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Intercellular adhesion molecule-1 polymorphisms, K469E and G261R and susceptibility
to vasculitis and rheumatoid arthritis: a meta-analysis
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Gbstract: The aim of this study was to determine whether intercellular adhesion molecule-1 (ICAM-1) polymorphisms are associated with sus-
ceptibility to vasculitis or rheumatoid arthritis (RA). Meta-analyses were performed to assess the associations between K469E and G241R poly-
morphisms of ICAM-1 and vasculitis or RA. A total of 12 studies on 1,368 patients and 1,922 controls, which comprised 8 vasculitis studies and
4 RA studies, were included in the meta-analysis. We found no significant association between vasculitis and K469E E allele among the various
subjects (OR = 1.238, 95% CI =0.9781-1.566, p = 0.076). However, an association between vasculitis and K469E polymorphism was observed
under homozygote contrast (OR = 1.443, 95% CI = 1.084-1.920, p = 0.012). Stratification by ethnicity and vasculitis type showed no association
between vasculitis and 1 K469E polymorphism under heterozygote contrast. In addition, the meta-analysis revealed a significant association
between the ICAM-1 G241R R allele and Behcet’s disease (BD) (OR = 3.261, 95% CI = 1.653-6.434, p = 0.001), but not giant cell arteritis.
Moreover, the meta-analysis indicated an association between RA and the R allele and RR+ RG genotype of the I[CAM-1 G241R polymorphism
(OR =2.014, 95% CI = 1.215-3.339, p = 0.007; OR = 2.394, 95% CI = 1.354-4.235, p = 0.003). This meta-analysis suggests that the K469E
polymorphism is associated with susceptibility to vasculitis, and that the G241R polymorphism is associated with susceptibility to BD and RA.
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Introduction

Vasculitis is a heterogeneous group of disorders cha-
racterized by inflammation and damage to the blood
vessels, leading to tissue or organ injury (1). Rheuma-
toid arthritis (RA) is a chronic inflammatory disease
that predominantly involves the synovial joints. RA
causes significant morbidity, shortens life expectancy,
and affects up to 1% of adults worldwide (2). Although
the etiologies of vasculitis and RA remain to be fully
elucidated, some researchers have suggested that these
diseases occur under conditions of specific interactions
between a susceptible genetic background and environ-
mental factors.

The process through which leukocytes adhere to en-
dothelial cells is a key step in their migration to inflam-
mation, and the interaction of leucocytes with the vas-
cular endothelium is mediated by adhesion molecules.
The intercellular adhesion molecule (ICAM-1), a mem-
ber of the immunoglobulin (Ig) superfamily, is a single-
stranded glycoprotein expressed on vascular endothelial
cells, fibroblasts, macrophages, antigen presenting cells,
and activated lymphocytes (3). ICAM-1 plays a key
role in the transendothelial migration of neutrophils, as
well as in T-cell activation during inflammation. It also
controls the migration of leukocytes into tissues during
inflammation, via adhesion to lymphocyte functional-
associated antigen-1 (LFA-1) and macrophage-1 an-
tigen (MAC-1), which are expressed on leukocytes (4).

The ICAM-1 gene, which is located on chromo-
some 19p13.2-13.3, consists of 7 exons and 6 introns.
ICAM-1 polymorphisms include 2 coding region poly-
morphisms—Iysine (K) or glutamine (E) at codon 469
on exon 6 (rs5498), and glycine (G) or arginine (R) at
codon 241 on exon 4 (rs1799969); these two polymor-
phisms have been studied extensively for their role in

vasculitis and RA (5). The ICAM-1 K469E and G241R
polymorphisms are located within the first and third Ig-
like domains, and they act as LFA-1- and Mac-1-bin-
ding domains, respectively. There is evidence has that
these polymorphisms play important roles during leu-
kocyte transmigration (6, 7).

