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Amplification of Toll-like receptor-mediated signaling
through spleen tyrosine kinase in human B-cell activation

Shigeru Iwata, MD, PhD,? Kunihiro Yamaoka, MD, PhD,? Hiroaki Niiro, MD, PhD,® Kazuhisa Nakano, MD, PhD,?
Sheau-Pey Wang, MS,? Koichi Akashi, MD, PhD,? and Yoshiya Tanaka, MD, PhD? Kitakyushu and Fukuoka, Japan

Background: B cells are activated by combined signals through
the B-cell receptor (BCR) and CD40. However, the underlying
mechanisms by which BCR signals synergize with Toll-like -
receptor (TLR) signaling in human B cells remain unclear.
Objective: We sought to elucidate a role of spleen tyrosine
kinase (Syk), a key molecule of BCR signaling, in TLR-mediated
activation of human B cells.

Methods: Human naive and memory B cells were stimulated
with combinations of anti-BCR, soluble CD40 ligand, and
CpG. Effects of the Syk inhibitors on several B-cell functions
and expression of TLR9, TNF receptor-associated factors
(TRAFs), and phospho-nuclear factor kB in B cells were
assessed.

Results: Activation of BCR synergized with CD40- and TLRY-
mediated signals in driving robust proliferation, cell-cycle
. progression, expression of costimulatory molecules, cytokine
production, and immunoglobulin production of human B-cell
subsets, especially memory B cells. However, the Syk inhibitors
remarkably abrogated these B-cell functions. Notably, after
stimulation through all 3 receptors, B-cell subsets induced
marked expression of TLR9, TRAF6, and phospho-nuclear
factor kB, which was again significantly abrogated by the Syk
inhibitors.

Conclusion: Syk-mediated BCR signaling is a prerequisite for
optimal induction of TLR9 and TRAFG6, allowing efficient
propagation of TLR9-mediated signaling in memory B cells.
These results also underscore the role of Syk in aberrant B-cell
activation in patients with autoimmune diseases. (J Allergy Clin
Immunol 2012;129:1594-601.)

Key words: Syk, Toll-like receptor 9, TNF receptor-associated
factor 6, B cells

B cells play a pivotal role in initiation and perpetuation of
autoimmune diseases, including systemic lupus erythematosus
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Abbreviations used
AICDA: Activation-induced cytidine deaminase
BCR: B-cell receptor
FITC: Fluorescein isothiocyanate
NF-«B: Nuclear factor kB
) PI: Propidium iodide
SLE: Systemic lupus erythematosus
Syk: Spleen tyrosine kinase
TLR: Toll-like receptor
TRAF: TNF receptor-associated factor
XBP-1: X-box binding protein 1

‘(SLE). Activated self-reactive B cells not only are a source of

pathogenic autoantibodies but also exert effector functions,
including antigen presentation, cytokine production, and mod-
ulation of the T-cell repertoire. We recently reported that B-cell
depletion therapy with rituximab for refractory patients with
SLE not only rapidly depleted both naive and memory B cells in
peripheral blood but also rapidly downregulated the expression
levels of CD69, CD40 ligand, and inducible -costimulator on
CD4™ T cells.! Thus B cells can facilitate autoimmune pro-

“cesses in both antibody-dependent and antibody-independent

manners.

B cells are effectively activated by combined signals through
B-cell receptor (BCR) and CDA40; however, they require addi-
tional signals for efficient proliferation and differentiation.
Accordingly, when combined with BCR and CD40 stimulation,
Toll-like receptor (TLR) signaling by nucleic acids® induces the
most robust B-cell activation.® In patients with SLE, RNA- or
DNA-containing self-antigens coligate BCRs and TLR7 or
TLRY, causing activation, proliferation, and differentiation of
self-reactive B cells. However, the underlying mechanisms by
which BCR signals potentiate TLR signaling in human B cells
remain unclear.

On BCR ligation by antigens, protein kinases, including Lyn,
an Src family kinase Lyn, and spleen tyrosine kinase (Syk), are
initially activated.* Activation of Syk is a key event for further
propagation of downstream signaling molecules in B cells.® In ad-
dition to BCR, Syk is activated through T-cell receptor and Fc re-
cept01'.6’7 Notably, Syk inhibitors exert potent therapeutic efficacy
against rheumatoid arthritis, as well as bronchial asthma and idi-
opathic thrombocytopenic purpura.®'® Moreover, Syk blockade
prevents the development of skin and kidney lesions in mice
with lupus.!*'? Our current understanding of BCR-
mediated Syk activation, however, extrapolates mainly from ro-
dent studies.

In this study we demonstrate that Syk-mediated BCR signaling
is a prerequisite for optimal induction of TLR9, TNF receptor—
associated factor (TRAF) 6, and nuclear factor kB (NF-«B),
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FIG 1. Syk regulates proliferation and cell-cycle progression in B-cell subsets on BCR, CD40, and TLR9
stimulation. A, BCR-induced phosphorylation of Syk {15 minutes). B-D, Tritiated thymidine (*HTdr) incorpo-
ration of human B cells was measured during the last 18 hours of the 72-hour culture. The data are shown as
means + SDs. *P<.05. sCD40L, Soluble CD40 ligand. E, FACS histograms of nuclear DNA content in mem-
ory B cells 24 hours later. Unstim, Before stimulation; 35, BCR, CD40, and TLR9 stimulation. Results are rep-

resentative of 3 independent experiments.

thereby driving efficient TLRY signaling that is critical for the
proliferation and differentiation of human memory B cells.

METHODS
Reagents

Syk inhibitor I, Syk inhibitor II, Syk inhibitor IV, BAY61-3606, PP1, and
PP2 were purchased from Merck (Darmstadt, Germany). Lyn peptide
inhibitor was purchased from Tocris Bioscience (Ellisville, Mo). PF-956980
(JAK3 kinase inhibitor) was provided from Pfizer, Inc (New York, NY).
Anti-BCR mAbs (anti-Igh and anti-Igk), recombinant human IL-2, recom-~
binant human CD40 ligand, and phosphorothioate-protected CpG-oligonu-
cleotide 2006 (CpG-ODN 2006; 5'-TCGTCGTTTTGTCGTTTITGICG
TT-3") were from BD PharMingen (San Diego, Calif), R&D Systems
(Minneapolis, Minn), PeproTec (Rocky Hill, NJ), and Greiner Bio-One
(Tokyo, Japan), respectively.

Isolation, culture, and stimulation of B-cell subsets

This study protocol has been approved by the ethics committee of our
university. PBMCs from 3 healthy donors were isolated with lymphocyte
separation medium (ICN/Cappel Pharmaceuticals, Aurora, Ohio). B cells
were obtained by means of negative selection from PBMCs by using the

memory B-cell isolation kit (Miltenyi Biotec, Bergisch Gladbach, Germany).
CD27" memory B cells were thenisolated by means of positive selection from
B cells with CD27 microbeads. The negative fraction of this isolation was as-
signed to CD27 ™ naive B cells. Purity of naive and memory B cells was greater
than 90% (see Fig El in this article’s Online Repository at www.jacionline.
org). B cells were cultured in RPMI 1640 (Wako Pure Clinical Industries,
Osaka, Japan) supplemented with 10% FCS (Tissue Culture Biologicals, Tu-
lare, Calif), 100 U/mL penicillin, and 100 U/mL streptomycin (Invitrogen,
Carlsbad, Calif). According to a previous study,'® we used the combination
of anti-Igk and anti-Igh mAbs for BCR stimulation and initially ensured
strong induction of Syk phosphorylation by these antibodies (Fig 1, A).
CDA40 stimulation with recombinant human CD40 ligand is hereafter referred
to simply as CD40 stimulation. CpG-ODN 2006 is a type B CpG-ODN spe-
cific for human TLR9 and mainly activates B cells but only weakly stimulates
IFN- secretion in plasmacytoid dendritic cells.'*

Proliferation assay

Purified B cells were stimulated in 96-well plates (1 X 10° per well) with
anti-BCR mAbs (anti-Igh and anti-Igk, 1 pg/mL each), soluble CD40 ligand
(2 pg/mL), and CpG-ODN (2.5 pg/mL) with or without IL-2 (10 ng/mL).
Cells were cultured for 72 hours and pulsed with 0.5 pCi (18.5 kBq) per
well of tritiated thymidine during the last 18 hours of culture and then har-
vested with a semiautomatic cell harvester (Abe Kagaku, Chiba, Japan), and
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their uptake of tritiated thymidine was determined with a scintillation counter
(Aloka LSC-3500ETM, Tokyo, Japan).

