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Abstract

Background: A number of observational studies have been conducted to investigate the association of the IL-10 gene
polymorphisms with systemic lupus erythematosus (SLE) susceptibility. However, their results are conflicting.

Method: We searched published case-control studies on the IL-10 polymorphisms and SLE in PubMed, EMBASE and Chinese
Biomedical Literature Database. A meta-analysis was conducted using a fixed-effect or random-effect model based on
between-study heterogeneity.

Results: A total of 42 studies with 7948 cases and 11866 controls were included in this meta-analysis. Among Caucasians,
the CA27 allele of the IL10.G microsatellites (OR 2.38, 95% CI 1.01–5.62), the G allele of the IL-10 -1082G/A polymorphism (G
vs. A: OR 1.21, 95% CI 1.02–1.44; GG vs. AA: OR 1.45, 95% CI 1.16–1.82; GG+GA vs. AA: OR 1.16, 95% CI 1.03–1.29) and its
associated haplotype -1082G/2819C/2592C (OR 1.25, 95% CI 1.10–1.42) were associated with increased SLE susceptibility
without or with unimportant between-study heterogeneity. Removing studies deviating from Hardy-Weinberg equilibrium
(HWE) hardly changed these results. Among Asians, the CA21 allele of the IL-10.G microsatellites (OR 1.28, 95% CI 1.02–1.60)
and the -1082G/2819C/2592C haplotype (OR 1.24, 95% CI 1.00–1.53) were associated with increased SLE susceptibility, but
with substantial between-study heterogeneity or sensitive to HWE status. Removing studies deviating from HWE also
produced statistically significant associations of the IL-10 -1082G/A (GG vs. AA: OR 3.21, 95% CI 1.24–8.28; GG vs. AA+GA: OR
2.85, 95% CI 1.19–6.79) and -592C/A polymorphisms (CC+CA vs. AA: OR 0.69, 95% CI 0.51–0.94) with SLE among Asians.

Conclusion: This meta-analysis showed that the IL10.G microsatellites, the IL-10 -1082G/A and -592C/A polymorphisms and
the haplotype -1082G/2819C/2592C are associated with SLE susceptibility. Besides, this is the first time to report an
association between the CA27 allele of the IL-10.G microsatellites and SLE among Caucasians. Further studies are needed to
confirm these findings.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic systemic

autoimmune disorder with diverse clinical manifestations. It can

be potentially fatal when major organs are affected. The

prevalence of SLE ranges from approximately 20 to 150 cases

per 100,000 persons worldwide [1], with a female-to-male ratio of

9:1 [2]. People of Afro-Caribbean and Asian ethnicity are more

likely to develop this disorder than white people [3]. Sunlight,

drugs and some occupational exposures could trigger the disorder

[2]. Infections of Epstein-Barr virus and bacteria have also been

identified as possible factors in the development of SLE, but no

one specific cause has been identified [2]. A strong familial

aggregation has been found in SLE [4]; the concordance rate is

higher in monozygotic twins than in dizygotic twins [5]. These

facts suggest that genetic factors play a role in the development of

SLE.

Interleukin 10 (IL-10), primarily produced by monocytes and

lymphocytes, is a multifunctional cytokine in immunoregulation

and inflammation. There are several lines of evidence suggesting

that the IL-10 gene is a candidate gene for SLE susceptibility. IL-

10 enhances B cell proliferation, differentiation and antibody

production, and therefore plays a role in B cell hyperactivity and

in increasing production of autoantibodies in SLE [6,7]. It also

inhibits functions of T cells and antigen-presenting cells [8,9],

which in SLE may contribute to impaired cell-mediated immunity.

Several studies have found that IL-10 production is high in SLE

patients and IL-10 serum level correlates with disease activity

[10,11,12,13,14,15,16]. Studies in lupus animal models and

humans have shown that anti-IL-10 treatment can decrease

disease activity in terms of clinical features and biologic markers

[17,18,19].

In humans, the IL-10 gene is located on chromosome 1q and

encodes for 5 exons. The IL-10 promoter is highly polymorphic

and in this region two CA-repeat microsatellites (IL-10.G and
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IL-10.R) and three single nucleotide polymorphisms (SNPs) at

positions 21082, 2819, and 2592 from the transcription start

site, have been identified to correlate with IL-10 production [20].

Haplotypes comprising three SNPs at positions 21082, 2819, and

2592 have also been found to correlate with IL-10 serum level

[20].

Considering the role of IL-10 in SLE and the relationship

between the IL-10 gene polymorphisms and IL-10 production, a

number of observational studies have been conducted to

investigate the association of the IL-10 gene polymorphisms with

SLE susceptibility. However, their results are conflicting. This can

be due to insufficient power, small effect of the IL-10 gene

polymorphisms on SLE susceptibility, and false-positive results.

Meta-analysis is a statistical method that can overcome the

limitations of individual studies [21]. We therefore performed a

meta-analysis to clarify the inconsistency among studies and to

establish a comprehensive picture of the association between the

IL-10 gene polymorphisms and SLE susceptibility.

Methods

Searching
We searched PubMed, EMBASE and Chinese Biomedical

Literature Database for relevant reports without language

restriction. The last search update was performed on August 31,

2012. The search strategies were based on the following form:

(interleukin-10 or synonyms) AND (‘‘systemic lupus erythemato-

sus’’ or synonyms). Both thesaurus terms and free text were used.

Detailed description of the search strategies can be found in

supplementary materials (see Method S1). We also screened

references of retrieved articles and relevant reviews for additional

studies. Any case-control designed studies were considered eligible

if they aimed to investigate the relation between the IL10 gene

polymorphisms and SLE risk, no matter which polymorphisms

were studied or whether they provided enough data to calculate

odds ratios (ORs). Family-based studies were excluded because of

linkage considerations.

Two authors (PL, JS) independently screened all reports by title

or abstract for those requiring further retrieval, and then

independently reviewed these studies for eligibility. Discrepancies

were resolved by group discussion. Following information was

extracted using predetermined forms: the first author’s name, year

of publication, ethnicity, definition and numbers of cases and

controls, genotyping method, frequency of IL10 genotypes, and

consistency of genotype frequencies with Hardy-Weinberg equi-

librium (HWE). We compared author names, authors’ affiliations,

and geographic locations and period of studies to identify

sequential or multiple publications. If more than one report

related to the same or overlapping data sets, we included results

from the largest or most recent publication.

Statistical Analysis
We calculated odds ratios with 95% confidence intervals (CIs) to

assess the strength of the association between the IL10 gene

polymorphisms and SLE risk. For each allele or haplotype with

enough data sets, we performed overall analysis as well as

subgroup analysis on the basis of population ethnicity and HWE in

control groups, as genotype frequencies are often different across

ethnicities and deviating from HWE may be a sign of selection bias

or population stratification. HWE was tested using the x2 test and

it was considered statistically significant when the P value is less

than 0.05 [22].

For SNPs, we adopt four genetic models to evaluate their

association with SLE risk: major allele vs. minor allele, major allele

homozygotes vs. minor allele homozygotes, major allele homozy-

gotes vs. heterozygotes plus minor allele homozygotes, and major

allele homozygotes plus heterozygotes vs. minor allele homozy-

gotes.

