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Purpose: Leptin plays an important role in the control of body weight and also has a growth-factor-like function in epithelial 
cells. Abnormal expression of leptin and leptin receptor may be associated with cancer development and progression. We 
evaluated the relationship among leptin and leptin receptors polymorphisms, body mass index (BMI), serum leptin concen-
trations, and clinicopathologic features with gastric cancer and determined whether they could be the risk factor of gastric 
cancer. Methods: We measured the serum leptin concentrations of 48 Korean patients with gastric cancer and 48 age- and 
sex-matched controls. By polymerase chain reaction-restriction fragment length polymorphism, we investigated one leptin 
gene promoter G-2548A genotype and four leptin receptor gene polymorphisms at codons 223, 109, 343, and 656. Results: 
There was no significant difference between the mean leptin concentrations of the patient and control groups, while BMI was 
significantly lower in gastric cancer cases (22.9 ± 3.6 vs. 24.5 ± 2.8 kg/m2, P = 0.021). There was significant association between 
the LEPR Lys109Arg genotype and gastric cancer risk, heterozygotes for GA genotype had been proved to increased the risk 
of gastric cancer, and its corresponding odds ratio was 2.926 (95% confidence interval, 1.248 to 6.861). Conclusion: Our results 
suggested that LEPR gene Lys109Arg polymorphism is associated with gastric cancer in Korean patients.
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INTRODUCTION

Leptin, the product of the ob gene, is secreted by adipo-
cytes [1]. This adipocyte-derived cytokine plays an im-
portant role in the control of satiety and energy ex-
penditure via interaction with leptin receptor (LEPR) in 
the hypothalamus [2]. Generally, plasma leptin levels re-

flect the size of fat stores [3]. Although initially thought to 
be exclusively expressed in and secreted by adipocytes, 
leptin expression has recently been detected in a number 
of additional tissues, including the placenta [4], pituitary 
cells [5], hepatic stellate cells [6], and gastric mucosa [7]. 
Leptin has been shown to act as a growth factor promoting 
the proliferation of cells, inhibiting the apoptosis of cells 



Eun-Young Kim, et al.

8 thesurgery.or.kr

and promoting angiogenesis [8,9]. Although the mecha-
nism underlying the association between obesity and can-
cer was not clearly demonstrated, recent studies have 
shown that obesity is associated with an increasing death 
rate of total cancer [10-13]. Many clinical studies have in-
vestigated the relationship between serum leptin levels 
and the risk of cancer [11-13]. Epidemiological evaluations 
have demonstrated that the number of patients with an in-
creased body mass index (BMI) had a significant trend of 
increased death rates resulting from gastric cancer [10]. 

The leptin (LEP) gene is located at chromosome 7q31.3 
and the LEPR gene is mapped to 1p31 and has one long iso-
form and three short isoforms. Several single nucleotide 
polymorphisms in the LEP and LEPR gene have been 
described. Among LEP polymorphisms, a common G- 
2548A leptin promoter variant, which results from a G to A 
substitution at nucleotide -2548 upstream of the ATG start 
site, has been shown to be associated with either variations 
in serum leptin levels or the degree of obesity. A mutation 
in the LEPR gene leads to abnormal mRNA splicing which 
gives rise to abnormal signal transduction and complete 
leptin resistance and obesity [14,15]. Gotoda et al. [16] 
identified four allelic variants associated with amino acid 
changes (Lys109Arg, Gln223Arg, Ser343Ser, and 
Lys656Asn). Enhanced expression of leptin and the leptin 
receptor was found in cases of human gastric cancer, and 
leptin stimulated the proliferation of gastric epithelial 
cells in vitro as measured by DNA synthesis [17,18]. 
Herein, a relationship between leptin and gastric cancer 
could be suggested. However, only a few studies have ad-
dressed the association between leptin and gastric cancer 
[17,19,20]; to date, few studies have addressed the associa-
tion between polymorphisms within the LEP and LEPR 
gene and gastric cancer. The present study is a case-control 
study of gastric cancer among pre-treatment patients. We 
assessed the serum leptin levels and LEP and LEPR poly-
morphisms in Korean gastric cancer patients to clarify the 
role of leptin in relation to gastric cancer.