Flow cytometric analysis

After washing, B-cell subsets were incubated in blocking buffer (0.25%
human globulin, 0.5% human albumin [Yoshitomi, Osaka, Japan], and 0.1%
NaNj in PBS) in a 96-well plate at 4°C for 15 minutes. Cells were then sus-
pended in 100 pL of FACS solution (0.5% human albumin and 0.1% NaNj
in PBS) and treated with fluorescein isothiocyanate (FITC)~labeled murine
IgGlk, anti-human CD80 (BD PharMingen, San Diego, Calif), or anti-
human CD86 (Dako Japan, Kyoto, Japan) for 30 minutes at 4°C. Cells were
washed 3 times with FACS solution and analyzed with a FACSCalibur (Bec-
ton-Dickinson, San Jose, Calif) and FlowJo software (Tomy Digital Biology,
Tokyo, Japan). For intracellular staining of phosho-Syk, Blimp-1, TRAF2,
TRAF3, TRAF5, TRAF6, and phospho-NF-«B, cells were fixed with PBS
containing 1% formaldehyde and permeabilized with saponin-PBS (PBS con-
taining 0.1% saponin, 0.1% BSA, 0.1% NaN3, and 0.01 mol/L. HEPES). After
washing, cells were resuspended in saponin-PBS and stained with mouse anti-
human phospho-Syk (pY348) (BD PharMingen), goat anti-human Blimp-
1 (N-20; Santa Cruz Biotechnology, Santa Cruz, Calif), rat anti-human
TRAF2 (MBL), rabbit anti-human TRAF3 (Santa Cruz Biotechnology), rabbit
anti-human TRAFS5 (Santa Cruz Biotechnology), mouse anti-human TRAF6
(Santa Cruz Biotechnology), or rabbit anti-human phospho-NF-xB p65
(Ser 536, 93H1; Cell Signaling Technology, Tokyo, Japan), followed by wash-
ing with saponin-PBS. FITC-labeled denkey anti-goat IgG (Santa Cruz
Biotechnology), phycoerythrin-labeled goat anti-rat (BD PharMingen),
phycoerythrin-labeled goat anti-rabbit (CALTAG), FITC-labeled rat anti-
mouse (BD PharMingen), and FITC-labeled goat anti-rabbit IgG (BD Phar-
Mingen) were used as secondary antibodies. Isotype-matched goat IgG, rat
IgG, rabbit IgG, or mouse IgG controls (all from Sigma-Aldrich, St Louis,
Mo) were used to evaluate the background.

Apoptosis assay

Purified B cells were stimulated for 72 hours in 96-well plates (2 X 10° per
well) with anti-BCR mAbs (anti-Igh and anti-Igk, 1 pg/mL each), soluble
CD40 ligand (2 pg/mL), and CpG-ODN (2.5 p.g/mL) with or without Syk in-
hibitor IV. After culture, cells were double-stained with FITC-Annexin Vand
propidium iodide (PT) in Apoptosis Detection kit I (BD PharMingen). The per-
centage of apoptotic cells was measured by using flow cytometry.

Cell-cycle analysis

For cell-cycle analysis, cells were suspended in PI staining buffer (50 g/
mL PI, 5 mmol/L EDTA, 1 pg/mL DNase-free RNase, and 0.1% saponin in
PBS). The samples were then incubated for 30 minutes at 37°C, and DNA
content was analyzed by using flow cytometry.

Cytokine production

Levels of IL-6, IL-10, IL-12 p70, and TNF-a in culture were determined by
using the BD Cytometric Bead Array human Flex set, according to the
manufacturer’s instructions (BD PharMingen).

IgG ELISA
For quantification of in vitro IgG secretion, B-cell subsets were cultured with
anti-BCR mAbs, CD40 ligand, and CpG-ODN 2006 in 96-well plates (1 X 10°
per well) for 5 days. IgG levels in culture were determined by using a human
IgG ELISA Quantitation Kit (Bethyl Laboratories, Inc, Montgomery, Ala).

Quantitative real-time PCR

Total RNA was prepared by using the RNeasy Mini Kit (Qiagen, Chats-
worth, Calif). First-strand cDNA was synthesized, and quantitative real-time
PCR was performed in the Step One Plus instrument (Applied Biosystems,
Foster City, Calif) in triplicate wells in 96-well plates. TagMan target

J ALLERGY CLIN IMMUNOL
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mixes for X-box binding protein 1 (XBP-1) (Hs00152973-ml), AICDA
(Hs00757808-m1), and TLR9 (Hs00964360-m1) were purchased from Ap-
plied Biosystems. XBP-1, activation-induced cytidine deaminase (AICDA)
and TLR9 mRNA expression levels were normalized to the levels of 18S ribo-
somal RNA (Hs99999901-m1, Applied Biosystems) as an endogenous con-
trol, and the relative quantity compared with the PBMC sample as a
reference was calculated by using the quantification-comparative cycle thresh-
old (AACy) formula. Relative quantity was calculated by using the AACr for-
mula-referenced sample of PBMCs.

Western blot analysis

Raji cells were lysed in an NP-40 buffer containing NaCl, Tris-HCL (pH 8.0),
distilled water, and protease inhibitor. Lysates were then mixed with an equal
volume of sample buffer solution (2-mercaptoethanol; Wako Pure Chemical
Industries) and boiled for 5 minutes. Proteins were separated by means of SDS-
PAGE, transferred onto nitrocellulose membranes (Whatman, Tokyo, Japan),
blocked with 5% skim milk, and immunoblotted with anti-human Syk,
anti-human phospho-Syk (pY348), anti-human TRAF6, anti-human phospho—
NF-«B p65 (Ser 536, 93H1), and horseradish peroxidase-labeled anti-secondary
(#NA931V and #NA934V; GE Healthcare, Osaka, Japan) by using immunore-
action enhancer solution (Can Get Signal; Toyobo, Osaka, Japan). Blots were
developed with ECL Western Blotting Detection Reagents (GE Healthcare) and
visualized with a light-capture instrument (ATTO, Tokyo, Japan).

Statistical analysis

All statistical analyses were performed with JMP version 8.0.2 statistical
software (SAS Institute Inc, Cary, NC). Statistical significance of differences
between the pretreatment and posttreatment values was tested by using the
Wilcoxon test. P values of less than .05 were considered statistically
significant.

