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DISCOVER SOMETHING GREAT

The role of autoantibody-producing plasma cells in immune
thrombocytopenic purpura refractory to rituximab
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Rituximab is becoming popular as a treatment for immune thrombocytopenic purpura (ITP). We report here
a patient with ITP, who initially responded to rituximab, but later became refractory. In this patient, the
appearance of plasma cells producing anti-platelet autoantibodies is likely to be one of the mechanisms for

rituximab resistance. Am. J. Hematol. 82:846-848, 2007.

introduction

Immune thrombocytopenic purpura (ITP) is an acquired
hemorrhagic condition of accelerated piatelet consumption
caused by anti-platelet autoantibodies, which mainly target
platelet surface glycoprotein lib/llla (GPIIb/llla) [1]. The ma-
jority of ITP patients maintain a safe platelet count by tak-
ing corticosteroids and/or undergoing a splenectomy, but
9-30% require additional treatment after failing to respond
to initial treatment [2]. A number of immunosuppressants
and other reagents are currently used for refractory ITP, but
no gold standard has been established to date. Rituximab
is a chimeric monoclonal antibody directed against CD20,
which is a transmembrane protein present on the surface
of a broad spectrum of B cells, but not on plasma cells [3].
Rituximab has been used extensively in the treatment of B-
cell lymphoma, and several studies and case series in
adults and children with refractory ITP have reported that
approximately half the patients show a significant platelet
response [3-6}. Because of its efficacy and relative safety,
rituximab is becoming popular as a treatment for refractory
ITP. Patients who achieve a complete response tend to
maintain it for more than one year, but the relapse rate is
approximately 40% [4,6]. We report here a patient with re-
fractory ITP who initially responded to rituximab, but later
became refractory. In this patient, the appearance of
plasma cells producing anti-GPIIb/llla antibodies is likely to
be responsible for rituximab resistance.

Results -

As shown in Fig. 1A, platelet-associated anti-GPllb/lila
antibodies and anti-GPIIb/llla antibody-producing cells were
markedly reduced during the first rituximab treatment, but
these levels did not change during the third one. Flow cyto-
metric analysis of the patients PBMC revealed that
CD19*CD3~ and CD207CD138~ B cells were completely
lost after rituximab treatment in both the first and third
courses, although the pretreatment proportion of B cells was
very low (<1%) for the third rituximab treatment (Fig. 1B).
Interestingly, CD20~CD138" plasma cells were detected in
the circulation before and after the third rituximab course,
when the patient had become refractory. To determine
whether the CD20~CD138* plasma cells in the peripheral
blood produced anti-GPIlIb/llla antibodies, PBMC depleted of
CD19%, CD20%, CD138*, or CD34™ cells were used for the
ELISPOT assay. As shown in Fig. 2, in samples taken before
the first rituximab treatment, cells producing anti-GPlib/lila
antibodies were completely lost following the depletion of
CD19% or CD20™ cells, but not following the depletion of
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CD138* cells, indicating that the anti-GPlIb/llla antibody-
producing cells were exclusively CD197CD20*CD138~ B
cells. In contrast, before the third rituximab treatment, when
the patient had become refractory to rituximab, the deple-
tion of the CD19™ or CD20* cells had a minimal effect on
the number of antibody-producing cells, but CD138* cell
depletion markedly reduced them, indicating that CD19~
CD20~CD138" plasma cells predominantly produced the
anti-GPllb/llla antibodies. Bone marrow cells obtained three
months after the third rituximab treatment also showed
plasma cells to be the dominant population responsible for
anti-GPlIb/llla antibody production. When PBMC from 10
randomly selected ITP patients who never received rituxi-
mab were examined using the ELISPOT assay, none of
them had CD138" plasma cells producing anti-GPlb/llla
antibodies. HACA were positive and at an intermediate titer
(174 ng/mL) at the time of the third rituximab treatment, but
were not detectable prior to rituximab use.

