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Abstract

The results on associations of tumor necrosis factor (TNF)-receptor associated factor 1/complement
component 5 (TRAF1/C5) rs10818488 and rs3761847 polymorphisms with rheumatoid arthritis (RA)
are controversial, thus this study was performed to examine whether the aforementioned polymor-
phisms were associated with RA in a Chinese population. Furthermore, an updated meta-analysis was
conducted. The polymorphisms were genotyped in 328 Chinese RA patients and 449 healthy controls.
Studies examining the association of TRAF1/CS5 rs10818488 and/or rs3761847 polymorphism with RA
were exhaustively searched. No significant difference in either genotype or allele distribution between
RA patients and controls was found. The updated meta-analysis was conducted based on 19 articles
including the present study. A significant association of RA with TRAF1/C5 rs10818488 polymorphism
G allele in Europeans (OR = 0.843, 95% CI = 0.730-0.975, p = 0.021) and in Asians (OR = 1.070, 95%
CIl = 1.009-1.136, p = 0.024) was found. Additionally, a significant association of RA with TRAF1/C5
rs10818488 polymorphism G allele under the recessive model in Asians (OR = 1.129, 95% CI = 1.023-
1.246, p = 0.016) and in Africans (OR = 0.657, 95% CI = 0.507-0.851, p = 0.001) was found. Only
a borderline significant association of RA with TRAF1/C5 rs3761847 polymorphism A allele was found
in Europeans. Non-significant associations of RA with TRAF1/C5 rs10818488 and rs3761847 poly-
morphisms were found in our study. The updated meta-analysis results demonstrate that TRAF1/C5
rs10818488 polymorphism is associated with RA in Europeans, Asians and Africans, and TRAF1/C5
rs3761847 polymorphism is associated with RA in Europeans with borderline significant evidence.
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Introduction

Rheumatoid arthritis (RA) is one of the most frequent
chronic inflammatory diseases worldwide, predominantly
affecting peripheral joints. Auto-antibodies such as the rheu-
matoid factor (RF) and anti-citrullinated protein antibody
(ACPA) are commonly present in the serum of patients with
RA [1]. If the optimal therapeutic opportunity of this disease
is missed, cartilage and bone damage as well as disability
would ensue, resulting in a huge socioeconomic burden due
to disability and high medication costs [2]. Women are more
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affected than men, and the sex ratio of RA has been estimated
to be about 1 : 3. There is a striking reduction in the incidence
of RA from north to south (in the northern hemisphere) and
from urban to rural areas [1]. The highest prevalence of RA
has been reported in Native American populations [3] and a
very low prevalence in some areas of Africa [4]. During the
past decades, rapid and enormous achievements have been
made in the field of genetic epidemiology of RA, and more
than one hundred genetic loci/genes underpinning RA have
been detected [5], and this is undoubtedly owing to the ad-
vancement in high-throughput genotyping technology.
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In 2007, two single-nucleotide polymorphisms (SNPs)
within the tumor necrosis factor (TNF)-receptor associat-
ed factor 1/complement component 5 (TRAF1/C5) loci
were identified to be significantly associated with RA
in Europeans from one large-scale candidate gene study
(rs10818488) [6] and one GWAS (rs3761847) [7]. The
TRAF1/C5 region located on 9q33-34 contains TRAF1
gene as well as C5 gene, both of which might be impli-
cated in the development of RA based on their biological
functions. TRAF1 is a member of the TRAF protein fami-
ly, and could transduce the signal through binding multiple
protein kinases and adaptor proteins for multiple receptors
of TNF superfamily (TNFSF) members including TNF-a
[8], which have been suggested to be therapeutic targets of
rheumatic diseases including RA [9]. Indeed, TNF-a in-
hibitors have been proved as effective treatment drugs for
RA [10]. Additionally, TRAF1 has also been involved in
the activation and proliferation of T cells [11]. TRAF1-de-
ficient KRN/I-Ag7 mice spontaneously developed severe
and progressive arthritis, and the production of anti-GPI
autoantibody was markedly impaired by TRAF1 deficien-
cy [12]. The serum levels of TRAF1 were significantly
higher in RA patients, and the expression of TRAF1 in
serum was found to be correlated with both disease activ-
ity and the titers of GPI, RF antibodies [13]. Significantly
increased levels of complement activation fragments have
been found in the blood and synovial fluid of patients with
RA [14-17]. The C5-deficient mice were refractory to
collagen-induced arthritis [18], and anti-C5 antibody was
found to ameliorate disease in animal models of arthritis
[19, 20]. As a result, both TRAF1 and C5 are considered to
play an important role in the pathogenesis of RA.

Based on the consideration of genetic heterogeneity
among different ethnic populations and possible false
positive results, multiple studies have been subsequent-
ly performed to test whether the TRAF1/C5 rs10818488
and rs3761847 polymorphisms are associated with RA
in different ethnic populations [21-39]. Nevertheless, the
results were inconsistent, and this discrepancy might be
due to different sample sizes, genetic backgrounds, clinical
heterogeneity and publication bias, etc. Meta-analysis is
a useful tool to combine the results on the same topic to
get a pooled estimation with an increased statistical pow-
er [40]. Indeed, several meta-analyses on the associations
of TRAF1/C5 rs10818488 and rs3761847 polymorphisms
with RA have been reported [41-44]. However, some ad-
ditional studies on the relationships between TRAF1/C5
rs10818488 and rs3761847 polymorphisms and RA have
been reported in recent years [21-24]. Thus, the aims
of this study included: 1) examining the associations of
TRAF1/C5 rs10818488 and rs3761847 polymorphisms
with RA in a Chinese population and 2) performing an
updated meta-analysis to re-summarize the effect sizes of
the TRAF1/C5 rs10818488 and rs3761847 polymorphisms
associated with RA.
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Material and methods

Case-control study

Three hundred and twenty-eight patients with RA were
recruited from the Department of Rheumatology, Ningbo
First Hospital. All patients with RA were diagnosed based
on the American College of Rheumatology 1987 revised
criteria for the classification of RA [45] or the 2010 Amer-
ican College of Rheumatology/European League Against
Rheumatism (EULAR) criteria for RA [46]. Patients’ in-
formation such as disease duration, anti-CCP status and RF
status were collected through reviewing medical records or
by questionnaire. A total of 449 healthy control subjects
without any signs or symptoms of autoimmune diseases
were collected from the physical examination center of
Ningbo First Hospital. This study was reviewed and ap-
proved by the ethics committee of the Ningbo University,
and informed consent was obtained from all participants.