Some reports have shown that ICAM-1 polymor-
phisms are associated with vasculitis and RA, whereas
others have presented contradictory findings (4, 8-18).
The reasons for these disparities may be small sample
sizes, low statistical power, and/or clinical heterogenei-
ty (19). Therefore, to overcome the limitations of indi-
vidual studies, resolve inconsistencies, and reduce the
likelihood that random errors are responsible for false-
positive or false-negative associations, we conducted
a meta-analysis (20-23). The aim of the present study
was to determine whether K469E and G241R polymor-
phisms of I[CAM-1 are associated with susceptibility to
vasculitis and RA by performing a meta-analysis.

Methods

Identification of eligible studies and data extraction

We performed a literature search for studies that
examined associations between ICAM-1 polymor-
phisms and vasculitis or RA, using the MEDLINE and
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EMBASE citation databases to identify the studies that
analyzed ICAM-1 polymorphisms in patients with vas-
culitis or RA. Combinations of keywords such as “inter-
cellular adhesion molecule-1,” “ICAM-1,” “polymor-
phism,” “vasculitis,” and “rheumatoid arthritis” were
entered as Medical Subject Headings (MeSH) or key
words. References in the identified studies were also
further investigated to search for additional studies that
were not indexed by MEDLINE and EMBASE. Genetic
association studies that determined the distributions of
the K469E and/or G241R genotypes of ICAM-1 in vas-
culitis or RA and normal controls were also eligible for
inclusion. The inclusion criteria used were as follows:
(1) case control study design; (2) original data; and (3)
sufficient genotype data to calculate odds ratios (ORs).
No language restriction was applied. Exclusion criteria
were as follows: (1) overlapping data; (2) inability to
ascertain the number of null and wild genotypes; and
(3) family members studied, because the analysis was
based on linkage considerations. Data were extracted
from the original studies by two independent resear-
chers. Any discrepancy between the reviewers was
resolved by consensus or by consultation with a third
researcher. The following information was extracted
from each study: author, year of publication, ethnicity
of the study population, demographics, and numbers of
cases and controls for each of the K469E and G241R
genotypes of ICAM-1. Allele frequencies were deter-
mined from the corresponding genotype distributions.

Evaluation of publication bias

Funnel plots are often used to detect publication
bias. However, funnel plotting has some limitations
in that it requires a broad range of studies of varying
sample sizes and involves subjective judgments; there-
fore, we evaluated the publication bias using Egger’s
linear regression test (24), which measures funnel plot
asymmetry using a natural logarithm scale of ORs.

Evaluation of statistical associations

We performed the meta-analysis using (1) allelic
contrast and (2) homozygote contrast techniques, and
(3) recessive and (4) dominant models. A chi-squared
test was used to determine whether the observed geno-
type frequencies conformed to the Hardy—Weinberg (H-
W) equilibrium. Subgroup analyses were performed by
ethnicity and vasculitis type to evaluate ethnic- and di-
sease-specific effects. Point estimates of risk, ORs, and
95% confidence intervals (CI) were estimated for each
study. In addition, within- and between-study variation
or heterogeneities were analyzed using Cochran’s Q-
statistic, which assesses the null hypothesis under the
condition that all the studies evaluated the same effect.
The effect of heterogeneity was quantified using 1%
which ranges from 0% to 100% and represents the pro-
portion of between-study variability that can be attribu-
ted to heterogeneity rather than chance (25). I? values of
25%, 50%, and 75% were nominally assigned as low,
moderate, and high estimates, respectively. The fixed
effects model assumes that genetic factors exert similar
effects on disease susceptibility across all studies inves-
tigated, and that the observed variations between studies
are caused by chance alone (26). The random effects
model assumes that different studies show substantial

diversity and assesses both within-study sampling error
and between-study variance (27). When study groups
are homogeneous, the fixed and random effects models
produce similar results, and when this is not the case, the
random effects model usually provides wider Cls than
does the fixed effects model. Thus, the random effects
model is used when there is significant between-study
heterogeneity (27). We performed statistical manipula-
tions using the Comprehensive Meta-Analysis program
(Biostat, Englewood, NJ, USA).