Heterogeneity was determined using the P value from the x2 test

(Cochran’s Q statistic) and the I2 statistic. The I2 statistic represents

the proportion of variation in the study estimates due to

heterogeneity, in which 0–40% may be unimportant heterogene-

ity, 30–60% indicates moderate, 50–90% indicates substantial and

75–100% indicates considerable heterogeneity [23]. When the P

value from the x2 test was more than 0.10, the summary OR

estimate was calculated by the fixed-effect model [24]. Otherwise,

the random-effect model was used [25]. Publication bias was

investigated by funnel plot and Egger’s linear regression test [26].

All statistical analyses were done with STATA version 10.0

(StataCorp LP, College Station, Texas, USA). This meta-analysis

does not have a protocol. The PRISMA (Preferred Reporting

Items for Systematic Reviews and Meta-Analyses) checklist is

available in supplementary materials (see Method S2).

Results

Study Characteristics
By screening title or abstract and further evaluating full-text, we

identified 38 case-control studies from PubMed and EMBASE and

8 from Chinese Biomedical Literature Database. 5 of them were

excluded because of duplication reports or using the same or

overlapping data sets. One publication contained two individual

case-control studies. At last, 41 publications with 42 case-control

studies were included in this review (see Reference S1). Figure 1

describes the study selection process.

These 42 case-control studies were published from 1997 to 2011

with 33 in English, 6 in Chinese, 1 in Russian and 1 in Bulgarian.

They included 7948 cases and 11866 controls. All studies used

healthy people as controls. Ethnic groups among these studies

were as following: 20 were Asians, 16 were Caucasians, 2 were

Mexicans, 1 was African, 1 was Colombian, 1 was Kazakh, and 1

was mixed populations. Table 1 shows a brief description of these

42 case-control studies.

Of the 42 studies investigating the association of the IL-10 gene

polymorphisms with SLE, 11 studied the IL10.G microsatellites, 6

studied the IL-10.R microsatellites, 24 studied 21082, 20 studied

2819, 26 studied 2592, 4 studied 23575 and 4 studied 22763.

For other SNPs, there was only one study.

Association of the IL10.G and IL10.R Microsatellites with
SLE Susceptibility

Of the 11 studies investigating the association between the

IL10.G microsatellites and SLE susceptibility, 10 provided enough

data to calculate ORs (Table 2). By pooling the 10 studies, the

meta-analyses showed that only CA27 allele of the IL10.G was

associated with SLE (OR 1.32, 95% CI 1.01–1.72) and there was

no significant between-study heterogeneity. Further subgroup

analyses showed that this association was found among Caucasians

(OR 2.38, 95% CI 1.01–5.62), but not among other populations.

Subgroup analyses also showed that the CA21 allele of the IL10.G

was associated with SLE among Asians (OR 1.28, 95% CI 1.02–

1.60). But there was substantial between-study heterogeneity. As

described previously, we also divided all alleles of the IL10.G

microsatellites into long allele (.21 CA repeats) and short allele

(#21 CA repeats). No association was found between them and

SLE.

IL-10 Gene Polymorphisms and SLE: Meta-Analysis
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For the IL10.R microsatellites, only 3 studies were available to

calculate ORs. They all studied Caucasians. The meta-analyses

found no association between the IL10.R microsatellites and SLE.

Association of the IL10 21082G/A Polymorphism with
SLE Susceptibility

Of the 24 studies investigating the association between the IL10

21082G/A polymorphism and SLE susceptibility, 23 provided

enough data to calculate ORs (Table 3). The results of pooling all

studies showed that the IL10 21082 G/A polymorphism was not

associated with SLE susceptibility under any genetic models. After

excluding studies deviating from HWE [27,28], the results showed

that the IL10 21082G allele was associated with increased SLE

risk under three genetic models (G vs. A: OR 1.21, 95% CI 1.02–

1.44; GG vs. AA: OR 1.45, 95% CI 1.16–1.82; GG+GA vs. AA:

OR 1.16, 95% CI 1.03–1.29).

In the subgroup analyses by ethnicity, the results showed that

the IL10 21082G allele was associated with increased SLE risk

among Caucasians under three genetic models (G vs. A: OR 1.16,

95% CI 1.04–1.28; GG vs. AA: OR 1.43, 95% CI 1.13–1.81;

GG+GA vs. AA: OR 1.16, 95% CI 1.03–1.32), while the

associations were not found among Asians under any genetic

model. After excluding studies deviating from HWE [27,28], the

results hardly changed for Caucasians, while for Asians statistically

significant associations were found under the genetic models of

GG vs. AA (OR 3.21, 95% CI 1.24–8.28) and GG vs. AA+GA

(OR 2.85, 95% CI 1.19–6.79) and a close but not statistically

significant association was found under the genetic model of

GG+GA vs. AA (OR 1.26, 95% CI 0.99–1.62).

The heterogeneity was significant in the pooling analyses of total

available studies and in the subgroup analyses of Asians. Deviating

from HWE in control groups can explain much of it. When

excluding studies deviating from HWE could not eliminate the

heterogeneity or eliminate it little, we excluded one more study. By

this way, we found that the study by Shen contributed much

heterogeneity in the pooling analysis and the subgroup analysis of

Asians [29]. After excluding the study deviating from HWE and

the study by Shen [28,29], a close but not statistically significant

association was found among Asians using the genetic model of G

vs. A (OR 1.19, 95% CI 0.98–1.44). In the subgroup analyses of

Caucasians, the heterogeneity was not important under genetic

models of G vs. A, GG vs. AA and GG+GA vs. AA, but under the

model of GG vs. AA+GA. Excluding studies deviating from HWE

and excluding one more study eliminated the heterogeneity little.

Results from funnel plot and Egger’s test suggested that

publication bias was not evident (PEgger’s test.0.05, Table 3).

Association of the IL10 2819C/T Polymorphism with SLE
Susceptibility

Of the 20 studies investigating the association between the IL10

2819C/T polymorphism and SLE susceptibility, 18 provided

enough data to calculate ORs (Table 4). The results of pooling all

studies showed that the IL10 2819C/T polymorphism was not

associated with SLE susceptibility under any genetic models.

Ethnicity, consistency with HWE, and adjustment for heteroge-

neity did not affect the results.

The heterogeneity was significant in the overall analyses and the

subgroup analyses of Asians under the genetic models of C vs. T

and CC+CT vs. TT. After excluding studies deviating from HWE

and the study by Wang [28,30,31,32], the heterogeneity was

eliminated. Results from funnel plot and Egger’s test suggested

that publication bias was present in the studies investigating the

association between the IL10 2819C/T polymorphism and SLE

(Table 4).

Figure 1. Flow diagram of the study selection process.
doi:10.1371/journal.pone.0069547.g001
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Association of the IL10 2592C/A Polymorphism with SLE
Susceptibility

Of the 26 studies investigating the association between the IL10

2592C/A polymorphism and SLE susceptibility, 24 provided

enough data to calculate ORs (Table 5). By pooling all studies, the

IL10 2592 C allele was associated with decreased SLE risk under

the genetic model of CC+CA vs. AA (OR 0.79, 95% CI 0.64–

0.99). A close but not statistically significant association was found

under the genetic model of C vs. A (OR 0.87, 95% CI 0.74–1.01).

After excluding studies deviating from HWE [28,33,34], statisti-

cally significant associations were found under the genetic models

of C vs. A (OR 0.84, 95% CI 0.70–1.00), CC vs. AA (OR 0.66,

95% CI 0.44–0.99) and CC+CA vs. AA (OR 0.73, 95% CI 0.62–

0.88), and a close but not statistically significant association was

found under the genetic model of CC vs. AA+CA (OR 0.77, 95%

CI 0.59–1.01).

