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The Association of a Nonsynonymous
Single-Nucleotide Polymorphism in TNFAIP3 With
Systemic Lupus Erythematosus and Rheumatoid Arthritis
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Objective. Genome-wide association (GWA) stud-

toid arthritis (RA) in Caucasian populations have inde-
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P tly identified risk variants in and near the tumor
necrosis factor a (TNFa)-induced protein 3 gene
(TNFAIP3), which is crucial for the regulation of TNF-
mediated signaling and Toll-like receptor signaling. The
aim of this study was to assess the role of TNFAIP3 in
the development of SLE and RA in Japanese subjects.

Methods. We selected 2 singl leotide poly-
morphisms (SNPs) from previous GWA studies.
Rs2230926 is a nonsynonymous SNP in TNFAIP3 and is
associated with SLE, while rs10499194 is an intergenic
SNP associated with RA. We then performed 2 indepen-
dent sets of SLE case-control comparisons (717 pa-
tients and 1,362 control subjects) and 3 sets of RA
case-control comparisons (3,446 patients and 2,344
control s) using Jap bj We geno-
typed SNPs using TagMan assays.

Results. We observed a significant association
between rs2230926 and an increased risk of SLE and RA
in the Japanese population (for SLE, odds ratio [OR]
1.92, 95% confidence interval [95% CI] 1.53-2.41, P =
1.9 x 10~% for RA, OR 1.35, 95% CI 1.18-1.56, P =
2.6 x 1075). The intergenic SNP rs10499194 was also
associated with SLE and RA, while the risk allele for RA
in Caucasians was protective against the diseases in our
population.

Address correspondence and reprint requests to Yuta Kochi,
MD, PhD, Laboratory for Autoimmune Diseases, CGM, RIKEN,
7-3-1 Hongo, Bunkyo-Ku, Tokyo 113-0033, Japan. E-mail:
ykochi@src.riken.jp.
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Conclusion. We d rated a significant asso-
ciation between the nonsynonymous variant in TNFAIP3
and the risk for SLE and RA in the Japanese popula-
tion. TNFAIP3, similar to STAT4 and IRF5, may be a
common genetic risk factor for SLE and RA that is
shared between the Caucasian and Japanese popula-
tions.

Systemic lupus erythematosus (SLE) and rheu-
matoid arthritis (RA) represent multigenic diseases and
are considered to be caused by interactions between
susceptibility genes and environmental factors that re-
sult in an abnormal immune response. In fact, familial
and linkage studies have provided strong evidence for
the role of multiple genetic factors in the development
of SLE and RA (1). In addition, association-based
approaches in candidate loci using single-nucleotide
polymorphisms (SNPs) have also identified several
genes that contribute to these diseases. More recently,
genome-wide association (GWA) studies in SLE and
RA have revealed many susceptibility genes and path-
ways that contribute to disease development (2).

Familial and linkage studies have also shown
familial aggregation of RA, SLE, and other immune-
mediated diseases (1). In fact, several gene polymor-
phisms, including PTPN22, STAT4, and IRF5 variants,
have been shown to predispose to SLE and RA. Recent
GWA studies in Caucasian populations have also iden-
tified the tumor necrosis factor a (TNFa)-induced
protein 3 gene (TNFAIP3) as another common genetic
risk factor for SLE and RA (3-6). TNFAIP3, also known
as the A20 protein, is a negative regulator of the NF-«B
signaling pathway that is essential in the pathogenesis of
both SLE and RA (7). The association of TNFAIP3 with
diseases has been independently reported in SLE and
RA, and it is of great interest that the peaks in associa-
tion in the GWA studies are different between SLE and
RA. In Caucasian populations, the significantly associ-
ated SNP markers for SLE, including the nonsyn-
onymous SNP termed rs2230926, are located in the
TNFAIP3 region, while those for RA are located in the
intergenic region between TNFAIP3 and the oligoden-
drocyte transcription factor 3 gene (OLIG3). In addition
to the difference in the diseases themselves, the associ-
ation between TNFAIP3 polymorphisms and these dis-
eases in the Asian populations remains unclear (8).

