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Abstract

Background: Although roles of genetic polymorphisms of leptin receptor (LEPR) gene in several cancers
have been documented, the association between polymorphisms of LEPR and clear cell renal cell carcinoma
(CC-RCC) remains unknown. The aim of this study was to explore any relation. Materials and Methods: The
study population consisted of 77 patients with CC-RCC and 161 healthy control subjects. Polymorphism analyses
of Lys109Arg and GIn223Arg were performed by direct DNA sequencing and PCR-restriction fragment length
polymorphism approaches respectively. Results: Comparisons of allelic and genotypic frequencies in Lys109Arg
and GIn223Arg showed no significant difference between the cases and controls. However, when evaluating the
combined genotype of Lys109Arg and GIn223Arg, risk with GG/GG was increased (OR=1.85, 95 % CI=1.04-3.30)
and with GA/GG or GG/GA was decreased (OR=0.07, 95 % CI=0.01-0.54; OR and 95 % CI of the latter could not
be calculated for a value of zero) . Furthermore, the G-G haplotype frequency of Lys109Arg and GIn223Arg in
the cases was higher (OR=1.68; 95% CI=1.02-2.76). In contrast, the A-G and G-A haplotype frequencies in the
cases were lower than those in the controls (OR=0.06; 95 % CI=0.01 to 0.47; OR and 95 % CI of the latter could
not be calculated for a value of zero). In addition, the Lys109Arg A allele was in LD with the GIn223Arg A allele
(d’=0.9399) in the CC-RCC subjects, but not in the controls. Conclusions: Our data suggest that the GG/GG
combined genotype and G-G haplotype of Lys109Arg and GIn223Arg can act as evaluating factors for CC-RCC

risk.
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Introduction

Leptin is secreted by adipocytes and interacts with
leptin receptor (LEPR) in the hypothalamus, which plays
an important role in the regulation of food intake and
energy expenditure (Zhang et al., 1994; Shimizu et al.,
2001). Leptin also has a growth factor function, Leptin/
LEPR signaling promotes the proliferation, angiogenesis
and inhibits the apoptosis of epithelial cells (Jarde et al.,
2011;Zhouetal.,2011; Alegre et al.,2013). The LEPR, a
member of the cytokine receptor super-family, is a single
transmembrane protein (Fruhbeck, 2006). The LEPR has
six alternatively spliced isoforms, which are classified
according to the length of their cytoplasmic domain to
four short, one long form, and a soluble form (Oswal et al.,
2010). The long isoform is believed to have biologically
action and is essential for signal transduction through
JAK-STAT pathway (Wauman et al., 2011). There are
several common variants of the LEPR genes, and four
allelic variants are associated with amino acid changes
(Lys109Arg, GIn223Arg, Ser343Ser, and Lys656Asn).

The variants in the LEPR gene may cause abnormal signal
transduction. The potential associations of these variants
with cancer have been evaluated in different cancers,
included cancers of breast (Wang et al., 2012; Dallal et
al., 2013), colorectum (Drew, 2012; Liu et al., 2013),
gastric (Kim et al., 2012), lung (Li et al., 2012) and oral
(Yapijakis et al.,2009). However, the relationship between
the polymorphisms of LEPR and CC-RCC is not well
studied.

RCC is the second largest and the most lethal cancer
in the urinary system. RCC accounts for about 2.1%
of malignant tumors in adult, and the incidence rate of
male and female is about 3:2 (Ferlay et al., 2010). RCC
is divided into four main types according to Heidelberg
classification: clear cell carcinoma, papillary renal cell
carcinoma, chromophobe cell carcinoma and renal
oncocytoma (Kovacs et al., 1997). CC-RCC is the most
common type among them, constituting >80% of cases.
In RCC patients, leptin levels in blood were higher and
associated with venous invasion (Horiguchi et al.,2006a).
Leptin mediates proliferation of RCC Caki-2 cell lines
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(Li et al., 2008). Furthermore, the leptin receptor was
expressed in renal tissue and six human RCC cell lines
(Horiguchi et al., 2006b). These support a role for leptin
signaling in RCC carcinogenesis.

The aim of this study was to determine whether there
are potential polymorphisms in LEPR, which associated
with CC-RCC. To manifest this hypnosis, genotyping
Lys109Arg and GIn223Arg in CC-RCC subjects and
controls were performed, and the relation was analyzed.