RESULTS
Syk is critical for proliferation and cell-cycle
progression in memory B cells

We investigated the effect of BCR, CD40, and TLR9 stimu-
lation on the proliferation of B-cell subsets. BCR stimulation
alone remarkably induced Syk phosphorylation; howeyver, it had
only marginal effects on DNA synthesis in B cells (Fig 1, A and
B). Combined stimulation of BCR, CD40, and TLR9 strongly in-
duced DNA synthesis in both naive and memory B cells, although
significantly more so in the latter. This robust proliferation
was inhibited by Syk inhibitor IV (BAY61-3606) in a dose-
dependent manner (Fig 1, B). Similar data were obtained with
another Syk inhibitor (Syk inhibitors [ and IT; Fig 1, C). In contrast
to these Syk inhibitors, non-Syk inhibitors (PP1, PP2, and JAK in-
hibitor) were not effective, even at high concentrations (Fig 1, D).
Syk inhibitor IV was hereinafter used for further experiments. We
next tested cell-cycle progression in memory B cells after BCR,
CDA40, and TLR9 stimulation (Fig 1, E). The percentage of cells
in the G,/M phase without stimulation was 37.6%. This value in-
creased further up to 94.2% with combined stimulation of BCR,
CDA40, and TLR9. Consistent with our results (Fig 1, B and C),
Syk inhibitor IV significantly inhibited G,/M phase progression
in memory B cells. Together, these results suggest a critical role
for Syk in BCR-, CD40-, and TLR-induced proliferation and
cell-cycle progression in human memory B cells.

Syk regulates expression of costimulatory

molecules and cytokine production in B-cell subsets
We tested expression of the costimulatory molecules CD80 and

CDS86 in B cells (Fig 2). Both were only marginally expressed in
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FIG 2. Syk regulates expression of CD80 and CD86 in B-cell subsets on stimulation. Overlay histograms de-
pict relative fluorescence intensities of human naive and memory B cells cultured for 72 hours. Unstim, Be-
fore stimulation; 3S, BCR, CD40, and TLR9 .stimulation. Results are representative of 3 independent

experiments.
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memory but not naive B cells without stimulation. Combined
stimulation of BCR, CD40, and TLR9 induced significant expres-
sion of CD80/CD86 in memory B cells compared with that seenin
naive cells. Syk inhibitor IV almost completely canceled CD80/
CD86 expression in both subsets, suggesting a role of Syk in ex-
pression of costimulatory molecules in B cells.

‘We next analyzed cytokine production (IL-6, IL-10, and TNF-
o) by B-cell subsets (Fig 3). Combined stimulation with BCR,
CD40, and TLRY induced production of the proinflammatory
cytokines IL-6 and TNF-a in naive and memory cells, although
more markedly in the latter. Syk inhibitor IV clearly inhibited
production of these cytokines in both subsets in a dose-
dependent fashion. In contrast to proinflammatory cytokines,
anti-inflammatory IL-10 production was more pronounced in na-
ive than memory B cells, which is consistent with a recent
study that IL-10-producing B cells are enriched in human
CD277CD38" B cells."” Again, dose-dependent suppression of
IL.-10 production by Syk inhibitor IV was observed in both sub-
sets. We failed to detect IL.-12 p70, IL-2, IFN-«, and IFN~y under

any conditions (data not shown). These results suggest the critical
role of Syk in BCR-, CD40-, and TLR-induced cytokine produc-
tion in B-cell subsets and also underscore the therapeutic efficacy
of Syk inhibitors in decreasing the inflammatory consequences of
autoimmune diseases by modulating proinflammmatory cytokines,
such as TNF-a and IL-6. ’

Syk regulates B-cell differentiation on BCR, CD40,
and TLR9 stimulation

On strong stimulation, B cells differentiate to plasma cells and
undergo class-switching along with expression of critical mole-
cules, such as AICDA, XBP-1, and Blimp-1. Both naive and mem-
ory B cells strongly induced expression of AICDA, XBP-1, and
Blimp-1 after BCR, CD40, and TLRY stimulation, which was
inhibited by Syk inhibitor IV (Fig 4, A and B). In addition, IgG
production induced by BCR, CD40, and TLR9 stimulation, which
was particularly high in memory B cells, was again greatly reduced
by Syk inhibitor IV in a dose-dependent mamner (Fig 4, C).
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These results suggest that Syk also regulates B-cell differentiation
induced by BCR, CD40, and TLR9 stimulation.

TRAF6 is a key Syk-regulated molecule in B-cell
subsets on stimulation

Syk is a key downstream s1gnahng molecule of BCR, but not
CD40 or TLRY, in B cells.'®!” Considering that Syk blockade sig-
nificantly abrogates proliferation, cytokine production, and dif-
ferentiation after BCR, CD40, and TLR9 stimulation (Figs 1-4),
we particularly sought to elucidate the mechanisms by which
Syk regulates TLR9 signaling in human B-cell subsets. Given
that TLRY expression is significantly induced in BCR-
stimulated B cells and that TRAFs are the critical downstream
molecules in CD40 and TLRY signaling in B cells,'®"® we rea-
soned that TLR9 and TRAFs were possible candidates. Memory
B cells constitutively expressed more 7LR9 mRNA than naive B
cells (Fig 5, A). On BCR, CD40, and TLR9 stimulation, TLR9
mRNA expression was more drastically induced in memory
than naive B cells. Syk inhibitor IV inhibited expression of
TLR9 mRNA in memory B cells to the level seen in unstimulated
naive B cells (Fig 5, A). Among TRAFs, expression of TRAF2,
TRAF3, and TRAFS5 was constitutively detected; however, their
expression was not affected by BCR stimulation (Fig 5, B). In
contrast, TRAF6 expression was only slightly detected in mem-
ory B cells without stimulation. BCR stimulation alone, however,
potently increased TRAF6 expression in both subsets (Fig 5, B).
TRAF6 expression was further pronounced by additional CD40
and TLR9 stimulation, and strong NF-kB phosphorylation was
correlatively observed. Expression of these molecules was
blocked by Syk inhibitor IV (Fig 5, B and C).

Without stimuli, Raji cells exhibit higher basal (tonic) signal-
ing that supports proliferation and survival.>° In these cells TLR9
mRNA was expressed at a much higher level than in unstimulated
naive B cells, which was markedly reduced by Syk inhibitor IV
(Fig 6, A). In addition, these cells constitutively exhibited pro-
nounced expression and phosphorylation of Syk. Syk inhibitor
IV clearly inhibited Syk phosphory]ation without affecting its
protein levels. Of note, TRAF6 expression and NF-kB phospho-
rylation were strongly reduced as well by Syk inhibitor IV (Fig 6,
B). These suggest that Syk blockade exerts an inhibitory action on
expression of TLR9, TRAF6, and NF-kB phosphorylation, even
in B cells with high basal BCR signaling.

DISCUSSION

In this study we demonstrate that engagement of BCR in
conjunction with ligation of CD40 and TLR9 induces remarkable
prolifération, expression of costimulatory molecules, cytokine
production, and immunoglobulin production in human B cells,
especially the memory subset. Moreover, the Syk inhibitor
suppresses all of these functions to background levels, at least
in part through inhibition of expression of TLR9 and TRAFG6,
resulting in decreased phosphorylation of NF-«B.