In order to elucidate a genetic role for TNFAIP3
in the development of SLE and RA in the Japanese
population, we investigated 2 independent case—control
cohorts of patients with SLE and 3 independent cohorts
of patients with RA.

PATIENTS AND METHODS

Subjects. The subjects in the SLE study group com-
prised 2 cohorts of Japanese patients with SLE and unrelated
control subjects. An SLE case—control cohort from the RIKEN
(SLE cohort 1) consisted of 376 patients (mean age 43.2 years,
90.3% women) and 934 unrelated control subjects (mean age
52.6 years, 25.0% women). An SLE case—control cohort at
Hokkaido University (SLE cohort 2) consisted of 341 patients
(mean age 46.2 years, 883% women) and 428 unrelated
control subjects (mean age 47.7 years, 28.7% female). All
patients with SLE fulfilled the 1997 American College of
Rheumatology (ACR) revised criteria for SLE (9).

The subjects in the RA component of the study
comprised 3 cohorts of Japanese patients with RA and unre-
lated control subjects. The first cohort of patients with RA
from BioBank Japan (RA cohort 1) consisted of 1,112 patients
(mean age 60.5 years, 89.7% female, 69.7% positive for
rheumatoid factor [RF]), and 934 unrelated control subjects.
The second cohort from RIKEN (RA cohort 2) consisted of
830 patients (mean age 64.3 years, 83.7% women, 75.0% RF
positive), and 658 unrelated control subjects (mean age 48.6
years, 57.4% women). The 934 unrelated control subjects in
the first cohort of RA patients were the same as those used in
SLE cohort 1. An RA case—control cohort from the Institute of
Rheumatology Rheumatoid Arthritis (IORRA) cohort (RA
cohort 3), which is a prospective observational cohort of
patients with RA studied at Tokyo Women’s Medical Univer-
sity, comprised 1,504 patients (mean age 59.3 years, 84%
women, 88% RF positive), and 752 control subjects (mean age
38.4 years, 50% women). All patients with RA met the 1987
ACR (formerly, the American Rheumatism Association) re-
vised criteria for a diagnosis of RA (10).

All subjects entered into this study were self-identified
as Japanese and were recruited through several medical insti-
tutions located in Japan. DNA samples from the patients in the
first cohort of RA patients in BioBank Japan were provided by
the Leading Project for Personalized Medicine from the
Ministry of Education, Culture, Sports, Science and Technol-
ogy, Japan (11). All subjects provided informed consent prior
to their participation in this study, and the study was preap-
proved by the ethics committee of each institution.

SNPs. For the selection of SNPs required to genotype
in and near TNFAIP3, we reviewed previous GWA studies of
SLE and RA (3-6). We then selected 2 SNPs, rs2230926 and
1510499194, SNP 152230926 is a nonsynonymous variant in
exon 3 of TNFAIP3 and was strongly associated with SLE in
the GWA study by Musone et al (5). Although the GWA study
of SLE by Graham et al indicated that rs5029939, located in
intron 2 of the gene, is most significantly associated with a
predisposition to SLE (6), there is strong linkage disequili-
brium (LD) (r* = 0.86) between these SNPs according to
HapMap phase II data for Japanese and evidence that
155029939 may be substituted by rs2230926 (Figure 1). Two
previous GWA studies in RA revealed that rs10499194 and
1s6920220, which are located between TNFAIP3 and OLIG3,
were significantly associated risk variants for RA (3,4). The
HapMap data for Japanese individuals indicate that the minor
allele frequency (MAF) of rs6920220 is 0.011, and that the
MAF for control subjects in RA cohort 3 (IORRA) was <0.01.
Results of a recent study in Korean populations also indicated
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A
TNFAIP3 PERP
Chr6:138.0 - 138.5 Mb —_ —
rs10499194 rs2230926

Figure 1. Pairwise linkage disequilibrium (LD) patterns for polymor-
phisms in the TNFAIP3 region, according to HapMap phase II data. A,
Pairwise LD pattern in the expanded TNFAIP3 region derived from
the HapMap data for Japanese patients, with r* values. OLIG3 is
located ~370 kbp away from TNFAIP3 in the 5' region and is not
shown. B, Pairwise LD patterns for single-nucleotide polymorphisms
(SNPs) in the TNFAIP3 region that were significantly associated with

ic lupus eryth and rh id arthritis in previous
genome-wide association studies. The upper and lower panels were
constructed using HapMap data for Japanese and Caucasian patients,
respectively. The diagram shows pairwise LD values as quantified
using the r* value. A stronger LD is depicted graphically by the densely
shaded boxes. The boxed areas show the 2 SNPs genotyped.
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that the variant was too rare (MAF <0.01) to be evaluated for
associations (8).