Materials and Methods

Patients

In the current study, 77 patients who were histologically
diagnosed as CC-RCC between December 2005 and
September 2012 were enrolled. The patients consisted of
14 females and 63 males, with age from 17 to 85 years
(56.22+12.27). One hundred and sixty one controls were
selected from the Health Screening Center of Wuxi
People’s Hospital. Controls were matched to cases by
ethnicity, age and sex. Subjects with underlying diseases
or abnormal laboratory data were excluded from the study.

All protocols were approved by the ethics committee
of the institution before the study began, and the protocols
conformed to the ethical guidelines of the 1975 Helsinki
Declaration.

DNA extraction

Tissue samples from 77 patients with CC-RCC
were obtained at initial diagnosis. Peripheral blood
samples from healthy individuals were collected in tubes
containing EDTA-K2 as the anticoagulant. DNA was
extracted with Wizard® genomic DNA purification kit
(Promega, USA) following the manufacturer’s instruction.

PCR-direct sequence analysis of Lys109Arg (A/G)

The genotyping of Lys109Arg polymorphism
was performed using PCR-direct sequence analysis.
The primers for PCR and sequencing were sense:
5’-CCTGCTGGACTCTCAAAGAA-3’, and antisense:
5’-TGTTAAAATCATAGCCATAAGACATCT-3’. PCR
was performed in 50 pL volume, the mixture include
2.5 mM MgCl,, 0.5 uM of both forward and reverse
primer, 200 uM of each dNTP, 1 U Tag DNA polymerase
(Promega, USA) and approximately 150 ng DNA. The
amplification conditions were the follows: 5 minute
initial denaturation at 94°C followed by 35 cycles of
amplification, each including 30 s denaturation at 94°C, 45
s annealing at 58°C, and 45 s extension at 72°C. The PCR
products were sequenced by Sangon Biotech (Shanghai)
Co., Ltd on the ABI Genetic Analyzer 3730 XL (Applied
Biosystems, Foster City, California, US).

PCR-RFLP analysis of GIn223Arg (A/G)

The GIn223Arg polymorphism was determined by
polymerase chain reaction and restriction fragment length
polymorphism (PCR-RFLP). The PCR primers were
sense: 5’-ACCCTTTAAGCTGGGTGTCCCAAATAG-3’
and antisense: 5’-AGCTAGCAAATATTTTTGTAAGCA
ATT-3’. The 25 pL reaction mixtures consisted of 100
ng of DNA, 1xPCR buffer, 1.5 mM/L MgCl,, 0.5 uM
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of both forward and reverse primer, 200 uM/L of each
dNTP and 0.5U of Taq (Promega, USA). The GIn223Arg
cycling protocol was initiated by one cycle at 94°C for 5
min, followed by 35 cycles of denaturation at 94°C for
30 sec, annealing at 55°C for 45 sec, extension at 72°C
for 45 sec. The PCR products were digested with Msp I
(Fermentas, Lithuania) restriction enzyme following the
manufacturer’s instruction. The digested products then
underwent electrophoresis in 2% agarose gel. Results were
interpreted based on the positive amplification band (Gln/
Gln (A/A): 416bp; Arg/Arg (G/G): 291bp, 125bp; Gln/
Arg (A/G): 416bp, 291bp, 125bp).

Statistical analysis

Statistical analysis was carried out using the Statistical
Package for the Social Sciences (SPSS) version 15
(SPSS Inc, USA). Allele, genotype and haplotype
frequencies, Hardy-Weinberg equilibrium (HWE) and
linkage disequilibrium (LD) were calculated using the
Arlequin program, version 3.5 (Excoffier et al., 2010).
The frequencies of alleles, genotypes and haplotypes were
compared in cases and controls by chi-square test, Fisher’s
exact test. Odds ratios [OR] and 95% confidence intervals
(CIs) for relative risk of CC-RCC were calculated. A
probability value of p<0.05 was considered as statistically
significant and all the reported p values were two-tailed.

Results

Hardy-Weinberg equilibrium test for Lys109Arg and
GiIn223Arg in the CC-RCC subjects and controls

The HWE tested for Lys109Arg and GIn223Arg revealed
no significant deviation (p=1.00 in the CC-RCC subjects
and p=0.76 in the controls). Similarly, SNP of GIn223Arg
was in Hardy-Weinberg equilibrium in CC-RCC subjects
and controls (p=1.00 in CC-RCC subjects and p=1.00 in
the controls).