‘We show that combined stimulation with BCR and CD40 was
sufficient to activate memory B cells, whereas it had less effect on
naive B cells. However, Additional CpG stimulation caused
potent activation of both subsets, although always more strongly
in the memory subset, suggesting that memory B cells exhibit a
lower threshold for activation compared with naive B cells.
Memory B cells can survive without antigenic stimulation, and
they can be fully activated only by cognate T-cell help and
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cytokines.?'® In addition, the costimulatory molecules CD80  memory B cells is higher than in naive B cells, which might ac-
and CD86, as well as TLRY and TRAFS, are weakly expressed  count for the maintenance of serologic memory.”*>

in memory B cells in the nonstimulated (steady) state (Figs 2 What signaling molecules are responsible for a basal BCR
and 5). These findings suggest that a basal BCR tonic signal in  tonic signal in memory B cells? We recently showed that without
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BCR stimulation, weak activation of Syk is constitutively
observed in memory B cells.*® Given that Syk activation is a
key event for further propagation of the BCR signaling pathway,*
these findings support our rationale that blockade of Syk activa-
tion regulates the functions of memory B cells. Surprisingly, the
effects of the Syk inhibitor on B-cell functions were more dra-
matic than we had initially expected: it almost completely abro-
gated B-cell proliferation, activation, cytokine production, and
differentiation induced by a combinatorial stimulation of BCR,
CDA40, and TLRY (Figs 1-4). We also evaluated B-cell survival
by determining the percentage of apoptotic cells with FITC-An-

nexin V and PI. Consistent with our previous study,?® without

stimuli, a considerable fraction of B cells spontancously under-
went apoptotic cell death in vitro, and such cell death was not af-
fected by the Syk inhibitor, excluding nonspecific cytotoxic
effects of this inhibitor on B-cell survival (see Fig E2 in this arti-
cle’s Online Repository at www.jacionline.org). On stimulation
with BCR, CD40, and TLR9, apoptotic cell death (Annexin
V*PI™ and AnnexinVPI*) was considerably protected. This
protection was indeed abrogated by the Syk inhibitor in a dose-
dependent manner, suggesting that Syk provides survival signals
as well for B cells after stimulation through all 3 receptors (see
Fig E2).

It remains somewhat unclear whether Syk is directly activated
in CD40 and TLRY signaling pathways in B cells.’®!” Ying et al*’
showed that Syk is synergistically activated in B cells on BCR/
CD40 costimulation, suggesting a role for Syk in CD40 signaling.
Sanjuan et al*® showed, using human monocytic cell lines, that ty-
rosine phosphorylation of TLR9 by the Src family kinases leads to
the recruitment and activation of Syk, suggesting a role for Syk in
TLRO signaling. In contrast to these findings, we found that robust
proliferation in memory B cells after CD40, TLR9, or both stim-
ulation is not influenced by the Syk inhibitor (data not shown).
Thus other regulatory mechanisms of B-cell activation by the
Syk inhibitor are more likely to exist.

‘We show here that Syk is a regulator of expression of TLR9 and
TRAF6, both of which are critical for TLR9-induced NF-kB
activation. Consistent with our results, a previous study showed
that TLR9 mRNA is expressed at high levels in memory B cells
and its expression is enhanced by BCR cross-linking,'® although
involvement of Syk in this process was not investigated. NF-«B
activation regulates 7LR9 mRNA expression induced by BCR,
CD40, and TLR9 stimulation,?® suggesting that NF-kB~induced
TLRY expression forms a novel feed-forward loop in NF-«kB acti-
vation in B cells. Blockade of Syk-mediated BCR signaling could
thus shut off this loop, thereby inhibiting NF-kB activation and
TLRY expression. Indeed, we found that Syk inhibition reduces
expression of TLR9 mRNA in memory B cells to the levels
seen in unstimulated, steady-state naive B cells (Fig 5, A).

TRAFG plays a pivotal role in TLR9-induced c-Jun N-terminal
kinase activation, CD80 expression,*® and IL-6 production.’! B
cell-specific disruption of TRAF6 results in a lower number of
mature B cells, as well as inhibition of antibody class-switching
and impaired differentiation to plasma cells.>* We found that
BCR stimulation alone strongly induces TRAF6 expression,
which is further enhanced by additional CD40 and TLR9 stimu-
lation (Fig 5, B). TRAF6 expression, as well as NF-kB phospho-
rylation, on B-cell activation is markedly inhibited by Syk
blockade. These findings clearly suggest that Syk-mediated
BCR signaling is a prerequisite for optimal induction of
TRAF6, allowing efficient propagation of TLR9 signaling.

J ALLERGY CLIN IMMUNOL
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Our current findings provide a novel insight into B-cell
aberrations in patients with SLE. The prevailing hypothesis of
B cell-mediated autoimmunity is that both autoantigen-triggered
BCR signals and costimulatory signals are required for activation
of autoreactive (pathogenic) B cells, which are particularly
enriched in the memory subset. However, recent studies showed
that TLR7 and TLR9 can recognize self-derived RNA and DNA,

_ respectively, and that TLR signaling is necessary for autoantibody

production in mice with lupus.3>** BCR-induced calcium mobi-
lization and protein tyrosine phosphorylation were both pro-
nounced in B cells from mice with SLE,* indicating that
alterations in B-cell signaling already occur at the proximity of
the BCR. We here demonstrate that Syk-mediated BCR signaling
is a prerequisite for optimal induction of TL.R9 and TRAF®6,
thereby allowing efficient propagation of CD40 and TLRO signal-
ing, which are critical for the proliferation and differentiation of
human memory B cells. Our current findings also underscore
the potential role of Syk in B cell-mediated pathologic processes
in patients with autoimmune diseases, namely Syk-mediated
BCR signaling, could be already activated probably by autoanti-
gens and that Syk inhibitors have potential as new drugs in the
treatment of autoimmune diseases, including SLE and RA.

We thank Ms T. Adachi, Ms N. Sakaguchi, and Ms K. Noda for their
excellent technical assistance.

Clinical implications: Syk inhibitors might be promising for
_controlling the aberrant TLRY signaling that is related to the
proliferation and differentiation of pathogenic memory B cells
in patients with autoimnmuue diseases, including SLE and RA.
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FIG E1. Phenotypic analysis of B-cell subsets in human peripheral blood. B cells were obtained by means of
negative selection from PBMCs. CD27* memory B cells were then isolated by using positive selection from
B cells with CD27 microbeads. The negative fraction of this isolation was assigned to CD27™ naive B cells.
The purity of naive and memory B cells was greater than 90% (x-axis, CD19; y-axis, CD27).
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FIG E2. Sykprovides survival signals for B cells after stimulation through all 3 receptors. B cells {2 X 10° per
well) were cultured in triplicate in 96-well plates with anti-Ig\ and anti-lgk antibodies {1 wg/mL), soluble
CD40 ligand (sCD40L; 2 ng/mL), and CpG-ODN 2006 (2.5 pg/mL) with or without Syk inhibitor IV for 72 hours.
The percentage of apoptotic B cells was assessed by means of double-staining with FITC-Annexin V and Pl

(x-axis, Pl; y-axis, Annexin V).
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B_ cell or T cell-dominant recurrence
after rituximab therapy in patients
with SLE

Systemic lupus erythematosus (SLE) is an autoimmune disease
induced by autoreactive T cell activation and B cell autoanti-
body overproduction. The efficacy of rituximab in refractory
SLE has been documented, although some patients show
partial response only."™ We report here two patients with SLE
_who showed T cell-dominant fare-up and two others who
showed B cell-dependent flare-up, after long-term remission
induced by rituximab administered at 375 mg/m? twice/week.
Rituximab rapidly depleted peripheral naive and memory B
cells in patients with SLE. Patients with prolonged remission
had persistent depletion of memory B cells for >2 years,
whereas recovery of naive B cells occurred within 3-9 months.
The expression levels of CD80 on B cells diminished rapidly
and remained downregulated. Furthermore, CD69 and ICOS

(inducible T-cell co-stimulator) expression levels on CD4+

T cells also decreased and remained at low levels.'?

