in 2015, cancer is among the leading cause of death in most
countries. The reasons may be very complex. Aging and growth of the population,
as well as risk factors for cancer, might influence the development of cancer.
Recently, accumulating evidence indicates that there is a connection between
diabetes and obesity with cancer.” Thus, any variation in diabetes and obesity-
related genes may influence the risk of cancer.
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LEP, a 16-kDa adipocyte-derived peptide hormone,
is a mediator of obesity and homeostasis. LEP interacts
with the LEP receptor and its function is mediated
through this receptor. Previous studies have demon-
strated that the LEP signal may be transmitted through
several signaling pathways (eg JAK/STAT, MAPK,
PI3K, Wnt/p-catenin, and ERK).** It is also reported
that LEP may affect
thrombosis,

angiogenesis, inflammation,

and tumor growth, invasion, and
metastasis.*'* Hardwick et al reported that LEP was
very important for phosphorylation of the p42/44 mito-
gen-activated protein kinase and for enhancing prolif-
eration of colonic epithelial cells.'"* It is well known
that single-nucleotide polymorphisms (SNPs) in genes
may be implicated in the pathogenesis of a number of
cancers and can be used as an indicator of early screen-
ing,
human LEP gene maps to chromosome 7 (location:
128241278-128257629, NCBI Build 38). The LEP
gene is polymorphic. And LEP SNPs may influence
the risk of cancer.'® The rs7799039 G>A (G2548A)

polymorphism in the LEP gene is the most widely

diagnostics, and prevention measures.'> The

studied for its relationship between this locus and the
risk of human diseases. Terrasi et al suggested that the
occurrence of LEP rs7799039 G>A variants could pro-
mote LEP protein expression in breast cancer cells
through a Spl- and nucleolin-dependent pathway,
resulting in the LEP overexpression in tumor tissue.'’
Recently, many molecular epidemiological studies have
been carried out to identify the relationship between the LEP
rs7799039 G>A polymorphism and cancer risk, but the find-
ings have been conflicting. Three meta-analyses have been
performed to explore the relationship between this SNP and
cancer risk.'®2° Results of these studies indicated that indi-
viduals carrying the LEP 157799039 A allele might have an
increased susceptibility of overall cancer. However, only
a case—control study focusing on the association between
the LEP rs7799039 G>A polymorphism and the risk of
gastric cancer was included.?' The relationship of this poly-
morphism with cancer risk in Asians is unclear. Recently,
several case—control studies conducted in Asians were car-
ried out to explore the association between the LEP
rs7799039 G>A polymorphism and cancer risk. To obtain
a more precise assessment of the correlation of LEP
157799039 G>A polymorphism with the risk of cancer, we
performed an updated meta-analysis of all eligible studies
focusing on the relationship of the rs7799039 G>A poly-
morphism to the susceptibility of developing cancer.

Materials and methods
Search strategy

In this meta-analysis, we carried out an electronic lit-
erature retrieval in PubMed, Embase, and the China
Biology Medicine databases up to August 2018 using
the following search strategies: (‘LEP” or “leptin”) and

3

(“carcinoma” or “cancer” or ‘malignancy ° or “neo-
plasms”) and (“polymorphism” or “SNP” or “varia-
tion”). There was no restriction on language. The
references in included studies and reviewers were care-
fully checked for data. When

a publication involved some subgroups, it was treated

other potential
separately. This study was reported based on the
Preferred  Reporting Items for  Meta-analyses
(PRISMA) guideline (Table S1: PRISMA checklist).??

Selection and exclusion criteria

The major selection criteria were as follows: (1) designed
as case—control study that assessed the relationship
between LEP rs7799039 G>A variants and cancer risk;
(2) presented sufficient data (eg genotype number or
other available data) to calculate the pooled-estimating;
and (3) genotype distribution in controls did not violate
Hardy—Weinberg equilibrium (HWE).

The exclusion criteria were defined as follows: (1) the
publication was not designed as a case—control study; (2)
the genotype data was not presented or could not be
calculated; (3) genotype distribution in controls violated
HWE; and (4) review articles and letters.

Data extraction

Two authors (W. Tang and C. Liu) independently extracted
the information from each eligible study. If the extracted
information was different, they would review the publica-
tion again and reached consensus. If they could not get
a consistent assessment, another author (H. Qiu) would be
invited to resolve the dispute and a final decision was
made. The following data were extracted from each
study: the surname of the first author, year of publication,
country, ethnicity, numbers of participants, source of con-
trol, genotype frequencies, and genotyping method.

