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Abstract

To explore the association of LEPand leptin receptor (LEPR) gene single-nucleotide polymorphisms (SNPs) with susceptibility to systemic lupus
erythematosus (SLE) in a Chinese population. Four LEP SNPs (rs11761556, rs12706832, rs2071045 and rs2167270) and nine LEPR SNPs
(rs10749754, rs1137100, rs1137101, rs13306519, rs8179183, rs1805096, rs3790434, rs3806318 and rs7518632) were genotyped in a cohort
of 633 patients with SLE and 559 healthy controls. Genotyping of SNPs was performed with improved multiple ligase detection reaction (iMLDR).
No significant differences were detected for the distribution of allele and genotype frequencies of all 13 SNPs between patients with SLE and con-
trols. The genotype effects of recessive, dominant and additive models were also analysed, but no significant evidence for association was
detected. However, further analysis in patients with SLE showed that the TT genotype and T allele frequencies of the LEP rs2071045 polymor-
phism were nominally significantly higher in patients with pericarditis (P = 0.012, P = 0.011, respectively). In LEPR, the GA/AA genotype and A
allele frequencies of the rs1137100 polymorphism were both nominally associated with photosensitivity in patients with SLE (P = 0.043,
P =0.018, respectively). Moreover, the genotype and allele distribution of rs3806318 were also nominally associated with photosensitivity in
patients with SLE (P = 0.013, P = 0.008, respectively). No significant differences in serum leptin levels were observed in patients with SLE with
different genotypes. In summary, LEPand LEPR SNPs are not associated with genetic susceptibility to SLE, but may contribute to some specific
clinical phenotype of this disease; further studies are necessary to elucidate the exact role of LEPand LEPR genes in the pathogenesis of SLE.
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Introduction

Systemic lupus erythematosus (SLE) is a systemic autoimmune disor-
der involving multiple organs and tissues such as skin, kidneys, joints,
lung and central nervous system. The aetiology and pathogenesis of
SLE generally considers an involvement of environmental factors,
which could trigger abnormal autoimmune responses in individuals
who carry a predisposing genetic background [1]. Therefore, genetic
variants within immune-modulating genes may confer the risk of SLE.
Leptin is an adipokine that plays a key role in the modulation of
immune responses and the development and maintenance of
inflammation [2]. It is a 16-kD non-glycosylated polypeptide hormone
mainly produced by white adipose tissue (WAT), encoding by the
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obese (ob) gene of murine homolog of human LEP gene [3]. Investiga-
tions have shown that leptin is increased during acute infection and
inflammation, indicating that leptin acts as a pro-inflammatory cyto-
kine. It enhances macrophage phagocytosis activity and stimulates
them to produce several pro-inflammatory cytokines, such as IL-1, IL-
6 and TNF-o [4]. Leptin exerts its biological actions through the activa-
tion of leptin receptor, which belongs to the class 1 cytokine receptor
superfamily and are encoded by the diabetes (db) gene [5]. Numerous
studies have shown abnormal increase in serum/plasma leptin levels
in patients with SLE [6-9], but the data regarding association between
leptin-related gene polymorphisms and SLE is still very limited. Afroze
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et al. [10] showed that a LEPR gene polymorphism (LEPR Q223R)
was associated with SLE susceptibility in a Kashmiri population. A
recent study assessed LEPand LEPR gene polymorphisms in four dif-
ferent ancestral groups with SLE, but the results did not support asso-
ciations between leptin-related polymorphisms and increased SLE
susceptibility [11]. In this study, we carried out a case—control study to
explore whether LEP and LEPR gene polymorphisms are associated
with SLE susceptibility in a Chinese population.

Materials and methods

Study participants

A total of 633 patients with SLE were recruited from the Department of
Rheumatology and Immunology at the First Affiliated Hospital of Anhui
Medical University, Anhui Provincial Hospital and Anging Hospital Affili-
ated to Anhui Medical University. All patients met the 1997 American
College of Rheumatology (ACR) revised criteria for the classification of
SLE [12]. The disease severity was quantified according to the SLE dis-
ease activity index 2000 (SLEDAI-2K) [13]. More active SLE was
defined as a SLEDAI-2K score >10, and those patients with SLEDAI-2K
<10 were classed as relatively inactive [14, 15]. Normal controls were
recruited from the general population and healthy blood donors and
were geographically and ethnically matched with patients with SLE. All
the normal controls did not have a history of SLE, other inflammatory/
autoimmune diseases or cancer. The demographic and clinical features
were collected from the medical records or by questionnaire and
reviewed by experienced physicians. The study was approved by the
Medical Ethics Committee of Anhui Medical University. All participants
were enrolled after informed consent had been obtained.