DNA extraction and SNP genotyping

EDTA anti-coagulated venous blood samples were ob-
tained from all participants. Genomic DNA was extracted
from peripheral blood lymphocytes according to the stan-
dard procedures. The genotypes of TRAF1/C5 rs10818488
and rs3761847 polymorphisms were determined by Shang-
hai Biowing Applied Biotechnology Co., Ltd. (www.bio-
wing.com.cn) applying the Ligase Detection Reaction-
Polymerase Chain Reaction (LDR-PCR) technology.

Statistical analysis

The y? goodness-of-fit test was applied to test whether
the genotype distributions of the TRAF1/C5 rs10818488 and
rs3761847 polymorphisms among the healthy control group
conformed to Hardy-Weinberg equilibrium (HWE). The dif-
ference in allele frequencies between RA patients and controls
was tested by chi-square test. The difference in genotype fre-
quencies between RA patients and controls and the associa-
tions of RA with TRAF1/C5 rs10818488 and rs3761847 poly-
morphisms under different genetic models (dominant model
and recessive model) were evaluated by the logistic regression
model with the adjustment of sex and age. All corresponding
odds ratios (ORs) and 95% confidence intervals (95% Cls)
were calculated. A two-tailed p-value less than 0.05 was con-
sidered statistically significant. All above-mentioned statisti-
cal analysis was performed by PASW Statistics 18.0 software
(SPSS, Inc., Somers, NY, USA).

Meta-analysis

Identification of eligible studies and data
extraction

An exhaustive search on studies examining the associa-
tion of TRAF1/C5 rs10818488 and/or rs3761847 polymor-
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phism with genetic susceptibility to RA was conducted.
Databases including PubMed, China National Knowledge
Infrastructure (CNKI) database and Wanfang database
were searched to identify relevant articles, using the fol-
lowing medical subject heading (MeSH) terms and/or
text words: “tumor necrosis factor-receptor associated
factor 17, “TRAF1”, “complement component 57, “C5”,
“TRAF1/C5”, “polymorphism”, “polymorphisms”, “vari-
ant”, “variants”, “rheumatoid arthritis” and “RA”. No lan-
guage restrictions were applied. Additional studies were
found through reviewing the references in relevant articles.
The inclusion criteria were as follows: 1) being published
before August 2017; 2) applying the case-control study de-
sign; 3) allele or genotype frequencies among RA patients
and controls available, providing enough data to calcu-
late the odds ratio (OR); and 4) the genotype distribution
among the control group should conform to HWE, since
deviation from HWE among controls could imply some
potential bias in control selection or genotyping errors.
When two or more studies published by the same research
group included overlapped data, only the data from the
study with the largest sample size were extracted. When
a study contained the results in different subgroups, we
treated them independently. Studies in which family mem-
bers had been studied were excluded because its analysis
was based on linkage consideration. The following infor-
mation from each study was extracted: first author’s name,
year of publication, country, ethnicity, number of cases
and controls, and allele/genotype distribution in cases and
controls. Two authors (Si-Chao Huang and Dong-Jin Hua)
independently extracted these data, and discrepancy was
addressed by discussion.

Evaluation of the statistical association

Allele frequencies of the TRAF1/C5 rs10818488 and
rs3761847 polymorphisms from each study were deter-
mined by the allele counting method. Chi-square test was
employed to evaluate whether the observed genotype fre-
quencies in the control group conformed to HWE. We per-
formed meta-analysis on A) allelic contrast, B) dominant
model, and C) recessive model. The heterogeneity between
studies was assessed by Cochran’s Q statistic, as well as
P statistic, which was used to quantify the effect of het-
erogeneity (I = 100% x (Q — df) / Q), measuring the
proportion of total variation in study estimates due to
heterogeneity [47]. Finally, the pooled estimate of risk
was obtained by a random effects (Der Simonian-Laird)
or a fixed effects model (Mantel-Haenszel) according to
whether there was (p <0.1 or > 50%) or not (p > 0.1 and
P <50%) heterogeneity, respectively. Subgroup meta-anal-
ysis stratified by ethnicity was performed, due to the ge-
netic heterogeneity among different ethnicities. Statistical
analysis for this meta-analysis was performed by Stata ver-
sion 10.0 (Stata Corporation, College Station, TX, USA).
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Evaluation of publication bias

Potential publication bias was assessed by the funnel
plot, and the Egger’s linear regression test was utilized to
evaluate the funnel plot asymmetry, which is a measure
to detect funnel plot asymmetry on the natural logarithm
scale of the OR [48]. The significance of the intercept
was assessed by the r-test suggested by Egger, and the
p-value less than 0.05 was considered significant publi-
cation bias. If asymmetry was found, the “trim and fill”
method was applied to adjust summary estimates for ob-
served bias [49].

Results

The mean age of RA patients was 53.77 years, and
84.45% of patients were female. The mean disease dura-
tion of RA patients was 8.55 years, according to 191 RA
patients with disease duration information. Two hundred
and sixty-seven and 302 patients with RA had data on anti-
CCP and RF status, and the proportion of anti-CCP-pos-
itive and RF-positive RA patients were 80.15% and
65.56%, respectively. The mean age of healthy controls
was 51.10 years, and 37.42% were female. There was a
significant difference in age distribution (p < 0.01) and sex
composition (p < 0.01) between RA patients and healthy
controls, so association analysis was conducted by the
multivariate logistic regression model to adjust age and sex
except for the comparison of allele frequencies between
RA patients and healthy controls.