Results

Studies included in the meta-analysis

A total of 92 studies were identified by electronic
and manual literature search, and of these, 15 were se-
lected for full-text review on the basis of the title and
abstract details retrieved. Three reports were excluded,
because one report lacked genotype data, another was a
review, and the third one referred to a different disease.
Thus, 12 studies, including eight studies on vasculitis
and four on RA, were included in the meta-analysis (4,
8-18) (Figure 1). In total, these studies contained data
from 1,368 patients and 1,922 controls, including 812
patients and 1,242 controls for vasculitis, and 556 pa-
tients and 680 controls for RA. The 12 studies described
four European, three Arab, and one Asian populations
that were examined for vasculitis associations, and two
Asian, one European, and one Latin American popu-
lations examined for RA associations (Table 1). The
vasculitis studies comprised five studies on Behcet’s
disease (BD), two on giant cell arteritis (GCA), and one
on Henoch-Schonlein purpura (Table 1). Thus, ethnic-
specific meta-analysis was conducted for the European,
Arab, and Asian populations, and disease-specific meta-
analysis was conducted for BD, GCA, and RA. Selected
characteristics of these studies are summarized in Table
1.

Meta-analysis of relationships between the K469E
and G241R polymorphisms and vasculitis

The meta-analysis revealed no association between
vasculitis and the ICAM-1 K469E E allele among the
subjects examined (OR = 1.238, 95% CI = 0.9781-
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Figure 1. Flow chart illustrating the study design.

85



Y. H. Lee and S-C. Bae 2016 | Volume 62 | Issue 12 ICAM-1 polymorphisms and vasculitis and RA.

Table 1. Characteristics of the individual studies included in the meta-analysis.

Subjects i
Author (Ref) Country Ethnicity Disease ! Polymorp hisms Association findings
Case  Control studied
Dhifallah, 2010 (14) Tunisia Arab BD 135 157 ICAM-1 K469E NS
Chmaisse, 2006 (8) Lebanon Arab BD 39 32 K469E K469E (p <0.01)
Kim, 2003 (9) Korea Asian BD 197 248 K469E K469E (p = 0.004)
Amoli-1, 2001 (10) Spain European GCA 57 117 K469E, G241R NS
Boiardi, 2001 (11) Ttaly European BD 74 228 K469E, G241R K469E (Igso)(’)oGlz)‘“R v =
Amoli-2, 2001 (12) Spain European HSP 50 129 K469E, G241R NS
Salvarani, 2000 (13) Ttaly European GCA 177 228  KA469E, G24IR K469E (oNoSo)(’)(%leR v =
Verity, 2000 (4) Jordan Arab BD 83 103 K469E, G241R  K469E (p = 0.046), G241R (NS)
Yuan, 2011 (15) China Asian RA 275 254 K469E NS
Navarro, 2009 (16) Mexico  Latin American RA 60 60 G241R G241R (p = 0.040)
Lee, 2004 (17) Korea Asian RA 143 138 K469E K469E (p = 0.0029)
Macchioni, 2000 (18) Ttaly European RA 78 228 K469E, G241R  K469E (NS), G241R (p = 0.039)

Ref: reference, BD, Behcet’s disease; GCA, giant cell arteritis; HSP, Henoch-Schonlein purpura; OR, odds ratio; CI, confidence interval; NS, not
significant.

Table 2. Meta-analysis of the associations between the ICAM-1 K469E and G241R polymorphisms and vasculitis.

A
Test of association Test of heterogeneity
. . No. of
Polymorphism Population tudi

studies OR 95% CI p-value  Model  p-value r
Overall 8 1238 0978-1.566  0.076 R 0.005 65.4
HWE 6 1316 0991-1.884  0.057 R 0.004 70.9

KAGSE European 4 1.068  0.889-1.284  0.484 F 0.605 0
Evs. K Arab 3 1612 0.759-3.425 0214 R 0.001 85.5
BD 5 1364  0.937-1987  0.105 R 0.002 77.0
GCA 2 1118 0.882-1.418 0357 F 0.223 32.7

Overall 8 1351 1.051-1.736  0.019 F 0.724 0

HWE 6 1335 0.974-1.830  0.072 F 0.487 0

EEvs EK + Kk European 4 1.333 0.955-1.860  0.091 F 0.859 0
(recessive) Arab 3 1140 0.687-1.862 0.611 F 0.289 19.5

