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Abstract The aim of this study was to determine whether
the functional integrin-a-M (ITGAM) rsl1143679 polymor-
phism is associated with susceptibility to systemic lupus
erythematosus (SLE), lupus nephritis (LN), and rheumatoid
arthritis (RA). A series of meta-analyses were conducted to
test for associations between the ITGAM rs1143679 poly-
morphism and SLE, LN, or RA. A total of 24 comparisons
involving 7,738 patients and 8,309 controls for SLE, and
2,663 patients and 2,694 controls in RA were considered.
Meta-analysis showed a significant association between
the ITGAM rs1143679 A allele and SLE in all subjects
(OR 1.773, 95 % CI 1.656, 1.901, p < 1.0 x 107°). After
stratification by ethnicity, the A allele was found to be sig-
nificantly associated with SLE in European, Latin Ameri-
can, and Asian. A significant association was also found
between the ITGAM A allele and lupus nephritis in Euro-
peans (OR 2.131, 95 % CI 1.565, 2.903, p = 1.6 x 107).
However, no association was found between RA and the
ITGAM rs1143679 polymorphism. Our meta-analyses con-
firm that the ITGAM rs1143679 polymorphism is associ-
ated with SLE susceptibility in different ethnic groups and
demonstrate that the polymorphism is associated with LN
in European.
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Introduction

Systemic lupus erythematosus (SLE) is a prototypical auto-
immune disease in which immune regulation is disrupted
and which is characterized by multisystem involvement
mediated by autoantibodies and immune complex depos-
its. Rheumatoid arthritis (RA) is a chronic inflammatory
disease that predominantly involves synovial joints and
affects up to 1 % of adults worldwide. Although the etiolo-
gies of RA and SLE are not fully understood, it is clear that
genetic components play a role in the development of both
diseases [1, 2].

The integrin-a-M (ITGAM, also known as CDIIB)
gene located at chromosome 16p11.2 encodes the CD11b
chain of a leukocyte-specific integrin (Mac-1, alpha M
beta 2, CR3). CR3/Mac-1 modulates leukocyte adhesion
and migration and plays a key role in the phagocytosis of
complement-coated particles such as apoptotic cells [3].
R77H (histidine) variant protein, which corresponds to
the ITGAM rs1143679 G/A polymorphism, contains histi-
dine instead of arginine at position 77 in the extracellular
domain of the CD11b integrin. This amino acid substitution
significantly impairs the ability of the integrin to mediate
cell adhesion to ligands and severely reduces phagocytosis
of complement-coated particles [4, 5].

The functional ITGAM rsi1143679 polymorphism has
been reported to be associated with SLE, lupus nephritis
(LN), and RA in different ethnic groups, although these
findings are not consistent across all studies [6—15]. Gene
allele frequencies often differ substantially between popu-
lations, and ethnic group-specific association studies are
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therefore required to confirm genetic associations in dif-
ferent populations. In order to overcome the limitations of
individual studies, resolve inconsistencies, and reduce the
likelihood of false-positive or false-negative associations
due to random error, we performed meta-analysis [16—18].
In the present study, we used meta-analysis to investigate
whether the functional ITGAM rsl1143679 polymorphism
contributes to disease risk of SLE, LN, or RA in different
populations.