Association of TRAF1/C5 rs10818488
polymorphism with genetic susceptibility
to rheumatoid arthritis

The genotype and allele frequencies of the TRAF1/C5
rs10818488 polymorphism are shown in Table 1. No de-
viation from Hardy-Weinberg equilibrium was observed
for TRAF1/C5 rs10818488 polymorphism in the control
group (p = 0.57). No significant difference was found in
either genotype (p = 0.23) or allele (G vs. A, p=0.44, OR
=1.08, 95% CI = 0.88-1.32) distribution of the TRAF1/C5
rs10818488 polymorphism between patients with RA and
healthy controls. The associations between the major allele
G of TRAF1/C5 rs10818488 polymorphism and the risk of
RA under dominant and recessive models were assessed,
whereas non-significant evidence was found (G/G + A/G
vs. A/A, p=0.92, OR =0.98, 95% CI = 0.67-1.43; G/G
vs. A/G + A/A, p=0.12, OR = 1.33,95% CI = 0.93-1.92).

The patients with RA were classified as seropositive and
seronegative groups based on their anti-CCP and RF status,
then the associations between the TRAF1/C5 rs10818488
polymorphism with genetic susceptibility to different se-
rotypes of RA were determined. However, no significant
association was found (Supplementary Tables 1-4).
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Table 1. Genotype and allele frequencies distribution of TRAFI rs10818488 polymorphism among rheumatoid arthritis

(RA) patients and controls

TRAF1 rs10818488 RA patients (n = 327) Controls (n = 446) )/ OR (95% CI)
n (%) n (%)
Genotype 0.23
G/G 100 (30.6) 118 (26.5)
A/G 145 (44.3) 217 (48.7)
A/A 82 (25.1) 111 (24.9)
Allele 0.44 1.08 (0.88-1.32)
G 345 (52.8) 453 (50.8)
A 309 (47.2) 439 (49.2)
Dominant model 0.92 0.98 (0.67-1.43)
G/G + A/G 245 (74.9) 335(75.1)
A/A 82 (25.1) 111 (24.9)
Recessive model 0.12 1.33 (0.93-1.92)
G/G 100 (30.6) 118 (26.5)
A/G + A/A 227 (69.4) 328 (73.5)

Regarding the genotype comparison and associations under the genetic models (dominant model and recessive model), the p values and corresponding ORs
(95% Cls) were calculated with the adjustment for age and sex, and the p values were not corrected for multiple comparison

Table 2. Genotype and allele frequencies distribution of TRAFI rs3761847 polymorphism among rheumatoid arthritis

(RA) patients and controls

TRAFI rs3761847 RA patients (n = 320) Controls (n = 445) P OR (95% CI)
n (%) n (%)
Genotype 0.77
A/A 98 (30.6) 130 (29.2)
A/G 153 (47.8) 216 (48.5)
G/G 69 (21.6) 99 (22.2)
Allele 0.69 1.04 (0.85-1.28)
A 349 (54.5) 476 (53.5)
G 291 (45.5) 414 (46.5)
Dominant model 0.90 0.98 (0.65-1.46)
A/A+AIG 251 (78.4) 346 (77.8)
G/G 69 (21.6) 99 (22.2)
Recessive model 0.53 1.12 (0.78-1.61)
A/A 98 (30.6) 130 (29.2)
A/G + G/IG 222 (69.4) 315 (70.8)

Regarding the genotype comparison and associations under the genetic models (dominant model and recessive model), the p values and corresponding ORs
(95% Cls) were calculated with the adjustment for age and sex, and the p values were not corrected for multiple comparison

Association of TRAF1/C5 rs3761847

polymorphism with genetic susceptibility
to rheumatoid arthritis
The genotype distribution of TRAF1/C5 rs3761847 poly-

morphism among the control group did not deviate from Hardy-
Weinberg equilibrium (p = 0.61). As shown in Table 2,
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non-significant evidence was found in neither genotype
(p =0.77) nor allele (A vs. G, p =0.69, OR = 1.04, 95% CI
= 0.85-1.28) distribution of TRAF1/C5 rs3761847 polymor-
phism between RA patients and healthy controls. In addition,
we did not find any significant association of the major allele A
of TRAF1/C5 rs3761847 polymorphism with genetic suscep-
tibility to RA under either dominant model or recessive model

Central European Journal of Immunology 2019; 44(2)
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82 articles were identified through searching PubMed, China National Knowledge Infrastructure
(CNKI) database and Wanfang database

59 articles were excluded after reviewing the

»| title and abstract. Reasons: non-relevant (44),

review (9), meta-analysis (5), family-based
study design (1)

\ 4

23 articles were assessed for full text

5 articles were excluded after reviewing the
full text. Reasons: did not contain studied
polymorphisms (2), unavailable data (1),
overlapped data (1), genotype distribution

among the control group deviated from
HWE (1)

Y

\

19 articles (18 articles + the present article) were included in the updated meta-analysis

Fig. 1. The flowchart for the study selection process

(A/G + A/G vs. G/G, p =0.90, OR = 0.98, 95% CI = 0.65-1.46;
A/Avs. AIG+G/G,p=0.53,0R =1.12,95% CI=0.78-1.61).
Similar to the TRAF1/C5 rs10818488 polymorphism,
non-significant evidence for association of the TRAF1/C5
rs3761847 polymorphism with genetic susceptibility to differ-
ent serotypes of RA was found (Supplementary Tables 5-8).

Studies included in the meta-analysis

As shown in Figure 1, a total of 23 relevant articles
examining the association of TRAF1/C5 rs10818488
and/or rs3761847 polymorphism with genetic susceptibili-
ty to RA were identified through PubMed, CNKI database,
Wanfang database search and a review of the references
[6, 7, 21-39, 50, 51], and 5 articles were excluded [37-
39, 50, 51]. One article was excluded since the detailed
genotype and allele information is unavailable [37]. Two
articles were published by the same research group, so
only the article with the largest sample size was included
[31] and the other one was excluded [38]. One article in
which the genotype distributions of TRAF1/C5 rs10818488
and rs3761847 polymorphisms among the control group
did not conform to HWE was excluded [39]. Two articles
were excluded, in which the TRAF1/C5 rs10818488 and/or
rs3761847 polymorphism was not included [50, 51]. Thus,
the updated meta-analysis was conducted based on a total
of 19 articles including the present study.

