
ORIGINAL ARTICLE

Association between rs2431697 T allele on 5q33.3 and systemic
lupus erythematosus: case-control study and meta-analysis

Zhao-Ming Tang1 & Ping Wang1 & Pan-Pan Chang2 & Tony Hasahya3 & Hui Xing1 &

Jin-Ping Wang4 & Li-Hua Hu1

Received: 28 February 2015 /Revised: 16 June 2015 /Accepted: 27 July 2015 /Published online: 7 August 2015
# The Author(s) 2015. This article is published with open access at Springerlink.com

Abstract rs2431697 is located on 5q33.3, between pituitary
tumor-transforming gene 1 and miR-146a. Several studies
have estimated the association between rs2431697 and sys-
temic lupus erythematosus risk. However, the results were
inconsistent. A case-control study was carried out to explore
the association between rs2431697 and systemic lupus erythe-
matosus risk in a central Chinese population. Meta-analyses
combining present with previous studies were conducted to
further explore the association. Our case-control study includ-
ed 322 cases and 353 controls. rs2431697 T allele was associ-
ated with increased risk of systemic lupus erythematosus (odds
ratios (ORs)=1.461, 95 % confidence intervals (CI) 1.091–
1.957, P=0.011). The association was stronger between T al-
lele and the risk of anti-double-stranded DNA (dsDNA)-posi-
tive systemic lupus erythematosus (OR=2.510, 95 % CI
1.545–4.077, P<0.001). The meta-analyses included 8648
systemic lupus erythematosus patients and 10947 controls.
rs2431697 T allele had an overall OR of 1.262 (95 % CI

1.205–1.323, P<0.001) under fixed-effects model. After strat-
ified by ethnicity, I2 reduced from 24.3 to 0 %. T allele had an
OR of 1.213 (95 % CI 1.145–1.284, P<0.001) in European
descendant and 1.365 (95 % CI 1.259–1.480, P<0.001) in
Asian under fixed-effects model. Data on women were also
extracted, and T allele had an OR of 1.337 (95 % CI 1.162–
1.539, P<0.001) under random-effects model. The pooled
ORs were not influenced by each study in sensitivity analyses.
There were no publication biases observed in these analyses.
The results from our case-control study and the meta-analyses
indicate that rs2431697 T allele significantly associates with
the increased risk of systemic lupus erythematosus.
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Introduction

Systemic lupus erythematosus (SLE, OnlineMendelian Inher-
itance in Man [OMIM] 152700) is a prototypic autoimmune
disease characterized by autoantibody production (such as
anti-double-stranded DNA (dsDNA)), immune complex de-
position, and tissue destruction. SLE mainly affects women,
especially during childbearing years [1, 2]. Studies based on
familial members found a high sibling risk ratio (λsibling=5.8–
29) [3] and the concordance rate in monozygotic twins to be
about ten times higher than in dizygotic twins [4]. Many ev-
idences demonstrated that SLE is deeply influenced by genet-
ic factors [5].

Recent genome-wide association studies (GWAS) have
provided us many SLE susceptibility single-nucleotide poly-
morphisms (SNPs). Besides those classic immunology
molecule-associated SNPs, there are also many other new
SNPs [5]. rs2431697 is one of these newly discovered SNPs
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[5, 6]. rs2431697 is located on chromosome 5q33.3, between
pituitary tumor-transforming gene 1 (PTTG1) and miR-146.
Currently, the biological function of this SNP is not clear.
Most of rs2431697-related studies are focused on exploring
gene frequency in different populations. Two studies reported
that rs2431697 was associated with overall SLE risk in Euro-
pean descendant [7, 8]. However, Chung et al. found that
rs2431697 was not associated with anti-dsDNA-negative
SLE risk in European descendant [9]. Two studies reported
that rs2431697 was associated with female SLE risk in Euro-
pean descendant and Korea population [6, 10], but this asso-
ciation was not proved in a Chinese population [11]. Since the
relationship between rs2431697 and the risk of SLE is incon-
sistent, more studies, especially based on more detailed sub-
group populations, are needed to amplify the data. In this
study, we carried out an additional case-control study on the
relationship between rs2431697 and SLE risk in a central
Chinese population and presented a meta-analysis based on
currently available data. We hope to clarify the association
between rs2431697 and SLE risk.

Materials and methods

Case-control study sample

SLE sample composed of 322 unrelated Han Chinese individ-
uals (288 women, 34 men) from Hubei Province, China. The
mean age was 36 (25–75 %, 24–44; youngest to oldest, 12–
69). All the patients fulfilled the SLE diagnosis criteria of
American College of Rheumatology (1997). SLE-associated
autoantibodies (anti-dsDNA, anti-sm) were detected byWest-
ern blot/EUROLINE-WB Test Systems (EUROIMMUN,
Germany) in the department of Laboratory Medicine, Union
Hospital, Tongji Medical College. Healthy Han Chinese in-
cluded 353 individuals (322 women, 31 men) recruited from
the Medical Examination Center, Union Hospital. The mean
age was 39 (25–75 %, 27–56; youngest to oldest, 22–65). All
the healthy individuals had no evidence of SLE or other auto-
immune diseases. All individuals gave informed consent. The
study was carried out following the Declaration of Helsinki
and approved by the Ethics Committee of Union Hospital,
Tongji Medical College, Huazhong University of Science
and Technology.