Materials and methods
Identification of eligible studies and data extraction

We performed a search for studies that examined asso-
ciations between the ITGAM rsl1143679 polymorphism
and SLE and RA. The literature was searched using the
MEDLINE and EMBASE citation databases to identify
articles published from January 2000 to December 2013
in which the ITGAM polymorphism was analyzed in SLE
or RA patients. Search strategy was as follows: (“anti-
gens, cdl1b”’[MeSH Terms] OR (“antigens”[All Fields]
AND “cd11b”[All Fields]) OR “cdllb antigens”[All
Fields] OR “itgam”[All Fields]) AND (“polymor-
phism, genetic’[MeSH Terms] OR (“polymorphism”[All
Fields] AND “genetic’[All Fields]) OR “genetic
polymorphism”[All  Fields] OR “polymorphism”[All
Fields]) AND ((“lupus erythematosus, systemic”’[MeSH
Terms] OR (“lupus”[All Fields] AND “erythematosus”[All
Fields] AND “systemic”’[All Fields]) OR “systemic lupus
erythematosus”[All Fields] OR (“systemic”[All Fields]
AND “lupus”’[All Fields] AND “erythematosus”[All
Fields])) OR (“arthritis, rtheumatoid”’[MeSH Terms] OR
(“arthritis”[All Fields] AND “rheumatoid”[All Fields]) OR
“rheumatoid arthritis”[All Fields] OR (“rheumatoid”’[All
Fields] AND “arthritis”[All Fields]))). References in iden-
tified studies were also investigated to identify additional
studies not indexed by MEDLINE and EMBASE. No lan-
guage or country restrictions were applied. Studies were
included if (1) they were case—control studies of the asso-
ciation between the ITGAM rs1143679 polymorphism and
SLE or RA, (2) the data were original (to ensure independ-
ence among studies), and (3) they provided enough data
to calculate odds ratios (OR). We excluded the following:
(1) studies that contained overlapping data, (2) studies in
which the number of the allele could not be ascertained,
and (3) studies in which family members were studied, as
such analyses are based on linkage considerations. Data
were extracted from original studies by two independent
reviewers. Any discrepancy between the reviewers was
resolved by consensus or a third reviewer. The following
information was extracted for each study: author, year of
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publication, ethnicity of the study population, demograph-
ics, the number of cases and controls, and genotype or
allele frequency information for the ITGAM rsl1143679
polymorphism. Allele frequencies were calculated from the
corresponding genotype distributions.

Evaluation of statistical analyses

The Chi-square test was used to determine whether the
observed genotype frequencies in controls conformed to
Hardy—Weinberg (H-W) expectations. We explored the
association between the ITGAM rs1143679 polymorphism
and risk of disease (SLE or RA) using the following allelic
contrast models: A (the variant allele) versus G (the com-
mon allele), the AA genotype versus the AG + GG geno-
type, and the AA + AG genotype versus the GG genotype.
The latter two correspond to the recessive and dominant
effects of the A allele, respectively. We also performed
meta-analyses using the following additive models: the
AA genotype versus the GG genotype and the AG geno-
type versus the GG genotype. Point estimates of risk,
ORs, and 95 % confidence intervals (CIs) were obtained
for each study. Cochran’s Q statistic was used to assess
within- and between-study variation and heterogeneity
[19]. The heterogeneity test was used to assess the prob-
ability of the null hypothesis that all studies were evaluat-
ing the same effect. The random-effects model was used for
meta-analysis when a significant Q statistic (p < 0.10) indi-
cated heterogeneity across studies, while the fixed-effect
model was used when heterogeneity was not indicated.
The fixed-effect model assumes that genetic factors have
similar effects on disease susceptibility across all studies
and that observed variations between studies are caused
by chance alone [20]. The random-effects model assumes
that studies show substantial diversity, and assesses both
within-study sampling errors and between-study variances
[21]. The random-effects model is used in the presence of
significant between-study heterogeneity. We quantified the
effect of heterogeneity by using the recently developed I
measure, where 12 = 100% x (Q — df)/Q [22]. The P
measure ranges between 0 and 100 %, and it represents the
proportion of inter-study variability attributable to hetero-
geneity rather than chance. I values of 25, 50, and 75 %
were defined as low, moderate, and high estimates, respec-
tively. Statistical manipulations were performed using the
comprehensive meta-analysis computer program (Biosta,
Englewood, NJ, USA).

Evaluation of heterogeneity and publication bias
While funnel plots are often used to detect publication

bias, this technique requires a range of studies of varying
sizes and involves subjective judgment. Accordingly, we
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evaluated publication bias by using Egger’s linear regres-
sion test [23], which measures funnel plot asymmetry using
a natural logarithm scale of ORs.