Among the 19 articles, there are 8 articles in which
only TRAF1/C5 rs10818488 polymorphism has been in-
vestigated [6, 21, 22, 24-26, 33, 35], 4 articles in which

only TRAF1/C5 rs3761847 polymorphism has been inves-
tigated [7, 27, 29, 31], and the other 7 articles in which
both TRAF1/C5 rs10818488 and rs3761847 polymor-
phisms have been studied [present study, 23, 28, 30, 32,
34, 36]. Three article contained data on four different
subgroups [6, 7, 30], and we treated them independently.
Finally, a total of 19 articles with 21 case-control studies
for TRAF1/C5 rs3761847 polymorphism and 17 case-con-
trol studies for TRAF1/C5 rs3761847 polymorphism were
eligible for this updated meta-analysis. The characteristics
of the selected studies are summarized in Table 3 (the gen-
otype and allele frequencies in selected studies are shown
in Supplementary Tables 9 and 10).

Meta-analysis of the TRAF1/C5 rs10818488
polymorphism with genetic susceptibility
to rheumatoid arthritis

The summary of meta-analysis for association of the
TRAF1/C5 rs10818488 polymorphism with genetic suscep-
tibility to RA is shown in Table 4, and a total of 15171 cases
and 13998 controls in 21 case-control studies were eligible
for this meta-analysis. Among these eligible studies, eight
studies were from Europeans, seven from Asians, four from
Africans, one from North American Native and one from
Colombian. Non-significant evidence for the association
of TRAFI/C5 rs10818488 polymorphism with RA was de-
tected in the overall meta-analysis (G vs. A, OR =0.925,
95% CI =0.851-1.006, p = 0.069; G/G + A/G vs. A/A, OR
=1.002, 95% CI = 0.899-1.117, p = 0.966; G/G vs. A/G +
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Table 3. Characteristics of individual studies included in the present meta-analysis

Author Year Country Ethnicity Sample size Polymorphisms HWE
Case Control studied (p-value)
The present study 2017 China Asian 328 449 rs10818488; rs3761847 0.57;0.61
Moaaz et al. [21] 2016 Egypt African 105 75 rs10818488 0.23
Fodil et al. [22] 2015  Western Algeria African 110 196 rs10818488 0.56
Liang et al. [23] 2015 China Asian 300 300  rs10818488;rs3761847  0.73;0.84
Ahmadlou et al. [24] 2014 Iran Asian 362 422 rs10818488 0.58
Fakhfakh et al. [25] 2012 Tunisia African 108 161 rs10818488 0.42
Mohamed et al. [26] 2012 Egypt African 172 160 rs10818488 0.10
Danoy et al. [27] 2011 China Asian 1035 1702 rs3761847 NA
El-Gabalawy et al. [28] 2011 Canada North American 333 490 rs10818488; rs3761847 0.66; 0.66
Native
Zhu et al. [29] 2011 China Asian 576 689 rs3761847 0.06
Nishimoto et al. (1) [30] 2010 Japan Asian 1504 752 rs10818488;rs3761847  0.13;0.18
Nishimoto et al. (2) [30] 2010 Japan Asian 830 658 rs10818488; rs3761847 0.80; 0.90
Nishimoto et al. (3) [30] 2010 Japan Asian 1113 940  rs10818488;rs3761847  0.49; 0.60
Nishimoto et al. (4) [30] 2010 Japan Asian 950 507 rs10818488; rs3761847 0.09; 0.10
Han et al. [31] 2009 Korea Asian 1301 996 rs3761847 0.48
Stark et al. [32] 2009 Slovakia European 520 303 rs10818488; rs3761847 0.29; 0.28
Zervou et al. [33] 2008 Greece European 311 344 rs10818488 0.16
Barton et al. [34] 2008 UK European 3418 3337  rs10818488; 53761847  0.35;0.33
Palomino-Morales ef al. [35] 2008 Colombia Colombian 274 421 rs10818488 0.44
Kurreeman et al. (1) [6] 2007 Netherlands European 251 241 rs10818488 NA
Kurreeman et al. (2) [6] 2007 Netherlands European 406 262 rs10818488 NA
Kurreeman et al. (3) [6] 2007 Sweden European 1500 912 rs10818488 NA
Kurreeman et al. (4) [6] 2007 USA European 470 469 rs10818488 NA
Plenge et al. (1) [7] 2007 USA European 863 1182 rs3761847 NA
Plenge et al. (2) [7] 2007 Sweden European 632 653 rs3761847 NA
Plenge et al. (3) [7] 2007 USA European 485 1282 1s3761847 NA
Plenge et al. (4) [7] 2007 Sweden European 568 516 rs3761847 NA
WTCCC [36] 2007 UK European 1858 2935  rs10818488;rs3761847  0.26; 0.25

HWE — Hardy-Weinberg equilibrium, NA — not available, WTCCC — Wellcome Trust Case Control Consortium

A/A, OR =0.961, 95% CI = 0.838-1.102, p = 0.569) (Figs. 2
and 3). When we pooled the results stratified by ethnici-
ty, significant evidence was detected for the association of
RA with the TRAF1/C5 rs10818488 polymorphism G al-
lele in Europeans (G vs. A, OR =0.843, 95% CI = 0.730-
0.975, p=0.021) and in Asians (G vs. A, OR = 1.070, 95%
CI=1.009-1.136, p = 0.024). In addition, a significant asso-
ciation was found for the association of RA with TRAF1/C5
rs10818488 polymorphism G allele under the recessive
model in Asians (G/G vs. A/G + A/A, OR =1.129, 95% CI
=1.023-1.246, p = 0.016) and in Africans (G/G vs. A/G +
A/A, OR =0.657, 95% CI = 0.507-0.851, p = 0.001).
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Meta-analysis of the TRAF1/C5 rs3761847
polymorphism with genetic susceptibility to
rheumatoid arthritis