Statistical analysis

The strength of the correlation of the LEP rs7799039
G>A polymorphism with cancer susceptibility was
determined by crude ORs with 95% ClIs. The relation-
ship between LEP rs7799039 G>A and cancer risk was
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evaluated using allele model (A vs G), homozygote
model (AA vs GQG), recessive model (AA vs GG/GA),
and dominant model (AA/GA vs GG). We used the
Q and P test to check the heterogeneity among the
included studies. A P>0.1 and I°<50% indicated that
there was low heterogeneity, and then the Mantel-
Haenszel method (fixed-effects model) was used to

ORs and CIs;®
and Laird method
model) was used to assess the association.’**> The

calculate the otherwise, the

DerSimonian (random-effects
sources of heterogeneity were analyzed by subgroup
analyses. Sensitivity analysis was analyzed by omitting
an individual study in turn and re-calculating the ORs
and Cls. Publication bias was checked by using
Bgger’s and Egger’s test. An internet chi-square test
was used to determine whether the distribution of the
genotypes in controls conformed to HWE (http://ihg.
gsf.de/cgi-bin/hw/hwal.pl). All data were calculated
and analyzed by using Stata 12.0 software (Stata
Corp., College Station, TX). A P<0.05 (two-sided)
was considered as statistical significance.

Results

Study characteristics

Based on the selection criteria, 30 publications focusing on
the association of the LEP rs7799039 G>A polymorphism
with cancer risk were included.?'?*>* One publication con-
tained two independent case—control studies that we treated
as two investigations.*” The detail selecting process is shown
in Figure 1. A total of 31 case—control studies involving
25,799 subjects were included in this meta-analysis.

Among them, 19 were conducted in Caucasians,®**

21,45-50,54

eight

performed in Asians, and four were in mixed
51-53

populations. Nine were

27,28,30,33,37,38,43,44,50

population-based,-
and 22 case—control were hospital-

based Studiesi2l,26,29,31,32,34*36,39*42,45*49,51754 Of all the eli-

gible studies, 11 focused on breast cancer,> 37 40.:44.48:49.51.53

31,32,41,52

four focused on colorectal cancer (CRC), three

focused on prostate cancer (PC),%%2%3* and 13 focused on
other cancers.?!#772%-33:36:424345°47.50.3% yher information
includingd case—control studies in the pooled analysis is
summarized in Table 1. The genotypes and alleles of LEP

rs7799039 G>A polymorphism are shown in Table 2.

567 articles extracted from PubMed and Embase
and China Biology medcine databases

A 4

duplication of titles (n=138)

possible association

Four hundred and twenty-nine articles regarding

Three hundred and ninety-nine

were excluded (Three hundred and
eighty were excluded for

A 4

uncorrelated to the relationship

Thirty articles screened

between LEP rs7799039 G>A and
colorectal cancer risk, 13 were

reviews and meta-analyses, and six
case-control study was excluded for

. designing as not case-control
Manual search of the reference lists study)
of articles (n=3) ¥)-
A 4
Thirty-four case-control studies in 33
articles were identified.
Three  case-control  studies

excluded for violation with
Hardy_Weinberg equilibrium.

eligible.

Finally, 31 case-control studies in 30
articles focusing on LEP rs7799039 G>A
polymorphism and cancer risk were

Figure | Flow diagram of the meta-analysis of the association between LEP rs7799039 G>A polymorphism and overall cancer risk.
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Table | Characteristics of the studies in meta-analysis

