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Abstract The aim of this study was to determine whether the
functional major histocompatibility complex II transactivator
(MHC2TA) −168 A/G polymorphism is associated with sus-
ceptibility to rheumatoid arthritis (RA). A meta-analysis was
conducted to estimate the association between the MHC2TA
−168 A/G polymorphism and RA. A total of 15 comparative
studies, which included 14,158 patients and 13,642 controls,
were included in the meta-analysis. Based on the meta-analy-
sis, there was no association between RA and the MHC2TA
−168 G allele in the study subjects (OR=1.046, 95 % CI=
0.987–1.108, p=0.130) or Caucasians (OR=1.027, 95 % CI=
0.986–1.070, p=0.193). However, the country-specific meta-
analysis revealed an association between the MHC2TA −168
G allele and RA in the Swedish population (OR=1.131, 95 %
CI=1.023–1.250, p=0.016). A direct comparison between
rheumatoid factor (RF)-positive and RF-negative patients re-
vealed that the frequency of the G allele was significantly
lower in RF-positive patients (OR=0.783, 95 % CI=0.628–
0.975, p=0.029) than in RF-negative patients. This meta-
analysis demonstrated that the MHC2TA −168 A/G polymor-
phism is not associated with susceptibility to RA in
Caucasians.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease
predominantly involving the synovial joints and affects up to
1 % of adults worldwide. Major histocompatibility complex
(MHC) class II molecules have been shown to be strongly
associated with RA, but family studies suggest that this asso-
ciation accounts for only one-third of the total genetic suscep-
tibility [1]. Furthermore, significant familial aggregation, con-
vincing demonstrations of multiple genetic linkages, and its
genetic associations demonstrate that the etiology of RA is
genetic in nature [2].

MHC molecules play key roles in the induction and regu-
lation of immune responses as well as the maintenance of self-
tolerance and affect the breakdown of tolerance in autoim-
mune diseases [3]. MHC class II molecules are cell surface
glycoproteins and present peptides to the antigen receptors of
CD4+ T cells. MHC class II-mediated peptide presentation is
critical in T cell-dependent immunity and in inflammatory
responses [3]. The MHC class II transactivator (MHC2TA)
is a transcription factor required for the expression of MHC
class II molecules, and MHC2TA is mapped to chromosome
16p13, which is a linkage locus of RA based on genome-wide
linkage scans [2, 4]. TheMHC2TA gene regulates MHC class
II expression. The MHC2TA −168 A/G polymorphism
(rs3087456) is located in the third promoter, which determines
the expression of antigen-presenting cells and is associated
with MHC2TA expression [5]. The G allele at this locus is
known to be associated with decreased expression of the gene
[5]. Thus, MHC2TA is a candidate gene for RA, considering
chromosomal location and the function of the gene.

However, previous studies of the association between the
MHC2TA −168 A/G polymorphism and RA have produced
inconsistent results [5–16], which may reflect inadequate sta-
tistical power, racial/ethnic differences in the frequencies of
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alleles, or publication bias. To overcome the limitations of
individual studies, resolve inconsistencies, and reduce the
likelihood that random errors were responsible for false-
positive or false-negative associations, we performed a meta-
analysis [17–19]. The aim of this study was to determine
whether the MHC2TA −168 A/G polymorphism contributes
to susceptibility to RA in various populations.

Methods

Identification of eligible studies and data extraction

We performed a search for studies that examined the associa-
tion between theMHC2TA −168 A/G polymorphism and RA.
The literature was searched using the MEDLINE and
EMBASE citation databases to identify available articles in
which the MHC2TA −168 A/G polymorphism was analyzed
in RA patients. Combinations of keywords such as
BMHC2TA,^ Bpolymorphism,^ Brheumatoid arthritis,^ and
BRA^were entered asMedical Subject Heading (MeSH) com-
ponents and as text words. References in the identified studies
were also investigated to identify additional studies not
indexed by MEDLINE or EMBASE. No language or country
restrictions were applied. Studies were included if: (1) they
were case–control studies, (2) the data were original (indepen-
dence among studies), (3) they provided enough data to cal-
culate the odds ratios (OR), and (4) the distribution of the
MHC2TA −168 A/G polymorphism in normal controls was
consistent with the Hardy–Weinberg equilibrium. We exclud-
ed the following: (1) studies that contained overlapping data,
(2) studies in which the number of null and wild-type geno-
types could not be ascertained, and (3) studies in which family
members were included, as these analyses are based on link-
age considerations. The following information was extracted
from each study: author, year of publication, ethnicity of the
study population, demographics, the number of cases and con-
trols, and genotype and allele frequency for the MHC2TA
promoter −168 A/G polymorphism. The allele frequencies
were calculated from the corresponding genotype
distributions.