SNP selection, genotyping and enzyme-linked
immunosorbent assay (ELISA)

We conducted a search for the LEP and LEPR gene single-nucleotide poly-
morphisms (SNPs) with a minor allele frequency (MAF) >0.05 within the
Han Chinese population (CHB) of Beijing, China, as listed in the international
HapMap Project databank (http://hapmap.ncbi.nim.nih.gov/cgi-perl/gh
rowse/hapmap24_B36/; HapMap Data Rel 24/phasell Nov08, on NCBI B36
assembly, dbSNP b126). Then, linkage disequilibrium (LD) analysis with an
/2 threshold of 0.8 was performed with Haploview 4.2 software (Broad
Institute, Cambridge, MA, USA) for tagging SNP selection. Under these cri-
teria, six tag SNPs in LEP and 26 tag SNPs in LEPR were selected for fur-
ther evaluation. We used the bioinformatics tools F-SNP (http://com
pbio.cs.queensu.ca/F-SNP/) and SNP function prediction (http:/snpinfo.nie
hs.nih.gov/snpinfo/snpfunc.htm) to assess the predicted functional effects
of each tag SNP [16, 17]. The test for functional SNP aimed to evaluate the
potentially deleterious functional impact at the splicing, transcriptional,
translational and post-translational level. The basic information of these tag
SNPs is shown in Table S1. In addition, the existing literature studies about
the LEP and LEPR gene polymorphisms were reviewed. Finally, a total of
four tag SNPs (rs11761556, rs12706832, rs2071045 and rs2167270) in
LEP and nine tag SNPs [rs10749754, rs1137100, rs1137101, rs13306519,
rs8179183 (rs1805094), rs1805096, rs3790434, rs3806318 and
rs7518632] in LEPR were included for genotyping in our study cohort. The
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selected SNPs were genotyped in both case and control groups performed
with improved multiple ligase detection reaction (iMLDR) genotyping
assays, with technical support from the Center for Genetic & Genomic Anal-
ysis, Genesky Biotechnologies Inc., Shanghai.

Serum leptin level was determined by ELISA kits according to the
manufacturer’s instruction (R&D Systems, Inc. Minneapolis, MN, USA),
and the results were expressed as nanogram per millilitre.

Statistical analysis

Differences in genotype and allele frequencies between the two groups
were analysed using chi-square or Fisher's exact test. Comparisons of
serum leptin level between different groups of clinical features and
genotypes were conducted using nonparametric test. Odds ratios (ORS)
and 95% confidence interval (C/s) were estimated by non-conditional
logistic regression analyses. All these statistical analyses were per-
formed using SPSS 10.01 software (SPSS Inc., Chicago, IL, USA).

Hardy-Weinberg equilibrium (HWE) was evaluated in normal con-
trols, and haplotype tests were performed by the SHEsis software
(http://analysis.bio-x.cn/myAnalysis.php) [18]. A two-sided P value of
<0.05 was considered as statistically significant. The Bonferroni correc-
tion was used for multiple testing.

Results

In this study, we included a total of 633 SLE cases and 559 healthy
controls. In patients, there were 60 males and 573 females with a

Table 1 Demographic characteristics and clinical features of 633
patients with SLE

Characteristics
Demographic characteristics

Patients with SLE (n = 633)

Age, year 39.4 +12.74
Male, n (%) 60 (9.48)
Female, n (%) 573 (90.52)
Clinical manifestations

Malar rash, n (%) 225 (36.47)
Discoid rash, n (%) 65 (10.53)
Photosensitivity, n (%) 57 (9.24)
Oral ulcers, n (%) 74 (11.99)
Arthritis, 1 (%) 287 (46.52)
Pleurisy, n (%) 22 (3.57)
Pericarditis, n (%) 16 (2.59)
Renal disorder, n (%) 78 (12.64)
Neurological disorder, n (%) 22 (3.57)

n: number; SLE: systemic lupus erythematosus.
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mean age of 39.40 + 12.74 years, while six males and 553 females
in controls with a mean age of 42.92 4 16.57 years. The clinical fea-
tures of the patients are shown in Table 1. The main clinical manifes-
tations were arthritis (46.52%), malar rash (36.47%), renal disorder
(12.64%) and oral ulcers (11.99%) (Table 1). The observed genotype
frequencies of all detected SNPs were distributed in compliance with
the HWE in control groups (all P> 0.05).