BD 5 1365  0.978-1.905  0.067 F 0.447 0

GCA 2 1449  0.946-2.221 0.089 F 0.843 0
Overall 8 1338 0.904-1.980  0.145 R 0.001 71.7
HWE 6 1.633 1.803-2.660  0.049 R 0.003 71.7
EE + BK vs, European 4 0941  0.701-1264  0.688 F 0.359 6.89
KK (dominant) Arab 3 1.960  0.661-5814  0.225 R 0.001 86.6
BD 5 1,525  0.867-2.684  0.143 R 0.001 79.6
GCA 2 1160 0.516-2.609  0.719 R 0.085 66.1
Overall 8 1.443 1.084-1.920  0.012 F 0.170 323
HWE 6 1.649  1.152-2.359  0.006 F 0.114 43.6

European 4 1244  0.837-1.848  0.281 F 0.589 0

EE vs. KK

Arab 3 1,709 0.591-4.941 0322 R 0.059 64.5
BD 5 1.583  0.906-2.764  0.107 R 0.085 51.0
GCA 2 1392 0.832-2.330  0.207 F 0.233 29.7

OR, odds ratio; CI, confidence interval; R, random effects model; F, fixed effects model; HWE, Hardy-Weinberg equilibrium.
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B
Test of association Test of heterogeneity
. . No. of
Polymorphism Population tudi
studies OR 95% CI p-value  Model p-value P

Overall 5 1.977 0.920-4.251 0.081 R 0.003 75.4
G241R European 4 2.201 0.965-5.007 0.060 R 0.002 79.8
Rvs. G BD 2 3.261 1.653-6.434 0.001 F 0.106 61.6
GCA 2 2.523 0.715-8.898 0.150 R 0.009 85.2
Overall 5 1.957 0.591-6.476 0.272 F 0.312 16.0
RR vs. RG + GG European 4 2.517 0.693-9.142 0.161 F 0.295 19.0
(recessive) BD 2 2350  0341-1619 0386 F 0.182 43.7
GCA 2 2.671 0.459-15.53 0.274 F 0.154 50.7
Overall 5 2.266 1.106-4.641 0.025 R 0.015 67.7
RR + RG vs. GG European 4 2.400 1.094-5.263 0.029 R 0.008 74.6
(dominant) BD 2 3.551 1.696-7.435 0.001 F 0.265 19.6
GCA 2 2.806 0.871-9.038 0.084 R 0.024 80.3
Overall 5 2.176 0.657-7.209 0.203 F 0.264 23.5
European 4 2.842 0.782-10.33 0.113 F 0.257 25.8

RR vs. GG
BD 2 2.588 0.375-17.86 0.335 F 0.163 48.7
GCA 2 3.102 0.532-18.07 0.208 F 0.141 53.9

OR, odds ratio; CI, confidence interval; R, random effects model; F, fixed effects model.

1.566, p = 0.076; Table 2). Stratification by ethnicity
indicated no association between the ICAM-1 K469E
E allele and vasculitis in European and Arab popula-
tions (OR = 1.068, 95% CI = 0.889-1.284, p = 0.484;
OR = 1.612, 95% CI = 0.759-3.425, p = 0.214; Table
2). A subgroup meta-analysis stratified by vasculitis
type showed no association between BD, GCA, and
the ICAM-1 K469E E allele (Table 2). However, meta-
analysis indicated an association between vasculitis and
the ICAM-1 K469E polymorphism under homozygote
contrast (OR =1.443, 95% CI=1.084-1.920,p=0.012)
(Table 2, Figure 2). However, stratification by ethnicity
and vasculitis type showed no association between vas-
culitis and the ICAM-1 K469E polymorphism under
heterozygote contrast (Table 2). In addition, the meta-
analysis revealed no association between vasculitis and
the ICAM-1 G241R polymorphism in the overall group
as well as in the European population (Table 2). Howe-
ver, disease-specific meta-analysis showed an associa-
tion between the ICAM-1 G241R polymorphism and
BD (OR = 3.261, 95% CI = 1.653-6.434, p = 0.001),
but not GCA (OR = 2.523, 95% CI = 0.715-8.898, p
= 0.150), as determined using the allelic or dominant
model, respectively (Table 2, Figure 3).