"B cell-dominant recurrence occurred in two patients, who
were comcurrently positive for anti-ds-DNA antibodies and
extractable nuclear antigen, with lupus nephritis (class II)
before treatment (patients 2 and 3, table 1). Unlike patients
with prolonged remission,'® our patients had markedly high
CD19+1gD memory B cells and overexpression of CD80 on
CD19+ cells just before recurrence, with positive conversion
of serum anti-ds-DNA antibodies and increased proteinuria

(figure 1A and changes in Systemic Lupus Erythematosus
Disease Activity Index and British Isles Lupus Assessment Group
Activity Index, table 1). In contrast, no phenotypic changes were
observed in T cells. Accordingly, the patients were re-treated
with rituximab, which reduced CD19+IgD- B cells and
antj-ds-DNA antibody to undetectable levels, and successfully
controlled disease activity.

In contrast, a T cell-dominant recurrence was noted in two
patients with negative anti-ds-DNA antibodies and extractable
nuclear antigen. Patient 1 presented with fever, polyarthritis, .
lymphadenopathy and acute confusional staté. Patient 4 had
autoimmune haemolytic anaemia before treatment (table 1). In
both patients, the signs and symptoms noted at initial presen-
tation became evident again at recurrence after prolonged
remission. Different from the previous two patients, there was
neither an increase in memory B cells nor change in CD80
expression on B cells. Unlike patients with long-term remission 10
marked increases were noted in the number of CD4+CD45RO+
memory T cells and thee expression levels of ICOS and CD69 on
CD4+ T cells (figure 1B). Treatment commenced with intra-
venous cyclophosphamide pulse therapy and tacrolimus, which
resulted in improvement of disease activity and peripheral

- CD4+ Tcell abnormalities.

In conclusion, we experienced two patients with B cell-
dominant recurrence and two patients with T cell-dominant
one. SLE is known as a highly heterogerieots disease. Based on
these results, rituximab-based B cell depletion therapy might.
expose the hidden B cell- or T cell-dependency-during the SLE
disease process. The phenotypxc changes suggest that B cell- or
T cell memory might be re-driven at recurrence after long-termi -
remission. Thus, the phenotypic differences between B and

Table 1 Characteristics of patients with systemic lupus erythematosus who showed a flare-up after remission by RTX
Latency  SLEDAI BILAG
-Disease Treatment Anti-dsDNA C3/ to (day 0—6 (day 0—6 Phenotype of
- Age/ duration  prior to Initial major organ  antibody c4/ relapse months— menths—> lymphocytes
Patient sex (months) RTX involvement {1U/ml) ENA CH50 ANAs (years) atrelapse)  atrelapse)  at flare
1 29F 6 CS, Ivey Lymphadenopathy 5.4 (13.0) 114/ 320 2 9-0-17 12-0-21 Persistently low
CNS 18/31 memory B cells,
high number of
memory T cells and
expression levels of
. 1S
2 32/F 108 CS, IVCY, Nephritis {IV) 52.3 {18.9) Ro, 90/ 640 3 16—0-20 17-0-9 High number of
. CsA AZA, Sm, 15/39 - memory B cells
PE RNP and expression
level of CD80.
- Persistently low
expression levels of
CD69 and ICOS
3 16F 30 CS,IVCY  Nephritis (IV) 610.7 (159.6) -Ro 54/8/ 320 15 13-0-»10  23-0-»13  High number of
MZ, CsA - 25 . memory B cells
and expression
levels of CD8O0.
Persistently low
expression levels of
: CD69 and ICOS
4 19F 74 €S, IVCY,  AHA 7.9 (5.0) 54/ 80 1 45052 4-0-13  No recovery of B
PE AZA, <5/9 cells; high number
TAC - of memory T cells

and expression
levels of CD69

AIHA, autoimmune haemolytic anaemia; ANAs, antinuclear antibodies; AZA, azathioprine; BILAG, British Isles Lupus Assessment Group Activity Index; CNS, central nervous
system; CsA, cyclosparin; CS, prednisolone (or equivalent); ENA, extractable nuclear antigen; 1COS, inducible T-cell co-stimulator; IV, intravenous; IVCY, intravenous
cyclophosphamide pulse therapy; MZ, mizoribine; PE, plasma exchange; RTX, rituximab; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; TAC, tacrolimus.
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Figure 1 (A) Band T cell surface antigen expression levels before and 28 days after treatment, and at the time relapse of systemic lupus,

- erythematosus, 3 years after treatment, in patient 2 with B cell-dominant relapse. (1) Changes in CD19+ cell subsets {abseissa: IgD, ordinate:
CD27), in the numbers of naive B cells {Ig0*CD27), memory B cells (IgD"CD27* class switched memory B cells and IgD"CD27" double negative
memory B cells) and plasma cells (IgD"CD27"9"). (2) Changes in the expression level of CD8D {costimulatory molecule expressed on CD19™ cells).
(3) Changes in CD4 cell subsets (abscissa: CD4; ordinate: CD45RO; changes in numbers of naive T cells and memory T cells). (4) Changes in the
expression levels of CDB9 and ICOS, which are costimulatory molecules expressed on CD4+ cells. {B) B and T cell surface antigen expression levels
before and 28 days after rituximab treatment, and at the time of relapse, 9 months after treatment, in patient 4 who showed T cell-dominant relapse.

T cells after rituximab therapy could partly explain the hetero-
geneity of SLE. The results also indicate that differential target-
ing therapies should be considered. according to such
heterogeneity. However, further analysis of a large sample of
patients is needed.
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Abstract -

Objectives The aim of thlS study was to descnbe age,
gender distribution, and age at onset of systemic lupus
erythematosus (SLE), polymyositis/dermatomyositis (PM/
DM), and systemic sclerosis (SSc) in Japan.

Methods We used epidemiological information on
21,405, 6,327, and 10,058 patients with SLE, PM/DM, and
SSc, respectively, in a Japanese nationwide registration
database of patients with intractable diseases.

Results Al three diseases occur predominantly in women,
with the fémale-to-male ratio being 8.2:1, 2.6:1, and 7.7:1 for
SLE, PM/DM, and SSc, respectively. The most susceptible
age for SLE is 1544 and 20-39 years for males and females,
respectively. For PM/DM it is 45-64 and 4064 years and

tor SSc, 50-69 and 40-59 for men and women, respectively. '

Conclusions The basic descriptive epidemiological char-
- acteristics of SLE, PM/DM, and SScin Japan, such as gender
distribution, present age, and age at onset, were surveyed
nationwide for fiscal 2007. It was found that these charac-
teristiés were similar to those in Western populations.
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Our finding provides new mformatlon on the natural h13tory
of disease development. »
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Introduction

Systemic lupus erythematosus (SLE), polymyositis/derma- -
tomyositis (PM/DM), and systemic sclerosis (SSc) are sys- -
temic autoimmune diseases. Their chronic intractable nature -
has a significant impact on medical care utilization, activity of
daily living, and quality of life. As these diseases are rela-
tively rare, their epidemiological characteristics have not yet
been described in detail in Japan. In such rare diseases,
accumaulation of large numbers of patients from the entire
country is necessary for informative epidemiological studies.

