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Abstract

Objective
Recent genome-wide association studies disclosed that several single nucleotide polymorphisms (SNPs), including
tumour necrosis factor (TNF) receptor-associated factor 1 (TRAF1) (+16860A/G), are associated with the pathophysiology
of rheumatoid arthritis (RA). We assessed the usefulness of TRAF1 genotyping as a genetic predictor of the response to
anti-TNF treatment in Japanese RA patients.
Methods
TRAF1 (+16860A/G) was genotyped using the TaqMan SNP genotyping assay in 101 Japanese RA patients treated
with anti-TNF drugs for >24 weeks. We retrospectively analysed the association between SNP and the clinical response
to treatment. TRAF1 mRNA and protein expression was also evaluated in CD4+, CD8+, CD14+, or CD19+ cells from 25
healthy subjects using quantitative polymerase chain reaction and intracellular staining flow cytometry, respectively.
Results
No statistical difference in DAS28-ESR at baseline was observed between the patient groups with the AA, AG, or GG
genotype. The GG genotype was more frequent in non-responders than in good or moderate responders [odds ratio (OR)
7.4, 95% confidence interval (CI) 1.5–37.5]. The non-responders possessed the G allele more frequently than the good or
moderate responders (OR 3.5, 95% CI 1.4–9.0). TRAF1 protein expression increased significantly in CD14+ monocytes
from healthy subjects with the GG genotype compared with that in subjects with the AA or AG genotype.
Conclusion
TRAF1 (+16860A/G) may be useful for predicting the clinical response to anti-TNF treatment and may contribute to
resistance to treatment in RA patients with the GG genotype by increasing the TRAF1 expression in circulating
inflammatory cells.
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Introduction
Rheumatoid arthritis (RA) is a progressive inflammatory disorder resulting in joint damage and disability (1).
Abnormalities in circulating immune
cells and inflammatory cytokines are
known to be involved in the pathogenesis of RA (2). Recent genome-wide
association studies have shown that
several genetic factors, including single nucleotide polymorphisms (SNPs),
are associated with the pathophysiology of RA and that genetic variants may
contribute to 50–60% of the etiology of
the disorder (3-5).
Conventional disease-modifying antirheumatic drugs (DMARDs) such as
methotrexate (MTX) remain the standard treatment for RA, although efficacy
and safety issues of these drugs and the
heterogeneous nature of RA patients
may necessitate additional treatment
strategies (6). Increased understanding
of the immunological processes associated with the pathophysiology of RA
has led to the development of biological agents that target signal transduction molecules and proinflammatory
cytokines responsible for inflammation
and structural damage. Although the
most commonly used biological agents
in clinical practice, such as drugs
against tumour necrosis factor (TNF),
including infliximab (IFX), adalimumab (ADA), and etanercept (ETN), have
excellent efficacy against RA, a substantial number of patients still show
inadequate responses. Several clinical
and genomic predictors of the response
to anti-TNF treatments have been determined. It has been reported that the
response to anti-TNF treatment is influenced by factors such as the level
of disability at the onset of treatment
as measured by the Health Assessment
Questionnaire, current smoking, concurrent therapy with MTX, and autoantibody status, including rheumatoid
factor (RF) and anti-cyclic citrullinated
peptide antibody (ACPA) (7-10). A
number of studies have also evaluated the usefulness of genetic polymorphisms mainly in genes encoding
TNF-α and TNF receptors as genetic
predictors of the response to anti-TNF
treatment (11-15). On the other hand,
it has been reported that there is no as212