Genotyping

Genomic DNA was extracted and purified from peripheral
blood with DNA Extractor WB Kit (Wako Pure Chemical
Industries, Ltd. Japan) according to the product description.
rs2431697 polymorphism was determined based on polymer-
ase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) assay. A 260-bp DNA fragment around

rs2431697 was amplified with the primer pair: sense primer:
5′-AGAGGGGGTGAAAGAAGGAA-3′ and antisense prim-
er: 5′-TTCTCAGTGCCAATGTGAGG-3′. The reaction mix-
tures contained 10 ng genomic DNA, 10 pmol of each primer,
and double-diluted Taq 2× Master Mix (New England
Biolabs, UK) in a total 20-μl volume. The reactions were
carried out in a T3 thermocycler (Biometra, Göttingen, Ger-
many). The reaction conditions were as follows: denaturation
at 94 °C for 5 min, followed by 35ccycles of denaturation at
94 °C for 30 s, annealing for 1 min at 57 °C and extension at
72 °C for 45 s, and a final extension at 72 °C for 5 min. PCR
products were subsequently digested by Taq I (New England
Biolabs, UK) at 65 °C for 2 h and separated on a 3 % agarose
gel. The rs2431697 Tallele yielded 61- and 199-bp fragments,
and C allele yielded a single 260-bp fragment.

Statistical analysis

Hardy-Weinberg equilibrium was analyzed by the chi-square
goodness of fit test for genotypes in the control group. The
differences of allele and genotype frequencies between SLE
patients and health controls were compared by the chi-square
test. Unconditional multivariate logistic regression analysis
was used to estimate odds ratios (ORs) and 95 % confidence
intervals (CI) for the effect of rs2431697 on SLE risk, adjusted
for age and sex. PS: Power and Sample Size Calculation ver-
sion 3.0 [12] was used to calculate the power on OR value
based on the number of subjects. The statistical significance
was defined as P (two-tailed) <0.05. All analyses were per-
formed by SPSS (Version 12.0).

Meta-analysis

To further estimate the association between rs2431697 and the
risk of SLE, a meta-analysis according to the guideline of
Preferred Reporting Items for Systemic Reviews and Meta-
Analysis (PRISMA) statement was performed. Studies were
searched and retrieved through PUBMED and EMBASE
without language restriction. The search keywords were
Brs2431697,^ BmiR-146a,^ or Bpttg1^ or Bpituitary tumor-
transforming protein 1^ in combination with Bsystemic lupus
erythematosus^. Results were limited in studies of humans
and not experiments designed. The reference lists of included
articles and related review articles were manually searched.
The final search was carried out on 8 December 2014. Re-
trieved studies were restricted in publication type of article or
article in press and eligible if they were case-control designed
and if they provided (in the primary paper or by email request)
the frequencies of alleles and/or genotypes for rs2431697 in
SLE cases and healthy controls. Data that overlapped with
others was excluded. Two authors (ZMT, PW) independently
read and extracted data. A third author helped to decide if
controversy occurred. The following information was
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extracted: name of first author, year of publication, ethnicity,
matching variable, sizes of cases and controls, numbers or
frequencies of alleles, or genotypes in cases and controls.

For each included study, Hardy-Weinberg equilibrium in
controls was deduced or extracted from the primary papers.
Pooled ORs and 95 % CIs of the T allele in overall popula-
tions, ethnicity-stratified populations, and female populations
were estimated. Pooled ORs and 95 % CIs of rs2431697 ge-
notypes, dominant genetic model, and recessive genetic mod-
el in overall populations and female populations were also
assumed.

Heterogeneity of the eligible studies was assessed by
Cochran’s Q test and I2 value. Random-effects model was
used if the P value of Q test was less than 0.1 or I2 value
was larger than 50 %. Otherwise, fixed-effects model was
carried out. Sensitivity analysis was performed to assess the
influence of each study. Publication bias was estimated by
funnel plot [13] and Egger’s test [14]. All statistical analyses
were performed by STATAV11.2

Results

Case-control study

The clinical and immunological characteristics of the included
patients and the controls are presented in Table 1. The geno-
type and allele distributions of rs2431697 are presented in
Table 2. The distribution of genotypes in healthy controls
was not deviated from Hardy-Weinberg equilibrium (P=
0.8041). The distribution of rs2431697 T allele was signifi-
cantly increased in SLE patients compared with controls
(OR=1.461, 95 % CI 1.091–1.957, P=0.011). There were
no differences found in genotype distribution between SLE
patients and controls, except for the recessive model (OR=
1.521, 95 % CI 1.091–2.120, P=0.013) (Table 2).

Considering the gender disposition of SLE, data on women
were extracted for separated analysis. Significant statistical
difference was seen in T allele frequencies between SLE pa-
tients and healthy controls (OR=1.538, 95% CI 1.130–2.093,
P=0.006) (Table 2). Statistically significant difference in re-
cessive model between SLE patients and healthy controls was
also found (OR=1.622, 95 % CI 1.141–2.305, P=0.007).