Association of LEP and LEPR gene
polymorphisms with risk of SLE

The result of allele frequency and genotype frequency of 13 SNPs in
patients with SLE and controls are shown in Tables 2 & 3. There were
no significant differences in allele and genotype distribution between
patients with SLE and controls in all of these SNPs (all P > 0.05). We
also evaluated the association of LEP and LEPR gene polymorphisms

with SLE under dominant, recessive and additive model (Tables 2 &
3). Consistently, none of these polymorphisms achieved a significant
difference between cases and controls (all P> 0.05).

Association of LEP and LEPR gene
polymorphisms with clinical features in patients
with SLE

To examine the potential genetic association between leptin-related
gene polymorphisms and specific clinical features in SLE, we con-
ducted a case-only analysis and summarized the results in Tables 4
& 5. In LEP, the TT genotype and T allele frequencies of the
rs2071045 polymorphism were significantly higher in patients with
pericarditis compared with patients without this feature (P = 0.012,
P=0.011, respectively). The A allele of the rs11761556 was
significantly higher in patients with malar rash (P = 0.044). However,

Table 2 Genotype frequencies of LEP SNPs in patients with SLE and healthy controls

SNP Analysed model SLE (N = 633) Control (N = 559) P value*
rs11761556 Genetypes AA 337 305 0.962
CA 249 211 0.740
CC 47 43
Additive model AA 337 305 0.962
cC 47 43
rs12706832 Genetypes GG 347 317 0.924
GA 249 209 0.813
AA 37 33
Additive model GG 347 317 0.924
AA 37 33
rs2071045 Genetypes CC 191 187 0.774
CT 336 263 0.087
T 106 109
Additive model CC 191 187 0.774
T 106 109
rs2167270 Genetypes GG 391 369 0.727
GA 215 167 0.760
AA 27 23
Additive model GG 391 369 0.726
AA 27 23

N: number; SNP: single-nucleotide polymorphism; OR: odds ratio; Cl: confidence interval.
*The P values are not corrected for multiple testings, Bonferroni corrected P = 0.0167.
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Table 3 Genotype frequencies of LEPR SNPs in patients with SLE and healthy control

SNP Analysed model SLE (N = 633) Control (N = 559) P value*
rs10749754 Genetypes AA 468 415 0.801
GA 156 135 0.766
GG 9 9
Additive model AA 468 415 0.801
GG 9 9
rs1137100 Genetypes GG 440 385 0.095
GA 165 160 0.055
AA 28 14
Additive model GG 440 385 0.091
AA 28 14
rs1137101 Genetypes GG 478 427 0.987
GA 145 123 0.901
AA 10 9
Additive model GG 478 427 0.987
AA 10 9
rs13306519 Genetypes CC 426 393 0.106
CG 171 145 0.208
GG 36 21
Additive model cC 426 393 0.103
GG 36 21
rs8179183 Genetypes cC 579 502 0.283
GC 53 54 0.356
GG 1 3
Additive model cC 579 502 0.343"
GG 1 3
rs1805096 Genetypes AA 480 437 0.508
GA 145 112 0.327
GG 8 10
Additive model AA 480 437 0.506
GG 8 10

no significant associations between other SNPs in LEP and clinical  significant difference between patients with and without photosensi-
features of SLE were observed. In LEPR, the GA/GG genotype and G tivity (P = 0.013, P =0.008, respectively). In addition, the GA/AA
allele frequencies of the rs3806318 polymorphism achieved  genotype and A allele of rs1137100 also demonstrated an increased
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Table 3. Continued