sociation between the FcGRIIIa polymorphism and the response to antiTNF treatments, although the FcGRIIIa
polymorphism is shown to be associated with the development of RA (16).
However, even when these factors are
combined, the usefulness of these predictions still remains insufficient.
It has been recently reported that SNPs
in the TNF receptor-associated factor
1 (TRAF1) gene are associated with
the pathophysiology of RA in Asians,
Caucasians, and the North Africa population (17, 18). In particular, TRAF1
(+16860A/G) has been shown to be
associated with RA susceptibility.
TRAF1 binds several protein kinases
and adaptor proteins and possesses
multiple functions in signalling networks through the TNF receptor superfamily (19). This suggests that the
TRAF1 polymorphism may be associated with the pathophysiology of RA as
a consequence of modulation of TNF
signalling. This study assessed the usefulness of TRAF1 (+16860A/G) genotyping as a novel genetic predictor of
the response to anti-TNF treatments
in Japanese patients with RA. The
study also examined the underlying
mechanism of the association between
TRAF1 polymorphisms and the clinical response to anti-TNF treatment.
Materials and methods
Patients and healthy subjects
A total of 364 unrelated Japanese
adult patients with RA treated at Keio
University Hospital were reviewed
retrospectively using the database of
the SAKURA study, a single center
cohort study on RA. The patients eligibility for the study was based on the
following criteria: treated for more
than 24 weeks with anti-TNF drugs
such as IFX, ADA, and ETN, as the
first biological agent; started anti-TNF
treatment between July 2009 and June
2012; and had available complete medical records. All patients enrolled in the
study fulfilled the American College of
Rheumatology 1987 revised criteria for
RA. The clinical response to anti-TNF
treatments was based on the EULAR
response criteria (20) and was evaluated using the relative change in disease
activity score in 28 joints (DAS28-
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ESR) from baseline to 24 weeks.
Patients with a good or moderate response were defined as responders,
while patients with no response were
classified as non-responders. To evaluate the expression level of TRAF1, 25
healthy subjects with the AA (n=10),
AG (n=10), or GG (n=5) genotype
were also recruited. All the samples
from the patients and healthy subjects
were obtained after they provided written informed consent to participate in
the study. The study protocol was approved by the Institutional Review
Board of Keio University.
Cell preparation
Peripheral blood mononuclear cells
(PBMCs) were isolated from heparinised venous blood samples using
Lymphoprep (Fresenius Kabi Norge
AS, Oslo, Norway) density-gradient
centrifugation. In some experiments,
CD4+, CD8+, CD14+, or CD19+ cells
were separated from the PBMCs obtained from healthy subjects with either
the AA, AG, or GG genotype using
magnetic cell sorting column separation
(Miltenyi Biotec, Bergisch Gladbach,
Germany) according to the manufacturer’s protocol. All these sorted fractions consistently had >90% purity, as
assessed by flow cytometric analysis.
TRAF1 (+16860) SNP genotyping
Genomic DNA was extracted from the
PBMCs using the QIAamp DNA Blood
Kit (Qiagen, Valencia, CA, USA) according to the manufacturer’s instructions. TRAF1 (+16860A/G) was determined using a TaqMan Real-Time PCR
System and TaqMan SNP Genotyping
Assay C_29005978_10 (Applied
Biosystems, Inc., Foster City, CA,
USA) according to the manufacturer’s
instructions.
Analysis of mRNA expression for
TRAF1
The mRNA expression for TRAF1 was
examined using the reverse transcription (RT)-polymerase chain reaction
(PCR) as described previously with
some modifications (21). In brief, total RNA was extracted from CD4+,
CD8+, CD14+, or CD19+ cells using
the RNeasy Kit (Qiagen, Valencia, CA,