Anti-dsDNA and anti-sm are SLE-specific autoantibodies.
SLE patients were subgrouped by the existence or inexistence
of anti-dsDNA and anti-sm autoantibodies. There were 123
anti-dsDNA-positive and 171 anti-dsDNA-negative individ-
uals included in this case-control study. The frequency of
rs2431697 T allele in anti-dsDNA-positive patients was
0.91. The T allele was substantially increased in anti-
dsDNA-positive patients compared with healthy controls
(OR=2.510, 95 % CI 1.545–4.077, P<0.001). In anti-
dsDNA-negative patients, rs2431697 T allele frequency was

0.84; there was no statistic difference between SLE patients
and healthy controls (OR=1.196, 95 % CI 0.849–1.685, P=
0.305). Similar results were also observed when data were
subgrouped by anti-sm condition.

Meta-analysis

Study characteristics

There were 40 studies identified from PUBMED and
EMBASE. Another four studies were also added for review
[6, 7, 9, 15] by manually retrieving the references. After de-
tailed consulting the author, a segment of control data in the
paper of Chung [9] was not included because the populations
overlapped with the study of Harley et al. [6]. Finally, as the
flow chart shown in Fig. 1, there were seven studies included
in this meta-analysis including our case-control study. A study
by Ramos et al. [7] was not included because the population
overlapped with the study by Harley et al. [6]. Among the
included studies, three were conducted in European descen-
dant populations, two were conducted in Chinese, and one
was conducted in Korean. The meta-analysis totally contained
8648 SLE subjects and 10,947 controls. Genotypes in all con-
trol groups were in Hardy-Weinberg equilibrium according to
the direct mention in the studies or indirect calculating. The
distributions of rs2431697 alleles and genotypes are shown in
the forest plots, respectively (Figs. 2 and 3, Online Resource
1, Online Resource 2).

Overall meta-analysis of the association between rs2431697
and SLE

There was no obvious heterogeneity observed in different
kinds of genetic models. Fixed-effects model was applied in
these analyses. Overall, there was a statistically significant
relation between rs2431697 T allele and the increased SLE
risk (OR=1.262, 95 % CI=1.205–1.323; Z=9.78, P<0.001)
(Fig. 2). In the genotype model, statistically significant in-
crease of SLE risk was observed for TT versus CC (OR=
1.453, P<0.001), but not CT versus CC (OR=1.117, P=
0.182). Increased SLE risk was also observed in dominant
and recessive models (P<0.05, Online Resource 1).

Stratified meta-analysis of the association
between rs2431697 and SLE

The prevalent rates of SLE vary in different ethnicities. To
explore if the association between rs2431697 T allele and
SLE risk was influenced by ethnical factor, data were separat-
ed by ethnicity. After separating, the heterogeneity among the
included studies greatly decreased. The value of I2 decreased
from 24.3 to 0.0 %. The pooled OR was 1.213 (95 % CI
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1.145–1.284, P<0.001) in European descendant and 1.365
(95 % CI 1.259–1.480, P<0.001) in Asian (Fig. 2).

Considering that gender is a predisposed factor of SLE,
data specific to women were separated for analysis. Men-
specific data were not grouped because of limited available
data. There was a marginal heterogeneity among the data from
women-based studies (P=0.107, I2=50.8 %), and random-
effects model was used (Fig. 3). In women, rs2431697 Tallele
was also associated with the risk of SLE (OR=1.261, 95 %

CI=1.182–1.344, P<0.001) (Fig. 3). The pooled ORs for ge-
notypic models are shown in Online Resource 2.

Sensitivity analysis and publication bias

Sensitivity analysis showed that the association of rs2431697
Tallele with SLE remained significant after removing any one
study in the overall and women-only meta-analysis (Fig. 4).
Sensitivity analysis also found that no single study can

Table 1 Clinical characteristics
of the participants SLE Healthy controls

No. of cases 322 353

No. men/no. women 34/288 31/322

Age, median (range) (years) 36 (12–69) 39 (22–65)

Disease manifestations, number (%)

Lupus nephritis 200 (62) 0

Vasculitis 81 (25) 0

Arthritis 97 (30) 0

Rash 32 (10) 0

Alopecia 48 (15) 0

Mucosal ulcers 74 (23) 0

Serositis 55 (17) 0

Leukopenia 103 (32) 0

Thrombocytopenia 48 (15) 0

Fever 61 (19) 0

Visual disturbance 0 0

Anti-dsDNA positive, number (%) 129 (40) 0

Anti-sm-positive number (%) 123 (38) 0

SLEDAI 8 (0–25) 0

Proteinuria (mg/24 h) 271 (45–8852) N/A

Serum creatinine (μmol/L) 53.9 (24.4–495.6) 65.3 (42.3–134.2)

C3 (g/L) 0.64 (0.12–11.82) 1.08 (0.53–6.64)

C4 (g/L) 0.12 (0.02–0.42) 0.28 (0.15–0.52)

Table 2 The association between rs2431697 and SLE risk in a Chinese population

All samples Females

SLE (fre.) Con. (fre.) OR (95 % CI) P value SLE (fre.) Con. (fre.) OR (95 % CI) P value

Genotype TT 239 (0.74) 231 (0.65) 216 (0.75) 209 (0.65)

TC 77 (0.24) 110 (0.31) 66 (0.23) 101 (0.31)

CC 6 (0.02) 12 (0.03) 6 (0.02) 12 (0.04)