The National Programme on Rare and Intractable Dis-
eases was launched in Japan in 1972. Since then, the gov-
ernment has promoted research and expanded support for’
patients with a number of such diseases [1]. This programme
established a nationwide registration system for patients with
intractable diseases, including SLE, PM/DM, and SSc. Here,
we describe age, gender distribution, and age at onset of these
diseases using data from the registration system.

Materials and methods
Data sources ‘

The Japanese government has established a nationwide
registration system for patients with intractable diseases
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_“under which registered patients are eligible for financial aid
from the government for their treatment. Details of the
registration system have been described elsewhere [1].
Most patients with SLE, PM/DM, or SSc are expected to be
registered as having a designated intractable disease,

. although not all registered patients’ data have been con-
verted to electronic form. The electronic database has been
effectively utilizable for epidemiological research since

2003. After obtaining permission from the Ministry of

"Health, Labour and Welfare (MHLW) of Japan, we used
- data of fiscal year 2007 consisting of patient sex, age, birth
year, and disease-onset year. -

Statistical analysis

We calculated thé electronic data entry rate as the number
of patients whose data was converted into electronic form
divided by the total number of patients enrolled in the
‘registration system. The latter information is contained in
MHLW’s Report on Public Health Administration and
Services [2]. We ascertained age at disease onset as onset

year minus birth year. Using onset age, we determined the

most susceptible age as the minimum range that includes
peak onset age and 50 % of onsets. All statistical analyses
were performed with SAS version 9.1.3 software (SAS
Institute Inc., Cary, NC, USA).

- Ethical considerations

All data provided by the MHLW are anonymous, and
researchers cannot access personal information about any
patient. :

Results

‘Table 1 shows the number of patients with SLE, PM/DM,
and SSc whose data was converted into electronic form and
the electronic data entry rate in fiscal 2007. We used
electronic data for 21,405, 6,327, and -10,058 SLE, PM/
DM, and SSc' cases, respectively. The numbers of all
patients registered with the database for the MHLW'’s
- Report on Public Health Administration and Services were
55,021 SLE and 37,975 PM/DM and SSc (PM/DM and SSc
.were not reported separately) [2]. The proportion of all
patients with electronic data entered was therefore 39 %
for SLE and 43 % for PM/DM and SSc. Estimating the
- number of all PM/DM- and SSc-registered patients sepa-
rately, the:number would be 14,714 (6,327/0.43) PM/DM
and 23,391 (10,058/0.43) SSc. These can be considered to
be the total number of registered patients in the entire
Japanese (population 126 million). :

@ Springer

Table 1' Number of patients with SLE, PM/DM, and SSc whose data
was converted into electronic form, and the electromc data entry rate in.
fiscal 2007

Total No.of  Electronic data

Diseases No. of
~electronic  patients® entry rate (a/b)
entries® : :
SLE 21,405 - 55,021 0.39
PM/DM 6,327 o A
37,975 043
SSc 10058 |

SLE systemic lupus erythematosus PM/DM polymyosms/dermato-
myositis, SSc¢ systenuc sclerosis .

2 The number of patients whose data was converted into electronic
form B

" ® Total numbers of patients enrolled in the registration system was

obtained from the 2007 Report on Public Health Administration and
Services [2]

Table 2- Number of male and female patlents with SLE, PM/DM,
and SSc in fiscal 2007

Male Female

Diseases Total ’ Sex ratio
"SLE 21,405 2,336 19,069 8.2

PM/DM 6,327 1,735 ‘ 4,592 2.6

SSc . 10,058 1,157 8,901 7.7

Sex ratio (female/male)

SLE. systemic lupus erythematosus, PM/DM polymyosms/dermato-'
myositis, SSc¢ systemic sclerosis

Table 2 shows the number of patienté with SLE, PM/
DM, and SSc stratified by sex. All three diseases pre-
dominantly affect women, with a female-to-male ratio of
8.2:1, 2.6:1, and 7.7:1 for SLE, PM/DM, and SSc,
respectlvely

Figure 1 shows the age distribution of male and female
SLE, PM/DM, and SSc patients. The prevalence of SLE in
women showed two peaks, at age 35-39 and 55-59 years,
with a wide age distribution. The distribution of PM/DM
was similar to SSc, with only a small number of patients
<50 years, and peak prevalence at 55-59 years for PM/DM
and 65-69 years for SSc. SLE distribution in men showed
no significant age peak, and PM/DM and SSc were similar
to. that seen in women. -

Figure 2 shows the distribution of age of onset. SLT
onset peaked at 25-29 years in women, decreasing there-
after. Onset of both PM/DM and SSc in women also had
one peak, but later, at 50-54 years of age, with PM/DM
tending to have a younger onset than SSc. Age of SLE
onset showed no peak in men, and again, PM/DM and SSc
was similar in men and women.

These data on age at onset are summarized in Table 3.

~ For SLE patients, age at the 50th percentile was 35 and
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Fig. 1 Age distribution of SLE; -
- PM/DM, and SSc in fiscal 2007.

L

B Female

AN

SARAMOARAMARIANNANINN
H

.. W.. .
f#&%//i&ﬂ%/ffiﬂflﬁlﬁ/f/f.«f//[il,
| | w

ORI AR AR LR ELR AR SRR RN

{

H

EANDTREERNE RIS NN NNRNA AN
SONERNARMAUNRN SN KRN RSy

i B .
3 M&?yﬂfwﬁ/fff%ﬁ
ORISR
i i
: 1

L AOANAMSEANARARRARS
H

H

vtw

a SLE systemic lupus

erythematosus, b PM/DM

~ polymyositis/dermatomyositis,

v S

o o

g § 8

woed 378 10 HGUNK

slanting lines show the number
by age

bars show the number of male
of female patients,

¢ SSc systemic sclerosis. Solid
patients, and bars with right-

A AR I
i g

.
SNLRCRRRIRRRANRRNS S
|

ANMAMMIIARA B

B4

ke i R

54 G544 B5.5Y A4

PRAORA

. Lo e ) .
O RN R EAAR AR SARRBRRRTRO

¢ 1 i 1 | o
- i " H " H 3
ANAAE A R

) A | e . \ ]
ARSI
H £ ;

H g i i

{
§

]

: :
NSRRI

TN

Ry ®

RO

g B
F -

o W £~

g §8 § 8§ 8§

sjusied WK Jo Bquny

K
L
e

w

Age

:

H

{ i i i i

SRUNURARRRSARRRAN ) SARAAREARRAARRRA AN B
i J i i i

{

w !