USA). First-strand cDNA was synthesised from total RNA using avian myeloblastosis virus reverse transcriptase
(Takara, Kyoto, Japan) with oligo-dT
priming. The cDNA was then subjected to a quantitative TaqMan RealTime PCR System and TaqMan Gene
Expression Assay Hs01090170_m1
(Applied Biosystems). The expression
levels of the TRAF1 gene were normalised to the expression level of GAPDH.
Intracellular staining of TRAF1
by flow cytometry
The protein expression level of TRAF1
was evaluated using flow cytometry
to detect intracellular staining in combination with staining for CD4, CD8,
CD14, or CD19. In brief, the PBMCs
were stained with fluorescein-conjugated anti-CD4 (clone 13B8.2; BeckmanCoulter, Fullerton, CA, USA), antiCD8 (clone B9.11; Beckman-Coulter),
anti-CD14 (clone RMO52; BeckmanCoulter), or anti-CD19 monoclonal antibody (clone SJ25C1; Becton
Dickinson, San Jose, CA, USA). The
cells were then permeabilised and fixed
using the BD Cytofix/Cytoperm™
Fixation/Permeabilization
Solution
Kit (Becton Dickinson), followed by
incubation with fluorescein-conjugated anti-TRAF1 monoclonal antibody
(clone H-3; Santa Cruz Biotechnology,
Santa Cruz, CA, USA). The cells were
analysed on a FACS® Calibur Flow
Cytometer (Becton Dickinson) using
CellQuest software. The TRAF1 expression level was quantified as the
mean fluorescence index (MFI), calculated as the ratio of cells treated with
anti-TRAF1 antibody to those treated
with isotype-matched control antibody.
Statistical analysis
Statistical power was calculated using IBM SPSS Statics, version 18
(International Business Machines
Corporation, Armonk, NY, USA).
Differences were considered significant
if p<0.05. Continuous values were expressed as the mean ± standard deviation (SD). Baseline characteristics were
compared across TRAF1 (+16860A/G)
genotypes using the Kruskal–Wallis
test for continuous data and the 2-tailed
Yates chi square test or Fisher’s test
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for qualitative variables. The associations between the EULAR response
at 24 weeks and explanatory variables, including TRAF1 (+16860A/G)
genotypes, patient and disease characteristics, and concurrent treatments
at baseline, were analysed by the
2-tailed Yates chi square test, Fisher’s
test, or univariate logistic regressions.
Significant variables in the univariate
analyses were then entered into a forced
entry multivariate model. The results
were expressed as the odds ratios (ORs)
and 95% confidence interval (CI).
The association between the TRAF1
(+16860A/G) genotypes and TRAF1
expression level were examined by the
Kruskal-Wallis test, followed by the
non-parametric Mann-Whitney U-test
between the 2 groups.
Results
Clinical characteristics
of the RA patients
Of the 364 patients, 116 were treated
with anti-TNF drugs as the first biological agent, with 112 continuing this
treatment for more than 24 weeks. Of
these 112 patients, 11 did not have full
clinical information, leaving a total of
101 patients enrolled in the study (Fig.
1). The demographic and clinical characteristics of these patients are summarised in Table I. The age (Mean ± SD)
of the patients was 56±16 years, 85%
were female, 81% were RF-positive,
and 77% were ACPA-positive. The
proportion of patients treated with IFX,
ETN, and ADA as the first biological
agent was 65%, 22%, and 13%, respectively. During the anti-TNF treatment, 89% of patients also received
MTX. There was no difference in the
clinical baseline characteristics of the
RA patients grouped according to their
TRAF1 (+16860) genotype (AA, AG,
or GG).
Association between a TRAF1 SNP and
clinical response to anti-TNF treatment
The frequencies of the TRAF1
(+16860A/G) genotypes in the patients
were AA 50%, AG 42%, and GG 8%.
This genotype distribution was consistent with the Hardy-Weinberg equilibrium and similar to the HapMap-JPT
(Japanese) frequencies [AA 57%, AG

TRAF1 polymorphism and anti-TNF therapy / T. Nishimoto et al.
Fig. 1. Flow diagram

of the study selection process. Patients
eligible for the study
were selected using
the following criteria:
treated for more than
24 weeks with antiTNF drugs such as
IFX, ADA, and ETN
as a first biological
agent; started antiTNF treatment between July 2009 and
June 2012; and had
available
complete
medical records. Of
the 364 RA patients
followed at Keio
University Hospital,
101 fulfilled these criteria, with their data
being analysed in the
study.

Table I. Baseline characteristics of the 101 patients with RA treated with anti-TNF agents*.
Total
n=101
Mean age (SD)
Female, n. (%)
DAS28-ESR, mean (SD)
SDAI, mean (SD)
RF positive, n. (%)
ACPA positive, n. (%)

55.5
86
4.9
21.1
82
78

(15.7)
(85.1)
(1.1)
(10.6)
(81.2)
(77.2)

Genotype

p value**

AA n=51

AG n=42

GG n=8

55.6
42
5.0
21.6
38
37

55.9
36
4.9
21.3
37
35

52.4
8
4.4
17.1
7
6

(15.4)
(82.4)
(1.1)
(11.9)
(74.5)
(72.5)

(16.5)
(85.7)
(1.0)
(9.7)
(88.1)
(83.3)

(14.2)
(100.0)
(0.7)
(5.5)
(87.5)
(75.0)