As presented in Table 5, a total of 17 studies including
16553 cases and 17659 were included for the meta-analy-
sis on the association between the TRAF1/C5 rs3761847
polymorphism with genetic susceptibility to RA. Among
these eligible studies, seven studies were from Europe-
ans, nine from Asians and one from North American Na-
tive. Overall meta-analysis revealed that the TRAFI1/C5
1s3761847 polymorphism was not significantly associated
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Study ID OR (95% CI) % Weight
The present study (2017) —E——-— 1.08 (0.88, 1.32) 4.84
Moaaz et al. (2016) = . 0.67 (0.44, 1.02) 2.43
Fodil et al. (2015) : = 1.24 (0.88, 1.74) 3.20
Liang et al. (2015) ;——I— 1.15(0.92, 1.44) 4.51
Ahmadlou et al. (2014) —I—é— 0.84 (0.68, 1.03) 4.74
Fakhfakh et al. (2012) = : 0.63 (0.44, 0.89) 3.11
Mohamed et al. (2012) = : 0.65 (0.47,0.91) 3.28
El-Gabalawy et al. (2011) —.—E— 0.82 (0.66, 1.01) 4.67
Nishimoto et al. (2010) (1) — 1.01 (0.89, 1.15) 5.86
Nishimoto et al. (2010) (2) : —— 1.16 (1.00, 1.34) 5.60
Nishimoto et al. (2010) (3) : —— 1.06 (0.94, 1.20) 5.89
Nishimoto et al. (2010) (4) : —— 1.18 (1.01, 1.37) 5.48
Stark et al. (2009) —:I-— 0.95 (0.78, 1.17) 4,78
Zervou et al. (2008) —— : 0.59 (0.47,0.74) 4.44
Barton et al. (2008) V| 1.14 (1.06,1.22)  6.45
Palomino-Morales et al. (2008) E — 1.21(0.97, 1.52) 4.58
Kurreeman et al. (2007) (1) B : 0.69 (0.54, 0.89) 4.17
Kurreeman et al. (2007) (2) —I—;— 0.79 (0.64, 0.99) 4.58
Kurreeman et al. (2007) (3) —.—:— 0.85 (0.76, 0.96) 5.97
Kurreeman et al. (2007) (4) —a— E 0.73 (0.61, 0.88) 5.08
WTCCC (2007) i 1.00 (0.92, 1.08) 6.33
Overall (2 = 80.4%, p = 0.000) <.> 0.93 (0.85, 1.01) 100.00
Weights are from random effects analysis E
0.4IS6 1 2I.3

Fig. 2. Forest plot for the meta-analysis of the association between TRAF1/C5 rs10818488 polymorphism G allele and

rheumatoid arthritis

with genetic susceptibility to RA (A vs. G, OR = 0.955,
95% CI = 0.882-1.035, p = 0.264; A/A + A/G vs. G/G, OR
=1.051,95% CI=0.993-1.112, p = 0.083; A/A vs. A/G
+ G/G, OR =1.074, 95% CI = 0.964-1.197, p = 0.193)
(Figs. 4 and 5). When the results were combined and strat-
ified by ethnicity, only borderline significant evidence
was detected for the association of RA with TRAF1/C5
r$s3761847 polymorphism A allele in Europeans (A vs. G,
OR =0.867, 95% CI = 0.751-1.000, p = 0.050). How-
ever, non-significant association between the TRAF1/C5
rs3761847 polymorphism and RA was found in Asians
(A vs. G, OR =1.048, 95% CI =0.962-1.142, p = 0.286;
A/A + A/G vs. G/G, OR = 1.074, 95% CI = 0.988-1.168,
p =0.095; A/A vs. A/G + G/G, OR =1.138, 95% CI =
0.968-1.313, p = 0.077).

Evaluation of heterogeneity and publication bias

Heterogeneity was detected for the association of RA
with TRAF1/C5 rs10818488 polymorphism in the over-
all meta-analysis. When we pooled results according to
the ethnicity of study populations, the heterogeneity dis-
appeared in the subgroup analysis of Asians and in the
subgroup analysis of the association between RA and the
TRAF1/C5 rs10818488 polymorphism G allele under the
recessive model in Africans, but remained significant in
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other subgroup analysis. In addition, heterogeneity was
found for the association of RA with TRAF'1/C5 rs3761847
polymorphism A allele under allelic contrast and the reces-
sive model in the overall meta-analysis. When we pooled
results according to the ethnicity of study populations, the
heterogeneity remained significant in the subgroup analy-
sis of Europeans and Asians.

As shown in Table 6, publication bias analysis on
the associations between the TRAF1/C5 rs10818488 and
rs3761847 polymorphisms and genetic susceptibility to RA
was performed. The only significant evidence for publi-
cation bias was found for the overall meta-analysis of the
association between RA and the TRAF1/C5 rs10818488
polymorphism under allelic contrast (t = 2.71, p = 0.014).
Therefore, the “trim and fill” method was used to adjust
publication bias. However, the adjusted OR calculated re-
mained the same and non-significant.

Discussion

Since the discoveries that the TRAF1/C5 rs10818488
and rs3761847 polymorphisms were associated with ge-
netic predisposition to RA reaching a genome-wide sig-
nificance level have been reported [6, 7], multiple stud-
ies have been performed to examine whether these two
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Study ID OR (95% CI) % Weight
The present study (2017) i 0.99 (0.71, 1.38) 6.09
Moaaz et al. (2016) - 0.48 (0.20, 1.15) 1.38
Fodil et al. (2015) 3.54 (1.52,8.23) 1.48
Liang et al. (2015) —E— 1.12(0.77,1.64)  5.12
Ahmadlou et al. (2014) — = 0.75 (0.49, 1.14) 4.47
Fakhfakh et al. (2012) S T— 0.50 (0.27,0.91)  2.63
Mohamed e al. (2012) _— 0.60 (0.31, 1.15)  2.26
El-Gabalawy et al. (2011) — = 0.73 (0.46, 1.18) 3.81
Nishimoto et al. (2010) (1) 0.98 (0.80, 1.19)  9.48
Nishimoto et al. (2010) (2) 1.26 (1.00, 1.58)  8.64
Nishimoto et al. (2010) (3) 1.11 (091, 1.35)  9.63
Nishimoto et al. (2010) (4) 1.07 (0.85,1.36)  8.38
Stark et al. (2009) 1.00 (0.68, 1.47)  5.09
Zervou et al. (2008) —E 0.55(0.31,0.97)  2.87
Barton et al. (2008) = 1.15(1.03,1.28) 1227
Palomino-Morales et al. (2008) — 1.20(0.80, 1.81)  4.67
WTCCC (2007) . 1.01 (0.89, 1.15) 11.73
Overall (? =56.1%, p = 0.003) 1.00 (0.90, 1.12) 100.00
Weights are from random effects analysis