Evaluations of statistical associations

Meta-analyses were performed using: (1) allelic contrast, (2)
recessive models, (3) dominant models, and (4) homozygote
contrast. Point estimates of risks, ORs, and 95 % confidence
intervals (CIs) were estimated for each study. Cochran’s Q
statistic was also used to assess within- and between-study
variation and heterogeneity. This heterogeneity test assesses
the null hypothesis that all studies evaluated the same effect.
The effect of heterogeneity was also quantified using I2, which
ranges from 0 to100 % and represents the proportion of

between-study variability attributable to heterogeneity rather
than chance [20]. I2 values of 25, 50,, and 75 % were nomi-
nally considered low, moderate, and high estimates, respec-
tively. When a significant Q statistic (p<0.10) indicated het-
erogeneity across studies, the random effects model was used
for meta-analysis, and if heterogeneity across studies was not
indicated, the fixed effects model was used. The fixed effects
model assumes that a genetic factor has a similar effect on RA
susceptibility across all studies investigated and that the ob-
served variation among studies is caused by chance alone
[21]. On the other hand, the random effects model assumes
that studies show substantial diversity and assesses both
within-study sampling errors and between-study variances
[22]. When study groups are homogeneous, the two models
are similar. However, if this is not the case, the random effects
model usually provides wider CIs than does the fixed effects
model. Thus, the random effects model is best used if there is a
significant between-study heterogeneity [22]. Statistical ma-
nipulations were performed using the Comprehensive Meta-
Analysis program (Biostat, Englewood, NJ, USA). The power
of each study was computed as the probability of detecting an
association between the MHC2TA −168 A/G polymorphism
and RA using a significance level of 0.05 and assuming a
small effect size (Cohen effect size, w=0.1). A power analysis
was performed using the statistical program G*Power (http://
www.gpower.hhu.de/).

Evaluation of publication bias

Funnel plots are often used to detect publication bias. How-
ever, due to the limitations of funnel plotting, which requires a
range of studies of varying sizes involving subjective judg-
ments, we evaluated publication bias using Egger’s linear re-
gression test [23], which measures funnel plot asymmetry
using a natural logarithm scale of ORs.

Results

Studies included in the meta-analysis

Forty-seven studies were identified by electronic and manual
searching, and 16 were selected for a full-text review based
on the title and abstract details. Four studies were excluded
because three did not contain genotype data for the
MHC2TA polymorphism [8] and one was a review. Thus,
12 studies met the inclusion criteria [5–16]. One of the eli-
gible studies contained data on two different country popu-
lations [6] and one contained data on three ethnically differ-
ent populations [13], and these were treated independently
(Fig. 1). Thus, a total of 15 separate comparisons were con-
sidered in the meta-analysis, and these contained 14,158
patients and 13,642 controls in total (Table 1). These 15
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studies included 1 Asian, 1 Latin American, and 13 Cauca-
sian populations. An ethnicity-specific meta-analysis was
conducted for the Caucasian population, and a country-
specific meta-analysis was also performed. A meta-analysis
was performed if two comparisons were included in the

meta-analysis of the association between the MHC2TA poly-
morphism and rheumatoid factor (RF) positivity. Selected
characteristics of the relationships found between the
MHC2TA −168 A/G polymorphism and RA are summarized
in Table 1. The statistical power for these 17 studies ranged

Fig. 1 Study flow chart

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

Author (Ref) Country Ethnicity Numbers Case Control Association p value Power (%)a