Study Publication year | Country | Ethnicity | Cancer type Sample size Source Genotype
(case/control) | of method
control
Ribeiro et al.2¢ 2004 Portugal Caucasians | Prostate cancer 150/118 HB PCR-RFLP
Skibola et al.?’ 2004 USA Caucasians | Lymphoma 376/805 PB TagMan
Willett et al.?® 2005 UK Caucasians | Lymphoma 593/754 PB TagMan
Snoussi et al.”' 2006 Tunisia Mixed Breast cancer 308/222 HB PCR-RFLP
Slattery et al.>? 2008 USA Mixed Colorectal cancer 1565/1965 HB TagMan
Chovanec et al.”” | 2009 Czech Caucasians | Endometrial 66/543 HB PCR
cancer
Moore et al.* 2009 Finland Caucasians | Prostate cancer 1053/1053 PB TagMan
Pechlivanis et al.3' | 2009 Czech Caucasians | Colorectal cancer | 702/752 HB TagMan
Vasku et al.*2 2009 Czech Caucasians | Colorectal cancer | 102/101 HB PCR-
sequencing
Cleveland et al>® | 2010 USA Caucasians | Breast cancer 1059/1101 PB PCR
Kim et al.?' 2012 Korea Asians Gastric cancer 48/48 HB PCR-RFLP
Ribeiro et al.>* 2012 Portugal Caucasians | Prostate cancer 449/557 HB TagMan
Tavil et al.*® 2012 Turkey Caucasians | Leukemia 72170 HB PCR-RFLP
Garcia-Robles 2013 Mexico Mixed Breast cancer 130/189 HB PCR
etal>?
Unsal et al. 3¢ 2014 Turkey Caucasians | Lung cancer 162/130 HB PCR-RFLP
Zhang et al® 2018 China Asians Hepatocellular 584/923 HB SNPscan
carcinoma
Hussain et al.*¢ 2015 India Asians Oral cancer 306/228 HB PCR-RFLP
Karakus et al.>’ 2015 Turkey Caucasians | Breast cancer 199/185 PB PCR
Mahmoudi et al.3® | 2015 Iran Caucasians | Breast cancer 45/41 PB PCR-RFLP
Mohammadzadeh | 2015 Iran Caucasians | Breast cancer 100/100 HB PCR-RFLP
et al’’
Rostami et al.*° 2015 Iran Caucasians | Breast cancer 203/171 HB PCR-RFLP
Mahmoudi et al*' | 2016 Iran Caucasians | Colorectal cancer | 261/339 HB PCR-RFLP
Amer et al.*? 2017 Egypt Caucasians | Hepatocellular 150/100 HB PCR-RFLP
carcinoma
Al et al.® 2017 Pakistan Caucasians | Bladder carcinoma | 200/200 PB PCR
Qiu et al.¥’ 2017 China Asians Esophageal cancer | 507/1496 HB SNPscan
Rodrigo et al.* 2017 Sri Lanka Caucasians | Breast cancer 80/80 PB PCR
Cao et al** 2015 China Asians Lung cancer 162/200 HB PCR-RFLP
Yuan et al.*® 2017 China Asians Breast cancer 703/805 HB MALDI-TOF
MS
Liu et al.*’ 2018 China Asians Breast cancer 434/440 HB MALDI-TOF
MS
Liu et al.* 2018 China Asians Breast cancer 334/331 HB MALDI-TOF
MS
Zhang et al.>° 2014 USA Mixed Pancreatic cancer 173/476 PB TagMan

Abbreviations: PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism; PCR, polymerase chain reaction; MALDI-TOF MS, Matrix-Assisted Laser

Desorption/lonization Time of Flight Mass Spectrometry.

Meta-analysis results

Table 3 summarizes the results of this meta-analysis. We
found that the LEP rs7799039 G>A polymorphism was
associated with overall cancer risk (Figure 2). The A vs
G genetic model has an OR=1.10 with a 95% CI=

1.00-1.21 and a P=0.051. The AA vs GG genetic
model has an OR=1.22 with a 95% CI=1.01-148,
and a P=0.042. When we compared AA/GA vs GG
model, we found an OR=1.16 with a 95% CI=
1.02-1.33 and P=0.026. Comparing the AA genotype
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with GA/GG, we calculated an OR=1.12 with a 95% CI
=1.00-1.26 and a P=0.059.

In a subgroup analysis by ethnicity, we found an
association in Asian populations with AA/GA vs GG
having an OR=1.23, a 95% CI=1.01-1.49 and a P=
0.044, Table 3.

In a subgroup analysis by cancer type, we found that the
LEP 157799039 G>A polymorphism moderately increased
the risk of PC; AA vs GA/GG: OR=1.24, 95%CI=
1.04-1.470, P=0.014. However, we found that this G>A
polymorphism might actually confer a decreased the risk to
CRC, AA vs GA/GG: OR=0.88, 95%CI=0.77-1.00, P=
0.046. When we conducted a subgroup analysis by cancer
system, we found that this G>A polymorphism might
increase the susceptibility of hematopoietic cancer; A vs
G: OR=1.13, 95% CI=1.01-1.26, P=0.038; AA vs GG:
OR=1.25, 95% CI=1.00-1.55, P=0.049) and other system
cancers (AA/GA vs GG: OR=2.06, 95% CI=1.05-4.02, P
=0.035.

Heterogeneity analysis

For this meta-analysis, we found that there was significant
heterogeneity among the included case—control studies
(Table 3). To identify the major sources of heterogeneity,
we carried out subgroup analyses. The results indicated
that Asians, small sample size studies (<1000), and hospi-
tal-based studies might lead to the major heterogeneity in
this meta-analysis.

Sensitivity analysis
Sensitivity analysis was conducted by deleting an indivi-
dual study in turn and calculating the pooled ORs and Cls
of the remaining studies. For this SNP, the results under all
genetic comparisons were not influenced by removing any
eligible study (Figure 4).