In the subgroup analyses by ethnicity, the results showed that

only under the genetic model of CC+CA vs. AA the IL10 2592 C

allele was associated with decreased SLE risk among Asians (OR

0.69, 95% CI 0.51–0.94). The associations were not found among

Caucasians under any genetic model.

The heterogeneity was significant in the pooling analyses of total

available studies and in the subgroup analyses of Asians, and was

still significant after excluding studies deviating from HWE

[28,33]. Results from funnel plot and Egger’s test suggested that

publication bias was present in the studies investigating the

association between the IL10 2592C/A polymorphism and SLE

susceptibility (Table 5).

Association of the IL10 21082/2819/2592 Haplotype
with SLE Susceptibility

There were 16 studies investigating the association between the

IL10 21082/2819/2592 haplotype and SLE susceptibility.

GCC, ACC and ATA were the only three haplotypes or account

for the vast majority of the IL10 21082/2819/2592 haplotypes

in these studies. Therefore, we just evaluated the three haplotypes

(Table 6). The overall meta-analyses showed that the GCC (OR

1.21, 95% CI 1.05–1.40) and the ACC (OR 0.75, 95% CI 0.60–

0.95) haplotypes were associated with SLE risk. Further subgroup

analyses showed that the GCC haplotype was associated with

increased SLE risk among Caucasians (OR 1.25, 95% CI 1.10–

1.42) and Asians (OR 1.24, 95% CI 1.00–1.53)and the ACC

haplotype was associated with decreased SLE risk among

Caucasians (OR 0.77, 95% CI 0.61–0.97) but not among Asians

(OR 0.74, 95% CI 0.50–1.12). Excluding the studies deviating

from HWE [27,28,30,33] yielded similar results except in the

subgroup analysis of Asians for the GCC haplotype (OR 1.01,

95% CI 0.75–1.36) and Caucasians for the ACC haplotype (OR

0.79, 95% CI 0.62–1.02).

The heterogeneity was significant in the overall analyses. Some

of the heterogeneity can be resolved by ethnicity-specific analyses.

However, the heterogeneity remained in some ethnicity-specific

analyses (ACC among Caucasians and Asians, and ATA among

Asians). Excluding the study by Sobkowiak [35] eliminated much

of the heterogeneity among Caucasian studies, while for Asians the

heterogeneity had no significant change after excluding one study.

Funnel plot and Egger’s test suggested that publication bias was

not apparent (Table 6).

Association of other SNPs in the IL10 Gene with SLE
Susceptibility

There were four studies investigating the association between

the IL10 23575T/A polymorphism and SLE susceptibility. The

T
a

b
le

1
.

C
o

n
t.

S
tu

d
y

R
e

f.
E

th
n

ic
it

y
C

o
u

n
tr

y
S

L
E

C
o

n
tr

o
l

G
e

n
o

ty
p

e
m

e
th

o
d

S
tu

d
ie

d
p

o
ly

m
o

rp
h

is
m

s
F

in
d

in
g

s

Z
h

o
u

(2
0

0
7

)
3

3
A

si
an

C
h

in
a

1
3

7
1

2
2

R
FL

P
2

1
0

8
2

,
2

8
1

9
,

2
5

9
2

2
1

0
8

2
an

d
as

so
ci

at
e

d
w

it
h

SL
E

(P
,

0
.0

0
1

)

H
e

e
(2

0
0

8
)

3
4

A
si

an
M

al
ay

si
a

4
4

4
4

R
FL

P
2

1
0

8
2

,
2

8
1

9
,

2
5

9
2

h
ap

lo
ty

p
e

G
C

C
as

so
ci

at
e

d
w

it
h

SL
E

(P
=

0
.0

0
4

)

M
iy

ag
aw

a
(2

0
0

8
)

3
5

A
si

an
Ja

p
an

2
6

4
6

9
5

P
LA

C
E-

SS
C

P
5

SN
P

s
in

cl
u

d
in

g
2

8
1

9
,

2
5

9
2

N
o

as
so

ci
at

io
n

R
o

sa
d

o
(2

0
0

8
)

3
6

C
au

ca
si

an
Sp

ai
n

1
1

6
1

5
1

G
e

n
e

sc
an

,
R

FL
P

IL
1

0
G

,
IL

1
0

R
,

2
1

0
8

2
,

2
8

1
9

,
2

5
9

2
H

ap
lo

ty
p

e
G

C
C

,
A

C
C

(P
,

0
.0

5
)

G
at

e
va

(2
0

0
9

)
3

7
C

au
ca

si
an

U
SA

,
Sw

e
d

e
n

1
9

6
3

4
3

2
9

SN
P

ar
ra

y
O

ve
r

1
2

0
0

0
va

ri
an

ts
rs

3
0

2
4

5
0

5
(P

=
3

.9
56

1
0

2
8
)

So
b

ko
w

ia
k

(2
0

0
9

)
3

8
C

au
ca

si
an

P
o

la
n

d
1

0
3

3
0

0
Se

q
u

e
n

ci
n

g
2

1
0

8
2

,
2

8
1

9
,

2
5

9
2

H
ap

lo
ty

p
e

G
C

C
(P

=
0

.0
0

2
2

)

Li
n

(2
0

1
0

)
3

9
A

si
an

C
h

in
a

1
7

2
2

1
5

T
aq

m
an

2
1

0
8

2
,

2
8

1
9

,
2

5
9

2
H

ap
lo

ty
p

e
A

T
A

(P
,

0
.0

0
1

)

M
it

e
va

(2
0

1
0

)
4

0
C

au
ca

si
an

B
u

lg
ar

ia
1

5
7

1
2

6
P

C
R

-S
SP

2
1

0
8

2
N

o
as

so
ci

at
io

n

Y
u

(2
0

1
0

)
4

1
A

si
an

C
h

in
a

1
1

0
1

3
8

SN
P

st
re

am
2

1
0

8
2

,
2

8
1

9
,

2
5

9
2

N
o

as
so

ci
at

io
n

R
e

n
(2

0
1

1
)

4
2

A
si

an
C

h
in

a
1

4
5

8
0

R
FL

P
2

5
9

2
N

o
as

so
ci

at
io

n

A
SO

:
al

le
le

-s
p

e
ci

fi
c

o
lig

o
n

u
cl

e
o

ti
d

h
yb

ri
d

iz
at

io
n

;
R

FL
P

:
re

st
ri

ct
io

n
fr

ag
m

e
n

t
le

n
g

th
p

o
ly

m
o

rp
h

is
m

;
P

C
R

-S
SP

:
p

o
ly

m
e

ra
se

ch
ai

n
re

ac
ti

o
n

se
q

u
e

n
ce

sp
e

ci
fi

c
p

ri
m

e
r;

H
P

LC
:

h
ig

h
-p

e
rf

o
rm

an
ce

liq
u

id
ch

ro
m

at
o

g
ra

p
h

y;
M

S:
m

as
s

sp
e

ct
ro

m
e

tr
y;

P
LA

C
E-

SS
C

P
p

o
st

-P
C

R
fl

u
o

re
sc

e
n

t
la

b
e

lin
g

an
d

au
to

m
at

e
d

ca
p

ill
ar

y
e

le
ct

ro
p

h
o

re
si

s
u

n
d

e
r

si
n

g
le

-s
tr

an
d

co
n

fo
rm

at
io

n
p

o
ly

m
o

rp
h

is
m

co
n

d
it

io
n

s;
SN

P
s:

si
n

g
le

n
u

cl
e

o
ti

d
e

p
o

ly
m

o
rp

h
is

m
s.

