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Abstract -The leptin receptor (LEPR) is a member of the
cytokine receptor family with two cytokine domains and a
single trans membrane domain, which plays an important role
in body weight homeostasis through regulation of food intake
and energy expenditure. It also influences other pathways like
hematopoiesis, reproduction, angiogenesis, and immune
processes upon interacting with ligand leptin. Leptin is an
adipocytokine produced in adipose tissue. Since obesity is
one of the known risk factor as well as the LEPR expression
and leptin levels were shown to be associated with the
development of mammary ductal carcinoma, an attempt has
been made to evaluate the role of LEPR Q223R polymorphism
with breast cancer suscepitibility in south Indian population as
well as with confounding epidemiological and clinical factors.
The present study included 194 breast cancer cases and 186
age matched control samples for the analysis of LEPR Q223R
polymorphism through PCR-RFLP method. The frequency of
RR genotype was significantly elevated in breast cancer
compared to control subjects (x2= 6.567; df=2, p= 0.037)).
Similar trend was also observed with respect to high BMI and
post menopausal status. No significant association was found
with stage of the disease.
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[. INTRODUCTION

he leptin receptor (LEPR) is a single
Ttransmembrane protein, belongs to class |

cytokine receptor family. Due to alternative splicing
during transcription of LEPR gene different isoforms of
LEPR are formed with varied length of intracellular
domain, but all the isoforms have identical extracellular
and transmembrane domains [Lee et al., 1996; Tartagia,
1997]. Six isoforms derived from LEPR transcription
have been identified so far, and a long isoform, LEPR-b,
is reported to be responsible for signal transduction
[Zabeau et al., 2003].

Leptin, a 16 kDa cytokine acts as a regulator of
body weight and energy balance, a product of ob gene
synthesized from white adipose tissue which influences
food intake and energy expenditure [Campfield et al.,
1995; Halaas et al., 1995]. Leptin exerts its physiological
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action through binding to leptin receptor (LEPR) and
exerts negative feedback mechanism to control food
intake and body weight [Malik et al., 1996]. However, its
expression was identified in other tissues and cells,
including immune cells, placenta, endometrium,
stomach and lung [Caldefie-Chezet et al., 2001
Ebenbichler et al., 2002; Kitawaki et al., 2000; Breidert et
al.,, 1999; Tsuchiya et al., 1999]. In addition, leptin
receptor expression has been detected in pathological
conditions such as acute myeloid leukemia,
hepatocelluar carcinoma, gastric cancer cells and
breast cancer [Konopleva et al.,, 1999; Wang et al.,
2004; Mix et al., 2004; Ishikawa et al., 2004; Garofalo et
al., 2006]. The binding of leptin to LEPR activates the
JAK/STAT (Janus kinase signal transducer and activates
of transcription), the Ras/ERK1/2 signaling cascade (a
member of the MAPK family), and the PI-3K/Akt/GSK3
growth/anti-apoptotic pathways [Zabeau et al., 2003]. In
addition, leptin binding to receptor has shown to
transactivate HER2/neu, and also increase the
expression of vascular endothelial growth factor (VEGF)
[Eisenberg et al., 2004; Garofalo et al., 2006].

In  humans, several single nucleotide
polymorphisms (SNPs) have been described in the
LEPR gene [Chung et al., 1997]. An A to G transition at
nt 668 from the start codon that converts a glutamine to
an arginine at codon 223 (Q223R) in the LEPR gene
[Gotoda et al.,, 1997] alters amino acid charge from
neutral to positive that could affect the functionality of
the receptor and modifies its signaling capacity, which is
associated with higher mean circulating levels of leptin
[Quinton et al 2001., Yiannakouris et al., 2001]. This
polymorphism is located within the region encoding the
extracellular domain of the leptin receptor; the amino
acid change affects all forms of the receptor. It has been
demonstrated that individuals homozygous for the G
(R223R) allele is associated with variation in ligand
binding activity than the carriers of the A (Q223Q)
[Quinton et al 2001]. Several studies had shown the
relationship between LEPR Q223R gene polymorphism

with  BMI, insulin resistance, Prostate cancer,
Postmenopausal breast cancer

[Snoussi et al., 2006]. It can activate ERa and
ERa-dependent transcription in a ligand-independent
manner [Catalano et al., 2004]. Since BMI is known to
be associated with breast cancer as well as with LEPR
polymorphism, the present study has been planned to
evaluate the role of LEPR polymorphism in the
pathogenesis of breast cancer development.