SNP Analysed model SLE (N = 633) Control (N = 559) P value*
rs3790434 Genetypes CC 446 415 0.235
CT 178 130 0.088
T 9 14
Additive model CC 446 415 0.230
T 9 14
rs3806318 Genetypes AA 512 448 0.262
GA 112 107 0.214
GG 9 4
Additive model AA 512 448 0.279"
GG 9 4
rs7518632 Genetypes AA 403 352 0.324
CA 198 186 0.230
CC 32 21
Additive model AA 403 352 0.323
CC 32 21
N: number; SNP: single-nucleotide polymorphism; OR: odds ratio; Cl: confidence interval.
*The P values are not corrected for multiple testings, Bonferroni corrected P = 0.0167.
TCalculated by Fisher's exact test (exact P value).
Table 4 The positive findings of association between genotype frequencies in LEP and clinical characteristics
Allele Genetypes n (%)
Gene (SNP) (M/m) Clinical features Group T Mm e P value*
rs2071045 C/T Pericarditis Positive 2 7 7 0.012
Negative 181 322 98

n: number; SNP: single-nucleotide polymorphism; M: major alleles; m: minor alleles; SLEDAI: systemic lupus erythematosus disease activity

index.

*The P values are not corrected for multiple testings, Bonferroni corrected P = 0.0167. Bold value means P<0.05.

risk of photosensitivity (P = 0.043, P=0.018, respectively) in
patients with SLE. No significant associations of other SNPs in LEPR
with clinical features were found. Furthermore, there was no signifi-
cant difference in the genotype distribution between patients with
SLEDAI >10 and patients with SLEDAI <10 (Tables 4 & 5).

Association of serum leptin levels with LEP and
LEPR genotypes in patients with SLE

We examined the associations between serum leptin levels with dif-
ferent LEP and LEPR genotypes (Table 6). However, no significant
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differences in serum leptin levels were observed between patients
with different LEP or LEPR genotypes.

Haplotype analyses

Five main haplotypes (AATC, GATC, GGCA, GGCC and GGTA) for LEP
gene and five main haplotypes (ACACGACGC, ACGCAGCAA, ACGGAG-
CAA, ATGCAGCAA and GCGCAGCAA) for LEPR gene were identified
using SHEsis software (Tables 7 & 8). The results revealed that the
haplotypes ACGCAGCAA and ATGCAGCAA were significantly associ-
ated with SLE, and the ACGCAGCAA appeared to be a significant
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Table 5 The positive findings of association between genotype frequencies in LEPR and clinical characteristics

Allele Genetypes n (%)
Gene (SNP) (M/m) Clinical features Group T Wim mm P value*
rs1137100 G/A Photosensitivity Positive 34 17 6 0.043
Negative 396 142 22
rs3806318 AG Photosensitivity Positive 40 14 3 0.013
Negative 458 96 6
Arthritis Positive 237 43 7 0.045
Negative 261 67 2
SLEDAI More active (SLEDAI >10) 33 3 2 0.020"
Less active (SLEDAI<10) 37 16 1

n: number; SNP: single-nucleotide polymorphism; M: major alleles; m: minor alleles; SLEDAI: systemic lupus erythematosus disease activity

index.

*The P values are not corrected for multiple testings, Bonferroni corrected P = 0.0167. Bold value means P<0.05.

TCalculated by Fisher's exact test (exact P value).

protective haplotype (P = 0.003, OR = 0.745, 95% Cl: 0.615-0.903;
P =0.038, OR = 1.390, 95% CI: 1.018-1.897).

Discussion

Systemic lupus erythematosus is a severe autoimmune disease
with multiple serological alterations and affecting various organs.
Although the aetiology is still unclear, it is generally acknowl-
edged that this disease has complex genetic and environmental
backgrounds. Recent studies have shown that leptin levels are
elevated in patients with SLE and involved in the pathogenesis of
this disease [19-22]. However, some other groups have demon-
strated lower or unchanged circulating leptin levels in patients
with SLE compared to healthy controls [23, 24]. Our recent
work, a meta-analysis, also found no significant difference in
plasma/serum leptin level between patients with SLE and normal
controls [25]. Similar studies have also been conducted among
various autoimmune diseases such as rheumatoid arthritis (RA)
and osteoarthritis (OA) [26-28]. A recent study showed that
serum leptin level and serum leptin/leptin receptor ratio imbal-
ance were positively correlated with anticyclic citrullinated peptide
antibodies in RA [29] and might act as a predictor for disease
activity [30]. Therefore, LEP and LEPR gene polymorphisms
might affect its expression and activity, and thereby involved in
SLE pathogenesis.