0.1|22 1 8.|23
Study ID OR (95% CI) % Weight
The present study (2017) _E__-— 1.22 (0.89, 1.68) 5.90
Moaaz et al. (2016) = ' 0.62 (0.32, 1.17) 2.96
Fodil et al. (2015) = ' 0.88 (0.53, 1.45) 3.99
Liang et al. (2015) _'_-— 1.29 (0.90, 1.84) 5.39
Ahmadlou ef al. (2014) Y 0.82 (0.62, 1.09) 6.28
Fakhfakh et al. (2012) : 0.55(0.31,0.97) 3.47
Mohamed ef al. (2012) = : 0.60 (0.39, 0.93) 4.61
El-Gabalawy et al. (2011) +— 0.79 (0.60, 1.04) 6.34
Nishimoto et al. (2010) (1) —-—-I— 1.07 (0.86, 1.32) 7.08
Nishimoto et al. (2010) (2) —:——.— 1.18 (0.92, 1.51) 6.68
Nishimoto et al. (2010) (3) —— 1.07 (0.86, 1.32) 7.11
Nishimoto et al. (2010) (4) : — 1.52 (1.15, 2.02) 6.31
Stark et al. (2009) —I—:—— 0.91 (0.68, 1.22) 6.16
Zervou et al. (2008) —a— , 0.45 (0.33, 0.62) 5.86
Barton et al. (2008) . —=— 1.23 (1.09, 1.40) 8.06
Palomino-Morales et al. (2008) i-—I— 1.33(0.97, 1.82) 5.93
WTCCC (2007) —!— 0.97 (0.84, 1.13) 7.86
Overall (2 = 76.6%, p = 0.000) <:> 0.96 (0.84, 1.10) 100.00
Weights are from random effects analysis E

0.3|13 1 3.|19

Fig. 3. Forest plot for the meta-analysis of the association between TRAF1/C5 rs10818488 polymorphism G allele and

rheumatoid arthritis (A) under the dominant model, (B) under the recessive model
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Table 5. Meta-analysis of the TRAF I rs3761847 polymorphism with genetic susceptibility to rheumatoid arthritis (RA)

Polymor-  Comparison Population Sample size No. of Test of association Model Test of heterogeneity
phism Case Control MU op 959 I p Q p (%)
TRAF1 Avs. G Overall 16553 17659 17 0.955 0.882-1.035 0.264 R 98.24 <0.001 83.7
rs3761847 European 8340 10204 7 0.867 0.751-1.000  0.050 R 59.49 <0.001 89.9
Asian 7880 6965 9 1.048 0.962-1.142  0.286 R 25.57  0.001 68.7
NAN 333 490 1 0.816 0.658-1.011 0.062 NA NA NA NA
A/A+ AIG Overall 12970 12324 12 1.051  0.993-1.112  0.083 1021 0511 0
v GG piopean 5792 6571 3 1042 0965-1.125 0.297 100 0.606 0
Asian 6845 5263 8 1.074 0.988-1.168  0.095 6.69  0.462 0
NAN 333 490 1 0.733  0.457-1.177 0.199 NA NA NA NA
A/Avs. AIG Overall 12970 12324 12 1.074  0.964-1.197 0.193 R 31.17  0.001 64.7
+GG European 5792 6571 3 1.029 0.866-1.222  0.748 R 6.05  0.049 66.9
Asian 6845 5263 8 1.138  0.968-1.313  0.077 R 18.68  0.009 62.5
NAN 333 490 1 0.789  0.597-1.043 0.097 NA NA NA NA

OR - odds ratio, CI — confidence interval, F — fixed effects model, R — random effects model, NAN — North American native, NA — not applicable, WTCCC —

Wellcome Trust Case Control Consortium

OR (95% CI) % Weight

1.04 (0.85, 1.28)
0.80 (0.64, 1.01)
0.89 (0.80, 0.99)
0.82 (0.66, 1.01)
1.29 (1.10, 1.50)
1.00 (0.88, 1.14)
1.16 (1.00, 1.34)
1.07 (0.95, 1.21)
1.18 (1.02, 1.38)
1.04 (0.92, 1.17)
0.93 (0.76, 1.14)
1.09 (1.02, 1.17)
0.70 (0.61, 0.79)
0.79 (0.67, 0.92)
0.71 (0.62, 0.83)
0.91 (0.77, 1.08)
0.99 (0.91, 1.07)
0.96 (0.88, 1.04)

Study ID
The present study (2017) S S
Liang et al. (2015) = E
Danoy et al. (2011) = E
EI-Gabalawy et al. (2011) = :
Zhu et al. (2011) E
Nishimoto er al. (2010) (1) ,
Nishimoto et al. (2010) (2) E
Nishimoto et al. (2010) (3) E_
Nishimoto ef al. (2010) (4) ;
Han e al. (2009) B
Stark et al. (2009) = :
Barton et al. (2008) E
Plenge et al. (2007) (1) E
Plenge et al. (2007) (2) E
Plenge et al. (2007) (3) E
Plenge et al. (2007) (4) - E
WTCCC (2007) I
Overall ( = 83.7%, p = 0.000) <_">'>_
Weights are from random effects analysis !