Case Control AA AG GG AA AG GG

Eike-1, 2012 [6] Norway Caucasian 799 932 460 271 68 527 354 51 0.495 98.6

Eike-2, 2012 [6] Sweden Caucasian 1212 706 694 427 91 411 254 41 0.357 99.2

Dieguez, 2009 [7] Spain Caucasian 1300 1451 731 472 97 818 529 104 0.852 99.9

Plant, 2009 [8] UK Caucasian 3683 3040 2003 1414 266 1675 1141 224 0.710 100

O’Doherty, 2007 [9] UK Caucasian 293 316 159 110 24 177 121 18 0.398 69.4

Eyre, 2007 [10] UK Caucasian 1411 2476 760 567 84 1391 922 163 0.412 99.9

Martinez, 2007 [11] Spain Caucasian 350 519 185 141 24 296 192 31 0.235 83.8

Harrison, 2007 [12] UK Caucasian 733 613 404 274 55 336 242 35 0.660 95.6

Iikuni, 2007 [16] Japan Asian 1121 450 31 253 837 15 135 300 0.003 97.7

Orozco-1, 2006 [13] Spain Caucasian 748 676 444 262 42 356 274 46 0.015 96.5

Orozco-2, 2006 [13] Argentina Latin American 287 287 114 117 56 109 139 39 0.467 66.8

Orozco-3, 2006 [13] Sweden Caucasian 278 478 160 94 24 265 184 29 0.923 78.5

Yazdani, 2006 [14] Austria Caucasian 362 351 184 155 23 172 142 37 0.212 76.1

Akkad, 2006 [15] Germany Caucasian 319 463 176 124 19 249 183 31 0.637 79.8

Swanberg, 2005 [5] Sweden Caucasian 1262 704 728 451 83 449 221 34 0.005 99.3

Ref reference, HWE Hardy–Weinberg equilibrium, UK United Kingdom
aAssuming a small effect size at a significance level of 0.05
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from 66.8 to 100 %. Nine of the studies had a statistical
power exceeding 90 %.

Frequency of the C allele of the MHC2TA −168 A/G
polymorphism in various ethnic groups

The mean frequency of the G allele of the MHC2TA −168
A/G polymorphism was 27.5 % among all normal controls,

and Caucasians had a lower G allele prevalence than did the
other ethnic groups (25.3 %). Among normal controls, the
frequencies of the G allele in the Caucasian, Latin American,
and Asian populations were 25.3, 37.8, and 81.7%, respec-
tively (Table 2).

Meta-analysis of the relationship between the MHC2TA
−168 A/G polymorphism and RA

A summary of meta-analysis findings concerning the as-
sociation between the MHC2TA −168 A/G polymor-
phism and RA is shown in Table 2. Based on the me-
ta-analysis, there was no association between RA and the
MHC2TA −168 G allele in the study subjects (OR=
1.046, 95 % CI=0.987–1.108, p=0.130) (Table 3,
Fig. 2). After grouping the data by ethnicity, there was
no association between the MHC2TA −169 C allele and
RA in Caucasians (OR=1.027, 95 % CI=0.986–1.070,
p=0.193) (Table 3). We divided the Caucasian popula-
tion into populations from Sweden, UK, and Spain. The
country-specific meta-analysis revealed an association
between the MHC2TA −169 C allele and RA in the
Swedish population (OR=1.131, 95 % CI=1.023–1.250,

Table 3 Meta-analysis of the association between the MHC2TA −168 A/G polymorphism and RA