0.82
0.42
0.39
0.48
0.22
0.46

Concurrent treatments					
Methotrexate, n. (%)
90 (89.1)
44 (86.3)
Other DMARDs, n. (%)
29 (28.7)
15 (29.4)
Prednisolone, n. (%)
18 (17.8)
8 (15.7)

39 (92.9)
12 (28.6)
7 (16.7)

7 (87.5)
2 (25.0)
3 (37.5)

0.59
0.97
0.32

Anti-TNF treatments					
Infliximab, n. (%)
66 (65.3)
34 (66.7)
Etanercept, n. (%)
22 (21.8)
12 (23.5)
Adalimumab, n. (%)
13 (12.9)
5 (9.8)

30 (71.4)
8 (19.0)
6 (14.3)

4 (50.0)
2 (25.0)
2 (25.0)

0.75

*RA:

rheumatoid arthritis; TNF: tumour necrosis factor; SD: standard deviation; DAS-28: disease
activity score in 28-joint count; SDAI: simplified disease activity index; RF: rheumatoid factor; ACPA:
anti-cyclic citrullinated peptide antibody; DMARDs: disease-modifying anti-rheumatic drugs.
**p-values were calculated using the 2-tailed Yates chi square test or Fisher’s test for dichotomous
variables or the Kruskal-Wallis test for continuous variables.

38%, and GG 5%] and previous reports
on other Asian populations (17, 22).
In the 101 RA patients who received
anti-TNF treatment for 24 weeks, 63
(62.4%), 28 (27.7%), and 10 (9.9%) patients achieved a good, moderate, or no
response, respectively. A summary of
the EULAR response in the patients is
shown in Figure 2. The non-responders
to anti-TNF treatment were mainly pa-

tients with the GG genotype than those
with the AA or AG genotype (37.5% vs.
7.5%, p=0.031, OR 7.4, 95% CI 1.5–
37.5). On the other hand, the responders to anti-TNF treatments were mainly
patients with the AA genotype than
those with the AG or GG genotypes
(96.1% vs. 84.0%, p=0.051, OR 4.7,
95% CI 0.9–23.2). The absolute change
in DAS28-ESR from baseline to 24
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weeks after initiation of anti-TNF treatment tended to decrease in patients with
the GG genotype compared with that in
patients with the AA or AG genotype
(p=0.058) (data not shown). According
to the allele frequency analysis, the
non-responders to anti-TNF treatments
more frequently possessed the G allele
than the responders (55.0% vs. 25.8%,
p=0.006, OR 3.5, 95% CI 1.4–9.0).
To investigate whether the TRAF1
(+16860A/G) polymorphism was an
independent factor of the clinical response to anti-TNF treatment, explanatory variables including the TRAF1
(+16860A/G) genotype, clinical characteristics, and concurrent treatment
were analysed in univariate and multivariate analyses (Table II). The univariate analysis showed that the GG
genotype and prednisolone treatment
(50% vs. 14.3%, p=0.015, OR 6.0, 95%
CI 1.5–23.7) were more frequent in the
non-responders than in the responders. Multivariate analysis confirmed
that the GG genotype was independently associated with no response to
anti-TNF treatment (p<0.001, OR 16.9,
95% CI 6.7–41.7).
Association between a TRAF1 SNP
and gene expression levels of TRAF1
We next investigated the potential association between TRAF1 (+16860A/G)
and the expression levels of TRAF1
using CD4+, CD8+, CD14+, or CD19+
cells obtained from healthy subjects.
Quantitative RT-PCR showed that there
was no significant difference in the expression levels of mRNA for TRAF1
in healthy subjects with either the AA,
AG, or GG genotype (data not shown).
However, flow cytometry showed that
the protein expression levels of TRAF1
increased significantly in CD14+ cells
with the GG genotype compared with
those in the cells with the AA or AG
genotype (p=0.044) (Fig. 3). This finding indicates that subjects with the GG
genotype have increased expression of
TRAF1 in circulating monocytes.
Discussion
The present study examined the clinical features of 101 RA patients who received 24 weeks of anti-TNF treatment.
We found that a TRAF1 (+16860A/G)
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Fig. 2. Distributions

of the EULAR response to anti-TNF
treatment in the 101
patients with RA.

