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Leptin is abnormally elevated in the plasma of patients with systemic lupus erythematosus (SLE), where it is
thought to promote and/or sustain pro-inflammatory responses. Whether this association could reflect an
increased genetic susceptibility to develop SLE is not known, and studies of genetic associations with
leptin-related polymorphisms in SLE patients have been so far inconclusive. Here we genotyped DNA sam-
ples from 15,706 SLE patients and healthy matched controls from four different ancestral groups, to corre-
late polymorphisms of genes of the leptin pathway to risk for SLE. It was found that although several SNPs
showed weak associations, those associations did not remain significant after correction for multiple test-
ing. These data do not support associations between defined leptin-related polymorphisms and increased
susceptibility to develop SLE.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

The etiopathogenesis of systemic lupus erythematosus (SLE) gener-
ally considers an involvement of environmental factors (including epi-
genetic changes) that could trigger abnormal autoimmune responses,
facilitated by sex and hormones, in individuals that carry a predisposing
genetic background [1]. Therefore, in SLE multiple genetic variants
could create favorable conditions for a heightened sensitivity of
autoreactive cells to an increased stimulation/activation.

Our groupandothers havepreviously shown that leptin is abnormally
elevated in SLE patients [2,3]. We also showed that leptin in mice could
promote SLE autoimmunity [4,5].Whether thesefindings underlie genet-
ic association(s) between selected leptin polymorphisms and SLE is not
known. A recent study suggested an association of a leptin receptor
gene polymorphism (LEPRQ223R) with increased susceptibility of SLE
in 100 Kashmiri individuals [6]. Since analyses on larger numbers of SLE
patients and in multiple ethnic groups would better delineate the possi-
bility of association(s) between leptin-related genes and increased risk
for SLE, we performed genetic association studies for single nucleotide
polymorphisms (SNPs) within multiple leptin-related genes. Criteria for
selection were based on the following considerations. Leptin gene (LEP)
polymorphisms [7] were studied because of their possible roles in abnor-
mal function/catabolismof leptin. For leptin receptor (LEPR), which exists
in six alternatively spliced forms with cytoplasmic domains of different
length [8], we assessed polymorphisms of all isoforms [9] because any
of them might influence catabolism and/or sustain leptin activity. The
polymorphism of PPARG [10–12] was also studied because leptin can
downregulate PPAR-γ expression for a subsequent increase in the release
of pro-inflammatory IL-1β, IL-6 and TNF-α [13,14]. Finally, the polymor-
phism of the growth hormone secretagogue receptor GHSRwas studied
because its opposing action on leptin results in the inhibition of the
same pro-inflammatory cytokines [15,16].

Haplotype-tagging SNPs selected from these genes were genotyped
by a customized SNP genotyping-array and assessed for association
with SLE in 15,706 case-control subjects from four different ancestral
groups including European American (EA), African American (AA), East
Asian (AS) and Hispanic enriched for the Amerindian-European admix-
ture (HS).

2. Materials and methods

2.1. Subjects' samples collection and SNP genotyping

To test association of LEPR, PPARG, GHSR and LEPwith SLE, we used a
large collection of samples from case-control subjects frommultiple eth-
nic groups. These samples were from the collaborative Large Lupus Asso-
ciation Study 2 (LLAS2) and were contributed by participating
institutions in the United States, Asia and Europe. All SLE patients met
the American College of Rheumatology (ACR) criteria for the classifica-
tion of SLE [17]. LLAS2 samples were processed at the Lupus Genetics
Studies Unit of the Oklahoma Medical Research Foundation (OMRF).
SNP genotypingwas carried out on the Illumina iSelect platform. Subjects

with individual genotyping call rate b0.90 were removed because of low
data quality. Subjects that were duplicated or first degree related were
also removed. Both principal component analysis and global ancestry es-
timation based on347 ancestry informativemarkers (AIMs)were used to
detect population stratification and admixture, as described in another
LLAS2 report [18]. After removing genetic outliers, a final dataset of
15,706 unrelated subjects (8269 cases vs. 7437 controls) was obtained.

According to genetic ancestry, subjects were grouped into four an-
cestral groups including European American (3966 cases vs. 3543 con-
trols), African American (1527 cases vs. 1812 controls), East Asian
(1272 cases vs. 1270 controls) and Hispanic enriched for the
Amerindian-European admixture (1504 cases vs. 812 controls).

The study was approved by the Human Subject Institutional Review
Boards or the Ethic Committee of each institution. All subjects were en-
rolled after informed consent had been obtained.

2.2. SNP selection and statistical analysis

To avoid the genotyping of all SNPs for the genes of interest yet cap-
ture themajority of diversity within each region, we selected haplotype
tag SNPs for genotyping according to the Hapmap Project (http://
hapmap.ncbi.nlm.nih.gov/cgi-perl/gbrowse/hapmap24_B36/; HapMap
public release #24 of 11/26/2008). In addition, SNPs with potential
functional consequences were selected as well for testing. In total, we
selected 9 SNPs for LEP, 17 SNPs for LEPR, 5 SNPs for GHSR and 16
SNPs for PPARG, at an average density of 8.2 kb per SNP. 32 SNPs that
passed data cleaning and quality control measures (7 SNPs for LEP, 10
SNPs for LEPR, 3 SNPs forGHSR and 12 SNPs for PPARG, Table 1)were ge-
notyped on the Illumina iSelect platform and subsequently used for ge-
netic association test.

The Hardy–Weinberg equilibrium (HWE) test threshold was set at
P N 0.01 for controls and P N 0.0001 for cases. SNPs failing the HWE test
were excluded from association test. SNPs showing genotyping missing
rate N5% or showing significantly different genotyping missing rate be-
tween cases and controls (missing rate N2% and Pmissing b 0.05) were ex-
cluded from association test. In each ancestral group, SNPswere assessed
for association with SLE under a logistic regression model adjusting for
gender and the first 3 principal components estimated using AIMs. The
trans-ancestry meta-analysis was conducted across all four ancestral
groups. For each SNP, if the Cochran's Q statistic showed no evidence of
genetic heterogeneity (P N 0.05), a fixed effect model was applied. Other-
wise, a random effectmodel was used. All analyses described abovewere
performed using PLINK v1.07 [19]. Pairwised LD values shown in Fig. 1
were calculated using Haploview 4.2 [20]

3. Results

3.1. Genetic association between leptin-related polymorphisms and human
SLE

To test the possibility of common leptin-related variants predispos-
ing to SLE, genetic association studies using htSNPs for the four selected
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