#
n

o
p

o
ly

m
o

rp
h

is
m

s.
d

o
i:1

0
.1

3
7

1
/j

o
u

rn
al

.p
o

n
e

.0
0

6
9

5
4

7
.t

0
0

1

IL-10 Gene Polymorphisms and SLE: Meta-Analysis

PLOS ONE | www.plosone.org 5 July 2013 | Volume 8 | Issue 7 | e69547



meta-analyses showed no association under any genetic model.

The I2 statistic showed that the between-study heterogeneity was

not apparent.

There were three studies investigating the association between

the IL10 22763C/A polymorphism and SLE susceptibility. The

meta-analyses showed that the IL10 22763 C allele was associated

with increased SLE risk (CC+CA vs. AA: OR 2.64, 95% CI 1.01–

6.84, fixed model, I2 = 57.8%, PHeterogeneity = 0.124). Further

analysis showed that the study by Gibson contributed to this

association. In this study, the authors studied African Americans.

For other SNPs in the IL10 gene, only rs3024505 was associated

with SLE among Caucasians (1 study, P = 3.9561028).

Discussion

IL-10 is a potent stimulator of B cells in one way and a strong

inhibitor of antigen-presenting cells and T cells in another way.

Therefore, it plays an important role in immune and inflammatory

Table 2. Meta-analysis of the IL-10.G and IL-10.R microsatellites with SLE.

Genetic model Population Study OR (95% CI) Statistical model I2 PHeterogeneity PEgger’s test

IL-10.G CA21 Overall 10 1.03 (0.85–1.25) Random 77.0% ,0.001 0.512

Caucasian 4 0.86 (0.62–1.20) Random 58.9% 0.063 0.327

Mexican 2 0.84 (0.42–1.76) Random 92.9% ,0.001 –

Asian 4 1.28 (1.02–1.60) Random 67.4% 0.027 0.199

IL-10.G CA22 Overall 10 1.10 (0.83–1.45) Random 72.1% ,0.001 0.352

Caucasian 4 1.33 (0.88–1.99) Fixed 0.0% 0.947 0.170

Mexican 2 1.59 (0.54–4,69) Random 94.2% ,0.001 –

Asian 4 0.86 (0.73–1.01) Fixed 45.8% 0.137 0.829

IL-10.G CA23 Overall 10 1.18 (0.88–1.57) Random 41.5% 0.081 0.555

Caucasian 4 1.30 (0.76–2.25) Random 61.8% 0.049 0.770

Mexican 2 1.22 (0.88–1.70) Fixed 62.8% 0.101 –

Asian 4 0.96 (0.61–1.49) Fixed 25.2% 0.260 0.371

IL-10.G CA24 Overall 10 0.84 (0.68–1.03) Fixed 5.9% 0.387 0.798

Caucasian 4 0.93 (0.51–1.69) Random 54.5% 0.086 0.484

Mexican 2 0.87 (0.63–1.20) Fixed 0.0% 0.452 –

Asian 4 0.77 (0.54–1.11) Fixed 0.0% 0.551 0.267

IL-10.G CA25 Overall 10 0.77 (0.58–1.03) Random 77.2% ,0.001 0.490

Caucasian 4 0.54 (0.27–1.05) Random 87.8% ,0.001 0.577

Mexican 2 1.00 (0.78–1.28) Fixed 0.0% 0.646% –

Asian 4 0.92 (0.74–1.13) Fixed 1.8% 0.383 0.710

IL-10.G CA26 Overall 10 1.04 (0.89–1.22) Fixed 0.0% 0.816 0.369

Caucasian 4 1.11 (0.77–1.61) Fixed 0.0% 0.763 0.968

Mexican 2 0.88 (0.62–1.23) Fixed 0.0% 0.350 –

Asian 4 1.08 (0.89–1.32) Fixed 0.0% 0.582 0.147

IL-10.G CA27 Overall 10 1.32 (1.01–1.72) Fixed 8.2% 0.366 0.561

Caucasian 4 2.38 (1.01–5.62) Fixed 0.0% 0.785 0.536

Mexican 2 1.22 (0.83–1.79) Fixed 56.5% 0.129 –

Asian 4 1.23 (0.82–1.86) Fixed 35.0% 0.201 0.213

IL-10.G CA28 Overall 9 1.06 (0.72–1.58) Fixed 0.5% 0.429 0.839

Caucasian 3 1.03 (0.25–4.22) Fixed 0.0% 0.699 –

Mexican 2 0.67 (0.28–1.57) Fixed 0.0% 0.542 –

Asian 4 1.24 (0.77–2.01) Fixed 46.8% 0.130 0.946

IL-10.G Long allele Overall 10 0.85 (0.64–1.12) Random 88.5% ,0.001 0.300

Caucasian 4 0.64 (0.28–1.45) Random 93.1% ,0.001 0.392

Mexican 2 1.25 (0.57–2.75) Random 94.7% ,0.001 –

Asian 4 0.86 (0.68–1.10) Random 70.3% 0.018 0.322

IL-10.R R2 Caucasian 3 0.97 (0.77–1.23) Random 63.9% 0.063 0.415

IL-10.R R3 Caucasian 3 1.00 (0.67–1.50) Random 60.9% 0.077 0.308

IL-10.R R4 Caucasian 3 0.85 (0.38–1.89) Fixed 0.0% 0.443 0.702

OR: odds ratio; CI: confidence interval; SLE: systemic lupus erythematosus.
doi:10.1371/journal.pone.0069547.t002
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process and aberrant expression of IL-10 contributes to the

development of autoimmune diseases [36]. Polymorphisms in the

IL-10 gene may alter IL-10 production, and thus influencing

susceptibility to autoimmune diseases. For asthma, rheumatoid

arthritis, type 1 diabetes, and graft-versus-host disease, observa-

tional studies have demonstrated the gene-disease association [20].

In the past 15 years, a number of case-control studies have also

been conducted to investigate the association in SLE. In this meta-

analysis, we collected all available published case-control studies

on the association between the IL-10 gene polymorphisms and

SLE susceptibility and combined them when combinable, hoping

to give a whole picture of this topic.

Previous meta-analysis has found that the CA23 allele of the IL-

10.G microsatellites is associated with SLE [37]. Our meta-

analysis, which included more studies, failed to replicate this

finding. But our meta-analysis showed an association between the

CA27 allele and SLE in Caucasian patients without between-study

heterogeneity. This association has never been reported in each

individual study. Thus, our meta-analysis produced a new finding

about the association between the IL-10.G microsatellites and

SLE. In addition, we found an association between the CA21

allele and SLE in Asian patients with between-study heterogeneity.

However, it should be noticed that different alleles in the IL-10.G

microsatellites have been linked with SLE risk in different studies.

Ethnicity and patient heterogeneity may explain it. The allele

distributions of the IL-10.G microsatellites are often different

among different populations; some subgroup patients such as

patients with anti-Sm antibodies or with nephritis tend to correlate

with certain IL-10.G alleles, while their distributions are different

among different studies [38,39]. It is also likely that the IL-10.G

microsatellites are markers of disease susceptibility due to linkage

disequilibrium with some causal variation.