In the current study, we investigated the association of LEP and
LEPR single-nucleotide polymorphisms with susceptibility to SLE in a
Chinese population. However, we failed to detect any significant asso-
ciation between these SNPs and SLE risk. This result is inconsistent
with a previous study by Afroze et al. They firstly reported an associa-
tion between LEPR Q223R polymorphisms and risk of SLE in 100

© 2017 The Authors.

Kashmiri individuals [10]. They found that the carriers of variant
genotype (A/G + G/G) or G allele were at increased risk of SLE and
the different genotypes of LEPR (223R might be involved in the
development of different clinical manifestations associated with SLE.
However, the sample size of this study is relatively small to get a pow-
erful conclusion. Another study by Zhao et al. [11] also analysed the
association of leptin pathway-related gene polymorphisms with SLE
risk in four different ancestral groups. Then, they conducted a trans-
ancestry meta-analysis across four ancestral groups to elevate the
overall effect among these SNPs. Their results suggested that
although several SNPs showed weak associations, these associations
did not remain significant after correction for multiple testing. This
result was similar with our findings. We also examined the potential
associations of LEPand LEPR gene polymorphisms with specific clin-
ical characteristics in patients with SLE. In LEP, none of the SNPs
were associated with any clinical characteristics except the
rs2071045 polymorphism. The TT genotype and T allele frequencies
of the rs2071045 were significantly increased in patients with peri-
carditis, suggesting that the T allele of rs2071045 in SLE might ele-
vate the risk of pericarditis. In LEPR, we found positive association
between the GA/GG genotype and G allele frequencies of the
rs3806318 polymorphism and the risk of photosensitivity in patients
with SLE. Our results also demonstrated that rs1137100 might
increase the risk of skin photosensitivity in SLE; however, the differ-
ences did not reach the statistical significance after correction for
multiple testing.

Previous studies have also evaluated the role of LEP and
LEPR genes in multiple autoimmune diseases; however, the
results are controversial [31-34]. A recent study demonstrated
that the genotype and allele frequencies of the LEP rs2167270
gene polymorphism had no association with the risk of RA [31].
However, Farrokhi et al. revealed a significant role of LEP G-
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Table 6 Association of serum leptin levels with genotype in LEP and LEPR

Serum leptin level

SNP Genetypes Number M (Pys, P75) P value

rs11761556 AA 46 6.43 (3.75, 19.60) 0.838
CA 37 6.34 (3.66, 18.54)
G0 8 8.87 (3.03, 13.14)

rs12706832 GG 49 712 (3.94, 19.29) 0.334
GA 36 5.75 (3.35, 16.53)
AA 6 12.53 (5.60, 21.25)

rs2071045 cc 30 7.14 (3.59, 19.56) 0.928
cT 47 5.86 (4.07, 20.36)
T 14 8.87 (3.41, 16.45)

rs2167270 GG 57 712 (3.73, 20.02) 0.428
GA 31 5.85 (3.38,14.66)
AA 3 13.49 (6.17,18.98)

rs10749754 AA 69 6.34 (3.57, 18.39) 0.832
GA 18 5.53 (4.32, 19.51)
GG 4 14.27 (4.20, 20.89)

rs1137100 GG 67 6.34 (3.61, 19.17) 0.454
GA 18 11.26 (4.89, 19.51)
AA 6 5.13 (2.38, 15.95)

rs1137101 GG 72 6.41 (3.63, 18.69) 0.955
GA 16 9.47 (4.15, 20.08)
AA 3 12.52 (1.43, 16.02)

rs13306519 GC 63 8.21 (4.11,19.17) 0.186
CG 21 5.05 (3.4, 12.46)
GG 7 16.70 (5.29, 22.51)

rs8179183 cC 81 7.12 (3.70, 19.29) 0.113
GC 10 4.40 (3.85, 7.29)
GG 0 0

rs1805096 AA 73 6.26 (3.74, 18.39) 0.272
GA 17 12.52 (4.05, 19.80)
GG 1 1.43
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Serum leptin level

SNP Genetypes Number M (Pys, P75) P value
rs3790434 CC 61 6.34 (3.57,19.08) 0.647
CcT 28 8.21 (4.12,18.96)
T 2 4.68 (4.40,4.95)
rs3806318 AA 69 6.48 (3.92,19.85) 0.396
GA 19 10.81 (3.52,15.92)
GG 3 3.69 (3.61,5.21)
rs7518632 AA 65 6.48 (3.66,19.08) 0.632
CA 17 10.96 (4.18,19.80)
CC 9 5.54 (2.95,14.27)

SNP: single-nucleotide polymorphism; M: median.