Results
Studies included in the meta-analysis

We identified 58 articles by electronic and manual search-
ing and selected 20 of these for a full-text review based
on title and abstract details. After the full-text review, 10
of these 20 articles were excluded. Six of these stud-
ies did not contain genotype or allele data for the ITGAM
polymorphism [24-29], and four contained duplicate data
[29-32]. We contacted corresponding authors of the origi-
nal articles to ask for the raw data. However, one Korean
study revealed no polymorphic data [24], and we could not
get available genotype or allele data from other authors.
Of the remaining studies, one study had data for nine dif-
ferent groups [8], one study contained data for five groups
[10], one study contained data for three groups [11], and
one study contained data for two groups [9]. Groups from
different studies were treated independently. We excluded
a set of European American subjects from one study [10]

to avoid possible data overlap with another set of subjects
[11]. We analyzed 24 separate comparisons in total, includ-
ing 21 comparisons for SLE and three comparisons for RA
(Fig. 1). The analyses included 7,738 patients and 8,309
controls for SLE, and 2,663 patients and 2,694 controls
for RA [6-15]. The SLE analyses included 13 Europeans,
four Latin Americans, two Asian populations, one African
American, and one Gullah population; the RA analyses
included two European populations and one Latin Ameri-
can population (Table 1). We performed a subgroup meta-
analysis if at least two studies were available. Accordingly,
ethnicity-specific meta-analyses were also conducted for
European, Latin American, and Asian populations. Selected
characteristics of these studies are summarized in Table 1.

Meta-analysis of the association between the ITGAM
rs1143679 polymorphism and SLE

Meta-analysis was performed on all SLE patients and on
SLE patients in each ethnic group. A significant associa-
tion was observed between the A allele and SLE in all sub-
jects (OR 1.773, 95 % CI 1.656, 1.901, p < 1.0 x 107,
Table 2; Fig. 2). After stratification by ethnicity, the A
allele was found to be significantly associated with SLE in
European, Latin American, and Asian (Table 2; Fig. 3). An
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Table 1 Characteristics of individual studies included in the meta-analyses

Author [References] Ethnicity Disease  Numbers ITGAM A alleles HWE p  Allele association
(%)
Case  Control Case Control OR 95 % CI P
Toller-Kawahisa et al. [6]  Latin American SLE 157 147 245 153 0.849 1.798 1.195 2.705 0.005
Jarvinen et al. [12] European SLE 275 356 220 150 >0.05 1.595 1.196 2.127 0.001
Warchol et al. [7] European SLE 154 276 185 114 0.102  1.763 1.194 2.602 0.004
Suarez-Gestal et al. [8] European SLE 94 95 25.5 19.5 0.693 1.418 0.872 2305 0.159
European SLE 525 570 263 154 0.624 1953 1581 2413 0.000
European SLE 293 316 252 172 0.812 1.607 1216 2.122 0.001
European SLE 104 180 212 144 0.280  1.589 1.019 2477 0.041
European SLE 95 95 16.8  10.0 0.954 1.823 0993 3.346 0.053
European SLE 191 187 264 187 0.124  1.561 1.105 2205 0.011
European SLE 94 93 11.7  10.8 0317 1.100 0.579 2.092 0.771
European SLE 101 929 134 111 0.213 1234  0.677 2.250 0.492
European SLE 82 92 20.7 9.2 0.328 2569 1.374 4.803 0.003
Yang et al. [9] Asian SLE 910 1,440 1.2 0.5 0.842 2230 1.146 4.336 0.018
Asian SLE 278 383 6.3 2.1 0.676  3.149 1.725 5.749 0.000
Han et al. [10] Latin American SLE 727 229 16.5 8.7 0.147  2.066 1452 2940 0.000
European SLE 422 520 17.4 9.0 0.688 2.123 1.609 2.799 0.000
Latin American SLE 392 331 15.7 8.5 0.793 2.014 1441 2814 0.000
Latin American SLE 205 164 224 155 0.002 1.571 1.077 2294 0.019
Nath et al. [11] European SLE 1,914 1,901 172 104 0.519 1.782 1.559 2.037 0.000
African American  SLE 588 701 152 10.6 0.381 1.521 1.205 1.921 0.000
Gullah SLE 137 134 20.1  10.8 0.699 2.070 1273 3.364 0.003
Anaya et al. [13] Latin American RA 304 240 127 104 >0.01 1.247 0.855 1.820 0.252
Phipps-Green et al. [14] European RA 727 550 9.5 9.9 0.774 0953 0.732 1.242 0.723
Suarez-Gestal et al. [15] European RA 1,632 1,904 172 16.0 >0.05 1.090 0962 1.236 0.178