Table II. Association between the clinical response to anti-TNF treatment and explanatory
variables in the univariate and multivariate analyses*.
Univariate analysis**
Variable

p-value

OR (95% CI)

GG genotype
Age
Females
DAS28-ESR at baseline
SDAI at baseline
Positive RF
Positive ACPA
Methotrexate
Prednisolone

0.031
0.695
0.351
0.791
0.824
0.201
0.448
1.000
0.015

7.4
1.0
1.1
0.9
1.0
0.8
2.9
1.1
6.0

Multivariate analysis
p-value

OR (95% CI)

(1.5–37.5)
<0.001
16.9 (6.7–41.7)
(1.0–1.1)			
(1.0–1.2)			
(0.5–1.7)			
(0.9–1.1)			
(0.7–1.9)			
(0.3–23.9)			
(0.1–9.7)			
(1.5–23.7)
0.073
3.3 (0.9–14.3)

*TNF:

tumour necrosis factor; DAS-28: disease activity score in 28-joint count; SDAI: simplified disease activity index; RF: rheumatoid factor; ACPA: anti-cyclic citrullinated peptide antibody.
**p-values were calculated using the 2-tailed Yates chi square test or Fisher’s test for dichotomous
variables or the logistic regression test for continuous variables.

SNP in intron 3 of the TRAF1 gene was
significantly associated with the clinical response to anti-TNF treatment and
that the GG genotype was more frequent in patients who did not respond
to treatment. The G allele was also
associated with increased expression
levels of TRAF1 in circulating CD14+
monocytes from healthy subjects.
Although the role of TRAF1 in the
TNF-α signalling network has not been
fully elucidated, TRAF1 mainly inhibits TNF-α-mediated signalling through
the TNF receptor II (18). Furthermore,
TRAF1 knockout mice are hypersensitive to TNF-induced stimulation
through the NF-κB and JNK pathways
(23). In addition, several studies have
shown that CD14+ monocytes play an
important role in the pathophysiology of RA (24-28). Of note, TNF-α is

known to increase bone resorption by
monocyte-derived osteoclasts, resulting in joint inflammation and damage in
RA (28). These earlier reports and our
results suggest that TNF-α-mediated
stimulation is possibly inhibited by increased TRAF1 expression in circulating monocytes from subjects with the
G allele and that other inflammatory
cytokines such as IL-6 and IL-1, but
not TNF-α, play a pivotal role in the
pathophysiology of RA in patients with
the GG genotype rather than those with
the AA or AG genotypes. Therefore,
RA patients with the GG genotype may
be refractory to anti-TNF treatment.
Recently, several studies demonstrated
the association between SNPs for candidate genes encoding for several cytokines including TNF, and bone erosion evaluated by musculoskeletal ul215

trasound (MSUS) (29). Since TRAF1
is also involved in the TNF-mediated
signalling pathway, the association between the three TRAF1 genotypes and
MSUS-detected bone erosion should be
evaluated in future.
The TRAF1 (+16860A/G) SNP
(rs7021206) has been reported to be
in linkage disequilibrium with other
SNPs associated with RA susceptibility, such as rs2416806, rs2900180, and
rs3761847 (17, 30). Although further
experiments are necessary to determine
which of these SNPs directly affects
TRAF1 expression, the present study
is the first to report an association between SNPs within the TRAF1 gene
and expression levels of TRAF1.
Autoantibody status, including RF and
ACPA, and concurrent therapy with
MTX are associated with the response
to anti-TNF treatment (7-10). However,
these associations were not detected
in our study. The lower OR in previous studies and the small number of
samples in this study may explain this
absence of a statistically significant difference.
There were 2 methodological limitations in our study. First, the patients
were treated with structurally different types of anti-TNF drugs, including
IFX, ADA, and ETN. IFX and ADA are
both monoclonal antibodies specifically reactive to TNF-α, the first being a
chimeric human–murine antibody and
the latter a fully human antibody. On
the other hand, ETN is a fusion protein
consisting of the extracellular domain
of the p75 TNF receptor and the hinge
and Fc domains of human IgG1 (31).
However, the 3 drugs have a similar
mechanism of action and their efficacy
was comparable in our study. When
only RA patients treated with IFX were
analysed, the association between the
TRAF1 (+16860A/G) SNP and clinical response was consistent (data not
shown). Second, only patients treated
with anti-TNF drugs for more than 24
weeks were selected for this study. This
was necessary as the primary endpoint
of the study was assessment of the clinical response after 24 weeks of treatment. Some patients had discontinued
or changed treatment prior to the 24week follow-up because of inefficiency
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Fig. 3. Expression levels of TRAF1 in CD4+, CD8+, CD14+, or CD19+ cells. Expression levels of
TRAF1 were evaluated in CD4+, CD8+, CD14+, or CD19+ cells from 25 healthy subjects with either
the AA (n=10), AG (n=10), or GG (n=5) genotype by intracellular staining measured by flow cytometry. Differences in continuous variables were examined by the Kruskal-Wallis test, followed by the
non-parametric Mann-Whitney U-test between the 2 groups.