METHODS

Patients and specimens
Forty-eight Korean patients with gastric cancer (32 male 

and 16 female), diagnosed at the Department of Surgery, 
St. Vincent’s Hospital, The Catholic University of Korea, 
from October 2005 to March 2007, were included in this 
study. The Institutional Review Board of St. Vincent’s 
Hospital approved this study. All subjects signed a written 
informed consent form approved by the Institutional 
Review Board. None of the patients had ever received sur-
gery, chemotherapy, or radiation therapy prior to the 
study. All patients had undergone a curative radical gas-
trectomy with standard lymph node dissection. Accor-
ding to the seventh International Union Against Cancer 
(American Joint Committee on Cancer/Union for Interna-
tional Cancer Control) tumor-node-metastasis staging 
system, patients were classified as stage I (n = 20), stage II 
(n = 16), and stage III (n = 12). Patients were categorized as 
Helicobacter pylori positive if positive in the rapid urease as-
say or histologic examination of gastric biopsy specimens 
for bacterial cells with characteristic morphology. After 
surgery, clinical follow-up data for all patients was col-
lected at the outpatient clinic. The follow-up period 
ranged from 2.5 to 49.5 months, and median time was 37.7 
months. Forty-eight controls were selected from the 
Health Screening Center of St. Vincent’s Hospital. Con-
trols were matched to cases by age and sex. Data in respect 
of demographic characteristics, underlying diseases, labo-
ratories, anthropometric measurements, and lifestyle 
choices including alcohol consumption and cigarette 
smoking were obtained using interviewer-administered 
questionnaires. Subjects with underlying diseases or ab-
normal laboratory data were excluded from the study.

Measurement of BMI and serum leptin concen-
tration

BMI was calculated as weight divided by height 
squared (kg/m2), and World Health Organization/Interna-
tional Association for the Study of Obesity/International 
Obesity Task Force (2000): Asian-Pacific standard was 
used to categorize BMI scores as follows: normal (18.5 to 
23), overweight (23 to 24.9), obesity grade I (25 to 29.9), 
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Genotype Forwad primer (5’→3’) Reverse primer (3’→5’) Annealing
Tm (°C)

Restriction 
enzyme

Reaction 
condition 

(°C)

LEP G2548A TTTCCTGTAATTTTCCCGTGAG AAAGCAAAGACAGGCATAAAAA 56 Hha I 37
LEPR Gln223Arg 
  (CAG/CGG)

AAACTCAACGACACTCTCCTT TGAACTGACATTAGAGGTGAC 56 Msp i 37

LEPR Lys109Arg 
  (AAG/AGG)

TTTCCACTGTTGCTTTCGGA AAACTAAAGAATTTACTGTTGAAAC
AAATGGC

56 Hae III 37

LEPR Ser343Ser 
  (AGT/AGC)

ACTTTCCACCTAAAARRCRGACACG TTCCTTCTTATAGATGCAGTG 55 Mlu I 37

LEPR Lys656Asn 
  (AAG/AAC)

AGGACCTGAATTTTGGAGAA AGGGGCTTCCAAAGTAAAGTGACAT
TTTTCGC

55 BstU I 60

Table 1. Sequences of primers for genotyping of human leptin (LEP) and leprin recetor (LEPR) gene variants 

Charactristic Case (n = 48) Control (n = 48) P-value

Gender NS
Male 32 32
Female 16 16

Age (yr) 55.2 ± 9.9   52.8 ± 12.1 NS
Body mass index (kg/m2) 22.9 ± 3.6 24.5 ± 2.8 0.021

18.5-23 (normal) 22 14
23-24.9 (overweight) 17 16 0.037
25-29.9 (obesity, grade I)   6 17
≥30 (obesity, grade II)   3   1

Values are presented as number or mean ± SD.
NS, not significant.

Table 2. Charactristics of subjectsobesity grade II (≥30) [21]. Prior to surgery, 5 mL of blood 
was collected, centrifuged, and stored as serum at -20°C 
until examined. Serum leptin concentration was meas-
ured in duplicate using the Human Leptin RIA Kit (Linco 
Research Inc., St. Charles, MO, USA). 

Genotyping of the LEP and LEPR gene
Genotyping of the LEP and LEPR gene was performed 

by direct sequencing. Genomic DNA was extracted from 
gastric mucosa using the AccuPrep Genomic DNA ex-
traction kit (Bioneer Co., Daejeon, Korea). The LEP and 
LEPR gene polymorphisms were performed using the pol-
ymerase chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) method. PCR reactions were set 
up using the i-Star Taq DNA polymerase (iNtRON 
Biotechnology Inc., Seongnam, Korea). In a total reaction 
volume of 20 μL, 2 μL 10 × buffer, 10 pmol each each pri-
mer, 2 μL genomic DNA, 2 μL genomic dNTP mixture 
were combined. Reactions were run on Bio-Rad My Cycler 
thermal cyclers (Bio-Rad Laboratories Inc., Hercules, CA, 
USA). 5 μL of the resulting PCR products were used for an 
overnight digest with the appropriate restriction enzyme 
(New England Biolabs, Beverly, MA, USA), and electro-
phoresis were performed in a 12% polyacrylamide gel 
electrophoresis gel (Table 1). 