Meta-analysis of the relationships between K469E
and G241R polymorphisms and RA

The meta-analysis indicated no association between
RA and the ICAM-1 K469 polymorphism in the ove-
rall and European groups (Table 3). No association was
found between RA and the ICAM-1 G241R polymor-
phism using the allelic contrast, recessive, or dominant
model, or by homozygote contrast in Asians (Table 3).
However, a significant association between RA and the
ICAM-1 G241R R allele was observed among the stu-

A
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit p-Value
Dhifallah, 2010 0789 0.369 1.689 0.542 ——I-'— |
Chmaisse, 2006 9.750 1.073 88.586  0.043
Kim, 2003 2297 1.235 4272 0.009
Amoli-1, 2001 2386 0.857 6.643 0.096 —
Boiardi, 2001 1.110 0506 2434 0794

Amoli-2, 2001 0969 0351 2674 0.951 —

Salvarani, 2000 1.160 0.640 2105 0.624

Verity, 2000 1929 0811 4592 0137
1.443 1.084 1920 0012 <&

0102 051 2 5

10

Control Vasculitis

B

Model Groupby  Study name
Dz

Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio limit  limit p-Value

BD Dhifallah, 2010 0789 0369 1689 0542 —
BD Chmaisse, 2006 9.750 1.073 88.586 0.043
BD Kim, 2003 2297 1235 4272 0.009
BD Boiardi, 2001 1110 0.506 2434 0.794
BD Verity, 2000 1929 0811 4592 0137
Fixed BD 1546 1.073 2229 0.019
Random BD 1583 0906 2.764 0.107
GCA Amoli-1, 2001 2386 0.857 6.643 0.096 —
GCA Salvarani, 2000 1160 0.640 2.105 0.624
Fixed GCA 1392 0832 2330 0207
Random GCA 1468 0.757 2.848 0.256
HSP Amoli-2, 2001 0969 0351 2674 0951 -
Fixed HSP 0969 0351 2674 0.951 -
Random HSP 0969 0351 2674 0.951 ——

01 0.2 05 1 2 5 10

Control Vasculitis

Figure 2. ORs and 95% CIs of individual studies and pooled data
for associations of the EE vs. KK genotype between the ICAM-1
K469E polymorphism and vasculitis in overall group (A) and each

type of vasculitis (B).

dy subjects (OR = 2.014, 95% CI = 1.215-3.339, p =
0.007; Table 3). The ICAM-1 G241R RR+ RG genotype
showed the same association pattern as the R allele in
the overall group (OR = 2.394, 95% CI = 1.354-4.235,
p = 0.003; Table 3, Figure 4). Any potential association
between the ICAM-1 G241R polymorphism and RA
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A A
Study name Statistics for each study Odds ratio and 95% Cl Study name Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper Odds Lower Upper
ratio limit limit p-Value ratio limit limit p-Value
Amoli-1, 2001 1510 0678 3363 0.313 Yuan, 2011 0913 0649 1.285 0.601
Boiardi, 2001 4205 1896 9.326 0.000 Lee, 2004 1697 1.055 2728 0.029
Amoli-2, 2001 0901 0354 2290 0.826 Macchioni, 2000 0.934 0.526 1.658 0.815
Salvarani, 2000 4.986 2578 9.644  0.000 1.088 0.848 1.397 0.508
Verity, 2000 1247 0172 9.046 0.827 0102 051 2 5 10
2266 1106 4.641 0.025
0102 051 2 5 10 Control RA
Control Vasculitis
B
B - )
Study name Statistics for each study Odds ratio and 95% CI
Model g;oun by Study name Statistics for each study Odds ratio and 95% CI Odds Lower Upper