of the therapy. It is therefore necessary
to perform further prospective investigations including patients who withdraw from the study.
In conclusion, TRAF1 (+16860A/G)
genotyping may be useful for predicting the clinical response to anti-TNF
treatment. This polymorphism may
contribute to resistance to anti-TNF
treatments in RA patients with the GG
genotype by increasing the expression
of TRAF1 in circulating inflammatory
cells.

References

1. LEE DM, WEINBLATT ME: Rheumatoid arthritis. Lancet 2001; 358: 903-11.
2. McINNES IB, SCHETT G: Cytokines in the
pathogenesis of rheumatoid arthritis. Nat Rev
Immunol 2007; 7: 429-42.
3. MacGREGOR AJ, SNIEDER H, RIGBY AS et al.:
Characterizing the quantitative genetic contribution to rheumatoid arthritis using data from
twins. Arthritis Rheum 2000; 43: 30-7.
4. de VRIES R: Genetics of rheumatoid arthritis: time for a change! Curr Opin Rheumatol
2011; 23: 227-32.
5. TERAO C, OHMURA K, KAWAGUCHI Y et
al.: PLD4 as a novel susceptibility gene for
systemic sclerosis in a Japanese population.

216

Arthritis Rheum. 2013; 65: 472-80.
6. SCOTT DL, WOLFE F, HUIZINGA TW:
Rheumatoid arthritis. Lancet 2010; 376:
1094-108.
7. HYRICH KL, WATSON KD, SILMAN AJ,
SYMMONS DP; British Society for Rheumatology Biologics Register: Predictors of
response to anti-TNF-alpha therapy among
patients with rheumatoid arthritis: results
from the British Society for Rheumatology
Biologics Register. Rheumatology (Oxford)
2006; 45: 1558-65.
8. POTTER C, HYRICH KL, TRACEY A et al.:
Association of rheumatoid factor and anticyclic citrullinated peptide positivity, but
not carriage of shared epitope or PTPN22
susceptibility variants, with anti-tumour necrosis factor response in rheumatoid arthritis.
Ann Rheum Dis 2009; 68: 69-74.
9. ABHISHEK A, BUTT S, GADSBY K, ZHANG
W, DEIGHTON CM: Anti-TNF-alpha agents
are less effective for the treatment of rheumatoid arthritis in current smokers. J Clin
Rheumatol 2010; 16: 15-8.
10. POMIRLEANU C, ANCUTA C, MIU S, CHIRIEAC R: A predictive model for remission
and low disease activity in patients with established rheumatoid arthritis receiving TNF
blockers. Clin Rheumatol in press.
11. MUGNIER B, BALANDRAUD N, DARQUE
A, ROUDIER C, ROUDIER J, REVIRON D:
Polymorphism at position -308 of the tumor
necrosis factor alpha gene influences outcome of infliximab therapy in rheumatoid
arthritis. Arthritis Rheum 2003; 48: 1849-52.
12. VASILOPOULOS Y, BAGIATIS V, STAMATOPOULOU D et al.: Association of anti-CCP
positivity and carriage of TNFRII susceptibility variant with anti-TNF-α response in
rheumatoid arthritis. Clin Exp Rheumatol
2011; 29: 701-4.
13. MAXWELL JR, POTTER C, HYRICH KL et
al.: Association of the tumour necrosis factor-308 variant with differential response to
anti-TNF agents in the treatment of rheumatoid arthritis. Hum Mol Genet 2008; 17:
3532-8.
14. LEE YH, JI JD, BAE SC, SONG GG:
Associations between tumor necrosis factoralpha (TNF-alpha) -308 and -238 G/A polymorphisms and shared epitope status and
responsiveness to TNF-alpha blockers in
rheumatoid arthritis: a metaanalysis update.
J Rheumatol 2010; 37: 740-6.
15. MICELI-RICHARD C, COMETS E, VERSTUYFT
C et al.: A single tumour necrosis factor haplotype influences the response to adalimumab in rheumatoid arthritis. Ann Rheum Dis
2008; 67: 478-84.
16. SARSOUR K, GREENBERG J, JOHNSTON JA
et al.: The role of the FcGRIIIa polymorphism in modifying the association between
treatment and outcome in patients with rheumatoid arthritis treated with rituximab versus TNF-α antagonist therapies. Clin Exp
Rheumatol 2013; 31: 189-94.
17. HAN TU, BANG SY, KANG C, BAE SC: TRAF1
polymorphisms associated with rheumatoid arthritis susceptibility in Asians and in
Caucasians. Arthritis Rheum 2009; 60: 257784.
18. XU K, PENG H, ZHOU M et al.: Association