Statistical analysis 
The data was statistically analyzed using SPSS ver. 11.5 

(SPSS Inc., Chicago, IL, USA). The comparisons of the pa-
tient group and the control group for serum leptin levels 

and genotypes were performed with a non-parametric 
Mann-Whitney test. The relationship between genotypes 
and gastric cancer was also examined by odds ratios (ORs) 
with 95% confidence intervals (CIs). P-values less than 
0.05 were considered statistically significant.  

RESULTS

Relationships between serum letpin level and gas-
tric cancer 

Table 2 shows the characteristics of 48 patients with gas-
tric cancer and 48 healthy controls. There was no sig-
nificant difference between the mean leptin concen-
trations of the patient and control groups (7.579 ± 8.536 vs. 
7.793 ± 3.94 ng/mL, P = 0.139), while BMI was significantly 
lower in gastric cancer cases than the controls (22.9 ± 3.6 vs. 
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Polymorphism genotype Case (n = 48) Control (n = 48) Odds ratio P-value

LEP G2548A
  GG
  GA
  AA

 
  1 (2.1)
18 (37.5)
29 (60.4)

  1 (2.1)
14 (29.2)
33 (68.8)

0.754

LEPR Lys109Arg
  AA
  AG
  GG

  0 (0)
25 (52.1)
23 (47.9)

  0 (0)
13 (27.1)
35 (72.9)

2.926 (1.248-6.861)

0.012

LEPR Gln223Arg
  AA
  AG
  GG

  0 (0)
48 (100)
  0 (0)

  0 (0)
48 (100)
  0 (0)

-

LEPR Ser343Ser
  TT
  TC
  CC

40 (83.3)
  8 (16.7)
  0 (0)

42 (87.5)
  6 (12.5)
  0 (0)

0.563

LEPR Lys656Asn
  GG
  GC
  CC

40 (83.3)
  8 (16.7)
  0 (0)

43 (89.6)
  5 (10.4)
  0 (0)

0.371

Values are presented as number (%).

Table 3. Genotype frequencies of leptin (LEP) and leprin recetor (LEPR) gene polymorphisms in cases and controls and the association 
between genotypes and gastric cancer

Genotype No.
Mean leptin 

concentration ± SD 
(ng/mL)

P-value

LEP G2548A
  A/A
  A/G ＋ G/G

62
34

7.50 ± 9.02
7.84 ± 8.02

  0.687

LEPR Lys109Arg
  A/G
  G/G

38
58

10.45 ± 11.53
11.52 ± 10.64

0.56

LEPR Ser343Ser
  T/T
  T/C

82
16

11.06 ± 7.58
  11.70 ± 10.53

0.76

LEPR Lys656Asn
  G/G
  G/C

83
13

  6.63 ± 2.71
10.25 ± 6.88

 0.052

Table 4. Mean leptin concentration according to leptin (LEP) and 
leprin recetor (LEPR) gene genotypes

24.5 ± 2.8 kg/m2, P = 0.021). Cases with positive H. pylori on 
gastric mucosa showed significantly lower leptin levels 
than those with negative H. pylori (3.966 ± 3.404 vs. 9.573 ± 
9.583 ng/mL, P = 0.01). There was no significant difference 
regarding leptin levels between early- and late-stage 
patients. 

Relationships among genotypes of LEP and LEPR 
polymorphism, leptin level, and gastric cancer 

Table 3 shows the genotype frequencies for the one 
polymorphism of LEP genes and the four polymorphisms 
of LEPR genes in cases and controls, and their correspond-
ing ORs. No significant difference in genotype and allele 
frequencies of the G2548A polymorphism was detected 
between cases and controls. The frequencies of the 
Lys109Arg and Gln223Arg wild-types were zero and 
those of Ser343Ser and Lys656Asn variant-types were 
zero. Comparing cases and controls, there was a sig-
nificant association between Lys109Arg genotypes and 
risk of gastric cancer. Heterozygotes for AG genotype 
showed an increased risk of gastric cancer, and its corre-
sponding OR was 2.926 (95% confidence interval [CI], 

1.248 to 6.861). We analyzed the association between each 
genotypic variant and serum leptin concentration (Table 
4). A trend was observed for cancer patients who were het-
erozygotic for Lys656Asn to have lower mean leptin con-
centrations compared to those with the wild-type (6.63 ± 
2.71 vs. 10.25 ± 6.88 ng/mL, P = 0.052). Within the control 
group, there was no difference between genotypes and 
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mean leptin concentrations.