3 " 3 ] i .
w{,ﬁ//ﬁ?ffxwf{;f?4?57422r/éwz&?.
H H [ i

H

i

, |
PR R R R AR R N

ANV B

@ Spﬁngex“ '

i 7 ! 1 ¥ ] ] 1
i H i W i H H 1 | i
i i H !
e | i | | a
g8 0 PO T 0
g5 0 L 1T O O !
s || ANNIANAN e M SAMIVUM RO
s . b S N .
I S A AR | .f,,...,zff/ff/ﬁ%?ﬁ/ﬂ/fﬁ%ﬁ?ﬂtzf/j e
i i ] i : : | | |

] ]
w

SN B
: v

i
ENAANY

AN

AN

— 386 —

58 § 8 ¢

sjuaed 008G J0 Jwquny

% £



Mod Rheumatol

5 ! ]
[/ ¢ H
@& = @ ! !
B w | PO
L ® on |
SN W ?/r//f///f//i// b
£55% © f//xf/i////////i//f//i
L W L
SRR S ?//f//f//;xf//zf/fxxxlf//xxf/x ,w
A Ww @
FOOOSERNNS m 5 /f/u////f/zfx?//ﬁ %
3
i g &
AARRIRRRR RN m &;///ff/f//./fxf//f//f//f/f//x//f//fx/////
e H @@
VRNV ¢ ¥ ,/,X/////zflfx/fxx,«xf//i/»//x//ff/f// m
] kS i |
8 /f#%/l/ffp??%&?, N .,/,..,Z‘ ¥ m /.?//x//(f/i/(/xx?/f///f/f/ w
w | ; 2 . B
% n/z///x/////fé ARARRN «V?fﬁ/z, ® .M, : ;//x///ff///f/////if/f m
i { H 18 ps
o H s
?‘?é?/,y.f ;/xu/fé/fé.?f///é?é.é,v, & SUONNRRICRAAR /?.? w

f/y./;//?‘&f%/vi -

:
zsz/ﬁﬁ i

///fffz? /{Z/{f/ff// ?/r///f//lfw//f//ff

HI//.!//k//f//l//»f/////f//ﬁ/ SRR
w ! i e

ST T

g 8 & 8 B8

ssied WO 0 JequinN

a3
-

2,500
1000 formres

s
£

© sjuaned I8 o JequnN £
[33 M . ]
M%.m ‘m'.vvlwumf_.mbl
5EE8E3F5E .
SE YRR
B = ,aOMﬂummy
= w.muebmwb
.8 Sm,mdmvsom,
BEA®SGE2E8SE
s ESEeS od
EMS 52ES9 88
22588, 58 &
D.S2w,m‘&w R
SRESNTE Y 0T
Ne8uBe EEEg
HEE2=B L2588
H882R0sA8T8 8

;&ge a% a;zm%
BBe

o Hals
% Femple

RSN

f//f//}//}x///f///f////f//

H

?//rf/é?zf/?/?/f?/‘?/ SRS
?/////z,f//ff/;w///f/ﬂ/f/f///?/ffz///ffé
R RS
/Am/,?/,?/xf/ﬁ?fszfﬁfé
z/ffwff//fxwf//f//,
Mf/ﬁoﬁé@?«

H
RIS
| KRS

{

NN

ORI -

¢ 18w

g 8 8 8 8
saned 089 J0 JequIny

£

4 05 %ﬁ»i@% :}‘%w?i? 4Gt 4

4

Age gt onsst

pringer

Qs

— 387 —



Mod Rhematol

Table 3 Dlstnbutlon of age at onset of SLE, PM/DM, and SSc in fiscal 2007: percentile, mean, most suscepuble age

Diseases Sex Number Percentile (%) Mean SD Most shsceptible
- age® (years)
-10 .25 .50 75 - 90

SLE Male 12,042 15 23 35. 54 68 385 19.3 15-44
Female 16,995 16 22 32. 43 54 337 14.5 20-39
PM/DM Male 1,581 30 42 53 62 70 50.8 16.9 45-64
) Female 4,167 - 28 . 40 51 60 69 49.2 16.0 40-64
SSe Male 1,018 35 46 55 64 70 54.0 14.1 50-69
Female 7.875 32 42 - 51 59 67 50.2 40-59

13.7

Patients with unknown age at onset were excluded

SLE systemic lupus erythematosus, PM/DM polymyositis/dermatomyositis, SSc systemic sclerosis, SD standard deviation

® We determined the most susceptible age as the minimum Tange that includes the peak onset age and 50 % of onsets

32 years for men and women, respectively. For PM/DM
and SSc, this was in the 50s for both sexes. Mean age at
onset was similar to these 50th percentiles in all three
diseases. We determined the most susceptible age as the
minimum range that included peak occutrence and 50 % of
onsets. This showed that men and women are most sus-
_ceptible to SLE over the age range of 15-44 and
20-39 years, respectively. For PM/DM, this was 45-64 and
.40-64, and for SSc, 50-69 and 40-59 years, for men
and women, respectively.

Discussion

Here we report in detail present age and distribution of age
at onset in patients with SLE, PM/DM, and SSc in Japan.
Because these diseases are relatively rare, to produce an
epidemiologically effective study, it is necessary to accu-~
mulate a large number of patients using nationwide sur-
veys. We used data from a large number of such patients in
Japan, which were especially informative regarding age of
onset distribution. These data represent very important
epidemiological information that has not been reported in
any previous studies in Japan, with one exception that
analyzed older data [3].

There are several reports describing age, occurrence
frequency in men and women, and age of onset of SLE [4-
6], PM/DM [7, 8], and SSc [9-11] in Western populations.
In Caucasians, peak incidence of SLE occurs between ages
15 and 45 years, with a female-to-male ratio of 6-10:1 [4-
6]. The pattern of occurrence of idiopathic inflammatory
‘myopathy was bimodal, with a small childhood peak
between 10 and 15 years and adult peak between 45 and
60 years [7, 8], with a female-to-male incidence ratio of
2.5:1 [7]. Age at onset of SSc is most commonly in the
range of 45-65 years. As with the other two diseases, SSc
~ is also predominant in women, with a female-to-male ratio
of 4-6:1 [9-11]. The report presented here shows that the

Japanese population seems similar to Western populations
in the factors assessed here. However, age at PM/DM onset
did not show .a childhood peak. The reason for this may be
that alternative financial support for medical treatment for
children is provided by local government and therefore
some of them are not registered in the national database. It
means that a childhood peak may exist in Japanese, but our
observation on the national database could not detect it.
There are some limitations to this study. One issue is

data representativeness. The data we used, however, are
derived from less than half of all registered patients, which
depended on the electronic data entry rate. As the reason
for the low entry rate is that some prefectures did not enter
electronic data at a high enough rate due to financial or
clerical problems, it is unlikely that the data entry rate
differs between sexes and at different ages. In the obser-
vation of the characteristics of sex, age, and age of onset, -
we can expect that data is representative of the entire
registered patient population. Other issues would be pos-
sible bias due to the use of data from the registration sys-
tem, such as accuracy of disease diagnosis and coverage of

" all patients. Accuracy of data contained within this regis-

tration system is likely to be good, because specialist

committees were organized in each prefectural government

to check diagnoses according to standard criteria ordained

by the government. Most patients are expected to be

diagnosed and registered in. this system, but clearly, we
cannot be sure of the rate of omissions. Thus, calculations

of prevalence rates from these data may be an underesti-

mation. The prevalence of childhood patients may be also

underestimated, as stated above. The last issue is the

observation of incidence. We can distinguish newly reg-

istered cases, but as some of those may be recurrences or

reregistration of patients who have moved (because when a

patient changes address across prefectures, the registration .
may be renewed), not all the apparently newly registered

cases are new incidence cases. Therefore, we did not show

the incidence here.
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- In conclusion, gender distribution, present age, and age
at onset of recent SLE, PM/DM, and SSc patients in Japan
was surveyed nationwide for fiscal 2007. Our findings

“provide new information on the natural history of disease

development in Japan, which, despite ethnic and other
differences, appears similar to that familiar in' Western
populations.

Acknowledgments This study Was supported by grants from Health

and Labour Science Research of the Ministry of Health, Labour and
"Welfare, Japan: Research Committee on Epidemiology of Intractable
Diseases and Research Committee on Autoimmune Diseases.

Conflict of interest None.

References -

1 Hayashi S, Umeda T. 35 years of Japanese policy on rare dis-
eases. Lancet. 2008;372:889-90.

2. Statistics and Information Department, Minister’s Secretariat,
Ministry of Health, Labour and Welfare. Report on Public Health
Administration and Services 2007 (in Japanese). Tokyo: Statistics
and Information Department, Ministry of Health, Labour and

" Welfare, Japan. 2009.