Based on HapMap data for Japanese individuals,
pairwise LD patterns for the SNPs in and near TNFAIP3,
which were significantly associated with SLE and RA in the
previous GWA studies, are presented in Figure 1 (for SLE,
1513192841, rs10499197, rs5029939, rs2230926, rs7749323, and
rs6922466; for RA, rs10499194 and rs6920220).

Genotyping. We genotyped SNPs using TagMan as-
says. For the selected SNPs, predesigned TagMan SNP geno-
typing assays were used (probe ID: rs2230926, C.770116_10;
1510499194, C.1575581_10; Applied Biosystems, Foster City,
CA). Fluorescence was detected using an ABI Prism 7900HT
Sequence Detection System (Applied Biosystems). Genotyp-
ing assessment was performed on >98% of the samples, for all
of the polymorphisms genotyped. All of the SNPs were in
Hardy-Weinberg equilibrium in control subjects, according to
chi-square statistics (P > 0.01).

Case—control association tests. We first performed
allele frequency comparisons of rs2230926 and rs10499194 in
SLE cohort 1 and RA cohort 1. Then, further case-control
association studies were conducted using SLE cohort 2 and RA
cohorts 2 and 3, to validate the associations in the first cohorts.
In the replication studies, we genotyped the SNPs with a P
value less than 0.05 in either SLE cohort 1 or RA cohort 1 (the
P value was determined after correction for conditional logistic
analysis, as described below).

Measurement of autoantibodies. Sera from 1,104 pa-
tients in RA cohort 1 were available for the of
anti—cyclic citrullinated peptide (anti-CCP) antibodies and RF.
Anti-CCP antibodies were d using the M p CCP
test (Medical and Biological Laboratories, Woburn, MA), and
RF was measured by enzyme-linked i rbent assay.

Statistical analysis. The case-eontrol association of
each SNP was tested with the Cochran-Armitage trend test.
The genotype and allele frequencies for patients and control
subjects were used to calculate the odds ratios (ORs) and 95%
confidence interval (95% ClIs) using Woolf’s method. For the
combined analysis, we used the Mantel-Haenszel test. We
performed conditional logistic regression analysis to eval
the effect of each polymorphism conditional on the remaining
polymorphisms, using Statistica software (StatSoft, Tulsa,
OK). We calculated pairwise LD indices between pairs of
SNPs (the r° value), using HaploView software, version 4.0
(http://www.broad.mit.edu/haploview/ haploview). We calcu-
lated the population attributable risk (PAR) using the follow-
ing formula: PAR = f(OR — 1)/(1 + f[OR - 1]), where f is the
allele frequency in the control subjects. PAR is defined as the
reduction in incidence that would be achieved if the population
had been entirely unexposed. We calculated the statistical
power of association using the R software program (http://
WWW.I-project.org).

RESULTS

Our results revealed a significant association
between 152230926 and both SLE and RA when com-
paring allele frequency in the patients and control
subjects in the first cohort (for SLE, OR 1.92, 95% CI
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Table 1.  Association study of rs2230926 and rs10499194 with SLE in Japanese subjects*
Minor allele frequency
dbSNP number, No. of No. of —_— -

major/minor allele patients controls Patients Controls OR (95% CI) P
52230926, G/T

SLE 1 376 934 0.113 0.062 1.92 (1.43-2.58) 12x10°°

SLE 2 341 428 0.116 0.064 1.91 (1.33-2.73) 3.0x107*

Combined analysist n1 1,362 0.114 0.063 1.92 (1.53-2.41) 1.9x 1078
1510499194, T/C

SLE 1 376 933 0.084 0.061 1.42 (1.03-1.95) 0.030

*SLE = systemic lupus erythematosus; dbSNP = Database of Single-Nucleotide Polymorphisms; OR = odds ratio; 95% CI = 95% confidence

interval.
1 By the Mantel-Haenszel method.