HWE Hardy—Weinberg equilibrium, OR odds ratio, CI confidence interval

association was observed between the AA + AG genotype
and SLE in all subjects (OR 1.856, 95 % CI 1.682, 2.048,
p<10 x 10~%; Table 2). After stratification by ethnicity,
associations between the AA + AG genotype and SLE were
observed in Europeans and in Latin Americans (Table 2).
Furthermore, the ITGAM rs1143679 polymorphism was
found to be associated with SLE in Europeans under the
recessive and additive models, and under homozygote con-
trast (Table 2).

Meta-analysis of the association between the ITGAM
rs1143679 polymorphism and lupus nephritis

Three studies were included in the meta-analysis of the
association between the ITGAM rs1143679 polymor-
phism and LN [6, 7, 12] (Table 3). Meta-analysis showed
an association between the A allele of the ITGAM poly-
morphism and LN in Europeans (OR 2.131, 95 % CI
1.565, 2903, p = 1.6 x 1077 Table 3; Fig. 4). However,
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one Latin American study showed no evidence of associa-
tion between the A allele and LN in Latin Americans (OR
1.440, 95 % C10.961, 2.157, p = 0.077; Table 3; Fig. 3).

Meta-analysis of the association between the ITGAM
rs1143679 polymorphism and RA

Three studies were included in the meta-analysis of the
association between the ITGAM rs1143679 polymorphism
and RA [13-15] (Table 3). Meta-analysis showed no evi-
dence of association between the A allele and RA, either
in the overall study population or in Europeans (OR 1.078,
95 % CI 0.967, 1.191, p = 0.177; OR 1.064, 95 % CI
0.950, 1.191, p = 0.287; Table 3; Fig. 4).

Heterogeneity and publication bias

Within the control groups, the genotype distributions of
the ITGAM rs1143679 polymorphism were consistent
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Table 2 Meta-analysis of the association between the ITGAM rs1143679 G/A polymorphism and SLE

Polymorphism Population No. of studies  Test of association Test of heterogeneity
OR 95 % CI p Model P p
A versus G allele Overall 21 1.773 1.656-1.901 <10x10° F 0.617 0
European 13 1.756 1.618-1.904 <1.0x 107 F 0.631 0
Latin American 4 1.871 1.5587-2.246  <1.0x 10 F 0.719 0
Asian 2 2.696 1.725-4.212 1.x 1076 F 0.451 0
AA + AG versus GG (Dominant)  Overall 9 1.856 1.682-2.048 <1.0x10™° F 0916 0
European 3 1.827 1.607-2.077 <1.0x10° F 0.604 0
Latin American 4 2.054 1.674-2.520 1.0x10° F 0.997 0
AA versus AG + GG (Recessive) Overall 9 2.668 1.562-4.566 32x107° R 0.043  49.7
European 3 4.389 2.796-6.888 <1.0x 107 F 0.863 0
Latin American 4 1.588 0.841-2.998 0.154 F 0.125 477
AA versus GG Overall 9 3.107 1.864-5.178 13x10°% R 0.069 448
European 3 4.945 3.147-7769 <1.0x10™° F 0.844 0
Latin American 4 1.970 1.078-3.738 0.038 F 0.157 424
AG versus GG Overall 9 1.754 1.584-1.941 <10x10° F 0.897 0
European 3 1.676 1.469-1913 <1.0x10™° F 0.685 0
Latin American 4 2.016 1.632-2.489 <10x10° F 0.967 0