TT vs CC 2.069 (0.764, 5.605) 0.145 2.067 (0.762, 5.609) 0.146

TC vs CC 1.418 (0.510, 3.941) 0.501 1.307 (0.468, 3.653) 0.609

Dominant model 1.853 (0.687, 4.997) 0.216 1.819 (0.674, 4.912) 0.231

Recessive model 1.521 (1.091, 2.120) 0.013 1.622 (1.141, 2.305) 0.007

Allele T 555 (0.86) 572 (0.81) 498 (0.86) 519 (0.81)

C 89 (0.14) 134 (0.19) 78 (0.14) 125 (0.19)

T vs C 1.461 (1.091, 1.957) 0.011 1.538 (1.130, 2.093) 0.006

Con. control, fre. frequency
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substantially change the pooled ORs of other data set (data not
shown).

Egger’s test and Funnel plots were carried out to estimate
the publication bias. For each data set, the Egger’s test results
are provided in Table 3. There was no publication bias ob-
served in each data set analysis. Funnel plots showed similar
results as Egger’s test.

Discussion

Benefitting from the technology of GWAS, large numbers of
SLE-associated SNPs were discovered [5]. The SNP
rs2431697 was involved in some SLE-related GWAS and
replication studies, but the results were inconsistent. The pres-
ent case-control study demonstrates a significant association
between rs2431697 T allele and the risk of SLE in the popu-
lation from central China (OR=1.461, P=0.011). We further
confirm this association with a meta-analysis that includes
8648 SLE patients and 10,947 controls (OR=1.262,
P<0.001). The current data also suggest that association

between rs2431697 and SLE risk is under recessive model
and related with autoantibody-positive condition.

The SNP rs2431697 is located in an intergenic region with
24.23 kb from downstream of PTTG1 gene and 15.3 kb from
upstream of miR-146a [6, 16]. Currently, there is no direct
evidence to confirm which gene that this SNP is related to.
Lofgren et al. found that rs2431697 T allele was associated
with downregulated expression of miR-146a but not PTTG1
in peripheral blood mononuclear cells obtained from Euro-
peans [16]. Bioinformatics method suggested that rs2431697
locates in a high potential regulatory region of miR-146a [16].
MiR-146a is one of the initially appreciated SLE-related
microRNAs (miRNAs) [17]. This miRNA can repress type 1
interferon (IFN) pathway through targeting TNF receptor-
associated factor 6, IL-1 receptor-associated kinase, IFN reg-
ulator factor 5 (IRF5), and STAT-1 [17–19]. In the develop-
ment process of SLE, the enhanced type 1 IFN signal pathway
plays a critical role [20–22]. Thus, T allele of rs2431697 may
contribute to the pathological process of SLE by downregu-
lating the expression of miR-146a in Europeans [16]. In the
present case-control study, our data also suggests the

Fig. 1 Flow chart of the study
selection process
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relationship between rs2431697 T allele and SLE risk in a
population from central China. The present meta-analysis re-
sults suggest that T allele and TT genotype are significantly
associated with SLE risk totally at the population level. Cur-
rently, there is no direct experiment to explain this

relationship. Contrary to the finding of Lofgren [16], Luo
et al. did not find the relationship between rs2431697 and
miR-146a level [11]. The difference may be caused by the
following reasons. Firstly, in the study of Luo, miRNA was
purified from leucocytes that include granulocyte,

Fig. 2 Forest plot of association
between rs2431697 and SLE risk
under allelic model in the meta-
analysis

Fig. 3 Forest plot of association
between rs2431697 and SLE risk
under allelic model in the women
data-based meta-analysis
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lymphocyte, andmonocyte, while granulocyte was not includ-
ed in the study of Lofgren. Different miRNA sources may
contribute to the different results between the two studies; this
cannot be ruled out, since there is no study to explore the
expression profile in granulocyte from SLE patients. Second-
ly, different SLE activity in these two groups may contribute
to the different results; however, the two studies did not pro-
vide the information on SLE activity. Thirdly, different

populations between these two studies may contribute to the
different results. We are performing experiments to explore
the relationship between rs2431697 and the circulating level
of miR-146a in central Chinese population.

The effect size was slightly higher in our case-control
study. Our SLE patients were recruited from rheumatology
inpatient department in a large metropolitan health center. A
big proportion of inpatients entering this kind of health center
in China is from rural areas and has more severe disease con-
ditions. Our cohort may be biased toward the more severe
patients. However, the association between rs2431697 and
disease severity is yet to be evaluated.

A previous study has shown that some gene polymor-
phisms were specifically associated with the risk of
autoantibody-positive rheumatoid arthritis [23]. Since the
function of rs2431697 is largely unknown, exploring the as-
sociation between rs2431697 and the production of antibodies
may help to improve the understanding of its functions in SLE
pathophysiology. The production of autoantibodies, such as
anti-dsDNA, is an important pathological characteristic of
SLE [24, 25]. Currently, only one study examined the rela-
tionship between anti-dsDNA condition and rs2431697 in
SLE patients [9]. Chung et al. found that the association be-
tween rs2431697 Tallele and the risk of SLE occurred in anti-
dsDNA positive but not negative patients of European descent
[9]. This finding was replicated in our case-control study
based on central Chinese population. Our data further suggest
that rs2431697 is also associated with anti-sm-positive SLE
risk. These data imply that rs2431697 is associated with the
production of autoantibodies in SLE patients.