[1. MATERIAL AND METHODS

a) Stuady population

The study comprises of 194 breast cancer
patients from Nizam’s institute of medical sciences
(NIMS) and 186 age matched women with out any
familial history of malignancies to serve as controls.
Clinical information such as stage of the breast cancer,
menopausal status at the time of onset, hormonal
receptor status (ER, PR), Her2 status and BMI was
noted down from the hospital records with the help of
medical oncologist Ethical committee approval from the
institute is obtained before initiation of the study. All the
participants were informed about the study and consent
was taken. 5ml of blood sample was collected into 10
ml EDTA vacutainer tube from both patients and
controls. All the samples were stored at -20- C.
Genomic DNA was extracted from leukocyte nuclei by
the salting-out method [Lahiri et al., 1991] and used for
amplification of Q223R polymorphism in exon 6 of LEPR
gene.

b) LEPR Q223R Polymorphism

PCR-RFLP was carried out for the identification
of LEPR Q223R polymorphism using gene specific
oligonucleotide primers previously described [Gotoda et
al.,, 1997]. The amplified product was digested with 5
units of Msplenzyme (New England Biolabs, USA) at
37°C for overnight and electrophoresed on 3% agorose
gel. A-G substitution at nucleotide 668 in exon six of
LEPR gene introduces a recognition site for Mspl.
Digestion by Mspl produces one band of 80 bp in the
normal LEPR sequence (QQ). Three separate bands of
80, 58 and 22 bp in the heterozygous individual (QR),
and two separate bands of 58 and 22 bp in mutant
homozygotes (RR) were observed.

c) Statistical Analysis

All the statistical analyses were performed using
SPSS software15.0 (Statistical Package for the Social
Science). Chi square test was done to test the
significance of genotype association with the
occurrence of disease. Odds ratio was estimated to
calculate the relative risk for each genotype to develop
disease. All the P values were two sided and the level of
significance was taken as P <0.05.

[II.  RESULTS AND DISCUSSION

LEPR a cytokine receptor involved in the
homeostatic control of appetite, weight, metabolism and
reproductive functions in women [Friedman et al., 1998],
via activating signal transduction pathways through
ligand binding with leptin [Banks et al., 2000]. LEPR
spans over 70 kb and includes 20 exons which encode
for 1,165 amino acid protein that belongs to the
superfamily of cytokine receptors and requires all its
extracellular subdomains functional for transmitting the
signal. LEPR presents two basic isoforms, a short

intracellular domain variant, unable to transmit a signal,
which is present in a variety of tissues; and a second
one with a long intracellular functional domain, capable
of activating JAK2 and STAT3, and perhaps other
signaling pathways [Sweeney et al., 2002].

The LEPR Q223R polymorphism corresponding
to A to G transition in exon 6 of the gene is known to
result in several functional consequences due to altered
charge distribution from neutral to positive charge. The
Q223R polymorphism lies within the first of two putative
leptin-binding regions in the extracellular domain of the
receptor and therefore, the amino acid change affects
all isoforms of the receptor and may be associated with
impaired LEPR signaling capacity [Yiannakouris et al.,
2001].

] The genotype and allele frequencies of the
LEPR Q223R SNP in 194 breast cancer patients and 186
healthy controls are shown in Table1. The frequency of
LEPR 223 RR genotype was significantly elevated in
breast cancer as compared to control group (x2=
6.567; df=2, p= 0.037) (Table 1) LEPR 223RR genotype
with more efficient binding capacity to leptin might
trigger cellular JAK2 /STATS, the Ras/ERK1/2 signaling
pathways there by initiating the tumorogenesis. Leptin
when binds to receptor also acts synergistically with
VEGF (vascular endothelial growth factor) and fibroblast
growth factor 2 (FGF- 2) to promote angiogenesis
[Sierra-Honigmann et al., 1998]. It has effect on the
expression of several genes involved in the
angiogenesis (MMP-2 and MMP-9) [Park et al., 2009;
Zhang et al., 2007].