T

T
0.614

5.01
4.65
6.52
4.84
5.76
6.28
5.96
6.31
5.82
6.41
4.97
7.04
6.26
5.80
5.90
5.57
6.87
100.00

Fig. 4. Forest plot for the meta-analysis of the association between TRAF1/C5 rs3761847 polymorphism A allele and

rheumatoid arthritis
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A
Study ID OR (95% CI) % Weight
The present study (2017) .I 1.04 (0.74, 1.47) 2.63
I
Liang et al. (2015) = : 0.80 (0.54, 1.17) 2.19
El-Gabalawy et al. (2011) - : 0.73 (0.46, 1.18) 1.42
]
Zhu et al. (2011) ! - 1.28 (0.97, 1.70) 4.04
Nishimoto et al. (2010) (1) : 0.97 (0.79, 1.18) 7.84
-
Nishimoto et al. (2010) (2) : 1.23 (0.98, 1.55) 6.04
S S
Nishimoto et al. (2010) (3) : 1.12 (0.92, 1.36) 8.34
Nishimoto et al. (2010) (4) T = 1.06 (0.84, 1.35) 5.67
Han et al. (2009) -I 1.03 (0.85, 1.26) 8.43
Stark et al. (2009) . 0.97 (0.66, 1.42) 2.17
I
Barton et al. (2008) = | 1.08 (0.97, 1.19) 30.51
WTCCC (2007) b 1.00 (0.88, 1.13) 20.73
Overall (2 =0.0%, p=0.511) 1.05(0.99, 1.11) ~ 100.00
Weights are from random effects analysis @
I
i
1
T T
0.457 1 2.19
B
Study ID OR (95% CI) % Weight
The present study (2017) ; 1.07 (0.78, 1.46) 6.40
]
Liang et al. (2015) < - : 0.70 (0.48, 1.00) 5.37
EIl-Gabalawy et al. (2011) = : 0.79 (0.60, 1.04) 7.21
I
Zhu et al. (2011) : 1.51(1.19, 1.93) 8.11
—.—
Nishimoto et al. (2010) (1) : 1.04 (0.84, 1.29) 9.02
Nishimoto et al. (2010) (2) : 1.20 (0.94, 1.54) 8.06
__.—
Nishimoto et al. (2010) (3) : 1.08 (0.87, 1.33) 9.08
__.—
Nishimoto et al. (2010) (4) : 1.55(1.18, 2.05) 7.26
=
Han et al. (2009) : 11.07 (0.88, 1.29) 9.74
Stark et al. (2009) : 0.88 (0.65, 1.18) 6.85
Barton ef al. (2008) * : 1.18 (1.05, 1.33) 11.89
|
WTCCC (2007) | = 0.97 (0.83, 1.12) 11.01
Overall (? = 64.7%, p = 0.001) —.'_:— 1.07 (0.96, 1.20) 100.00
Weights are from random effects analysis <<I>
I
i
1
T T
0.484 1 2.07

Fig. 5. Forest plot for the meta-analysis of the association between TRAF1/C5 rs3761847 polymorphism A allele and

rheumatoid arthritis (A) under the dominant model, (B) under the recessive model
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Table 6. Publication bias tested by Egger’s test in the over-
all population

Polymorphism Comparisons t p-value

TRAF1 rs10818488 Gvs. A 2.71 0.014
G/G + A/G vs. A’TA 1.80 0.091
G/Gvs. AIG+A/A 196 0.069

TRAF1 rs3761847 Avs. G 1.19 0.251
A/A+A/Gvs.GG  0.80 0.445
A/Avs. AIG+GG  0.64 0.536

genetic polymorphisms are involved in the genetic back-
ground of RA among different ethnic populations. In the
present study, we first determined whether the TRAF1/C5
rs10818488 and rs3761847 polymorphisms were asso-
ciated with RA in a Chinese population, then conducted
an updated meta-analysis to combine the results from dif-
ferent studies to re-summarize the effect sizes. However,
non-significant evidence for the associations of TRAF1/C5
rs10818488 and rs3761847 polymorphisms with RA was
detected in our study population. Emerging evidence sug-
gests that RA is a heterogeneous disease with a significant
discrepancy in the phenotype as demonstrated by differ-
ences in autoantibody positivity, and it has been accepted
that the anti-CCP/RF-positive RA patients and anti-CCP/
RF-negative RA patients have different genetic architec-
tures [52]. Thus, the relationships between TRAF1/C5
rs10818488 and rs3761847 polymorphisms and different
serotypes of RA patients were also evaluated, whereas
non-significant evidence was found.

In 2007, in view of the functions of C5 and TRAF1,
which are encoded by immune-related genes and adja-
cent to each other on chromosome 9q33-34, Kurreeman
et al. selected the TRAF1/C5 genes as candidate genes for
RA and performed a multitiered case-control study, and
the peak evidence for association was detected from the
rs10818488 polymorphism surpassing the genome-wide
significance level, which is located in the intergenic re-
gion between C5 and TRAF'1 [6]. In order to investigate
the potential functional effect of the rs10818488 poly-
morphism, they scanned for transcription factor binding
sites, and this polymorphism was found to be a potential
binding site for EP300, a histone acetyltransferase that
regulates transcription via chromatin remodeling. Thus,
the rs10818488 polymorphism may be involved in the
regulation of the neighboring TRAF1 and/or C5 gene [6].
Afterwards, another study found a significant difference
between risk allele carriers and non-carriers of rs10818488
for the expression level of TRAFI in phorbol myristate ac-
etate-stimulated lymphoblastoid cell lines, indicating this
polymorphism might be involved in the pathogenesis of
RA through regulating the expression of TRAFI under cer-
tain stimulation signals [30]. Subsequently, many studies
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have been performed to evaluate the association between
TRAF1/C5 rs10818488 polymorphism and RA in different
ethnic populations, whereas the results were inconsistent.
In the current study, no significant evidence was detect-
ed for difference in either genotype or allele distribution
between RA patients and healthy controls, and our results
were consistent with Liang et al. [23], another study per-
formed in Chinese population.