Alleles and genotype of Lys109Arg and GIn223Arg in the
CC-RCC subjects and controls

Table 1 showed the frequencies of Lys109Arg and
GIn223Arg polymorphisms in the CC-RCC subjects
and controls. The data showed there were no significant
differences in allelic frequencies and genotype distributions
of Lys109Arg and GIn223 Arg polymorphisms between the
CC-RCC subjects and controls.

Combined genotype of Lys109Arg and Gln223Arg in the
CC-RCC subjects and controls

When evaluating the Lys109Arg and GIn223Arg
genotype interaction, we observed a significant increase
of GG/GG combined genotypes (OR=1.85; 95%CI=1.04-
3.30) in the CC-RCC subjects than those in the control.
In addition, a significant decrease of GA/GG and GG/GA
combined genotypes (OR=0.07; 95%CI=0.01-0.54, OR
and 95%CI of the latter can’t be calculated for a value of
zero) was found in CC-RCC subjects (Table 2).

Haplotype of Lys109Arg and Gln223Arg in the CC-RCC
subjects and the controls
Table 3 showed the frequencies of Lys109Arg and
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Table 1. Allele and Genotype Frequencies of Lys109Arg and GIn223Arg in the CC-RCC Subjects and Controls

Polymorphism Genotype CC-RCC (n=77) Control (n=161) ¥* value P Odds Ratio 95%Cl1
n AF (%) n AF (%)
G/A 21 27.27 52 323 0.619 043 0.79 043-1.43
Lys109Arg A/A 2 2.6 7 435 0.439 051 0.59 0.12-2.89
G/G 54 70.13 102 63.35 1.059 03 1.36 0.76-2.44
G allele 129 83.77 256 79.5 1.224 0.27 1.33 0.80-2.21
A allele 25 16.23 66 20.5
G/A 20 2597 41 2547 0.007 0.93 1.03 0.55-1.91
A/A 2 2.6 4 248 0.003 0.96 1.05 0.19-5.84
GIn223Arg G/G 55 7143 116 72.05 001 0.92 0.97 0.53-1.77
G allele 130 84.42 273 84.78 0011 0.92 0.97 0.57-1.65
A allele 24 15.58 49 15.22

*n, absolute number; CC-RCC, clear cell renal cell carcinoma; CI, confidence interval

Table 2. Combined Genotype Frequencies of Lys109Arg and GIn223Arg in the CC-RCC Subjects and Controls

GIn223Arg/Lys109Arg CC-RCC (n=77) Control (n=161) ¥* value P Odds Ratio 95%Cl1
Combined Genotype n AF (%) n AF (%)

GA/GA 20 2597 26 16.15 323 0.07 1.82 0.94-3.53
GA/GG 1 1.3 25 15.53 10.84 0.001* 0.07 0.01-0.54
GA/AA 0 0 1 0.62 048 049 - -
GG/GA 0 0 12 745 6.04 0.01* - -

GG/GG 54 70.13 90 559 441 0.04* 1.85 1.04-3.30
GG/AA 0 0 0 0 - - - -
AA/GA 0 0 3 1.86 145 0.23 - -
AA/GG 0 0 1 0.62 048 049 - -
AA/AA 2 2.6 3 1.86 0.14 0.71 14 0.23-8.58

*n, absolute number; CC-RCC, clear cell renal cell carcinoma; CI, confidence interval; “‘Considered significant with p value threshold of 0.05

Table 3. Haplotype Frequencies of Lys109Arg and GIn223Arg in the CC-RCC Subjects and Controls

GIn223Arg/Lys109Arg CC-RCC (n=77) Control (n =161) ¥? value P Odds Ratio 95%Cl1
Haplotype n AF (%) n AF (%)

A-A 24 15.58 36 10.77 1.83 0.18 147 0.84-2.56
A-G 1 0.65 30 9.73 12.85 0.001* 0.06 0.01-0.47
G-G 129 83.77 243 75.06 42 0.04* 1.68 1.02-2.76
G-A 0 0 13 4.44 6.39 0.01* - -

*n, absolute number; CC-RCC, clear cell renal cell carcinoma; CI, confidence interval; *Considered significant with p value threshold of 0.05

GIn223Arg haplotypes in the CC-RCC and control
subjects. Examination of the haplotypes of Lys109Arg
and GIn223Arg revealed evidence for association in CC-
RCC subjects. We found the G-G haplotype frequency
of Lys109Arg and GIn223Arg was significantly higher
in the CC-RCC subjects than those in the control
(OR=1.68; 95%CI=1.02-2.76). However, the A-G and
G-A haplotype frequencies of Lys109Arg and GIn223Arg
in the cases were lower than those in the control (OR=0.06;
95%CI=0.01 to 0.47; OR and 95%CI of the latter can’t be
calculated for a value of zero).