The homozygous RR genotype frequency was
elevated considerably in post menopausal patients
(11.34%) compared to pre-menopausal patients (6.19%)
(Table2.1). There was no significant association of LEPR
Q223R polymorphism with Estrogen and Progesterone
receptor status among breast cancer patients (Table2.2,
2.3), however the RR genotype frequencies were
elevated in both ER-ve (8.2%) and PR-ve cases (8.97%)
compared to ER+ve(6.85%) and PR+ve cases(5.88%)
(Table2.2, 2.3).

With reference to BMI of patients (Table.3), a
considerable elevation in the RR genotype and R allele
frequency in obese patients (10.66%, 36.07%)
compared to patients with lower BMI (3.45%, 27.59%)
was observed. Further when non-carriers of R allele (i.e
Q/Q) and carriers of R allele (i.e. Q/R+R/R) were
compared, R allele carrier frequency was significantly
higher (61.48%) in obese subjects when compared to
less weight group (33.34%). Many reports had
suggested that Q223R LEPR polymorphism was
associated with BMI and overweight. Thompson et al,
1997 first reported this polymorphism was associated
with obesity [Bruce Thompson et al., 1997].

When the data was stratified based on the
stage of the disease and genotype frequency (Table. 5).
A higher percentage of patients with stage Il breast



cancer carried RR genotype (12.5%) than patients with
advanced stage cancer (6.98%) (OR, 0.39; 955 CI, 0.14-
1.08) although the OR was not statistically significant
due to a small sample size.

The impact of Q223R polymorphic variants on
human body composition had also been reported in two
recent studies [Chagnon et al., 1999; Chagnon et al.,
2000]. In the Que bec Family Study, Chagnon et al.,
1999 observed a significant sibling pair linkage between
the Q223R polymorphism and fat mass (FM). Although
no association between body composition variables and
the Q223R polymorphism was observed, there was a
weak, but significant, association between the Q223
allele and free fat mass (FFM) in lean males when the
analysis was performed by BMI and gender groups
(Chagon et al., 1999). In the Heritage Family Study
cohort, stronger evidence of an association between the
Q223R polymorphism and human adiposity was
reported among Caucasians, although no reciprocal
linkages were detected [Chagnon et al., 2000]. In
particular, middle-aged Caucasian males who were
carriers of the R223 allele had significantly higher BMI,
%FM, and plasma leptin levels than noncarriers.

Nikos et al 2001 reported that, a higher
percentage of homozygotes for R223 allele were found
among the heavier subjects. R/R homozygotes had
higher BMI (2=U; P=0.01) and higher fat mass values
than the carriers of Q223 allele, the Q223R
polymorphism was a significant predictor of 5% of the
body composition variability [Yiannakouris et al., 2001].
Our study is in accordance with earlier studies, which
infers that the presence of R 223 allele has a higher BMI
than non carriers leading to obesity. Further obesity is a
known epidemiological risk factor in the breast cancer
development.

On the other hand, negative results also have
been reported for the Q223R polymorphism with BMI in
different Caucasian population including American
[Silver et al., 1997], British [Gotoda et al., 1997] and
Danish groups [Echwald et al., 1997].

However, the proximity and similarity of the
Q223R polymorphism to the Q269P mutation, which
causes obesity in the Zucker mouse model, raise the
distinct possibility that the Q223R polymorphism may
lead to subtle changes in signaling pathways that also
predispose to a leptin-resistant state. Although the
higher leptin levels in RR homozygotes provide
supportive evidence for this hypothesis, future in vitro
experiments involving expression of wild-type and
mutant leptin receptors in cell lines are needed to
evaluate the effect of the Q223R substitution on the
functionality of the long isoform of the human LEPR
[White et al., 1997; Chua et al., 1996].