Odds Lower Upper . . i
ratio  limit limit p-Value ratio limit limit p-Value

BD Boiardi, 2001  4.205 1.896 9.326  0.000 Navarro. 2009 2366 1.111 5040 0.026
BD Verity, 2000 1247 0172 9.046 0827 o ) : . :
Fixed BD 3551 1696 7435  0.001 Macchioni, 2000 2432 1.021 5.796 0.045
Random BD 3.258 1235 859 0017
GCA Amoli-1,2001 1510 0678 3.363 0313 2394 1.354 4235 0.003
GCA Salvarani, 2000 4.986 2578 9.644  0.000
Fixed GCA 3.075 1848 5117  0.000 0102 05 1 2 5 10
Random GCA 2806 0871 9.038 0.084
HSP Amoli-2,2001  0.901 0354 2200 0826 Control RA
Fixed HSP 0901 0354 2290 0826
Random HSP 0901 0354 2290 0826

¢ro0zo0s 1oz s W0 Figure 4. ORs and 95% Cls of individual studies and pooled data
for dominant model associations between the ICAM-1 K469E (A)
and G241R (B) polymorphisms and RA in overall group.

Control Vasculitis

Figure 3. ORs and 95% CIs of individual studies and pooled data
for associations between the RR+RG genotype of the ICAM-1
G241R polymorphism and vasculitis in overall group (A) and each
type of vasculitis (B).

Table 3. Meta-analysis of the associations between the ICAM-1 K469E and G241R polymorphisms and RA.

No. of Test of association Test of heterogeneity
Polymorphism Population .
studies OR 95% CI p-value  Model p-value P
K469F Overall 3 1.152 0.796-1.667 0.454 R 0.023 73.4
Evs. K Asian 2 1.260 0.711-2.234 0.428 R 0.010 84.8
EE vs. EK + KK Overall 3 1.416 0.721-2.783 0.313 R 0.091 58.2
(recessive) Asian 2 1.741 0.668-4.541 0.257 R 0.077 67.9
EE + EK vs. Overall 3 1.121 0.751-1.674 0.576 R 0.098 56.9
KK(dominant) Asian 2 10216 0.664-2.229 0.526 R 0.038 76.8
Overall 3 1.464 0.647-3.311 0.360 R 0.047 67.3
EE vs. KK
Asian 2 1.844 0.572-5.947 0.306 R 0.037 76.9
gzviué Overall 2 2.014 1.215-3.339 0.007 F 0.834 0
RRvs. RG
Ve Ci’ve)GG Overall 2 1365  0279-6.675  0.701 F 0.878 0
RR ;+ E(i’ . GG
oV Overall 2 2394 13544235  0.003 F 0.963 0
( dﬁmm%?g
VS Overall 2 1755 03548706 0491 F 0.717 0

OR, odds ratio; CI, confidence interval; R, random effects model; F, fixed effects model.

could not be investigated in all ethnic groups because
of the limited data available regarding ICAM-1 G241R
polymorphisms in RA patients.

Heterogeneity and publication bias

Meta-analysis of the association between G241R
polymorphism and RA did not uncover any between-
study heterogeneity. However, some heterogeneities
were found in the meta-analyses of the ICAM poly-
morphisms, while subgroup analysis showed resolved
heterogeneity in the meta-analysis of the European
population and BD (Tables 2 and 3). The distribution
of the /ICAM-1 polymorphism genotypes in the control

groups were consistent with the HWE in 9 of the 12
studies. Deviation from the HWE among controls sug-
gests the possibility of bias during control selection or
genotyping errors. When we excluded these three stu-
dies, the overall results of EE vs. KK of the ICAM-1
K469E polymorphism in vasculitis remained significant
(OR =1.649, 95% CI = 1.152-2.359, p = 0.006) (Table
2). However, it was difficult to correlate the funnel plot
that is usually used to detect publication bias, likely due
to the fact that the number of studies included in the
analysis was relatively small. Moreover, the Egger’s
regression test showed no evidence of publication bias
(Egger’s regression test p-values > 0.1).
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Discussion

In this meta-analysis, we combined data from pu-
blished studies to evaluate genetic associations between
vasculitis and RA and the most commonly studied po-
lymorphisms of the ICAM-1 gene, namely K469E and
G241R polymorphisms. Our meta-analysis demonstra-
ted an association between K469E polymorphism and
vasculitis, but not RA. Furthermore, the meta-analysis
indicated an association between G241R polymorphism
and vasculitis in Europeans, BD, and RA. Thus, our data
suggest that the ICAM-1 K469E polymorphism plays a
role in the susceptibility to vasculitis, and G241R poly-
morphism plays a role in vasculitis in Europeans, BD,
and RA. Nevertheless, our data must be interpreted with
caution, because the statistical associations observed
in this meta-analysis are rather weak, considering the
small sample size, between-study heterogeneity of the
included studies, and particularly, the lack of clinical
information.