1.43-2.58, P = 1.2 X 1075 for RA, OR 1.52, 95% CI
1.20-1.92, P = 5.6 X 10™*) (Tables 1 and 2). We also
observed an association between rs10499194 and SLE
patients in cohort 1 (OR 1.42, 95% CI 1.03-1.95, P =
0.030) (Table 1). However, the T allele appeared to
represent a susceptibility allele in the SLE and RA
patients in cohort 1, whereas the C allele appeared to be
a risk allele for RA in Caucasians (3). We speculated
that this association could be secondary to the moderate
LD between rs2230926 and rs10499194 (> = 0.14)
according to data on control subjects in SLE cohort 1,
and we subsequently performed a conditional logistic
regression analysis to evaluate the effects of each poly-
morphism conditional on the remaining polymorphisms.
The results of this analysis indicated that rs10499194 did
not retain the statistically significant association when
conditionally evaluated on rs2230926 (P = 0.73), while
rs2230926 retained the significant association when con-
ditionally evaluated on rs10499194 (P = 3.4 X 10™%). We
concluded that rs2230926 was primarily associated with
SLE located at this locus, and therefore genotyped only
1s2230926 for replication studies in SLE (3-6).

The results of a case—control association study in
SLE cohort 2 confirmed the significant association be-
tween rs2230926 and the risk of SLE (OR 1.91, 95% CI
1.33-2.73, P = 3.0 X 10™*). A combined analysis also
confirmed a significant association (OR 1.92, 95% CI
1.53-2.41, P = 1.9 X 1078, PAR = 0.055). In RA cohort
2 a statistically significant association between rs2230926
and a predisposition for RA was also replicated; how-
ever, this was not replicated in RA cohort 3 (for cohort
2, OR 1.39, 95% CI 1.07-1.81, P = 0.013; for cohort 3,
OR 1.19, 95% CI 0.94-1.50, P = 0.15) (Table 2). In RA
cohort 3, the statistical power required to detect an
association at 152230926 was 0.54 at a significance level
of a = 0.05 when we presumed that the OR for RA was
1.4 (the combined OR for RA cohorts 1 and 2 was 1.46).
It was possible that the statistical power for RA cohort 3
may have been insufficient. A combined analysis on
these data suggested a significant association (OR 1.35,
95% CI 1.18-1.56, P = 2.6 X 1075, PAR = 0.024).

We observed no significant association of
rs10499194 in RA cohort 1, but the statistical power to
detect the association in this study was insufficient (1 —

Table 2. Association study of rs2230926 and rs10499194 with RA in Japanese subjects*
Minor allele frequency
dbSNP number, No. of No. of —
minor/major allele Patients controls Patients Controls OR (95% CI) P
152230926, G/T
RA cohort 1 1,112 934 0.091 0.062 1.52 (1.20-1.92) 56x107*
RA cohort 2 825 655 0.100 0.074 1.39 (1.07-1.81) 0.013
RA cohort 3 1,478 747 0.087 0.075 1.19 (0.94-1.50) 0.15
Combined analysist 3,415 2,326 0.092 0.069 1.35 (1.18-1.56) 26 %1073
1510499194, T/C 0.26
RA cohort 1 1,112 933 0.069 0.061 1.15 (0.90-1.48) 0.26
RA cohort 2 827 650 0.072 0.048 1.52 (1.11-2.08) 0.0090
RA cohort 3 1,472 716 0.073 0.059 1.32 (1.02-1.73) 0.038
Combined analysis{ 3,411 2,299 0.071 0.056 1.30 (1.11-1.53) 84x107*

* RA = rheumatoid arthritis; dsSNP = Database of Single-Nucleotide Polymorphisms; OR = odds ratio; 95% CI = 95% confidence interval.