The prevalence of SLE was different across different pop-
ulations [26]. Both environmental factors and the difference of
genetic background are major determinants [26]. Yang et al.
found that Chinese living in Hong Kong, Taiwan, and Beijing
have different spectrum of SLE risk alleles [27]. In the present
case-control study, in respect to rs2431697 allele frequency,
we did not find differences between the population from Hu-
bei Province and other Chinese mainland population both in
health control group and in SLE group [15]. In our meta-anal-
ysis, data were stratified into European descendant group and
Asian group. After stratifying, moderate heterogeneity disap-
peared (I2 from 24 to 0 %). It suggests that ethnicity is the

Fig. 4 Sensitivity analysis of allelic model for overall or women-only
meta-analysis. a Overall meta-analysis. b Women data-based meta-
analysis

Table 3 Egger’s test results for publication bias of allelic model and genotypic models

Comparisons Y axis intercept P value (95 % CI)

T vs C TT vs CC TC vs CC Dominant model Recessive model

Overall 0.438 (−1.926, 3.804) 0.873 (−5.321, 4.771) 0.741 (−5.003, 3.980) 0.944 (−4.559, 4.781) 0.845 (−5.603, 4.901)
European descendant 0.398 (−18.896,15.181)
Asian 0.297 (−1.614, 3.168)
Women 0.232 (−3.126, 7.197) 0.462 (−126.739, 151.424) 0.484 (−128.446, 151.661) 0.462 (−126.493, 151.113) 0.551 (−39.872, 45.594)
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main source of heterogeneity. The pooled OR strongly indi-
cated that the T allele of rs2431697 is an SLE risk factor both
in Asian and in European descendant. Studies based on more
ethnic populations are needed to improve this result.

The T allele of rs2431697 was first suggested to be associ-
ated with SLE susceptibility in women [6]. In consideration of
gender factor in the onset and development of SLE [28], fe-
male participants were stratified from the total participants in
this study. From our case-control results, no obvious differ-
ence was found on the association between rs2431697 and
SLE risk when comparing gender-combined population (OR
1.461, 95 % CI 1.091–1.957) with female population (OR
1.538, 95 % CI 1.130–2.093). The difference was even small-
er in the meta-analysis results (gender-combined, OR 1.262,
95 % CI 1.205–1.323; female, OR 1.260, 95 % CI 1.180–
1.340). The data on men were not stratified for analysis be-
cause the data was limited. While men among SLE patients
often face a more severe experience [28] and genetic back-
ground influence more profound in men than women in the
development of SLE [29]. Hughes et al. found that men with
SLE possess a higher frequency of the risk allele of IRF5 than
women [29]. IRF5 is included in the signal pathway of miR-
146a as mentioned above. From this point, more data on men
are needed to determine if the association between rs2431697
and SLE risk can be influenced by gender.

There are some limitations in this study. Firstly, the sample
size of our case-control study is not large enough, resulting in
moderate statistical power (0.724). However, the allele fre-
quency in our study is similar to another large Chinese
population-based results [15] and also that reported in
HapMap. Secondly, for meta-analysis, the number of included
papers is small, and the pooled results can be influenced by the
large sample size-designed study. Thirdly, concerning GWAS,
only those with positive relation were included, while those
with negative relation [27, 30] were not included because of
unavailable data. This could be a potential cause of selection
bias. Fourthly, available data could not support us to perform
meta-analysis stratified by age, while a study has found that
SLE susceptibility genes were influenced by disease onset age
[31]. During the preparing of this paper, Ji et al. reported a
meta-analysis on the relationship between rs2431697 and SLE
risk based on only two studies [32]. Our study increased the
data much more.

Conclusions

In conclusion, this study adds to the growing evidence of the
effect of rs2431697 on SLE risk. Our meta-analysis verified a
significant association between rs2431697 T allele and SLE
risk in Asian and European descendant populations. Our case-
control study also indicated that rs2431697 T allele was asso-
ciated with the risk of SLE with anti-dsDNA positive but not

negative condition. Experimental data are expected to directly
demonstrate the pathophysiological mechanism of rs2431697
in SLE risk.

Acknowledgments We thankMs. Peace Masiko Hasahya for language
correction.

Funding This work was supported by the Natural Science Foundation
of Hubei Province of China (No. 2014CFB466)

Disclosures None.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References

1. Furst DE, Clarke AE, Fernandes AW, Bancroft T, Greth W, Iorga
SR (2013) Incidence and prevalence of adult systemic lupus ery-
thematosus in a large US managed-care population. Lupus 22(1):
99–105. doi:10.1177/0961203312463110

2. Simard JF, Costenbader KH (2007) What can epidemiology tell us
about systemic lupus erythematosus? Int J Clin Pract 61(7):1170–
1180. doi:10.1111/j.1742-1241.2007.01434.x

3. Alarcon-Segovia D, Alarcon-Riquelme ME, Cardiel MH, Caeiro F,
Massar0do L, Villa AR, Pons-Estel BA (2005) Familial aggregation
of systemic lupus erythematosus, rheumatoid arthritis, and other
autoimmune diseases in 1,177 lupus patients from the GLADEL
cohort. Arthritis Rheum 52(4):1138–1147. doi:10.1002/art.20999