Publication bias

Begg’s test and Egger’s test were used to determine
whether there was publication bias in genetic comparisons.
The shapes of the Begg’s funnel plot revealed that they
were symmetrical; A vs G had a Peges=0.588, AA vs GG
had a Ppeges=0.802; AA/GA vs GG had a Ppegys=0.953;
and AA vs GA/GG had a Ppeees=0.887 (Figure 3). The
results of Egger’s test also highlighted that there was no
evidence of publication bias (A vs G: Ppggers=0.559; AA
VS GG: Ppgeers=0.579; AA/GA vs GG: Ppggers=0.639
and AA vs GA/GG: Pgggers=0.660).
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Figure 2 Meta-analysis of the association between LEP rs7799039 G>A polymorphism and overall cancer risk (dominant model, random-effects model).

Discussion

The adipocyte-derived peptide hormone LEP has a well-
known influence on inflammation, tumor growth, and
metastasis. Rs7799039 G>A is a common promoter SNP
in the LEP gene, that may affect the transcriptional level
and LEP expression.”> We therefore hypothesized that the
LEP 157799039 G>A polymorphism might be closely
related to the susceptibility of cancer. Although a number
of studies have focused on the relationship between the LEP
rs7799039 G>A polymorphism and cancer risk, the
observed results have been inconsistent. Three meta-
analyses carried out by Liu et al'®, He et al'®, and Yang
et al’®, including 12, 15, and 15 eligible case—control stu-
dies, respectively, yielded conflicting results in some sub-
groups. Of late, some new data regarding the relationship of

the LEP 157799039 G>A polymorphism and cancer risk
have been reported.>®°*>* Therefore, an updated meta-
analysis is needed to address this issue. In our meta-
analysis, data of 31 independent case—control studies
including 11,276 cancer cases and 14,523 controls were
pooled, which is more participants than were in the meta-
analyses mentioned above. Thus, this updated analysis
should be more comprehensive. To the best of our knowl-
edge, the present study is the most convincing pooled ana-
lysis to explore the association between the LEP rs7799039
G>A polymorphism and cancer risk. Results of our meta-
analysis did indicate that the LEP rs7799039 G>A poly-
morphism was associated with an increased risk of overall
cancer, especially in Asians, PC, hematopoietic malig-
nancy, and other system cancer subgroups.
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Figure 3 Begg’s funnel plot of meta-analysis of the association between LEP rs7799039 G>A polymorphism and cancer risk (dominant genetic model, random-effects model).
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Figure 4 Sensitivity analysis of the influence of dominant model (random-effects estimates).

With the accumulating evidence of genetic association
investigations, it is urgent to synthesize all available data to
obtain a robust result. According to the findings, the associa-
tion of increased cancer risk with the LEP rs7799039 G>A
polymorphism was found in overall populations. Race also
could be a critical biological factor for the genetic comparison.

1820 most of the eligible studies

In previous meta-analyses,
contained only Caucasians. In the current study, more case—
control studies included Asians.?"*>7>%>* The results suggest
that the LEP rs7799039 G>A polymorphism might increase
the risk of cancer in Asians. We are the first to report the

relationship between this SNP and cancer risk in this ethnicity.
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An interesting phenomenon observed during stratified ana-
lysis was that the LEP 157799039 G>A polymorphism
decreased the risk of CRC, while this SNP increased the risk
of PC, other cancers, and hematopoietic malignancy. One
possible explanation is that there were insufficient sample
sizes for subgroup analysis. Although our findings were stable
by one-way sensitivity analysis, publication bias was not
found.

Among the included studies, significant heterogeneity
was found in four genetic models for overall analysis.
Stratified analyses indicated that heterogeneity was signif-
icant in some subgroups (eg Asians, small sample sizes,
and hospital-based studies). These factors may contribute
to the major heterogeneity in this study.

Several limitations, in this meta-analysis, should be
acknowledged. First, although the Begg’s funnel plot and
Egger’s test suggested no significant publication bias, it is
possible that certain unpublished data are yet to be
included. Selection bias for this study might have
existed. Second, for lack of detailed information in the
included studies, only crude ORs and Cls were calculated.
We did not carry out the analysis adjusted for other poten-
tial risk factors (eg smoking, alcohol consumption, body
mass index, and vegetable intake). Finally, heterogeneity
among the eligible case—control studies was statistically
significant in multiple genetic models. These findings
should be considered with caution.

In conclusion, this study performed an extensive
assessment based on a larger sample size than the previous
pooled analysis. Our study indicates that the LEP
rs7799039 G>A polymorphism may contribute to the
development of cancer. In order to further verify or refute
our findings, large well-designed epidemiological studies
are warranted. As investigations among Asian populations
are limited, further well-designed epidemiological studies
involving a wider spectrum of subjects to explore the
potential role of this SNP in Asians are needed.
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