1 By the Mantel-Haenszel method.
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B = 0.31) considering the previously reported OR of
0.75 and a significance level of a = 0.05 (3). Therefore,
we genotyped rs10499194 in RA cohorts 2 and 3 for
confirmation. Unlike in RA cohort 1, a significant
association of rs10499194 was observed in RA cohorts 2
and 3 (for cohort 2, OR 1.52, 95% CI 1.11-2.08, P =
0.0090; for cohort 3, OR 1.32, 95% CI 1.02-1.73, P =
0.038) (Table 2). However, the risk allele for Caucasian
patients with RA was protective against RA in our
population, just as was observed in SLE cohort 1. The
combined analysis showed a significant association of
rs10499194 with RA (OR 1.30, 95% CI 1.11-1.53, P =
8.4 X 107%).

We stratified patients in RA cohorts 1 and 3
according to the presence of anti-CCP antibodies and
RF and examined for the association between TNFAIP3
polymorphisms (rs2230926 and rs10499194) and RA
susceptibility (see Supplementary Table 1, available in the
online version of this article at http:/Awww3.interscience.
wiley.com/journal/76509746/home). When the patients
were stratified according to anti-CCP antibody status,
the G allele of rs2230926 was found to confer increased
risk for RA in anti-CCP antibody-positive patients
relative to anti-CCP antibody-negative patients (for
anti-CCP antibody-positive patients, OR 1.36, 95% CI
1.15-1.62, P = 4.0 X 107% for anti-CCP-negative pa-
tients, OR 1.16, 95% CI 0.83-1.61, P = 0.39 in the
combined analysis). A similar trend was observed when
patients were stratified according to RF status. A strat-
ified analysis on rs10499194 also showed that the disease
susceptibility allele in Japanese patients with RA (the T
allele) conferred higher risk in autoantibody-positive
patients than in autoantibody-negative patients.

DISCUSSION

In the current study, rs2230926, located in exon 3
of TNFAIP3, was shown to be significantly associated
with a predisposition to both SLE and RA in 2 and 3
independent cohorts of subjects, respectively. Our re-
sults confirmed that TNFAIP3 is one of the common
genetic risk factors for both SLE and RA, similar to
STAT4 and IRF5, in the Japanese and Caucasian popu-
lations (2). In addition, recent studies in Caucasian
patients with RA have demonstrated that the TNFAIP3
variant conferred an increased risk of RA in anti-CCP
antibody- and RF-positive patients compared with anti-
CCP antibody- and RF-negative patients (12,13). Our
analysis stratified according to the autoantibodies con-
firmed this observation in Japanese patients with RA.

TNFAIP3 encodes a cytoplasmic zinc finger pro-
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tein that is also known as the A20 protein. The A20
protein is required for negative regulation of the NF-xB
signaling pathway, which is mediated by innate immune
receptors such as TNF receptors and Toll-like receptors,
and it prevents overstimulation of the innate immune
response (7,14). The disease-associated variant,
152230926 (T/G), is a nonsynonymous variant that re-
sults in a phenylalanine-to-cysteine change at residue
127 of the A20 protein (5). The risk allele is known to be
the G allele that encodes Cys. Musone et al have
reported that Cys'?” A20 protein was only modestly, but
consistently, less effective at inhibiting TNF-induced
NF-«B activity than the Phe'? protein (5). This result
suggests that reduced negative regulatory activity of A20
protein may allow excessive immune activity, leading to
enhanced autoreactivity.

GWA studies of SLE patients in Caucasian pop-
ulations have suggested that several polymorphisms in
the TNFAIP3 region, including the nonsynonymous SNP
152230926, are associated with a predisposition to the
disease. The genetic significance of rs2230926 was evi-
dent in the Japanese patients with SLE or RA entered
into our study, although its precise role in Caucasian
patients with RA remains unclear. The intergenic SNP
1s10499194 is one of the landmark polymorphisms iden-
tified in Caucasian patients with RA (3,15), although the
significant association with RA could not be replicated
in several Caucasian populations (3,12). Because
rs10499194 is also associated with RA susceptibility and
autoantibody status in our population, rs10499194 could
be a landmark for disease causal variants in Japanese
patients with RA. However, considering the inverted
susceptibility allele of rs10499194 between Japanese
patients (T allele) and Caucasian patients (C allele), this
association of rs10499194 would appear to be secondary,
as a result of LD between rs10499194 and the disease
causal variants. This finding is further supported by the
lack of independent association at rs10499194 in SLE
when conditioned with the rs2230926 genotype, suggest-
ing that the association observed in rs10499194 may be
partially influenced by rs2230926.