Linkage disequilibrium analysis between Lys109Arg and
GIn223Arg alleles

The linkage disequilibrium (LD) for Lys109Arg and
GIn223Arg polymorphisms was analyzed. The pairs of
Lys109Arg A/G and GIn223Arg A/G alleles displayed
a significant (p<0.05) LD in the CC-RCC subjects. The
Lys109Arg A allele was in LD with the GIn223Arg A
alleles (d’=0.9399). Most of the CC-RCC subjects with the
Lys109Arg A allele had the GIn223Arg A allele, and only
4.76% (1/21) of the CC-RCC subjects with Lys109Arg
A allele had the GIn223Arg G allele. However, in the
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controls, the Lys109Arg A allele was not in LD with the
GIn223Arg A allele (d’=-0.0502).

Discussion

Leptin plays a key role in regulating body-fat
homeostasis. Leptin also is an important tumor cell growth
factor. Several studies have demonstrated that leptin
stimulates endothelial cell proliferation and angiogenesis,
inhibits apoptosis gene and protein expression in cell
lines (Samuel-Mendelsohn et al., 2011; Ptak et al., 2013;
Wu et al., 2013; Yuan et al., 2013). Leptin exerts its
biological functions through binding to the extracellular
domain of LEPR. There are several variants of the LEPR
genes. Among LEPR SNPs, Lys109Arg and GIn223Arg
variants are associated with amino acid substitutions in
the extracellular region of the leptin receptor and have
potential functional consequences. Reports have been
suggested the associations of Lys109Arg and GIn223Arg
polymorphisms with an increased risk for several cancers
(Liu et al., 2007; Han et al., 2008; Yapijakis et al., 2009;
Kim et al., 2012). However, to date, few studies have
addressed the relationship between LEPR polymorphisms
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and CC-RCC risk. Thus, our study was performed
to evaluate this association between Lys109Arg and
GIn223Arg polymorphisms and CC-RCC.

In this study, the data showed there were no significant
differences in allelic frequencies and genotype distributions
of the examined LEPR gene polymorphisms between the
CC-RCC cases and controls. However, when evaluating
the Lys109Arg and GIn223Arg genotype interaction,
a significant increase of GG/GG combined genotype
frequency was observed in the CC-RCC cases than
controls (p<0.05). In addition, we found a significant
decrease of GA/GG (p<0.001) and GG/GA (p<0.01)
combined genotypes frequencies in the CC-RCC cases.
Examination of the haplotypes of Lys109Arg and
GIn223Arg revealed greater evidence for association. The
G-G haplotype frequency of Lys109Arg and GIn223Arg
was found to be significantly higher in the CC-RCC
cases than controls (p<0.05). However, we found the
A-G (p<0.001) and G-A (p<0.01) haplotypes frequencies
of Lys109Arg and GIn223Arg were high in the controls.
Our results suggest the GG/GG combined genotype of
Lys109Arg and GIn223Arg variants is related to the CC-
RCC risk. Haplotype analysis also showed an association
between the G-G haplotype of Lys109Arg and GIn223Arg
variants and the CC-RCC risk. However, the data suggest
the haplotype of A-G or G-A and the combined genotype
of GA/GG or GG/GA are negative association with the risk
of CC-RCC. The mechanism through which Lys109Arg
and GIn223Arg variants may increase the risk of cancer
remains unclear. Study has shown the lower leptin binding
to the leptin receptor with the A allele of the GIn223Arg
(Stefan et al., 2002). Lys109Arg and GIn223Arg lie
within the putative leptin binding regions, which may be
associated with signaling capacity of the leptin receptor.