F fixed-effect model, R random-effects model

Study name Ethnicity Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper
ratio limit limit p-Value
Toller-Kawahisa et al, 2013 Latin American 1.798 1.195 2705 0.005 ——
Jarvinen et al, 2010 European 1595 1.196 2.127 0.001 —a—
Warchol et al, 2011 European 1763 1.194 2602 0.004 —a
Suarez-Gestal-1 et al, 2009 European 1418 0872 2305 0.159
Suarez-Gestal-2 et al, 2009 European 1953 1581 2413 0.000 -
Suarez-Gestal-3 et al, 2009 European 1.607 1216 2.122 0.001 ——
Suarez-Gestal-4 et al, 2009 European 1589 1.019 2477 0.041
Suarez-Gestal-5 et al, 2009 European 1.823 0993 3.346 0.053
Suarez-Gestal-6 et al, 2009 European 1561 1.105 2205 0.011 —a
Suarez-Gestal-7 et al, 2009 European 1100 0579 2092 0.771
Suarez-Gestal-8 et al, 2009 European 1.234 0677 2250 0492
Suarez-Gestal et al-9, 2009 European 2569 1.374 43803 0.003
Yang-1 et al, 2009 Asian 2230 1.146 4.336 0.018 e L
Yang-2 et al, 2009 Asian 3149 1725 5749 0.000 -
Han-1 et al, 2009 Latin American 2.066 1452 2.940 0.000 e
Han-2 et al, 2009 European 2123 1609 2799 0.000 ——
Han-3 et al, 2009 Latin American 2.014 1441 2814 0.000 ——
Han-4 et al, 2009 Latin American 1.571 1.077 2294 0.019 —_——
Nath-1 et al, 2008 European 1.782 1559 2037 0.000 [ |
Nath-2 et al, 2008 African 1521 1205 1.821 0.000 —-
Nath-3 et al, 2008 Gullah 2070 1.273 3364 0.003 —_—
1.773 1655 1.801 0.000 ¢
01 0.2 0.5 1 2 5 10
Control SLE

Fig. 2 ORs and 95 % Cls for individual studies and pooled data, for the association between the A allele of the ITGAM rs1143679 A/G poly-
morphism and SLE, in all study subjects
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Group by Study name Ethnicity Statistics for each study 0Odds ratio and 95% CI
Subgroup within study Odds Lower Upper

ratio  limit limit p-Value
African Nath-2 et al, 2008 African 1521 1205 1.921  0.000 -
African 1521 1205 1.921 0.000 -
Asian Yang-1 et al, 2009 Asian 2230 1.146 4336 0018
Asian Yang-2 et al, 2009 Asian 3143 1725 6743 0.000 +—8—F
Asian 2696 1.725 4212 0.000 -~
European Jawinen et al, 2010 European 1595 1196 2127 0.001 ——r
European Warchol et al, 2011 European 1763 1.194 2602 0.004 ——
European Suarez-Gestal-1 et al, 2003 European 1418 0872 2305 0.159
European Suarez-Gestal-2 et al, 2003 European 1953 1.581 2413  0.000 —
European Suarez-Gestal-3 et al, 2009 European 1607 1.216 2122 0.001 —
European Suarez-Gestal-4 et al, 2009 European 1583 1.019 2477 0.041
European Suarez-Gestal-5 et al, 2003 European 1823 0993 3346 0.053
European Suarez-Gestal-6 et al, 2009 European 1561 1105 2205 0.011 —
European Suarez-Gestal-7 et al, 2003 European 1100 0579 2092 0771
European Suarez-Gestal-8 et al, 2003 European 1234 0677 2250 0.492
European Suarez-Gestal et al-9, 2009 European 2569 1.374 4.803 0.003
European Han-2 et al, 2009 European 2123 1609 2799 0.000 o —
European Nath-1 et al, 2008 European 1.782 1569 2037  0.000 -
European 1.756 1.618 1.904  0.000 ]
Gullah Nath-3 et al, 2008 Gullah 2070 1.273 3364 0.003 i
Gullah 2070 1.273 3364 0.003
Latin American Toller-Kawahisa et al, 2013 Latin American 1.798 1.195 2.705 0.005 —_—
Latin American Han-1 et al, 2009 Latin American 2,066 1.452 2940  0.000 ——
Latin American Han-3 etal, 2009 Latin American  2.014 1.441 2814  0.000 ——
Latin American Han-4 et al, 2009 Latin American 1.571  1.077 2294 0.019 —
Latin American 1871 1558 2246  0.000 <