4. Deapen D, Escalante A, Weinrib L, Horwitz D, Bachman B, Roy‐
Burman P, Walker A, Mack TM (1992) A revised estimate of twin
concordance in systemic lupus erythematosus. Arthritis Rheum
35(3):311–318

5. Cui Y, Sheng Y, Zhang X (2013) Genetic susceptibility to SLE:
recent progress from GWAS. J Autoimmun 41:25–33. doi:10.
1016/j.jaut.2013.01.008

6. Harley JB, Alarcon-Riquelme ME, Criswell LA, Jacob CO,
Kimberly RP, Moser KL, Tsao BP, Vyse TJ, Langefeld CD, Nath
SK, Guthridge JM, Cobb BL, Mirel DB, Marion MC, Williams
AH, Divers J, Wang W, Frank SG, Namjou B, Gabriel SB, Lee
AT, Gregersen PK, Behrens TW, Taylor KE, Fernando M,
Zidovetzki R, Gaffney PM, Edberg JC, Rioux JD, Ojwang JO,
James JA, Merrill JT, Gilkeson GS, Seldin MF, Yin H, Baechler
EC, Li QZ, Wakeland EK, Bruner GR, Kaufman KM, Kelly JA
(2008) Genome-wide association scan in women with systemic
lupus erythematosus identifies susceptibility variants in ITGAM,
PXK, KIAA1542 and other loci. Nat Genet 40(2):204–210. doi:
10.1038/ng.81

7. Ramos PS, Criswell LA, Moser KL, Comeau ME, Williams AH,
Pajewski NM, Chung SA, Graham RR, Zidovetzki R, Kelly JA,
Kaufman KM, Jacob CO, Vyse TJ, Tsao BP, Kimberly RP, Gaffney
PM, Alarcon-Riquelme ME, Harley JB, Langefeld CD (2011) A
comprehensive analysis of shared loci between systemic lupus er-
ythematosus (SLE) and sixteen autoimmune diseases reveals

1900 Clin Rheumatol (2015) 34:1893–1902

http://dx.doi.org/10.1177/0961203312463110
http://dx.doi.org/10.1111/j.1742-1241.2007.01434.x
http://dx.doi.org/10.1002/art.20999
http://dx.doi.org/10.1016/j.jaut.2013.01.008
http://dx.doi.org/10.1016/j.jaut.2013.01.008
http://dx.doi.org/10.1038/ng.81


limited genetic overlap. PLoS Genet 7(12):e1002406. doi:10.1371/
journal.pgen.1002406

8. Orozco G, Eyre S, Hinks A, Bowes J, Morgan AW, Wilson
AG, Wordsworth P, Steer S, Hocking L, Thomson W,
Worthington J, Barton A (2011) Study of the common genetic
background for rheumatoid arthritis and systemic lupus erythe-
matosus. Ann Rheum Dis 70(3):463–468. doi:10.1136/ard.
2010.137174

9. Chung SA, Taylor KE, Graham RR, Nititham J, Lee AT, Ortmann
WA, Jacob CO, Alarcon-Riquelme ME, Tsao BP, Harley JB,
Gaffney PM, Moser KL, Slegen PM, Demirci FY, Kamboh MI,
Manzi S, Gregersen PK, Langefeld CD, Behrens TW, Criswell
LA (2011) Differential genetic associations for systemic lupus ery-
thematosus based on anti-dsDNA autoantibody production. PLoS
Genet 7(3):e1001323. doi:10.1371/journal.pgen.1001323

10. Lee HS, Kim T, Bang SY, Na YJ, Kim I, Kim K, Kim JH, Chung
YJ, Shin HD, Kang YM, Shim SC, Suh CH, Park YB, Kim JS,
Kang C, Bae SC (2013) Ethnic specificity of lupus-associated loci
identified in a genome-wide association study in Korean women.
Ann Rheum Dis. doi:10.1136/annrheumdis-2012-202675

11. Luo X, Yang W, Ye DQ, Cui H, Zhang Y, Hirankarn N, Qian X,
Tang Y, Lau YL, de Vries N, Tak PP, Tsao BP, Shen N (2011) A
functional variant in microRNA-146a promoter modulates its ex-
pression and confers disease risk for systemic lupus erythematosus.
PLoS Genet 7(6):e1002128. doi:10.1371/journal.pgen.1002128

12. Dupont WD, Plummer WD Jr (1990) Power and sample size cal-
culations. A review and computer program. Control Clin Trials
11(2):116–128

13. Sterne JA, Egger M (2001) Funnel plots for detecting bias in meta-
analysis: guidelines on choice of axis. J Clin Epidemiol 54(10):
1046–1055

14. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in
meta-analysis detected by a simple, graphical test. BMJ 315(7109):
629–634