The allelic frequency of particular gene polymorphisms
may vary significantly in different geographic and ethnic
population (Paracchini et al., 2005). The frequencies of
LEPR polymorphisms also were different in previous
reports. The frequencies of Lys109Arg wild-type (A) were
31.52%, 35.2%, 18.09% and GIn223Arg were 51.94%,
58.6%, 8.9% in whites and African American(Nyante et
al.,2011), Caucasian (Teras et al., 2009) and Asian (Woo et
al.,2006; Liu et al.,2007) normal population, respectively.
In our study, the frequencies of Lys109Arg and GIn223Arg
wild-types were 20.5% and 15.22% in controls, which was
similar to Asian population. Therefore, further studies are
needed to clarify the association between Lys109Arg and
GIn223Arg and CC-RCC in population with geographic
and racial differences.

Our results add to the limited available data on the
association between the LEPR gene polymorphisms and
CC-RCC risk. We did observe important interactions
between Lys109Arg and GIn223Arg polymorphisms in
CC-RCC. Furthermore, our data showed the Lys109Arg
A allele was in LD with the GIn223Arg A allele in CC-
RCC subjects, but not in the controls. These suggest
the interaction of Lys109Arg and GIn223Arg may play
an important role in the development of CC-RCC. One
of the challenges is defining the association between
Lys109Arg and GIn223Arg polymorphisms in CC-RCC.
Therefore, research to understand the associations and

4214 Asian Pacific Journal of Cancer Prevention, Vol 15, 2014

the functionality between Lys109Arg and GIn223Arg
polymorphisms are needed. Moreover, given the limited
sample size, additional studies with large sample size
are necessary to demonstrate the relationships of these
polymorphisms with CC-RCC risk.

In conclusion, this analysis suggests the combination of
Lys109Arg and GIn223 Arg polymorphisms is significantly
correlated with CC-RCC risk. The combination of GG/
GG genotype and G-G haplotype are high risk factors for
developing CC-RCC. In contrast, the haplotype of A-G
or G-A and the combined genotype of GA/GG or GG/GA
may confer protective effect. Our study may provide new
information on the role of Lys109Arg and GIn223Arg
polymorphism combination in CC-RCC risk.

Acknowledgements

The project was funded by a grant from Wuxi Hospital
Management Center (YGZ1102).

References

Alegre M M, Knowles M H, Robison R A, et al (2013).
Mechanics behind breast cancer prevention - focus on
obesity, exercise and dietary fat. Asian Pac J Cancer Prev,
14,2207-12.

Dallal C, Garte S, Ragin C, et al (2013). Plasma leptin levels,
LEPR Q223R polymorphism and mammographic breast
density: a cross-sectional study. Int J Biol Markers, 28,
161-7.

Drew J E (2012). Molecular mechanisms linking adipokines
to obesity-related colon cancer: focus on leptin. Proc Nutr
Soc, 71, 175-80.

Excoffier L, Lischer H E (2010). Arlequin suite ver 3.5: a new
series of programs to perform population genetics analyses
under Linux and Windows. Mol Ecol Resour, 10, 564-7.

Ferlay J, Shin HR, Bray F, et al (2010). Estimates of worldwide
burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer,
127,2893-917.

Fruhbeck G. (2006). Intracellular signalling pathways activated
by leptin. Biochem J, 393, 7-20.

Han C Z,Du L L, Jing J X, et al (2008). Associations among
lipids, leptin, and leptin receptor gene Gin223Arg
polymorphisms and breast cancer in China. Biol Trace Elem
Res, 126, 38-48.

Horiguchi A, Sumitomo M, Asakuma J, et al (2006a). Increased
serum leptin levels and over expression of leptin receptors
are associated with the invasion and progression of renal
cell carcinoma. J Urol, 176, 1631-5.

Horiguchi A, Sumitomo M, Asakuma J, et al (2006b). Leptin
promotes invasiveness of murine renal cancer cells via
extracellular signal-regulated kinases and rho dependent
pathway. J Urol, 176, 1636-41.

Jarde T, Perrier S, Vasson M P, et al (2011). Molecular
mechanisms of leptin and adiponectin in breast cancer. Eur
J Cancer, 47,33-43.

Kim E Y, Chin, H M, Park S M, et al (2012). Susceptibility of
gastric cancer according to leptin and leptin receptor gene
polymorphisms in Korea. J Korean Surg Soc, 83, 7-13.

Kovacs G, Akhtar M, Beckwith B J, et al (1997). The Heidelberg
classification of renal cell tumours. J Pathol, 183, 131-3.