TRAF1 polymorphism and anti-TNF therapy / T. Nishimoto et al.

19.
20.
21.

22.

23.

study
of
TRAF1/C5
polymorphism
(rs10818488) with susceptibility to rheumatoid arthritis and systemic lupus erythematosus: a meta-analysis. Gene 2013; 517: 46-54.
LEE SY, CHOI Y: TRAF1 and its biological
functions. Adv Exp Med Biol 2007; 597: 2531.
FRANSEN J, van RIEL PL: The disease activity score and the EULAR response criteria.
Clin Exp Rheumatol 2005; 23: S93-9.
KUWANA M, OKAZAKI Y, KODAMA H et al.:
Human circulating CD14+ monocytes as a
source of progenitors that exhibit mesenchymal cell differentiation. J Leukoc Biol 2003;
74: 833-45.
ZHU J, ZHANG D, WU F et al.: Single nucleotide polymorphisms at the TRAF1/C5 locus
are associated with rheumatoid arthritis in a
Han Chinese population. BMC Med Genet
2011; 12: 53.
TSITSIKOV EN, LAOUINI D, DUNN IF et al.:

TRAF1 is a negative regulator of TNF signaling enhanced TNF signaling in TRAF1deficient mice. Immunity 2001; 15: 647-57.

24. ROSSOL M, KRAUS S, PIERER M, BAERWALD
C, WAGNER U: The CD14(bright) CD16+
monocyte subset is expanded in rheumatoid
arthritis and promotes expansion of the Th17
cell population. Arthritis Rheum 2012; 64:
671-7.
25. NICOLAIDOU V, WONG MM, REDPATH AN et
al.: Monocytes induce STAT3 activation in
human mesenchymal stem cells to promote
osteoblast formation. PLoS One 2012; 7:
e39871.
26. SHAHRARA S, PICKENS SR, DORFLEUTNER
A, POPE RM: IL-17 induces monocyte migration in rheumatoid arthritis. J Immunol 2009;
182: 3884-91.
27. GRISAR J, MUNK M, STEINER CW et al.:
Expression patterns of CD44 and CD44
splice variants in patients with rheumatoid ar-

217

thritis. Clin Exp Rheumatol 2012; 30: 64-72.
28. O’ GRADAIGH D, IRELAND D, BORD S,
COMPSTON JE: Joint erosion in rheumatoid
arthritis: interactions between tumour necrosis factor alpha, interleukin 1, and receptor
activator of nuclear factor kappaB ligand
(RANKL) regulate osteoclasts. Ann Rheum
Dis 2004; 63: 354-9.
29. IAGNOCCO A, CECCARELI F, PERRICONE et
al.: Genetics and ultrasound in rheumatoid arthritis. Clin Exp Rheumatol 2012; 30: 815-6.
30. KURREEMAN FA, PADYUKOV L, MARQUES
RB et al.: A candidate gene approach identifies the TRAF1/C5 region as a risk factor
for rheumatoid arthritis. PLoS Med 2007; 4:
e278.
31. VALESINI G, IANNUCCELLI C, MAROCCHI
E, PASCOLI L, SCALZI V, DI FRANCO M:
Biological and clinical effects of anti-TNFalpha treatment. Autoimmun Rev 2007; 7: 3541.