Table 7 Haplotype analysis of four SNPs in LEP gene in patients with SLE and controls

Haplotype Case [n (%)] Control [n (%)] x P value OR (95% ClI)
rs2167270- rs12706832- rs2071045- rs11761556
AATC 223.98 (17.7) 178.29 (15.9) 1.308 0.253 0.881 (0.710, 1.094)
GATC 51.11 (4.0) 55.50 (5.0) 1.193 0.275 1.242 (0.841, 1.833)
GGCA 646.32 (51.1) 577.65 (51.7) 0.089 0.765 1.025 (0.870, 1.209)
GGCC 64.28 (5.1) 57.97 (5.2) 0.014 0.906 1.022 (0.710, 1.472)
GGTA 226.09 (17.9) 201.06 (18.0) 0.006 0.939 1.008 (0.817, 1.245)

Total ¥? = 2.274, P = 0.069.
All the haplotypes with a frequency <0.03 were ignored in the analysis.

Table 8 Haplotype analysis of four SNPs in LEPR gene in patients with SLE and controls

Haplotype

Case [n (%)]

Control [n (%)]

2

% P value OR (95% ClI)

rs3806318- rs3790434- rs1137100- rs13306519- rs10749754- rs1137101- rs8179183- rs1805096- rs7518632

ACACGACGC
ACGCAGCAA
ACGGAGCAA
ATGCAGCAA
GCGCAGCAA

65.57 (5.2)
587.70 (46.4)
158.79 (12.5)
110.74 (8.7)
4931 (3.9)

44.72 (4.0)

577.78 (51.7)

121.20 (10.8)
72.77 (6.5)
42.96 (3.8)

1.914 0.167 1.318 (0.891, 1.949)
9.038 0.003 0.745 (0.615, 0.903)
1.754 0.185 1.189 (0.920, 1.537)
4.327 0.038 1.390 (1.018, 1.897)
0.005 0.942 1.016 (0.668, 1.545)

Total ¥? = 10.469, P = 0.033. Bold value means P<0.05.
All the haplotype with a frequency <0.03 were ignored in the analysis.

2548-A and LEPR Q223R polymorphisms in the risk of multiple
sclerosis and its severity [32]. Furthermore, two recent studies
showed that genetic polymorphisms of the leptin gene might
influence lung function via Notch and JAK/STAT3 signalling

© 2017 The Authors.

pathway [34, 35]. Thus, LEP and LEPR gene polymorphisms
might influence the production and activity of inflammatory
cytokines and thereby play a role in the development of various
autoimmune diseases.
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However, one limitation of our study should be acknowledged.
The sample size for analysing the serum leptin level in patients
with SLE may not be sufficient to get a solid conclusion. There-
fore, the findings should be interpreted with caution; further
studies with larger sample size are needed to confirm these
results.

In conclusion, LEP and LEPR gene polymorphisms are not
associated with genetic susceptibility to SLE in the Chinese popu-
lation. However, some SNPs are associated with specific clinical
phenotype of SLE, such as skin rash, pericarditis and arthritis.
Compared with previous similar studies, some of these contradic-
tions may be due to studies with different ethnic background,
sample size, pathogenesis and patients with different disease
activity, duration and treatment. Therefore, further studies based
on larger sample size in different populations are required to
confirm this result, and the gene-gene or genes—environment
interaction should be taken into consideration.

Acknowledgements

This work was supported by grants from the National Natural Science
Foundation of China (81573222, 81373073).

Conflict of interest

The authors confirm that there are no conflict of interest.

Supporting information

Additional Supporting Information may be found online in the
supporting information tab for this article:

Table $1 Characteristics of the 32 Tag SNPs

Table S2 Genotype and allele frequencies of LEP SNPs in SLE
patients and health controls

Table S3 Genotype and allele frequencies of LEPR SNPs in SLE
patients and health controls

Table S4 Association of clinical characteristics with genotype and
allele frequencies in LEP

Table 85 Association of clinical characteristics with genotype and

allele frequencies in LEPR

References

1. Tsokos GC. Systemic lupus erythematosus. 9. Barbosa VDS, Francescantonio PL, Silva systemic sclerosis. Rheumatology (Oxford).
N Engl J Med. 2011; 365: 2110-21. NAD. Leptina e adiponectina no liipus 2005; 44: 873-8.