This meta-analysis showed a relative solid association between

the IL-10 21082 G/A polymorphisms and SLE among Cauca-

sians, because the results were consistent under three genetic

models (G vs. A, GG vs. AA, and GG+GA vs. AA) without

between-study heterogeneity and insensitive to HWE status in

control groups. An earlier meta-analysis, because of very limited

studies included, failed to result in a positive finding [37]. Two

later meta-analyses, which included more studies but still fewer

than ours, yielded similar findings with ours [40,41]. For Asians,

studies deviating from HWE and the study by Shen [29]were the

main source of heterogeneity in this meta-analysis. Excluding these

studies resulted in a significant association under two genetic

models and a close but not significant association under the other

models. Previous meta-analyses also supported an association of

Table 3. Meta-analysis of the IL10 21082G/A polymorphism and SLE.

Genetic model Population Study OR (95% CI) Statistical model I2 PHeterogeneity PEgger’s test

G vs. A Overall 23 1.13 (0.92–1.37) Random 78.5% ,0.001 0.628

21* 1.21 (1.02–1.44) Random 69.2% ,0.001 0.797

20# 1.15 (1.05–1.25) Fixed 26.4% 0.135 0.299

Caucasian 10 1.16 (1.04–1.28) Fixed 28.3% 0.184 0.885

9* 1.15 (1.03–1.28) Fixed 33.8% 0.147 0.996

Asian 11 1.08 (0.65–1.81) Random 88.6% ,0.001 0.558

10* 1.28 (0.84–1.95) Random 80.0% ,0.001 0.185

9# 1.19 (0.98–1.44) Fixed 32.1% 0.161 0.076

GG vs. AA Overall 15 1.24 (0.82–1.86) Random 66.9% ,0.001 0.608

13* 1.45 (1.16–1.82) Fixed 34.7% 0.104 0.892

Caucasian 9 1.43 (1.13–1.81) Fixed 33.5% 0.150 0.877

8* 1.40 (1.10–1.79) Fixed 40.4% 0.109 0.830

Asian 4 0.99 (0.10–9.75) Random 87.1% ,0.001 –

3* 3.21 (1.24–8.28) Fixed 18.4% 0.294 –

GG+GA vs. AA Overall 17 1.07 (0.89–1.28) Random 61.7% ,0.001 0.434

15* 1.16 (1.03–1.29) Fixed 0.0% 0.610 0.501

Caucasian 9 1.16 (1.03–1.32) Fixed 0.0% 0.749 0.982

8* 1.15 (1.01–1.31) Fixed 0.0% 0.706 0.838

Asian 6 0.93 (0.51–1.69) Random 84.7% ,0.001 0.948

5* 1.26 (0.99–1.62) Fixed 24.2% 0.260 0.560

GG vs. AA+GA Overall 15 1.14 (0.81–1.61) Random 66.1% ,0.001 0.804

13* 1.30 (0.94–1.78) Random 50.6% 0.019 0.907

Caucasian 9 1.22 (0.89–1.67) Random 56.1% 0.020 0.911

8* 1.22 (0.85–1.76) Random 61.5% 0.011 0.924

Asian 4 1.18 (0.22–6.27) Random 82.2% 0.001 –

3* 2.85 (1.19–6.79) Fixed 4.7% 0.350 –

OR: odds ratio; CI: confidence interval; SLE: systemic lupus erythematosus.
*exclude the studies deviating from Hardy-Weinberg equilibrium.
#exclude the study by Shen (2003).
doi:10.1371/journal.pone.0069547.t003
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the IL-10 21082 G/A polymorphisms among Asians, but the

numbers of included Asian studies were smaller than ours [37,41].

Turner et al. reported that the IL-10 21082G allele was

associated with higher IL-10 production following ConA stimu-

lation of human peripheral blood lymphocytes in vitro [42]. Other

researchers performed similar assays and reported contradictory

associations between IL-10 production and genotype [43].

Therefore, functional studies do not fully support the hypothesis

that the IL-10 21082 G/A polymorphisms have an effect on IL-

10 production and thus influencing disease susceptibility. The IL-

10 21082 G/A polymorphisms may also be a marker of disease

susceptibility due to linkage disequilibrium.

All studies from Europe showed a complete linkage disequilib-

rium at positions 2819 and 2592 in the IL-10 gene. Thus, among

Caucasians our meta-analysis produced consistent findings for the

IL-10 2819 C/T and 2592 C/A. But for studies from Asia, 4 of

them did not show a complete linkage disequilibrium at the two

positions [29,30,44,45]. Therefore, among Asians our meta-

analysis produced inconsistent findings. After excluding studies

deviating from HWE, we found that among Asians the IL-10

2592 C/A polymorphisms were significantly associated with SLE

under the genetic model of CC+CA vs. AA and showed a trend of

association but not statistically significant under other models.

This may contribute to positive findings from overall analyses of

the IL-10 2592 C/A polymorphisms when excluding studies

deviating from HWE. Eskdale et al. reported that the C allele at

2592 of the IL-10 gene or its associated haplotype was related to

increased production of IL-10 by whole blood or PBMCs [46],

while other researchers reported conflicting associations [47]. For

patients with different diseases, the direction of association was

also different between IL-10 production and the IL-10 2592 C/A

polymorphisms [48,49,50]. Therefore, the evidence from func-

tional studies is not strong enough to support a causal association

between them.

Because of linkage disequilibrium, GCC, ACC and ATA were

the only three haplotypes or account for the vast majority of the

IL10 21082/2819/2592 haplotypes in included studies. Overall

meta-analysis showed that the GCC haplotype was associated with

increased and the ACC haplotype with decreased SLE suscepti-

bility and the results were sensitive to ethnicity and HWE status in

control groups. These findings were similar with a recent meta-

analysis [40]. For the ATA haplotype, our meta-analysis did not

produce any association with SLE, which is conflicting with the

recent meta-analysis [40]. Considering the absolutely more studies

included in our meta-analysis, we are more confident with our

findings. As the GCC haplotype was almost the only source of G

allele at 21082 of the IL-10 gene, similar findings should be

yielded from the analysis of the GCC haplotype and the IL-10

21082 G/A polymorphisms. This can be seen in our present

meta-analysis. Because of the almost complete linkage disequilib-

rium, functional findings about the IL-10 21082 G/A polymor-

phisms are suitable for the GCC haplotype.

This meta-analysis involving 7948 cases and 11866 controls

used an exhaustive search strategy in recommended databases

without language restrictions [51]. The number of included studies

was at least twice as many as those in previous meta-analysis.

Table 4. Meta-analysis of the IL10 2819C/T polymorphism and SLE.