Taking into account the biologic impact of
rs2230926 demonstrated by Musone et al (5), rs2230926
seems likely to be an important candidate for a causal
variant in TNFAIP3 (5). However, additional polymor-
phisms that are located in the intergenic region of
OLIG3 and TNFAIP3 as well as that of TNFAIP3 and
PERP may also independently exercise an effect on
disease susceptibility, a hypothesis that was previously
raised by Musone et al (5) and Graham et al (6). Further
mapping of the TNFAIP3 region in Asian and Caucasian



ASSOCIATION OF NONSYNONYMOUS SNP IN TNFAIP3 WITH SLE AND RA 579

populations is required for the precise determination of
the additional causal polymorphisms present in patients
with RA or SLE.

In conclusion, we confirm that TNFAIP3 is a
genetic risk factor for the development of both SLE and
RA in the Japanese population. Although the nonsyn-
onymous SNP 152230926 is a strong causal variant
candidate in this region, a search for additional causal
variants in TNFAIP3 is required.
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Replication of association between
FAM167A(C8orf13)-BLK region and
rheumatoid arthritis in a Japanese
population

Polymorphisms in the genomic region encoding B lymphoid

tyrosine kinase (BLK) and family with sequence similarity 167,
member A (FAM167A, also referred to as C8orf13) at 8p23.1

936

have been associated with systemic lupus erythematosus (SLE)
in Caucasian' > and Asian® * populations. A recent genome-
wide study in a north American population showed new asso-
ciations with rheumatoid arthritis (RA), among which was a
single nucleotide polymorphism (SNP) rs2736340 in the inter-
genic region of BLK and FAM167A.° In the HapMap Japanese
samples (http://www.hapmap.org/index html ja), this SNP
is in absolute linkage disequilibrium (=1) with rs13277113,
previously associated with SLE.'* We have shown that the
population frequency of the risk genotype rs13277113A/A and
the OR for SLE were substantially higher in the Japanese pop-
ulation than in the Caucasian population.®

Ann Rheum Dis May 2010 Vol 69 No 5
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Table 1  Association of BLK rs13277113 with rheumatoid arthritis (RA) in a Japanese population
Genotype frequency Allele frequency Allelic association
n AA AG G/G G p Value OR (5% Cl)
RA 603  308(0.511) 242(0.401) 53(0.088) 858(0.711)  348(0.289)  0.018 1.24(1.04t0 1.49)
Control 492  218(0.443) 218(0.443)  56(0.114) 654 (0.665) 330 (0.335)

The association was tested by x? analysis using a 2 2 contingency table.

To date, the association of FAM167A-BLK region with RA has
not been reported in non-Caucasian populations. In this study
we examined whether the association between BLK and RA
was replicated in Japanese subjects.

A case-control association study was performed for 603
patients and 492 healthy controls. Because the association
of FAM167A-BLK region with SLE is already established,!~
patients with RA complicated with SLE were excluded. All
patients fulfilled the American College of Rheumatology clas-
sification criteria for RA.® The patients and the healthy con-
trols were recruited at Matsuta Clinic, University of Tsukuba,
the University of Tokyo and Juntendo University. This study
was reviewed and approved by the research ethics committees
of University of Tsukuba and other participating institutes.
Written informed consent was obtained from all partici-
pants, except for some participants before 2001, before the
enforcement of the Ethics Guidelines for Human Genome/
Gene Analysis Research by the Japanese government. From
such participants, oral informed consent had been obtained.
In accordance with the guidelines, the latter samples were
anonymised in an unlinkable fashion and were included in
this study after review and approval by the ethics committee
of University of Tsukuba. The genotype of rs13277113 was
determined using the TagMan SNP genotyping assay (Applied
Biosystems, Foster City, California, USA).> Power calculation
based on the risk allele frequency in the Japanese population
(0.665) showed that this sample size provides 80% power
to detect susceptibility genes with an allelic OR of 1.298.
Deviation from Hardy-Weinberg equilibrium was observed
neither in the patients nor in the controls.