Polymorphism Population No. of studies Test of association Test of heterogeneity

OR 95 % CI p value Model p value I2

MHC2TA G vs A Overall 15 1.046 0.987–1.108 0.130 R 0.028 45.9

Caucasian 13 1.027 0.986–1.070 0.193 F 0.108 34.2

UK 4 1.031 0.974–1.092 0.293 F 0.894 0

Sweden 3 1.131 1.023–1.250 0.016 F 0.239 30.1

Spain 3 0.972 0.813–1.385 0.467 R 0.032 70.9

GG vs GA+AA (recessive) Overall 15 1.153 1.005–1.324 0.043 R 0.015 49.7

Caucasian 13 1.093 0.951–1.257 0.211 R 0.069 39.7

UK 4 1.008 0.876–1.160 0.910 F 0.283 21.2

Sweden 3 1.371 1.067–1.760 0.013 F 0.952 0

Spain 3 0.996 0.800–1.240 0.970 F 0.542 0

GG+GAvs AA (dominant) Overall 15 1.024 0.975–1.076 0.346 F 0.202 22.7

Caucasian 13 1.025 0.975–1.078 0.331 F 0.131 31.4

UK 4 1.047 0.975–1.124 0.211 F 0.818 0

Sweden 3 1.114 0.986–1.258 0.084 F 0.107 55.2

Spain 3 0.959 0.764–1.206 0.722 R 0.026 72.5

GG vs AA Overall 15 1.090 0.988–1.203 0.087 F 0.119 31.2

Caucasian 13 1.094 0.952–1.257 0.207 R 0.089 36.7

UK 4 1.028 0.890–1.187 0.709 F 0.417 0

Sweden 3 1.394 1.061–1.799 0.010 F 0.895 0

Spain 3 0.978 0.782–1.224 0.848 F 0.284 20.6

When a significantQ statistic (p<0.10) indicated heterogeneity across studies, the random effects model was used for meta-analysis; otherwise, the fixed
effects model was usedOR odds ratio, CI confidence interval, UK United Kingdom, F fixed model, R random model

Table 2 Prevalence of the C allele of the MHC2TA −168 A/G
polymorphism

Population No. of studies Numbers G allele (%)

Case Control Case Control

European 13 12,750 12,725 25.7 25.3

UK 4 6120 6645 26.3 25.6

Sweden 3 2752 1888 24.9 23.0

Spain 3 2398 2646 25.0 25.6

Asian 1 1121 450 86.0 81.7

Latin American 1 287 287 39.9 37.8

Overall 15 14,158 13,642 30.8 27.5

UK United Kingdom
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p=0.016), but not in the UK and Spain populations
(Table 3, Fig. 2) Furthermore, analyses assuming the re-
cessive model and homozygote contrast showed the same

pattern for the MHC2TA −168 G allele in the Swedish
population (OR=1.371, 95 % CI=1.067–1.760, p=0.013;
OR=1.394, 95 % CI=1.061–1.799, p=0.010) (Table 3).

Fig. 2 Odds ratios (ORs) and
95%CIs of individual studies and
pooled data for the association
between the GG genotype of the
MHC2TA −168 A/G
polymorphism and RA in the full
dataset (a) and each country (b)
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Meta-analysis of the relationship between the MHC2TA
−168 A/G polymorphism and seropositive or seronegative
RA

A summary of the meta-analysis findings concerning the as-
sociation between theMHC2TA−168 A/G polymorphism and
seropositive or seronegative RA is shown in Table 4. There
were two studies considering seropositive RA and seronega-
tive RA patients [12, 14] (Table 4). A direct comparison be-
tween RF-positive and RF-negative patients revealed that the
frequency of the G allele was significantly lower in RF-
positive patients (OR=0.783, 95 % CI=0.628–0.975, p=
0.029) (Table 4, Fig. 3). A meta-analysis of the GG+AA ge-
notype showed the same result as that observed for the G allele
of the MHC2TA −168 A/G polymorphism (Table 4).

Heterogeneity and publication bias

Between-study heterogeneity was found for all subjects and
Caucasian groups. However, heterogeneity was not found in
the meta-analysis of the Sweden and UK populations and in
the meta-analysis that used the presence of RF as a factor
(Table 3). Publication bias results in their being a dispropor-
tionate number of positive studies and poses a problem for the
interpretation of meta-analyses. However, Egger’s regression
test showed no evidence of publication bias (Egger’s regres-
sion test p>0.1) (Fig. 4).

Discussion

It is well known that a breakdown of self-tolerance contributes
to autoimmune diseases including RA [3]. MHC class II plays
a key role in maintaining self-tolerance [3]. The expression of
MHC class II molecules requires MHC2TA, which is a tran-
scription factor, and MHC2TA production depends on tran-
scription of the MHC2TA gene [4]. An MHC2TA −168 A/G
polymorphism is associated with MHC2TA gene expression
[5].

Previous studies on the association between the MHC2TA
−168 A/G polymorphism and RA have produced inconsistent