Genetic model Population Study OR (95% CI) Statistical model I2 P PEgger’s test

C vs. T Overall 18 0.91 (0.75–1.10) Random 73.5% ,0.001 0.232

14* 0.90 (0.72–1.11) Random 71.7% ,0.001 0.107

13# 1.04 (0.93–1.17) Fixed 11.5% 0.330 0.002

Caucasian 6 0.95 (0.80–1.13) Fixed 0.0% 0.700 0.138

Asian 10 0.94 (0.69–1.28) Random 84.6% ,0.001 0.580

7* 0.91 (0.62–1.33) Random 85.4% ,0.001 0.356

6# 1.15(0.99–1.34) Fixed 3.7% 0.393 0.142

CC vs. TT Overall 13 0.87 (0.66–1.16) Fixed 29.0% 0.154 0.013

9* 0.93 (0.65–1.33) Fixed 0.0% 0.734 0.165

Caucasian 6 0.90 (0.59–1.37) Fixed 0.0% 0.712 0.449

Asian 5 1.09 (0.71–1.68) Fixed 47.7% 0.105 0.002

2* 1.27 (0.62–2.64) Fixed 0.0% 0.482 –

CC+CT vs. TT Overall 13 0.89 (0.63–1.25) Random 59.0% 0.004 0.647

9* 0.97 (0.72–1.31) Fixed 0.0% 0.799 0.128

Caucasian 6 0.91 (0.60–1.37) Fixed 0.0% 0.712 0.629

Asian 5 1.04 (0.59–1.81) Random 81.1% ,0.001 0.569

2* 1.12 (0.70–1.81) Fixed 0.0% 0.398 –

CC vs. TT+CT Overall 13 0.94 (0.79–1.13) Fixed 0.0% 0.511 0.141

9* 0.94 (0.77–1.15) Fixed 0.0% 0.665 0.291

Caucasian 6 0.94 (0.76–1.17) Fixed 0.0% 0.679 0.146

Asian 5 1.05 (0.69–1.59) Fixed 27.0% 0.241 0.014

2* 1.23 (0.63–2.42) Fixed 0.0% 0.657 –

OR: odds ratio; CI: confidence interval; SLE: systemic lupus erythematosus.
*exclude the studies deviating from Hardy-Weinberg equilibrium.
#exclude the study by Wang (2007).
doi:10.1371/journal.pone.0069547.t004
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Table 5. Meta-analysis of the IL10 2592C/A polymorphism and SLE.

Genetic model Population Study OR (95% CI) Statistical model I2 PHeterogeneity PEgger’s test

C vs. A Overall 24 0.87 (0.74–1.01) Random 76.0% ,0.001 0.021

21* 0.84 (0.70–1.00) Random 76.4% ,0.001 0.104

Caucasian 8 1.02 (0.89–1.16) Fixed 5.6% 0.387 0.247

Asian 13 0.85 (0.67–1.09) Random 84.5% ,0.001 0.120

11* 0.80 (0.60–1.07) Random 84.5% ,0.001 0.407

CC vs. AA Overall 18 0.72 (0.48–1.07) Random 69.1% ,0.001 0.008

15* 0.66 (0.44–0.99) Random 59.6% 0.002 0.221

Caucasian 7 1.08 (0.75–1.55) Fixed 0.0% 0.483 0.223

Asian 8 0.71 (0.36–1.39) Random 81.6% ,0.001 0.068

6* 0.51 (0.24–1.06) Random 72.5% 0.003 0.599

CC+CA vs. AA Overall 18 0.79 (0.64–0.99) Random 50.4% 0.008 0.194

15* 0.73 (0.62–0.88) Fixed 32.5% 0.109 0.425

Caucasian 7 1.06 (0.74–1.51) Fixed 0.0% 0.575 0.330

Asian 8 0.80 (0.60–1.06) Random 67.2% 0.003 0.292

6* 0.69 (0.51–0.94) Random 49.6% 0.078 0.309

CC vs. AA+CA Overall 18 0.86 (0.67–1.10) Random 63.6% ,0.001 0.003

15* 0.77 (0.59–1.01) Random 59.6% 0.002 0.004

Caucasian 7 1.05 (0.87–1.26) Fixed 2.1% 0.409 0.051

Asian 8 0.79 (0.44–1.43) Random 78.0% ,0.001 0.054

6* 0.59 (0.31–1.12) Random 67.5% 0.009 0.435

OR: odds ratio; CI: confidence interval; SLE: systemic lupus erythematosus.
*exclude the studies deviating from Hardy-Weinberg equilibrium.
doi:10.1371/journal.pone.0069547.t005

Table 6. Meta-analysis of the IL10 21082/2819/2592 haplotype and SLE.

Genetic model Population Study OR (95% CI) Statistical model I2 PHeterogeneity PEgger’s test

GCC vs. others Overall 16 1.21 (1.05–1.40) Random 33.0% 0.098 0.407

12* 1.18 (1.04–1.33) Fixed 36.0% 0.103 0.076

Caucasian 7 1.25 (1.10–1.42) Fixed 40.5% 0.121 0.876

6* 1.24 (1.01–1.51) Random 49.9% 0.076 0.839

Asian 8 1.24(1.00–1.53) Fixed 29.3% 0.194 0.600

5* 1.01 (0.75–1.36) Fixed 0.0% 0.450 0.124

ACC vs. others Overall 16 0.75 (0.60–0.95) Random 82.7% ,0.001 0.052

12* 0.73 (0.53–0.99) Random 84.4% ,0.001 0.350

Caucasian 7 0.77 (0.61–0.97) Random 56.2% 0.033 0.207

6* 0.79 (0.62–1.02) Random 59.1% 0.032 0.333

5# 0.91 (0.77–1.07) Fixed 0.0% 0.446 0.206

Asian 8 0.74 (0.50–1.12) Random 90.2% ,0.001 0.191

5* 0.66 (0.31–1.40) Random 93.0% ,0.001 0.649

ATA vs. others Overall 16 1.14 (0.94–1.39) Random 77.7% ,0.001 0.073

12* 1.21 (0.91–1.60) Random 81.1% ,0.001 0.331

Caucasian 7 0.96 (0.82–1.11) Fixed 19.2% 0.284 0.058

6* 0.94 (0.80–1.10) Fixed 28.3% 0.223 0.108

Asian 8 1.22 (0.87–1.71) Random 87.7% ,0.001 0.195

5* 1.42 (0.80–2.52) Random 89.8% ,0.001 0.874

OR: odds ratio; CI: confidence interval; SLE: systemic lupus erythematosus.
*exclude the studies deviating from Hardy-Weinberg equilibrium.
#exclude the study by Sobkowiak (2009).
doi:10.1371/journal.pone.0069547.t006
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Thus, our meta-analysis has more statistical power to detect

positive findings and allow ethnicity-specific analysis. Our meta-

analysis also identified and excluded studies that used overlapping

data [52,53], while previous meta-analyses treated them as

separate study [37,40,41]. In addition, we performed sensitive

analysis by excluding studies deviating from HWE. Some studies

suggested that deviations from HWE in healthy populations may

be a sign of selection bias or population stratification [54].

Consistent findings are solider from sensitive analysis by HWE.

Some caveats need to be noted regarding the present study.

First, there was significant heterogeneity among included studies,

especially among studies from Asia. Pan et al. reported that

Chinese gene-disease association studies often have more hetero-

geneity than others [55]. In our systematic review and meta-

analysis, most Asian studies were from China and some of them

were the main source of heterogeneity. However, much of the

heterogeneity can be eliminated through sensitive analysis.

Second, publication bias from Egger’s test was apparent in some

analyses of the IL-10 2819 C/T and 2592 C/A polymorphisms.