Our study provides the support for the
hypothesis that the Q223R polymorphism of LEPR gene
is associated with obesity and BMI in accordance with
earlier reports.

IV. CONCLUSION

In conclusion, our results suggest that the RR
genotype of the LEPR Q223R polymorphism of the
leptin receptor gene might be considered as a risk
genotype for development of breast cancer. Thus, this
study has demonstrated a modestly increased risk of
breast cancer in obese women harboring the LEPR
223R allele of the LEPR Q223R polymorphism of the
leptin receptor gene. To the best of our knowledge, ours
is the first study to provide information on the role of
LEPR Q223R polymorphism in breast cancer risk in
Indian women, a population characterized by paucity of
epidemiological literature on the determinants of breast
cancer and other malignancies.
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Table 1 : Genotype distribution of LEPR Q223R polymorphism in Breast Cancer cases and Controls

Cases Controls OR(95% ClI) P-value Z statistics X

P-value
All Women (n =194) (n =186)
Allele frequencies

LEPR (Q) 262(67.52)  246(66.12) 1.0

LEPR (R) 126(32.47)  126(33.87) 0.94(0.69-1.27) 0.68 0.41 0.110
df=1 0.74
Genotype frequencies

LEPR (Q/Q) 85(43.8) 68(36.6) 1.0

LEPR (Q/R) 92(47.4) 110(59.1) 0.7 (0.44-1.02) 0.0622 1.865

LEPR(R/R) 17(8.8) 8(4.3) 1.70(0.69-4.18) 0.2472 1.157 6.567*
df=2 0.0375*

LEPR (Q/Q) 85(43.8) 68(36.6) 1.0

LEPR (Q/R) + (R/R) 109(56.2) 118(63.4) 0.74(0.49-1.12) 0.1498 1.440 1.788
df=1 0.18

* x2 value significant



Table 2 : Association of LEPR Q223R polymorphism with respect to breast cancer and Menopausal status, Estrogen
receptor and Progesterone receptor status at disease onset.

df=1 0.89

OR(95% Cl) P-value  Zstatistics x2 P-value
1. Menopausal Status Pre Post
(N=194) (n =97) (n =97)
Allele frequencies
LEPR (Q) 135(69.59) 127(65.46) 1.0
LEPR (R) 59(30.41) 67(34.54) 0.83(0.54-1.27) 0.39 0.87 0.58
df=1 0.45
Genotype frequencies
LEPR (Q/Q) 44(45.36) 41(42.27) 1.0
LEPR (Q/R) 47(48.45) 45(46.39) 0.97(0.54-1.76) 0.93 0.09
LEPR(R/R) 6 (6.19) 11(11.34) 0.51(0.17-1.50)  0.22 1.23 1.620
df=2 0.45
LEPR (Q/Q) 44(45.36)  41(42.27) 1.0
LEPR (Q/R) + (R/R)  53(54.63) 56(57.73) 0.88 (0.5-1.56) 0.66 0.43 0.08
df=1 0.77
2. Estrogen status +ve -ve
(N=146) (n =73) (n =73)
Allele frequencies
LEPR (Q) 100(68.49) 100(68.49) 1.0
LEPR (R) 46(31.51) 46(31.51) 1.0(0.61-1.64)  1.00 0.00 0.02