DISCUSSION

In this study, the evaluation of the relationship of the 
LEPR Lys109Arg polymorphisms and gastric cancer risk 
showed that cases carrying LEPR 109Arg allele were at a 
modestly increased risk of gastric cancer (OR, 9.926; 95% 
CI, 1.248 to 6.861). Several studies have demonstrated that 
specific genotypes in the LEPR gene were associated with 
an increased risk for breast cancer. However, there are few 
previous studies that address the relationship between 
LEPR polymorphisms and gastric cancer risk. Our study is 
the first trial to analyze the LEP and LEPR polymorphisms 
in patients with gastric cancer. We selected cases that had 
not been treated in any manner that might affect leptin 
levels. 

Circulating concentrations of leptin are highly corre-
lated with body fat mass [22]. In our study, however, there 
was no significant difference observed regarding the mean 
serum leptin concentrations between the patient group 
and control group, while BMI was significantly lower in 
gastric cancer cases than the controls. Another mechanism 
suspected is that a sequence variation in gene coding lep-
tin may affect the expression of leptin [23]. However, there 
have been conflicting reports about the potential effect of 
the G2548A LEP variant on leptin expression [23,24]. In the 
Tunisian population, no association was found between 
this LEP polymorphism and plasma leptin concentrations 
[23]. On the other hand, in men from a French cohort, the 
AA genotype was associated with increased plasma leptin 
levels [24]. Although not mentioned above, no association 
was found between LEP polymorphism and serum leptin 
concentrations. The issue regarding leptin level and gas-
tric cancer requires debate and additional study with a 
larger number of cases to clarify this relationship.

Gastric leptin plays a role in serum leptin levels, regu-
lating intestinal nutrient absorption, delaying gastric 
emptying, and signaling short-term satiety via vagal affer-
ent nerves [25]. H. pylori induced inflammatory response 
affects many gastric cell types, including those responsible 
for leptin production [26]. Eradication of H. pylori has been 

reported to increase nutrition and weight, suggesting that 
H. pylori could play a role in the regulation of leptin ex-
pression [27]. In our study, cases with positive H. pylori on 
gastric mucosa showed lower concentrations of leptin 
than those with negative H. pylori. This result suggested 
that gastric H. pylori colonization reduces circulating lev-
els of leptin by inhibiting their gastric production. 

The frequencies of LEPR polymorphisms, except that of 
Ser343Ser, were different from those previously reported. 
In our study, the frequencies of Lys109Arg and Gln223Arg 
wild-types were zero, whereas in other studies, 53 to 97%, 
23 to 66% of the subjects showed wild-type sequences at 
codons 109 and 223, respectively [16,28]. Most studies re-
garding LEPR polymorphisms were performed in Cauca-
sian patients. The genotype frequencies for Lys109Arg 
and Gln223Arg in the Korean and Japanese population 
were similar to those in our study, although both studies 
were performed in breast cancer patients [29,30]. There-
fore, further studies are needed to clarify racial differences 
in the genotype frequencies of LEPR polymorphisms be-
tween Asians and Caucasians. 

In this study, there was no association between geno-
types and serum leptin levels. A trend was observed for 
cancer patients who were hetorozygotic for Lys656Asn to 
have lower mean leptin concentrations compared to those 
with the wild-type. There have been a few previous stud-
ies that addressed a relationship between LEPR poly-
morphism and serum concentrations of leptin. Woo et al. 
[29] reported that being heterozygotic for Lys656Asn was 
significantly associated with lower leptin levels in pre- 
menopausal subjects and being homozygotic for Gln223 
Arg and Lys109Arg was significantly associated with 
higher leptin levels in post-menopausal patients and in 
controls, respectively. Our result corresponds with the 
Woo et al. [29] report, although that report was performed 
in breast cancer patients.

Our study has several limitations. One limitation was 
the small size of screened population. Additional studies 
with a larger sample size would be helpful to demonstrate 
the relationship between LEPR polymorphisms and gas-
tric cancer risk. Another was the paucity of epidemio-
logical literature on the role of polymorphisms in the LEP 
and LEPR gene in gastric cancer susceptibility in most 
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populations. The effect of genotypes such as LEPR 
Lys109Arg polymorphism on gastric cancer may vary 
from one population to the other as a result of marked dif-
ferences in the distribution of the alleles in different 
populations. Further study is needed to clarify racial dif-
ferences in the genotype frequencies of LEPR polymor-
phisms in different populations.

In conclusion, this study has demonstrated a modestly 
increased risk of gastric cancer in cases harboring the 
LEPR 109Arg allele of the LEPR Lys109Arg polymorphism 
of the leptin receptor gene. To the best of our knowledge, 
our study might be the first trial to provide information on 
the role of LEPR Lys109Arg polymorphism in gastric can-
cer risks in Koreans. 
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