This may be due to reporting bias, other biases or genuine

heterogeneity, and it may be difficult to determine which is the

case [51]. As we included more studies than previous meta-

analyses and these meta-analyses did not show significant

publication bias from Egger’s test, this is more likely to be due

to other biases or genuine heterogeneity. Third, for the IL10

23575T/A and 22763C/A, relevant studies are quite few; there

were also very limited studies conducted among black people;

more studies needed to duplicate the association of rs3024505 with

SLE. Fourth, to our knowledge, the SNPs that are related with

SLE in this study have not been highlighted in recent GWAS

focused on SLE except the SNP rs3024505. It is common that

findings are different from candidate gene studies and GWAS

studies. The reasons are currently hard to explain. Some possible

reasons include: variation in demographic profile of controls,

linkage disequilibrium in different populations, variation in

accuracy of genotyping methods, false discovery, and confounding

factors.

In summary, this meta-analysis showed that the CA27 allele of

the IL-10.G microsatellites, the IL-10 21082G/A polymorphism

and its associated haplotype of GCC are associated with SLE

susceptibility among Caucasians and the CA21 allele of the IL-

10.G microsatellites, the IL-10 21082G/A and 2592 C/A

polymorphisms and their associated haplotype of GCC may be

associated with SLE susceptibility among Asians. It is worthwhile

to note that this is the first time to report an association between

the CA27 allele of the IL-10.G microsatellites and SLE among

Caucasians. Further studies are needed to confirm these findings.

More studies are also needed to duplicate the associations between

SLE and some rarely studied SNPs such as rs3024505.

Supporting Information

Methods S1 Search strategies.

(DOCX)

Methods S2 Checklist to confirm compliance with
PRISMA guidelines for systematic reviews and meta-
analyses.

(DOCX)

Reference S1 List of included studies in this meta-
analysis.

(DOCX)

Acknowledgments

We thank Mr. Feng jin’an (National Library of China, Beijing, China) for

his help in international loans.

Author Contributions

Conceived and designed the experiments: PL JS ZP. Performed the

experiments: PL JS HS LL NL RY ZP. Analyzed the data: PL JS.

Contributed reagents/materials/analysis tools: HS LL NL RY ZP. Wrote

the paper: PL JS.

References

1. Tsokos GC (2011) Systemic lupus erythematosus. N Engl J Med 365: 2110–

2121.

2. D’Cruz DP, Khamashta MA, Hughes GR (2007) Systemic lupus erythematosus.

Lancet 369: 587–596.

3. Danchenko N, Satia JA, Anthony MS (2006) Epidemiology of systemic lupus

erythematosus: a comparison of worldwide disease burden. Lupus 15: 308–318.

4. Alarcon-Riquelme ME (2002) Family studies in systemic lupus erythematosus.

Rheumatology (Oxford) 41: 364–366.

5. Sullivan KE (2000) Genetics of systemic lupus erythematosus. Clinical

implications. Rheum Dis Clin North Am 26: 229–256, v–vi.

6. Llorente L, Zou W, Levy Y, Richaud-Patin Y, Wijdenes J, et al. (1995) Role of

interleukin 10 in the B lymphocyte hyperactivity and autoantibody production of

human systemic lupus erythematosus. J Exp Med 181: 839–844.

7. Rousset F, Garcia E, Defrance T, Peronne C, Vezzio N, et al. (1992) Interleukin

10 is a potent growth and differentiation factor for activated human B

lymphocytes. Proc Natl Acad Sci U S A 89: 1890–1893.

8. de Waal Malefyt R, Yssel H, de Vries JE (1993) Direct effects of IL-10 on subsets

of human CD4+ T cell clones and resting T cells. Specific inhibition of IL-2

production and proliferation. J Immunol 150: 4754–4765.

9. Taga K, Tosato G (1992) IL-10 inhibits human T cell proliferation and IL-2

production. J Immunol 148: 1143–1148.

10. Hagiwara E, Gourley MF, Lee S, Klinman DK (1996) Disease severity in

patients with systemic lupus erythematosus correlates with an increased ratio of

interleukin-10:interferon-gamma-secreting cells in the peripheral blood. Arthritis

Rheum 39: 379–385.

11. Horwitz DA, Gray JD, Behrendsen SC, Kubin M, Rengaraju M, et al. (1998)

Decreased production of interleukin-12 and other Th1-type cytokines in patients

with recent-onset systemic lupus erythematosus. Arthritis Rheum 41: 838–844.

12. Houssiau FA, Lefebvre C, Vanden Berghe M, Lambert M, Devogelaer JP, et al.

(1995) Serum interleukin 10 titers in systemic lupus erythematosus reflect disease

activity. Lupus 4: 393–395.

13. Lacki JK, Samborski W, Mackiewicz SH (1997) Interleukin-10 and interleukin-6

in lupus erythematosus and rheumatoid arthritis, correlations with acute phase

proteins. Clin Rheumatol 16: 275–278.

14. Llorente L, Richaud-Patin Y, Fior R, Alcocer-Varela J, Wijdenes J, et al. (1994)

In vivo production of interleukin-10 by non-T cells in rheumatoid arthritis,

Sjogren’s syndrome, and systemic lupus erythematosus. A potential mechanism

of B lymphocyte hyperactivity and autoimmunity. Arthritis Rheum 37: 1647–

1655.

15. Llorente L, Richaud-Patin Y, Wijdenes J, Alcocer-Varela J, Maillot MC, et al.

(1993) Spontaneous production of interleukin-10 by B lymphocytes and

monocytes in systemic lupus erythematosus. Eur Cytokine Netw 4: 421–427.

16. Park YB, Lee SK, Kim DS, Lee J, Lee CH, et al. (1998) Elevated interleukin-10

levels correlated with disease activity in systemic lupus erythematosus. Clin Exp

Rheumatol 16: 283–288.

17. Ishida H, Muchamuel T, Sakaguchi S, Andrade S, Menon S, et al. (1994)

Continuous administration of anti-interleukin 10 antibodies delays onset of

autoimmunity in NZB/W F1 mice. J Exp Med 179: 305–310.

18. Lauwerys BR, Garot N, Renauld JC, Houssiau FA (2000) Interleukin-10

blockade corrects impaired in vitro cellular immune responses of systemic lupus

erythematosus patients. Arthritis Rheum 43: 1976–1981.

19. Llorente L, Richaud-Patin Y, Garcia-Padilla C, Claret E, Jakez-Ocampo J, et al.

(2000) Clinical and biologic effects of anti-interleukin-10 monoclonal antibody

administration in systemic lupus erythematosus. Arthritis Rheum 43: 1790–

1800.

20. Iyer SS, Cheng G (2012) Role of interleukin 10 transcriptional regulation in

inflammation and autoimmune disease. Crit Rev Immunol 32: 23–63.

21. Egger M, Smith GD, Phillips AN (1997) Meta-analysis: principles and

procedures. BMJ 315: 1533–1537.

22. Yu Y, Wang W, Zhai S, Dang S, Sun M (2012) IL6 gene polymorphisms and

susceptibility to colorectal cancer: a meta-analysis and review. Mol Biol Rep 39:

8457–8463.

IL-10 Gene Polymorphisms and SLE: Meta-Analysis

PLOS ONE | www.plosone.org 10 July 2013 | Volume 8 | Issue 7 | e69547



23. Dang SS, Wang WJ, Wang XF, Li YP, Li M, et al. (2012) Telaprevir for chronic

hepatitis C with genotype 1: a meta-analysis. Hepatogastroenterology 59: 461–
468.

24. Mantel N, Haenszel W (1959) Statistical aspects of the analysis of data from

retrospective studies of disease. J Natl Cancer Inst 22: 719–748.
25. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control Clin

Trials 7: 177–188.
26. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis

detected by a simple, graphical test. BMJ 315: 629–634.