A significant association with RA was replicated in the
Japanese population (table 1). Although the OR was compara-
ble to that in the Caucasian population (1.19 for rs2736340°),
the risk allele frequency was considerably higher in the Japanese
subjects than in the Caucasians (0.273 in cases vs 0.240 in con-
trols for rs2736340°%). The population attributable risk percent-
age was estimated to be 22.8% in the Japanese population and
9.3% in the Caucasian population under the dominant model.
No significant difference in rs13277113 was observed between
HLA-DRB1 shared epitope positive and negative RA (data not
shown).

Our observations indicate that the FAM167A-BLK region may
be a shared genetic factor for a number of autoimmune diseases
in multiple populations, but the genetic contribution may be
greater in Asian populations because of the differences in the
genetic background.
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Concise report

Up-regulation of the endoplasmic reticulum
transmembrane protein UNC93B in the B cells of
patients with active systemic lupus erythematosus

Souichiro Nakano', Shinji Morimoto, Satoshi Suzuki', Takashi Watanabe',
Hirofumi Amano' and Yoshinari Takasaki'

Abstract

Objectives. The transmembrane endoplasmic reticulum (ER) protein UNC93B plays an essential role in
the normal response to signalling through intracellular Toll-like receptor (TLR)3, TLR7, TLR8 and TLR9.
In the current study, we examined the level of UNC93B expression on peripheral B cells from patients with
active SLE, and investigated any correlation with SLE pathogenesis.

Methods. Peripheral blood mononuclear cells (PBMCs) and B cells from 43 active SLE patients were
analysed by quantitative RT-PCR to determine the precise levels of UNC93B mRNA. We also analysed
UNC93B protein expression on B cells from SLE patients using immunoblotting.

Results. The expression of UNC93B mRNA on PBMCs from active SLE patients was significantly higher
than that of controls (P <0.05). The intracellular expression level of UNC93B protein on CD20* B cells
from active SLE patients was also higher than in the controls. Moreover, the expression of UNC93B on B
cells from lupus patients correlated significantly with high titres of anti-dsDNA antibody (P < 0.05).

Conclusions. Up-regulation of the ER membrane protein UNC93B on human lupus B cells suggests that
TLR9 and UNC93B play a partial role in the pathogenesis of SLE by inducing defective peripheral B-cell
tolerance.

Key words: Systemic lupus erythematosus, Innate immunity, Toll-like receptor, Toll-like receptor 7, Toll-like
receptor 9, B cell, UNC93B1, Anti-dsDNA antibody, Autoimmune disease, Myeloid differentiation factor 88.

Introduction

SLE is a systemic autoimmune disease characterized by
the generation of autoantibodies directed against nuclear
DNA and nuclear proteins [1, 2]. Although it is generally
considered that autoimmunity is related to adaptive
immunity, a recent study has demonstrated that abnorm-
alities of the innate immune system may also be related to
the pathogenesis of autoimmune disease [3]. Toll-like
receptor (TLR) activation initiates the innate immune
response by inducing the expression of antimicrobial
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genes and inflammatory cytokines. Activation of TLR
also enhances adaptive immunity via the activation
of dendritic cells (DCs). Several mechanisms have been
proposed to explain the production of autoantibodies in
diseased B cells, including impaired survival or apoptosis
signalling that may prevent negative selection, dysfunc-
tional complement or inhibitory Fc receptors, and the
activation of TLR in response to the accumulation of
apoptotic bodies.

We recently reported that higher expression levels
of TLR9 on peripheral blood B cells in active SLE patients
correlated with CH50 and SLEDAI, and induced the
production of anti-dsDNA antibody and IL-10 synthesis
via TLR9-CpG ligation [4]. The response following TLR9
triggering was also found to be dependent on intracellular
trafficking of the receptors themselves between the
transmembrane endoplasmic reticulum (ER) protein and
endosomes [5, 6]. Tabeta et al. [7] identified triple D (3d)
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