2. Lourenco EV, Liu A, Matarese G, et al. Lep- eritematoso sistémico: correlagoes clinicase ~ 16.  Lee PH, Shatkay H. F-SNP: computationally
tin promotes systemic lupus erythematosus laboratoriais. Revista Brasileira de Reuma- predicted functional SNPs for disease asso-
by increasing autoantibody production and tologia. 2015; 55: 140-5. ciation studies. Nucleic Acids Res. 2008; 36:
inhibiting immune regulation. Proc Nat/ Acad  10.  Afroze D, Yousuf A, Ali R, et al. Serum lep- D820-4.
Sci USA. 2016; 113: 10637-42. tin levels, leptin receptor gene (LEPR) poly-  17.  Xu Z, Taylor JA. SNPinfo: integrating GWAS

3. Zhang Y, Proenca R, Maffei M, et al. Posi- morphism, and the risk of systemic lupus and candidate gene information into func-
tional cloning of the mouse obese gene and its erythematosus in  Kashmiri  population. tional SNP selection for genetic association
human homologue. Nature. 1994; 372: 425-32. Immunol Invest. 2015; 44: 113-25. studies. MNucleic Acids Res. 2009; 37:

4. \Versini M, Jeandel P-Y, Rosenthal E, ef al. 11. Zhao J, Wu H, Langefeld CD, ef al. Genetic W600-5.
Obesity in autoimmune diseases: not a pas- associations of leptin-related polymor-  18.  Li Z, Zhang Z, He Z, et al. A partition-liga-
sive bystander. Autoimmun Rev. 2014; 13: phisms with systemic lupus erythematosus. tion-combination-subdivision EM algorithm
981-1000. Clin Immunol. 2015; 161: 157-62. for haplotype inference with multiallelic

5. Stofkova A. Leptin and adiponectin: from 12. Hochberg MC. Updating the American markers: update of the SHEsis (http://analy
energy and metabolic dysbalance to inflam- College of Rheumatology revised criteria sis.bio-x.cn). Cell Res. 2009; 19: 519-23.
mation and autoimmunity. Endocr Regul. for the classification of systemic lupus 19. Margiotta D, Navarini L, Vadacca M, et al.
2009; 43: 157-68. erythematosus. Arthritis Rheum. 1997; 40: Relationship between leptin and regulatory T

6. Sada KE, Yamasaki Y, Maruyama M, et al. 1725. cells in systemic lupus erythematosus: pre-
Altered levels of adipocytokines in associa- 13.  Gladman DD, Ibanez D, Urowitz MB. Sys- liminary results. Eur Rev Med Pharmacol
tion with insulin resistance in patients with temic lupus erythematosus disease activity Sci. 2016; 20: 636-41.
systemic lupus erythematosus. J Rheuma- index 2000. J Rheumatol. 2002; 29: 288-91.  20. Ma L, Li D, Sookha MR, ef al. Elevated
tol. 2006; 33: 1545-52. 14.  Wu Y, Zhang F, Ma J, et al. Association of serum leptin levels in patients with systemic

7. Kim HA, Choi GS, Jeon JY, et al. Leptin and large intergenic noncoding RNA expression lupus erythematosus. Pharmazie. 2015; 70:
ghrelin in Korean systemic lupus erythe- with disease activity and organ damage in 720-3.
matosus. Lupus. 2010; 19: 170-4. systemic lupus erythematosus. Arthritis Res  21.  Chung CP, Long AG, Solus JF, et al.

8. Garcia-Gonzalez A, Gonzalez-Lopez L, Ther. 2015; 17: 131. Adipocytokines in systemic lupus erythe-
Valera-Gonzalez IC, ef al. Serum leptin 15, Hayakawa I, Hasegawa M, Matsushita T, matosus: relationship to inflammation,
levels in women with systemic lupus erythe- et al. Increased cutaneous T-cell-attracting insulin resistance and coronary atheroscle-
matosus. Rheumatol Int. 2002; 22: 138-41. chemokine levels in sera from patients with rosis. Lupus. 2009; 18: 799-806.

1740 © 2017 The Authors.