15. Han JW, Zheng HF, Cui Y, Sun LD, Ye DQ, Hu Z, Xu JH, Cai ZM,
Huang W, Zhao GP, Xie HF, Fang H, Lu QJ, Li XP, Pan YF, Deng
DQ, Zeng FQ, Ye ZZ, Zhang XY, Wang QW, Hao F, Ma L, Zuo
XB, Zhou FS, DuWH, Cheng YL, Yang JQ, Shen SK, Li J, Sheng
YJ, Zuo XX, ZhuWF, Gao F, Zhang PL, GuoQ, Li B, GaoM, Xiao
FL, Quan C, Zhang C, Zhang Z, Zhu KJ, Li Y, Hu DY, Lu WS,
Huang JL, Liu SX, Li H, Ren YQ, Wang ZX, Yang CJ, Wang PG,
Zhou WM, Lv YM, Zhang AP, Zhang SQ, Lin D, Low HQ, Shen
M, Zhai ZF, Wang Y, Zhang FY, Yang S, Liu JJ, Zhang XJ (2009)
Genome-wide association study in a Chinese Han population iden-
tifies nine new susceptibility loci for systemic lupus erythematosus.
Nat Genet 41(11):1234–1237. doi:10.1038/ng.472

16. Lofgren SE, Frostegard J, Truedsson L, Pons-Estel BA, D’Alfonso
S, Witte T, Lauwerys BR, Endreffy E, Kovacs L, Vasconcelos C,
Martins da Silva B, Kozyrev SV, Alarcon-Riquelme ME (2012)
Genetic association of miRNA-146a with systemic lupus erythema-
tosus in Europeans through decreased expression of the gene.
Genes Immun 13(3):268–274. doi:10.1038/gene.2011.84

17. Tang Y, Luo X, Cui H, Ni X, YuanM, Guo Y, HuangX, Zhou H, de
Vries N, Tak PP, Chen S, Shen N (2009) MicroRNA-146A contrib-
utes to abnormal activation of the type I interferon pathway in
human lupus by targeting the key signaling proteins. Arthritis
Rheum 60(4):1065–1075. doi:10.1002/art.24436

18. TaganovKD, BoldinMP, ChangKJ, Baltimore D (2006) NF-kappaB-
dependent induction of microRNA miR-146, an inhibitor targeted to
signaling proteins of innate immune responses. Proc Natl Acad Sci U
S A 103(33):12481–12486. doi:10.1073/pnas.0605298103

19. Miao CG, Yang YY, He X, Huang C, Huang Y, Zhang L, Lv XW,
Jin Y, Li J (2013) The emerging role of microRNAs in the patho-
genesis of systemic lupus erythematosus. Cell Signal 25: 2013/05/
28 edn. doi:10.1016/j.cellsig.2013.05.006

20. Chan EK, Satoh M, Pauley KM (2009) Contrast in aberrant
microRNA expression in systemic lupus erythematosus and rheu-
matoid arthritis: is microRNA-146 all we need? Arthritis Rheum
60(4):912–915. doi:10.1002/art.24421

21. Koutouzov S, Mathian A, Dalloul A (2006) Type-I interferons and
systemic lupus erythematosus. Autoimmun Rev 5(8):554–562. doi:
10.1016/j.autrev.2006.05.002

22. Pascual V, Farkas L, Banchereau J (2006) Systemic lupus erythe-
matosus: all roads lead to type I interferons. Curr Opin Immunol
18(6):676–682. doi:10.1016/j.coi.2006.09.014

23. Stahl EA, Raychaudhuri S, Remmers EF, Xie G, Eyre S, Thomson
BP, Li Y, Kurreeman FA, Zhernakova A, Hinks A, Guiducci C,
Chen R, Alfredsson L, Amos CI, Ardlie KG, Consortium B,
Barton A, Bowes J, Brouwer E, Burtt NP, Catanese JJ, Coblyn J,
Coenen MJ, Costenbader KH, Criswell LA, Crusius JB, Cui J, de
Bakker PI, De Jager PL, Ding B, Emery P, Flynn E, Harrison P,
Hocking LJ, Huizinga TW, Kastner DL, Ke X, Lee AT, Liu X,
Martin P, Morgan AW, Padyukov L, Posthumus MD, Radstake
TR, Reid DM, Seielstad M, Seldin MF, Shadick NA, Steer S, Tak
PP, Thomson W, van der Helm-van Mil AH, van der Horst-
Bruinsma IE, van der Schoot CE, van Riel PL, Weinblatt ME,
Wilson AG, Wolbink GJ, Wordsworth BP, Consortium Y,
Wijmenga C, Karlson EW, Toes RE, de Vries N, Begovich AB,
Worthington J, Siminovitch KA, Gregersen PK, Klareskog L,
Plenge RM (2010) Genome-wide association study meta-analysis
identifies seven new rheumatoid arthritis risk loci. Nat Genet 42(6):
508–514. doi:10.1038/ng.582

24. Arbuckle MR, McClain MT, Rubertone MV, Scofield RH, Dennis
GJ, James JA, Harley JB (2003) Development of autoantibodies
before the clinical onset of systemic lupus erythematosus. N Engl
J Med 349(16):1526–1533. doi:10.1056/NEJMoa021933

25. Mok CC, Lau CS (2003) Pathogenesis of systemic lupus erythema-
tosus. J Clin Pathol 56(7):481–490. doi:10.1136/jcp.56.7.481

26. Yuan YJ, Luo XB, Shen N (2010) Current advances in lupus ge-
netic and genomic studies in Asia. Lupus 19(12):1374–1383. doi:
10.1177/0961203310376639