LiL,GaoY,Zhang L L, et al (2008). Concomitant activation of
the JAK/STAT3 and ERK1/2 signaling is involved in leptin-
mediated proliferation of renal cell carcinoma Caki-2 cells.
Cancer Biol Ther,7, 1787-92.



DOI:http://dx.doi.org/10.7314/APJCP.2014.15.104211

Leptin Receptor Lys109Arg and Gin223Arg Polymorphisms and Risk of Clear Cell RCC

LiY, Geng J, Wang Y, et al (2012). The role of leptin receptor
gene polymorphisms in determining the susceptibility and
prognosis of NSCLC in Chinese patients. J Cancer Res Clin
Oncol, 138, 311-6.

Liu CL,Chang Y C,Cheng S P, et al (2007). The roles of serum
leptin concentration and polymorphism in leptin receptor
gene at codon 109 in breast cancer. Oncology, 72, 75-81.

Liu L, Zhong R, Wei S, et al (2013). The leptin gene family and
colorectal cancer: interaction with smoking behavior and
family history of cancer. PLoS One, 8, 60777.

Nyante S J, Gammon M D, KaufmanJ S, et al (2011). Common
genetic variation in adiponectin, leptin, and leptin receptor
and association with breast cancer subtypes. Breast Cancer
Res Treat, 129, 593-606.

Oswal A, Yeo G (2010). Leptin and the control of body weight:
areview of its diverse central targets, signaling mechanisms,
and role in the pathogenesis of obesity. Obesity, 18, 221-9.

Paracchini V, Pedotti P, Taioli E (2005). Genetics of leptin and
obesity: a HuGE review. Am J Epidemiol, 162, 101-14.

Ptak A, Kolaczkowska E, Gregoraszczuk E L (2013). Leptin
stimulation of cell cycle and inhibition of apoptosis gene
and protein expression in OVCAR-3 ovarian cancer cells.
Endocrine, 43,394-403.

Samuel-Mendelsohn S, Inbar M, Weiss-Messer E, et al (2011).
Leptin signaling and apoptotic effects in human prostate
cancer cell lines. Prostate, 71, 929-45.

Shimizu H, Mori M (2001). Role of leptin and its receptor in
the regulation of appetite and body fat. Nihon Rinsho, 59,
421-6 (in Japanese).

Stefan N, Vozarova B, Del Parigi A, et al (2002). The GIn223Arg
polymorphism of the leptin receptor in Pima Indians:
influence on energy expenditure, physical activity and lipid
metabolism. Int J Obes Relat Metab Disord, 26, 1629-32.

Teras L R, Goodman M, Patel AV, et al (2009). No association
between polymorphisms in LEP, LEPR, ADIPOQ,
ADIPORI1, or ADIPOR?2 and postmenopausal breast cancer
risk. Cancer Epidemiol Biomarkers Prev,18,2553-7.

Wang L Q, Shen W, Xu L, et al (2012). The association between
polymorphisms in the leptin receptor gene and risk of breast
cancer: a systematic review and pooled analysis. Breast
Cancer Res Treat, 136,231-9.

Wauman J, Tavernier J (2011). Leptin receptor signaling:
pathways to leptin resistance. Front Biosci, 17,2771-93.

Woo HY, Park H, Ki C S, et al (2006). Relationships among
serum leptin, leptin receptor gene polymorphisms, and breast
cancer in Korea. Cancer Lett,237,137-42.

Wu N, Wang Y, Wang S, et al (2013). Recombinant human leptin
induces growth inhibition and apoptosis in human gastric
cancer MGC-803 cells. Clin Exp Med, 13,305-14.

Yapijakis C, Kechagiadakis M, Nkenke E, et al (2009).
Association of leptin -2548G/A and leptin receptor Q223R
polymorphisms with increased risk for oral cancer. J Cancer
Res Clin Oncol, 135, 603-12.

Yuan Y, Zhang J, Cai L, et al (2013). Leptin induces cell
proliferation and reduces cell apoptosis by activating c-myc
in cervical cancer. Oncol Rep, 29, 2291-6.

Zhang Y, Proenca R, Maffei M, et al (1994). Positional cloning
of the mouse obese gene and its human homologue. Nature,
372,425-32.

Zhou W, Guo S, Gonzalez-Perez R R (2011). Leptin pro-
angiogenic signature in breast cancer is linked to IL-1
signalling. Br J Cancer, 104, 128-37.

Asian Pacific Journal of Cancer Prevention, Vol 15,2014 4215