0.1 0.2 0.5 1 2 5
Control SLE

Fig. 3 ORs and 95 % ClIs for individual studies and pooled data, for the association between the A allele of the ITGAM rs1143679 A/G poly-

morphism and SLE, in each ethnic group

Table 3 Meta-analysis of the association between the ITGAM rs1143679 G/A polymorphism and LN or RA

Disease/polymorphism Population No. of studies Test of association Test of heterogeneity
OR 95 % CI p Model P p

LN A versus G allele Overall 3 1.844 1.443-2.357 1.0 x 1077 454 0.160
European 2 2.131 1.565-2.903 1.6 x 1077 F 27.5 0.240
Latin American 1 1.440 0.961-2.157 0.077 NA NA NA

RA A versus G allele Overall 3 1.078 0.967-1.191 0.177 F 0 0.489
European 2 1.064 0.950-1.191 0.287 F 0 0.369
Latin American 1 1.247 0.855-1.820 0.252 NA NA NA

F fixed-effect model, R random-effects model, NA not available

with H-W equilibrium in all studies. Between-study  Discussion

heterogeneity was observed in meta-analyses of AA vs.
AG + GG and AA vs. GG (Table 3). However, the het-
erogeneity was resolved when the analysis was stratified
by ethnicity. It was difficult to interpret the funnel plot,
which is used to detect publication bias, because the
number of studies included in the analysis was relatively
small. However, Egger’s regression test showed no evi-
dence of publication bias in the meta-analyses of associa-
tion between the ITGAM rsl1143679 polymorphism and
susceptibility to SLE, LN, or RA (Egger’s regression test
p > 0.1; Fig. 5).
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In the present study, we subjected previously published
data to meta-analysis to evaluate the genetic association
between the ITGAM rsl143679 polymorphism and sus-
ceptibility to SLE and RA in different ethnic populations.
The prevalence of the A allele of this polymorphism was
calculated for different populations, and an ethnic-specific
meta-analysis was performed. The prevalence of the A
allele was found to vary among ethnic groups, from 0.7 %
in Asians to 12.4 % in Europeans. The mean frequency in
all controls was 8.8 %. Interestingly, the A allele was not
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A
Study name Ethnicity Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio limit limit p-Value
Toller-Kawahisa et al, 2013 Latin American 1440 0.961 2.157 0.077
Jarvinen et al, 2010 European 1786 1.165 2738 0.008
Warchol et al, 2011 European 2587 1654 4.047 0.000
1.844 1443 2357 0.000
0.1 0.2 05 1 2 5 10
Control LN

B
Study name Ethnicity Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio limit limit p-Value
Anaya et al, 2012 Latin American 1.247 0855 1.820 0.252
Phipps-Green et al, 2009 European 0953 0.732 1.242 0.723
Suarez-Gestal et al, 2009 European 1090 0962 1.236 0.178

1.078 0967 1201 0.177

0.1 0.2 05 1 2 5 10
Control RA

Fig. 4 ORs and 95 % ClIs for individual studies and pooled data, for the association between the A allele of the ITGAM rs1143679 A/G poly-

morphism and LN (a) or RA (b), in all study subjects

Fig. 5 Funnel plot of stud-
ies examining the asso- 14
ciation between the A allele
of the ITGAM rs1143679 AIG 12
polymorphism and SLE, in all =
subjects (Egger’s regression w 10
p =0.647) B
Q@ g °
=
g 8
s © o
.g 3 ¢
z 4 °
o ©
2
0 =
2.0 1.5 -1.0 0.5 0.0 0.5 1.0 1.5 2.0

observed in Korean or Japanese populations, consistent
with the idea that associations between diseases and the
ITGAM rs1143679 polymorphism are dependent on the
genotype frequencies in different ethnic groups [10, 24].