Journal of Cellular and Molecular Medicine published by John Wiley & Sons Ltd and Foundation for Cellular and Molecular Medicine.


http://analysis.bio-x.cn
http://analysis.bio-x.cn

22.

23.

24.

25.

26.

27.

Vadacca M, Margiotta D, Rigon A, ef al.
Adipokines and systemic lupus erythemato-
sus: relationship with metabolic syndrome
and cardiovascular disease risk factors. J
Rheumatol. 2009; 36: 295-7.

Wislowska M, Rok M, Stepien K, ef al.
Serum leptin in systemic lupus erythemato-
sus. Rheumatol Int. 2008; 28: 467-73.

De Sanctis JB, Zabaleta M, Bianco NE,
et al. Serum adipokine levels in patients
with systemic lupus erythematosus. Autoim-
munity. 2009; 42: 272-4.

Li HM, Zhang TP, Leng RX, ef al. Plasma/
serum leptin levels in patients with systemic
lupus erythematosus: a meta-analysis. Arch
Med Res. 2015; 46: 551-6.

Rivera-Bahena CB, Xibillé-Friedmann D-X,
Gonzalez-Christen J, et al. Peripheral blood
Leptin and Resistin levels as clinical activity
biomarkers in Mexican Rheumatoid Arthritis
patients. Reumatol Clin. 2015; doi: 10.1016/
j.reuma.2015.11.011.

Zhang ZM, Shen C, Li H, efal. Leptin
induces the apoptosis of chondrocytes in an
in vitro model of osteoarthritis via the JAK2-

© 2017 The Authors.
Journal of Cellular and Molecular Medicine published by John Wiley & Sons Ltd and Foundation for Cellular and Molecular Medicine.

28.

29.

30.

31.

STAT3 signaling pathway. Mol Med Rep.
2016; 13: 3684-90.

Huang Z, Du S, Huang L, ef al. Leptin pro-
motes apoptosis and inhibits 1 autophagy of
chondrocytes through upregulating Lysyl
oxidase-like 3 during osteoarthritis patho-
genesis. Osteoarthritis Cartilage. 2016; 24:
1246-53.

Gomez-Banuelos E, Navarro-Hernandez RE,
Corona-Meraz F, ef al. Serum leptin and
serum leptin/serum leptin receptor ratio
imbalance in obese rheumatoid arthritis
patients positive for anti-cyclic citrullinated
peptide antibodies. Arthritis Res Ther. 2015;
17: 335.

Xibillé-Friedmann D-X, Ortiz-Panozo E,
Rivera-Bahena CB, ef al. Leptin and adipo-
nectin as predictors of disease activity in
rheumatoid arthritis. Clin Exp Rheumatol.
2015; 33: 471-7.

Garcia-Bermidez M, Gonzalez-Juanatey C,
Rodriguez-Rodriguez L, ef al. Lack of asso-
ciation between LEP rs2167270 (19 G>A)
polymorphism and disease susceptibility
and cardiovascular disease in patients with

J. Cell. Mol. Med. Vol 21, No 9, 2017

32.

33.

34.

35.

rheumatoid arthritis. Clin Exp Rheumatol.
2011; 29: 293-8.

Farrokhi M, Dabirzadeh M, Fadaee E,
et al. Polymorphism in leptin and leptin
receptor genes may modify leptin levels
and represent risk factors for multiple
sclerosis. Immunol Invest. 2016; 45:
328-35.

Yang MM, Wang J, Fan JJ, et al. Variations
in the obesity gene “LEPR” contribute to risk
of type 2 diabetes mellitus: evidence from a
meta-analysis.  Journal  of  Diabetes
Research. 2016; 2016: 1-12.

Mukherjee N, Lockett GA, Merid SK, et al.
DNA methylation and genetic polymor-
phisms of the Leptin gene interact to influ-
ence lung function outcomes and asthma at
18 years of age. Int J Mol Epidemiol Genet.
2016; 7: 1-17.

Zheng XJ, Yang ZX, Dong YJ, efal
Downregulation of leptin inhibits growth
and induces apoptosis of lung cancer
cells via the Notch and JAK/STAT3 signal-
ing pathways. Biol Open. 2016; 5. 794-
800.

1741


https://doi.org/10.1016/j.reuma.2015.11.011
https://doi.org/10.1016/j.reuma.2015.11.011