Genotype frequencies
LEPR (Q/Q) 32(43.84) 33(45.2)
LEPR (Q/R) 36(49.3) 34(46.6) 1.10(0.56-2.15)  0.80 0.26
LEPR(R/R) 5(6.85) 6(8.2) 0.86(0.24-3.10)  0.82 0.23 0.163
df=2 0.92
LEPR (Q/Q) 32(43.84) 33(45.2) o~
LEPR (Q/R) + (R/R) 41(56.16) 40(54.79) 1.06(0.55-2.03) 0.87 0.17 0.00 -
df=1 1.0
3. Progesterone status +ve -ve
(N=146) (n =68) (n =78)
Allele frequencies
LEPR (Q) 91(66.91) 109(69.87) 1.0 ;
LEPR (R) 45(33.09) 47(30.13) 1.15(0.7-1.9) 0.59 054 0174 >
dfi=1 0677 B
=
Genotype frequencies S
LEPR (Q/Q) 27(39.7)  38(48.72) 1.0 S
LEPR (Q/R) 37(54.4) 33(42.31) 1.58(0.80-3.12)  0.19 1.31 <
LEPR(R/R) 4(5.88) 7(8.97) 0.80(0.21-3.0)  0.75 0.32 2.234 f
df=2 0327 =
=
LEPR (Q/Q) 27(39.7) 38(48.72) 1.0 5
LEPR (Q/R) + (R/R) 41(60.2) 40(51.2) 1.44(0.75-2.79) 0.28 1.09 0.858 E
df=1 0.354 =)
S

© 2012 Global Journals Inc. (US)



Table 3 . Genotype distribution of LEPR Q223R polymorphism in Breast Cancer cases with BMI

OR(95% Cl) P-value Z statistics x2 P-
value
BMI Less weight Obese
(N=151) (n = 29) (n =122
Allele frequencies
LEPR (Q) 42(72.41) 156(63.93) 1.0
LEPR (R) 16(27.59) 88(36.07) 0.68 (0.36-127) 0224 1.22 1.140
df=1 0.29
Genotype frequencies
LEPR (Q/Q) 14(48.28) 47(38.52) 1.0
LEPR (Q/R) 14(48.28) 62(50.82) 0.76(0.33-1.74)  0.51 0.65
LEPR(R/R) 1(3.45) 13(10.66) 0.26(0.031-2.15) 0.21 1.25 1.894
df=2 3.88
LEPR (Q/Q) 14(48.28) 47(38.52) 1.0
LEPR (Q/R) + (R/R) 15(51.72) 75(61.48) 0.67 (0.3-1.52)  0.34 096  0.565

df=1 0.45




Table 4 . Genotype distribution of LEPR Q223R polymorphism in Breast Cancer cases with Stage of the

disease
x2 P-value
Stage of the Disease I Il &V
Allele frequencies
LEPR (Q) 12(75) 103(64.38) 118(68.60)
LEPR (R) 4(25) 57(35.62) 54(31.40) 1.161
df=1 0.56
Genotype frequencies
LEPR (Q/Q) 5(62.5) 33(41.25) 38(44.19)
LEPR (Q/R) 2(25.0) 37(46.25) 42(48.84) 3.016
df=4 0.56
LEPR(R/R) 1(12.5) 10(12.5) 6(6.98)
LEPR (Q/Q) 5(62.5) 33(41.25) 38(44.19)
LEPR (Q/R) + (R/R) 3(37.5) 47(58.75) 48(55.81) 1.353
df=2 0.51

Table 5 : Association of LEPR Q223R polymorphism and breast cancer risk by breast cancer stage

Genotype Controls(n) Stagel(n) OR(95% Cl) P Stagell(n) OR(95% Cl) P Stagelll& IV(n) OR95% Cl) P
LEPR (Q/Q) 68(36.6)  5(62.5) 1.0 33(41.25) 1.0 38(44.19) 1.0

LEPR (Q/R) 110(59.1)  2(25) 4.04(0.8-21.43) 0.10 37(46.25)  1.44(0.83-2.52) 0.2 42(48.84) 1.46(0.92-2.49) 0.1
LEPR(R/R) 8(4.3) 1(12.5)  0.59(0.06-5.69) 0.65 10(12.5) 0.39(0.14-1.08) 0.07 6(6.98) 0.75(0.24-2.31)  0.61
LEPR (Q/Q) 68(36.6) 5625 1.0 33(41.25) 1.01.0 38(44.19)

LEPR (Q/R) + (R/R) 118(63.4) 3(37.5) 2.89(0.67-12.48) 0.15 47(58.75)  1.22(0.71-2.08) 0.47 48(55.81)  1.37(0.82-2.31)

0.23
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