Log odds ratio

Our ethnic-specific meta-analysis shows that an association
exists in European, Latin American, and Asian populations.
It has been suggested that homozygosity for the A allele
is dose-dependently associated with the risk of diseases.
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Consistent with this, we observed the presence of the dose
effect of the A allele in the populations analyzed. Unfor-
tunately, ethnic-specific meta-analysis was not possible in
African American and Hispanic populations due to limited
data. Our meta-analysis found no association between the
ITGAM rs1143679 polymorphism and RA in the overall
study population or in Europeans, suggesting that ITGAM
may be not a general autoimmune gene.

One possible explanation for the association between
SLE risk and the ITGAM rs1143679 A allele (R77H vari-
ant) is that the decreased binding of CR3/Mac-1 to iC3b
in this variant gives rise to defects in leukocyte trafficking
and reduced phagocytosis. The R77H (histidine) variant of
the protein is known to be less efficient at mediating cell
adhesion and clearing complement-covered particles [4, 5].
Failure to adequately clear apoptotic cells or immune com-
plexes may then lead to activation of dendritic cells, inflam-
matory cytokine production, as well as uptake and presen-
tation of nuclear antigens to T cells [4, 33].

The results of our meta-analysis of the association of
the ITGAM rsl1143679 polymorphism with SLE risk are
in good agreement with a similar meta-analysis performed
by Fan et al. [34]. Compared with the previous study, our
analyses included three additional studies on the ITGAM
rs1143679 polymorphism, 586 more SLE patients, and
779 more controls [6, 7, 12]. One comparison study was
excluded due to possible duplicate data [10]. We performed
additional meta-analyses to examine potential association
of the ITGAM rsl1143679 polymorphism with disease risk
for LN and for RA. We performed further ethnic-specific
meta-analyses. Finally, meta-regression and sensitivity
analyses were further performed to detect heterogeneity
and potential publication bias.

Since common genetic variants are shared between RA
and SLE, it is needed to explain why ITGAM rs1143679
polymorphism is associated only with SLE. First, recent
study revealed that none of the nine recently identified
SLE risk factors showed association with RA, suggesting
that common genetic factors affecting the pathogenesis of
these two disorders are limited [15]. Second, there is also
a possibility that different polymorphisms in the same gene
are involved in different diseases [35]. Third, large sample
sizes were included in SLE studies, resulting in the iden-
tification of variants with even small effects, while small
number of RA studies may be underpowered to detect the
association.

The present study has some limitations that should be
noted. Firstly, heterogeneity, confounding factors, and pub-
lication bias might have distorted the meta-analysis. Sec-
ondly, since our ethnic-specific meta-analyses included data
only from European, Latin American, and Asian patients,
our findings may be applicable only to these ethnic groups.
Thirdly, as most of the available studies were performed
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in populations of European descent, further studies would
be needed to understand disease risk associations in other
ethnic populations. Finally, the number of available stud-
ies was too small to examine the association between the
ITGAM rs1143679 polymorphism and RA, especially in
different ethnic groups. Only three suitable /TGAM poly-
morphism studies could be identified for RA; two of these
were conducted in European populations and one in a Latin
American population.

In conclusion, our meta-analyses confirm that the
ITGAM rs1143679 polymorphism is associated with sus-
ceptibility to SLE and LN in several ethnic groups, espe-
cially in European, and we found no evidence for associa-
tion between the ITGAM rsl143679 polymorphism and
susceptibility to RA. These findings suggest a need for
further studies to examine associations between ITGAM
polymorphisms and SLE, LN, and RA susceptibility in dif-
ferent ethnic groups. Larger scale studies in different ethnic
populations will also help to elucidate the roles of specific
polymorphisms of the ITGAM gene in the pathogeneses of
SLE, LN, and RA.
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