27. Lazarus M, Hajeer AH, Turner D, Sinnott P, Worthington J, et al. (1997)
Genetic variation in the interleukin 10 gene promoter and systemic lupus

erythematosus. J Rheumatol 24: 2314–2317.
28. Zhou H, Qu R, Tang ZH, Liu C (2007) Investigation of the correlation between

interleukin-10 promoter polymorphisms and systemic lupus erythematosus.
Chinese Journal of Dermatology and Venereology (in Chineses) 21: 517–520.

29. Shen N (2003) Variations in the IL -10 promoter region confer susceptibility to

systemic lupus erythematosus in Chinese population. Shanghai Yi Xue (in
Chineses) 26: 452–459.

30. Lin YJ, Wan L, Huang CM, Sheu JJ, Chen SY, et al. (2010) IL-10 and TNF-
alpha promoter polymorphisms in susceptibility to systemic lupus erythematosus

in Taiwan. Clin Exp Rheumatol 28: 318–324.

31. Lu LY, Cheng HH, Sung PK, Tai MH, Yeh JJ, et al. (2005) Tumor necrosis
factor-beta +252A polymorphism is associated with systemic lupus erythema-

tosus in Taiwan. J Formos Med Assoc 104: 563–570.
32. Wang FY, Li GC, Xie HF, Luo QZ, Zha GZ, et al. (2007) Polymorphism and

SLE in Chinese Han population of Hunan province. Acta Laser Biology Sinica
(in Chinese) 16: 344–348.

33. Chong WP, Ip WK, Wong WH, Lau CS, Chan TM, et al. (2004) Association of

interleukin-10 promoter polymorphisms with systemic lupus erythematosus.
Genes Immun 5: 484–492.

34. Guarnizo-Zuccardi P, Lopez Y, Giraldo M, Garcia N, Rodriguez L, et al. (2007)
Cytokine gene polymorphisms in Colombian patients with systemic lupus

erythematosus. Tissue Antigens 70: 376–382.

35. Sobkowiak A, Lianeri M, Wudarski M, Lacki JK, Jagodzinski PP (2009) Genetic
variation in the interleukin-10 gene promoter in Polish patients with systemic

lupus erythematosus. Rheumatol Int 29: 921–925.
36. Groux H, Cottrez F (2003) The complex role of interleukin-10 in autoimmunity.

J Autoimmun 20: 281–285.
37. Nath SK, Harley JB, Lee YH (2005) Polymorphisms of complement receptor 1

and interleukin-10 genes and systemic lupus erythematosus: a meta-analysis.

Hum Genet 118: 225–234.
38. Ou TT, Tsai WC, Chen CJ, Chang JG, Yen JH, et al. (1998) Genetic analysis of

interleukin-10 promoter region in patients with systemic lupus erythematosus in
Taiwan. Kaohsiung J Med Sci 14: 599–606.

39. Schotte H, Gaubitz M, Willeke P, Tidow N, Assmann G, et al. (2004)

Interleukin-10 promoter microsatellite polymorphisms in systemic lupus
erythematosus: association with the anti-Sm immune response. Rheumatology

43: 1357–1363.
40. Song GG, Choi SJ, Ji JD, Lee YH (2013) Associations between interleukin-10

polymorphisms and susceptibility to systemic lupus erythematosus: A meta-
analysis. Hum Immunol 74: 364–370.

41. Zhou M, Ding L, Peng H, Wang B, Huang F, et al. (2013) Association of the

interleukin-10 gene polymorphism (-1082A/G) with systemic lupus erythema-

tosus: a meta-analysis. Lupus 22: 128–135.

42. Turner DM, Williams DM, Sankaran D, Lazarus M, Sinnott PJ, et al. (1997) An

investigation of polymorphism in the interleukin-10 gene promoter.

Eur J Immunogenet 24: 1–8.

43. Rees LE, Wood NA, Gillespie KM, Lai KN, Gaston K, et al. (2002) The

interleukin-10–1082 G/A polymorphism: allele frequency in different popula-

tions and functional significance. Cell Mol Life Sci 59: 560–569.

44. Hirankarn N, Wongpiyabovorn J, Hanvivatvong O, Netsawang J, Akkasilpa S,

et al. (2006) The synergistic effect of FC gamma receptor IIa and interleukin-10

genes on the risk to develop systemic lupus erythematosus in Thai population.

Tissue Antigens 68: 399–406.

45. Yu HH, Liu PH, Lin YC, Chen WJ, Lee JH, et al. (2010) Interleukin 4 and

STAT6 gene polymorphisms are associated with systemic lupus erythematosus

in Chinese patients. Lupus 19: 1219–1228.

46. Eskdale J, Keijsers V, Huizinga T, Gallagher G (1999) Microsatellite alleles and

single nucleotide polymorphisms (SNP) combine to form four major haplotype

families at the human interleukin-10 (IL-10) locus. Genes Immun 1: 151–155.

47. Temple SE, Lim E, Cheong KY, Almeida CA, Price P, et al. (2003) Alleles

carried at positions -819 and -592 of the IL10 promoter affect transcription

following stimulation of peripheral blood cells with Streptococcus pneumoniae.

Immunogenetics 55: 629–632.

48. Claudino M, Trombone AP, Cardoso CR, Ferreira SB, Jr., Martins W, Jr., et al.

(2008) The broad effects of the functional IL-10 promoter-592 polymorphism:

modulation of IL-10, TIMP-3, and OPG expression and their association with

periodontal disease outcome. J Leukoc Biol 84: 1565–1573.

49. Kurreeman FA, Schonkeren JJ, Heijmans BT, Toes RE, Huizinga TW (2004)

Transcription of the IL10 gene reveals allele-specific regulation at the mRNA

level. Hum Mol Genet 13: 1755–1762.

50. Torres-Poveda K, Burguete-Garcia AI, Cruz M, Martinez-Nava GA, Bahena-

Roman M, et al. (2012) The SNP at -592 of human IL-10 gene is associated with

serum IL-10 levels and increased risk for human papillomavirus cervical lesion

development. Infect Agent Cancer 7: 32.

51. Little J, Higgins J (2006) The HuGENetTM HuGE Review Handbook, version

1.0. Avalaible: http://wwwcdcgov/genomics/hugenet/participatehtm Accessed

1 September 2012.

52. Rood MJ, Keijsers V, van der Linden MW, Tong TQ, Borggreve SE, et al.

(1999) Neuropsychiatric systemic lupus erythematosus is associated with

imbalance in interleukin 10 promoter haplotypes. Ann Rheum Dis 58: 85–89.

53. van der Linden MW, Westendorp RG, Sturk A, Bergman W, Huizinga TW

(2000) High interleukin-10 production in first-degree relatives of patients with

generalized but not cutaneous lupus erythematosus. J Investig Med 48: 327–334.

54. Attia J, Thakkinstian A, D’Este C (2003) Meta-analyses of molecular association

studies: methodologic lessons for genetic epidemiology. J Clin Epidemiol 56:

297–303.

55. Pan Z, Trikalinos TA, Kavvoura FK, Lau J, Ioannidis JP (2005) Local literature

bias in genetic epidemiology: an empirical evaluation of the Chinese literature.

PLoS Med 2: e334.

IL-10 Gene Polymorphisms and SLE: Meta-Analysis

PLOS ONE | www.plosone.org 11 July 2013 | Volume 8 | Issue 7 | e69547