3. Ohta A, Nagai M, Nishina M, thbazakx S, Ishijima H, Izum:da
M. Age at the onset of intractable disease: based on a clinical
database for patients receiving financial aid for treatment
(in Japanese). Nihon Koshu Eisei Zasshi. 2007;54:3-14.

: @ Springer

10..

11.

. Simard JF, Costenbader KH. Epidemiology and classification of

systemic lupus erythematosus In: Hochberg MC, Silman AJ,
Smolen JS, Weinblatt ME, Weisman MH, editors. Rheumatology,
5th ed. Philadelphia: Mosby/Elsevier; 2010. p. 1223-8.

. Rus 'V, Maury EE, Hochberg MC. The epidemiology of systemic

lupus erythematosus. In: Wallace DJ, Hahn BH, editors. Dubois’
lupus erythematosus. 7th ed. Philadelphia: Lippincott Williams &
Wilkins; 2007. p. 34-44.

. Boddaert J, Huong DL, Amoura Z, Wechsler B, Godeau P, Piette

JC. Late-onset systemic lupus erythematosus: a personal series of
47 patients and pooled analysis of 714 cases in the literature.
Medicine. 2004;83:348-59.

. Oddis CV, Ascherman DP. Chﬁlcal features, c1a351ﬁcat10n, and

epidemiology of inflammatory muscle disease. In: Hochberg MC,
Silman AJ, Smolen JS, Weinblatt ME, Weisman MH, editors.
Rheumatology. 5th ed. Phﬂadelphla Mosby/Elsevier; 2010
p. 1439-55.

. Oddis CV, Conte CG, Steen VD Medsger TA Jr. Incidence of

polymyositis-dermatomyositis: a 20-year study of hospital diag-
nosed cases in Allegheny County, PA 1963-1982. J Rheumatol.
1990;17:1329-34. :

. Mayes M, Assassi S. Epidemiology and classification of sclero—

derma. In: Hochberg MC, Silman AJ, Smolen JS, Weinblatt ME,

Weisman MH, editors. Rheumatology. 5th ed. Philadelphia"
Mosby/Elsewer, 2010. p. 1361-6.

Steen VD, Oddis CV, Conte CG, Janoski J, Casterline GZ

Medsger TA Jr. Incidence of systemic sclerosis i Allegheny
County, Pennsylvania. A twenty-year study of hospital-diagnosed
cases, 1963~1982. Arthritis Rheum. 1997;40:441-5."

Chiffiot H, Fautrel B, Sordet C, Chatelus E, Sibilia J..Incidence
and prevalence of systemic sclerosis: a systematic literature
review. Semin Arthritis Rheum. 2008;37:223-35.

— 389 —



Acta Derm Venereol 2012 Epub abead of print

INVESTIGATIVE REPORT

'

Decreased mlR 7 Expressmn in the Skin and Sera of Patlents

with Dermatomyositis

- Yuka OSHIKAWA, Masatoshi JINNIN, Takamitsu MAKINO, Ikko KAJTHARA, Katsunari MAKINO, Noritoshi HONDA, Wakana -

NAKAYAMA, Kuniko INOUE, Satoshi FUKUSHIMA and Hironobu IHN
Department of Dermatology and Plastic Surgery, Faculty of Life Sciences, Kumamoto University, Kumamoto, Japan

Expression of microRNA (miRNA) in the skin in derma-
tomyositis has not previously been studied in detail. In
this study, we performed miRNA array analysis using
miRNAs purified from dermatomyositis-involved skin
and normal skin, and found that several miRNAs were
up- or down-regulated in dermatomyositis skin. Among
- them, we focused on miR-7, one of the most down-regu-
lated miRNAs in dermatomyositis skin. Total miRNAs
were purified from serum, and hsa-miR-7 levels were
measured with quantitative real-time PCR using the
specific primer. Serum levels of miR-7 were significantly
decreased in patients with dermatomyositis compared

with normal subjects or patients with other autoimmune

diseases. Thus, serum miR-7 levels might be a possible

diagnostic marker for dermatomyositis. Clarifying the

up- or down-stream events of down-regulated miR-7 in

patients with dermatomyositis may lead to further un-

derstanding of the disease and a new therapeutic ap-

proach. Key words: . autoimmune dzseases, polymerase
" chain reaction; polymyos:tzs
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* . Polymyositis/dermatomyositis (PM/DM) is an inflam-

matory disease that affects multiple organs, including
.the muscles, skin and lungs. Cancer risk is increased in
patients with PM/DM. This disease sometimes overlaps
‘with other autoimmune disorders, such as systemic lupus
erythematosus (SLE), rheumatoid arthritis, systemic
sclerosis (SSc), Sjdgren’s syndrome, and mixed connec-
tive tissue disease, thus autoimmunity may play a major
role in the pathogenesis of PM/DM. However, the exact
aetiology of PM/DM is unknown.

microRNAs (miRNAs) are a class of small non-
coding RNAs, on average 22 nucleotides long, which
usually inhibit the translation of target mRNA by
binding to 3’ UTR of the target (1). In humans, almost
1,700 miRNAs have been identified, and miRNAs
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have been implicated in various cellular events, such
as immune response as well as cell development, cell
differentiation, organogenesis, growth control or apo-
ptosis. Accordingly, many publications have suggested
the possibility that miRNAs are involved in the patho-

_ genesis of various diseases. However, there are few

reports about the relationships betwéen miRNAs and
PM/DM. Eisenberg et al. (2) reported that expression
of several miRNAs are changed in the muscle tissues
of PM/DM compared with those of normal control
muscle. However, miRNA expression in the skin of
DM patients has not been determined. In this study, we -
performed miRNA array using miRNAs purified from
DM skin, and found that several miRNAs were up- or
down-regulated in DM skin. Among them, we focused
on miR-7, one of the most down-regulated miRNAs in
DM skin. We evaluated the possibility that serum levels
of miR-7 may be a useful marker for the diagnosis or
evaluation of disease activity in DM patients.

. MATERIALS AND METHODS

Patient material

Serum samples were obtained from 20 patients with DM. A
summary of clinical/laboratory features of DM patients enrolled
in this study are shown in Table I. All the patients fulfilled the
criteria of Bohan & Peter (3, 4). Ten patients with clinically

- and histopathologically typical cutaneous lesions, but without

myositis were dxagnosed as clinically amyopathic DM (CADM)
according to the previous eriteria (5). Electromyographic
examination and muscle biopsies were performed at the time
of diagnosis. Lung involvement was diagnosed based on the -
findings of chest radiography, computed tomography of the
chest, and lung function tests. Patients who had received treat-
ments including steroids, azathioprine, and methotrexate were
excluded. Control serum samples were also collected from 17 -
healthy volunteers, 5 patients with PM, 10 with SLE, and 10
with SSc¢. All serum samples were stored at —80°C prior to use.
Skin specimens were obtained from Gottron’s eruption of 8
DM patients. Six SSc skin was used as disease control. Seven
normal skin samples were obtained from routinely discarded
limb skin of healthy human subjects undergoing skin grafts.
Control and patient skin were collected and fixed in formalde-
hyde immediately after resections. The study design was appro-

ved by the Ethics Review Committee of Kumamoto University - .

(number 177). Written informed consent was obtained before
the patients and healthy volunteers were entered into this study
according to the Declaration of Helsinki.’
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