In addition to the rs10818488 polymorphism, the
rs3761847 polymorphism, also located in the intergenic re-
gion between C5 and TRAF I, was found to be associated
with RA reaching a genome-wide level of significance from
a GWAS [7]. Notably, a recent study has revealed a possible
mechanism by which the TRAF1/C5 rs3761847 polymor-
phism contributed to RA [53]. In that study, the monocytes
from healthy human subjects with the homozygotes of risk
allele of rs3761847 was found to express less TRAF1 pro-
tein but greater amounts of inflammatory cytokines in re-
sponse to lipopolysaccharide (LPS). Further experiments
showed that the TRAF1 MATH domain could bind directly
to the linear ubiquitination (LUBAC) complex, and interfere
with the recruitment and linear ubiquitination of NEMO,
resulting in decreased NF-«xB activation and cytokine pro-
duction. In addition, TRAFI-/- mice showed increased sus-
ceptibility to LPS-induced septic shock. All these findings
provided a mechanistic explanation for the increased in-
flammation caused by RA-associated rs3761847 polymor-
phism [53]. Similar to the rs10818488 polymorphism, the
rs3761847 polymorphism has also attracted attention and
many studies have been performed to test the relationship
between the rs3761847 polymorphism and genetic suscep-
tibility to RA. In our study, we also did not find significant
evidence for the association between this polymorphism
and RA, and our results were consistent with Danoy et al.
[27], another study performed in Chinese population. How-
ever, a significant association was found in another study
performed in Chinese population by Zhu et al. [29], and the
estimated effect size for allelic comparison was moderate
(OR =1.28).

Although we did not find significant associations of
RA with the TRAF1/C5 rs10818488 and rs3761847 poly-
morphisms, it should be noted that the non-significant re-
sults might be owing to the relatively lower power caused
by a small sample size or the “winner’s curse” [54] — an
overestimation of the true effect in the positive report ac-
counting for the lack of power.

Despite the associations between TRAFI/CS5
rs10818488 and rs3761847 polymorphisms and RA have
been assessed in different ethnic populations, the results
are controversial, and this discrepancy might be attributed
to many factors including different sample sizes, genetic
backgrounds and clinical heterogeneity, etc. Meta-analysis
is a useful tool to combine the results on the same topic to
get a pooled estimation with an increased statistical power
[40]. Although some meta-analyses on the relationships

Central European Journal of Immunology 2019; 44(2)



Associations of TRAF1/CS5 rs10818488 and rs3761847 polymorphisms with genetic susceptibility to rheumatoid arthritis:

of TRAF1/C5 rs10818488 and rs3761847 polymorphisms
with RA have been reported [41-44], some additional stud-
ies on this topic have been reported in recent years. Thus,
we performed this updated meta-analysis to re-evaluate
whether the TRAF1/C5 rs10818488 and rs3761847 poly-
morphisms are associated with the genetic predisposition
to RA and to re-summarize the effect sizes of these poly-
morphisms associated with RA.

Our overall meta-analysis results revealed that non-sig-
nificant association of the TRAF1/C5 rs10818488 poly-
morphism G allele with RA was detected. Since heteroge-
neity was found in the overall meta-analysis of the TRAF1/
C5 rs10818488 polymorphism G allele with RA suscep-
tibility, we performed stratified meta-analysis by ethnic-
ity, and the heterogeneity disappeared in the subgroup
analysis of Asians but remained significant in Europeans
and Africans, and a significant association of RA and
TRAF1/C5 rs10818488 polymorphism G allele was ob-
served in Europeans and Asians. Notably, the TRAF1/C5
rs10818488 polymorphism G allele was found to be
a protective allele in Europeans, but a risk allele in Asians.
This might be due to the genetic heterogeneity between
Europeans and Asians, and this might also be caused by
chance. Thus, further studies with larger sample sizes are
needed to clarify whether the TRAF1/C5 rs10818488 poly-
morphism G allele is associated with RA with the opposite
direction in different ethnic populations. Non-significant
evidence for association between RA and the TRAF1/C5
rs10818488 polymorphism G allele under the dominant
model and recessive model was found in the overall meta-
analysis. There was also significant heterogeneity when
the overall meta-analysis of the association between RA
and the TRAF1/C5 rs10818488 polymorphism G allele un-
der different genetic models was performed, so subgroup
meta-analysis stratified by ethnicity was conducted, and
the results showed that a significant association was found
for the association of RA with the TRAF1/C5 rs10818488
polymorphism G allele under the recessive model in
Asians and Africans. Our updated meta-analysis indicated
that the TRAF1/C5 rs10818488 polymorphism is involved
in the genetic background of RA in Asians, Europeans and
Africans.

The overall meta-analysis did not reveal significant as-
sociation between RA and the TRAF1/C5 rs3761847 poly-
morphism A allele under allelic contrast, dominant model
and recessive model. Heterogeneity was detected for the
association of RA with the TRAF1/C5 rs3761847 polymor-
phism A allele under allelic contrast and recessive model
in the overall meta-analysis. When the results were pooled
according to the ethnicity, the heterogeneity remained sig-
nificant in the subgroup analysis of Europeans and Asians.
In the subgroup meta-analysis stratified by ethnicity, only
board-line significant evidence was found for the asso-
ciation of RA with TRAF1/C5 rs3761847 polymorphism
A allele under allelic contrast. Thus, the present updated

Central European Journal of Immunology 2019; 44(2)
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meta-analysis showed that the TRAF1/C5 rs3761847 poly-
morphism might be involved in the genetic background of
RA in Europeans.

Several limitations of the present study should be ac-
knowledged. First, the sample size of our case-control
study is not large enough, leading to a relatively lower
power to detect associations with moderate effect sizes.
Second, age and gender were imbalanced between RA
patients and controls in the present study, whereas the
logistic regression model with the adjustment of age and
sex was employed to overcome this limitation. Third,
significant heterogeneity was found among several com-
parisons, which might distort the meta-analysis. Finally,
this meta-analysis was performed based on uncorrected
estimate; if the potential confounding factors, such as age,
sex, clinical characteristic, and environmental factors were
available, a more precise meta-analysis could be conducted
to obtain reliable results.

In conclusion, we did not find significant evidence
for associations of RA with TRAF1/C5 rs10818488 and
rs3761847 polymorphisms in the present study. The up-
dated meta-analysis results demonstrate that the TRAF1/C5
rs10818488 polymorphism is involved in the genetic sus-
ceptibility of RA in Asians, Europeans and Africans, and
the TRAF1/C5 rs3761847 polymorphism is associated with
genetic susceptibility to RA in Europeans with borderline
significant evidence.
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