results [5–16]. Therefore, we performed a meta-analysis to
clarify the association. Genetic factors may predispose a per-
son to produce autoantibodies such as RF that contribute to
RA. Sorting the data according to autoantibody status is im-
portant for genetic association tests. Thus, we performed fur-
ther meta-analyses based on RF status. Our meta-analysis
showed no association between the MHC2TA −168 G allele
and RA in Caucasians. The prevalence of theMHC2TA −168
G allele differed among the Caucasian, Asian and Latin Amer-
ican populations. In addition, the frequency of the MHC2TA
−168 G allele was lower in Sweden control individuals than in
UK and Spain control individuals (23 vs 25.6 %). Thus, we
divided the Caucasian population into populations from Swe-
den, UK, and Spain. A country-specific meta-analysis re-
vealed an association between the MHC2TA −168 G allele
and RA in the Swedish population, but not in the UK and
Spain populations. Furthermore, analyses assuming a reces-
sive model and homozygote contrast showed the same pattern
for the MHC2TA −168 G allele in the Swedish population,
i.e., an association between theMHC2TA −168 A/G polymor-
phism and RA. The difference between the three populations
may be explained by the variation in the G allele frequencies
among the control populations. Considering that the preva-
lence of RA is not uniform across Europe, with a higher prev-
alence in Northern Europe than in Southern European coun-
tries, it is likely that this is a true population-specific genetic
effect. Findings regarding the relationship between MHC2TA
−168 A/G and RF remain unclear. Our meta-analysis showed
that RF-positive RA patients had a lower frequency of the
MHC2TA −168 G allele than did RF-negative patients. Al-
though our data suggest that the presence of RF is influenced
by the MHC2TA −168 G allele, we cannot make conclusions
in meta-analysis based only on two studies. We should take
into account limited number of studies when interpreting re-
sults because only two studies were included for the compar-
ison between RF-positive and RF-negative patients [12, 14].

Our data could result from linkage disequilibrium or indicate
a functional role of the polymorphism. The functional
MHC2TA −168 A/G polymorphism associated with suscepti-
bility to RA in the Swedish population may be due to a differ-
ence in linkage disequilibrium with the causal polymorphism

Table 4 Meta-analysis of the association between the MHC2TA −168 A/G polymorphism and RF-positive versus RF-negative RA

Polymorphism (model) Population No. of studies Test of association Test of heterogeneity

OR 95 % CI p value Model p value I2

MHC2TA G vs A Caucasian 2 0.783 0.628–0.975 0.029 F 0.940 0

GG vs GA+AA (recessive) Caucasian 2 0.694 0.416–1.157 0.161 F 0.719 0

GG+GAvs AA (dominant) Caucasian 2 0.746 0.562–0.991 0.043 F 0.995 0

GG vs AA Caucasian 2 0.619 0.364–1.052 0.076 F 0.729 0

OR odds ratio, CI confidence interval, F fixed model, R random model
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among populations. The finding that RF positivity is associated
with the MHC2TA −168 A/G polymorphism could be due to
the function of the MHC2TA −168 A/G polymorphism.

However, we could not rule out the possibility that it results
from linkage disequilibrium with the causative polymorphism.
There is the impact of the results obtained by this meta-analysis

Fig. 4 Funnel plot of studies of the association between the G allele of theMHC2TA−168A/G polymorphism and RA in all subjects (Egger’s regression
p value=0.654)

Fig. 3 ORs and 95 % CIs of
individual studies and pooled data
for the association between the G
allele (a) or the GG+GA
genotype (b) of the MHC2TA
−168 A/G polymorphism and
seropositive versus seronegative
RA status
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in RA epidemiology. The results from our meta-analysis pro-
vide the evidence that genetic susceptibility to RA may differ
among countries even if there is no difference in genetic sus-
ceptibility among same ethnic groups.

The present study has some limitations. First, the relative
importance of theMHC2TA −168 A/G polymorphism during
the development of RA may vary between ethnic groups, but
we were only able to perform ethnic-specific meta-analyses
for RA in Caucasians. Thus, our results are applicable only to
Caucasians. Second, it would have been interesting to exam-
ine associations between the MHC2TA polymorphism and
disease activity and clinical features, but such studies were
not possible due to limited or unavailable data. Third, hetero-
geneity and confounding factors might have distorted the
meta-analysis results. HLA-DRB1 is located in MHC class
II, the expression of which is regulated by MHC2TA. Studies
with data sorted according to HLA-DB1 shared epitope, gen-
der, or ACPA status are needed.

In summary, this meta-analysis found that the functional
MHC2TA −168 A/G polymorphism is not associated with
susceptibility to RA in Caucasians. However, the MHC2TA
−168 A/G polymorphism is associated with susceptibility to
RA in the Swedish population, suggesting that the association
is population-dependent. Further studies are warranted to clar-
ify the role of theMHC2TA gene in the pathogenesis of RA in
various ethnic groups because the effect of theMHC2TA poly-
morphism may vary among ethnic populations.
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