27. Yang W, Shen N, Ye DQ, Liu Q, Zhang Y, Qian XX, Hirankarn N,
Ying D, Pan HF, Mok CC, Chan TM, Wong RW, Lee KW, Mok
MY,Wong SN, LeungAM, Li XP, AvihingsanonY,WongCM, Lee
TL, Ho MH, Lee PP, Chang YK, Li PH, Li RJ, Zhang L, Wong
WH, Ng IO, Lau CS, Sham PC, Lau YL (2010) Genome-wide
association study in Asian populations identifies variants in ETS1
and WDFY4 associated with systemic lupus erythematosus. PLoS
Genet 6(2):e1000841. doi:10.1371/journal.pgen.1000841

28. Schwartzman-Morris J, Putterman C (2012) Gender differ-
ences in the pathogenesis and outcome of lupus and of lupus
nephritis. Clin Dev Immunol 2012:604892. doi:10.1155/2012/
604892

29. Hughes T, Adler A, Merrill JT, Kelly JA, Kaufman KM, Williams
A, Langefeld CD, Gilkeson GS, Sanchez E, Martin J, Boackle SA,
Stevens AM, Alarcon GS, Niewold TB, Brown EE, Kimberly RP,
Edberg JC, Ramsey-Goldman R, Petri M, Reveille JD, Criswell
LA, Vila LM, Jacob CO, Gaffney PM, Moser KL, Vyse TJ,
Alarcon-Riquelme ME, Network B, James JA, Tsao BP, Scofield
RH, Harley JB, Richardson BC, Sawalha AH (2012) Analysis of
autosomal genes reveals gene-sex interactions and higher total ge-
netic risk in men with systemic lupus erythematosus. Ann Rheum
Dis 71(5):694–699. doi:10.1136/annrheumdis-2011-200385

30. Graham RR, Cotsapas C, Davies L, Hackett R, Lessard CJ, Leon
JM, Burtt NP, Guiducci C, Parkin M, Gates C, Plenge RM,
Behrens TW, Wither JE, Rioux JD, Fortin PR, Graham DC,
Wong AK, Vyse TJ, Daly MJ, Altshuler D, Moser KL,
Gaffney PM (2008) Genetic variants near TNFAIP3 on 6q23
are associated with systemic lupus erythematosus. Nat Genet
40: 2009/01/24 edn. doi:10.1038/ng.200

Clin Rheumatol (2015) 34:1893–1902 1901

http://dx.doi.org/10.1371/journal.pgen.1002406
http://dx.doi.org/10.1371/journal.pgen.1002406
http://dx.doi.org/10.1136/ard.2010.137174
http://dx.doi.org/10.1136/ard.2010.137174
http://dx.doi.org/10.1371/journal.pgen.1001323
http://dx.doi.org/10.1136/annrheumdis-2012-202675
http://dx.doi.org/10.1371/journal.pgen.1002128
http://dx.doi.org/10.1038/ng.472
http://dx.doi.org/10.1038/gene.2011.84
http://dx.doi.org/10.1002/art.24436
http://dx.doi.org/10.1073/pnas.0605298103
http://dx.doi.org/10.1016/j.cellsig.2013.05.006
http://dx.doi.org/10.1002/art.24421
http://dx.doi.org/10.1016/j.autrev.2006.05.002
http://dx.doi.org/10.1016/j.coi.2006.09.014
http://dx.doi.org/10.1038/ng.582
http://dx.doi.org/10.1056/NEJMoa021933
http://dx.doi.org/10.1136/jcp.56.7.481
http://dx.doi.org/10.1177/0961203310376639
http://dx.doi.org/10.1371/journal.pgen.1000841
http://dx.doi.org/10.1155/2012/604892
http://dx.doi.org/10.1155/2012/604892
http://dx.doi.org/10.1136/annrheumdis-2011-200385
http://dx.doi.org/10.1038/ng.200


31. Kadota K, Mori M, Yanagimachi M, Miyamae T, Hara T,
Kanetaka T, Nozawa T, Kikuchi M, Hara R, Imagawa T,
Kaneko T, Yokota S (2013) Analysis of gender differences in
genetic risk: association of TNFAIP3 polymorphism with male
childhood-onset systemic lupus erythematosus in the Japanese

population. PLoS One 8(8):e72551. doi:10.1371/journal.pone.
0072551

32. Ji JD, Cha ES, Lee WJ (2014) Association of miR-146a polymor-
phisms with systemic lupus erythematosus: a meta-analysis. Lupus
23(10):1023–1030. doi:10.1177/0961203314534512

1902 Clin Rheumatol (2015) 34:1893–1902

http://dx.doi.org/10.1371/journal.pone.0072551
http://dx.doi.org/10.1371/journal.pone.0072551
http://dx.doi.org/10.1177/0961203314534512

	Association between rs2431697 T allele on 5q33.3 and systemic lupus erythematosus: case-control study and meta-analysis
	Abstract
	Introduction
	Materials and methods
	Case-control study sample
	Genotyping
	Statistical analysis
	Meta-analysis

	Results
	Case-control study
	Meta-analysis
	Study characteristics
	Overall meta-analysis of the association between rs2431697 and SLE
	Stratified meta-analysis of the association between rs2431697 and SLE
	Sensitivity analysis and publication bias


	Discussion
	Conclusions
	References