BD is a chronic inflammatory disease characterized
by recurrent oral and genital ulcers, skin lesions, and
uveitis (28). This disease affects all types and sizes of
blood vessels, joints, central nervous system, lungs,
and the gastrointestinal system. Vasculitis and throm-
bosis are prominent features of BD, and endothelial
dysfunction is considered to play an important role in
the pathogenesis of vasculitis in BD (28). The syno-
vium of RA is characterized by inflammation and the
infiltration of T cells, plasma cells, and macrophages.
ICAM-1 is involved in the regulation of inflammation,
and the activation of synoviocytes is partly dependent
on the interaction between ICAM-1 and integrins, LFA-
1 and MAC-1 (29). Moreover, serum levels of [CAM-1
(sICAM-1) were found to be significantly elevated in
patients with BD or RA (14, 16).

ICAM-1 plays a role as a mediator of inflammation
that modulates the recruitment, adhesion, and migration
of leukocytes to the inflammation site. The functional
significance of the ICAM-1 K469E and G241R poly-
morphisms is currently unclear. These polymorphisms
are reported to be associated with SICAM-1 levels (30),
and G241R polymorphism is located in the region of the
functionally important domain III of ICAM-1, which in-
cludes the binding site for the leukocyte integrin, Mac-1
(6, 7). Thus, these two polymorphisms may modify the
activity of ICAM-1, resulting in alternative activation
of inflammation. It is likely that the ICAM-1 polymor-
phisms play a role in the susceptibility to vasculitis, BD,
and RA.

The present study has some limitations that require
consideration. First, heterogeneity and confounding
factors may have distorted the analysis. Some heteroge-
neity remained even in subgroup analysis according to
study quality including HWE, ethnicity, and disease
type, suggesting other factors such as diversity in clini-
cal and methodological aspects may affect the heteroge-
neity. Furthermore, publication bias could also have
adversely affected the analysis, because studies that
produced negative results may not have been published
or may have been missed during our literature search.
Second, an ethnicity-specific analysis using European
and Asian population study data was performed in the
meta-analysis of the ICAM-1 K469E polymorphism,

and thus, our results are applicable only to these specific
ethnic groups. In addition, the relative importance of the
ICAM-1 G241R polymorphism during the development
of vasculitis and RA might be dependent on ethnicity. In
particular, the frequency of the G241R R allele is known
to be dependent on ethnicity. In fact, the prevalence of
the G241R R allele is relatively high among Europeans
(up to 18%), but is relatively uncommon or even rare in
other ethnic groups such as Japanese and Arab popula-
tions (11). In the present study, we performed an ethni-
city-specific meta-analysis of the ICAM-1 G241R po-
lymorphism only in the European group, and thus, our
results are applicable only to this ethnic group. Third,
haplotype analysis could have been a more powerful
analytical tool and provided more information than the
single polymorphism analysis. Unfortunately, it was not
possible to conduct a meta-analysis of haplotypes due
to inadequate haplotype data. Lastly, the degree of vas-
culitis is very different in each case of the disease, and
it was unclear how such degree of variation was impli-
cated in each case. The data on vasculitis and RA were
not stratified by autoantibody status or clinical variables
such as disease severity or activity. The limited amount
of data available did not allow us to perform meta-ana-
lyses on these potential associations.

In conclusion, this meta-analysis demonstrates that
the ICAM-1 K469E polymorphism is associated with
susceptibility to vasculitis under the heterozygote mo-
del, and the ICAM-1 G241R polymorphism is associa-
ted with vasculitis in Europeans, BD, and RA. Our fin-
dings suggest that further large-scale studies in different
ethnic populations are required to explore the role of
ICAM-1 polymorphisms in the pathogeneses of vascu-
litis and RA.
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