Discussion

Our patient with refractory ITP initially responded to ritux-
imab, but after retreatment she became refractory to it. Rit-
uximab resistance is probably not simply due to HACA
induced by the repeated use of this chimeric antibody,
because the third rituximab treatment still induced complete
B-cell depletion, and bone marrow cells responsible for
anti-GPlIb/llla antibody production obtained three months
after the third rituximab treatment showed a plasma cells
phenotype. Data on the clinical significance of HACA during
rituximab therapy are limited, but HACA have been dis-
cussed primarily in association with adverse events, includ-
ing infusion reactions and serum sickness [7]. Rapid clear-
ance of the drug may be of concern, but successful rituxi-
mab retreatment of lymphoma has been reported in a
patient with HACA [8]. An alternative explanation, however,
was suggested by our patient’s having plasma cells produc-
ing anti-GPIlb/Illa antibodies in the circulation as well as in
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Figure 1. Serial measurements of anti-GPlIb/llila antibody

responses and circulating B cell subsets before and after
the first and third courses of rituximab. A: Platelet-associ-
ated IgG anti-GPlIb/llla antibody was measured by
enzyme-linked immunosorbent assay using purified
human GPIlb/illa as the antigen, and the antibody units
were calculated based on a standard curve obtained from
serial concentrations of a standard plasma. IgG anti-GPlHb/
lila antibody-producing cells were detected using enzyme-
linked immunospot assay and are shown in the absolute
number per 1 mL of peripheral blood. B: Serial flow cyto-
metric analysis of CD197CD3~ B cells, CD20*CD138~ B
cells, and CD20~CD138* plasma cells. Relative propor-
tions of the subsets of interest are shown in each panel.

the bone marrow while she was refractory to rituximab.
Since rituximab, which was designed to target B lineage
cells, does not eliminate plasma cells, the appearance of
plasma cells producing anti-platelet autoantibodies could be
one of the mechanisms of rituximab resistance. In this
regard, there is increasing evidence that plasma cells can
survive as long as memory B cells, and such long-lived
plasma cells are thought to be involved in the pathogenesis
of various autoimmune diseases through their continuous
production of pathogenic autoantibodies [9]. Because anti-
GPlib/llla antibody-producing plasma cells were undetect-
able in our patient before rituximab treatment and in 10
additional ITP patients who never received rituximab, it is
possible that repeated doses of rituximab might induce a
compensatory shift in the dominance of autoantibody-pro-
ducing cells from B cells to plasma cells, following the ritux-
imab-induced loss of the B cells. The mechanism involved
in this process remains unclear, but it might be mediated
through longevity of autoantibody-producing plasma cells,
because rituximab blocks differentiation of memory B cells
into plasma celis. Currently, there is little information re-
garding the efficacy of rituximab retreatment in ITP patients
who relapse after one cycle of treatment, but we should
take this potential mechanism for rituximab resistance into
account in developing future therapeutic strategies for re-
fractory ITP.

American Journal of Hematology DOI 10.1002/ajh

Peripheral blood
(pre-1st Rituximab)

)

©

O 54

§ «

S 3

& 2

& 1

S

w 0-

o

> Peripheral blood

2 (pre-3rd Rituximab)

8 4

(8]

o 3

g 2

(&)

3 1

O

© 0

Q.

> Bone marrow

B3 (post-3rd Rituximab)

0

= 201

c

g 161

= 121

S

L 81

o 4l

S

= 7 @

g 5 2 & o &
S O Ao 7 a
= O O @ O

Cell depletion

Figure 2. IgG anti-GPIIb/llla antibody-producing cells in
mononuclear cells that were mock-treated or were
depleted of CD19*, CD20*, CD138%, or CD34" cells. IgG
anti-GPlIb/llla antibody-producing cells in peripheral blood
or bone marrow mononuclear cells were detected using
enzyme-linked immunospot assay. The cell depletion was
performed using magnetic bead-coupled corresponding
monoclonal antibodies, followed by separation on a MACS
column. The frequency of circulating anti-GPlIb/llla anti-
body-producing B cells was calculated as the number per
10° mononuclear cells. Results shown are the mean and
standard deviation obtained from three independent wells.

Materials and Methods

Case report

A 75-year-old woman presented with multiple ecchymoses and nasal
bleeding in June 2003. Physical examination revealed petechiae on her
palate and scattered diffusely on her arms, legs, and trunk. Her complete
blood count showed hemoglobin 8.5 g/dL, leukocyte 4.0 x 10° L™=" with
normal differential, and platelet 12 x 10° L~'. Coagulation and blood
chemistry studies were normal. Antinuclear antibody was negative, but
1gG anti-cardiolipin antibody was strongly positive (74 GPL). A bone
marrow evaluation showed normocellular marrow without dysplasia or
megakaryocytic hypoplasia. The patient was initially treated with pred-
nisolone (1 mg/kg), but there was no clear platelet response, and she
required frequent platelet transfusions, because of severe persistent
thrombocytopenia (platelets < 5 x 10° L™") with oral mucosal bleeding.
The patient was then given intravenous immunoglobulin (IVIG) 0.4 g/kg
for 5 days, which was followed by an increased platelet count (96 x
10° L™'). Splenectomy was performed, but her platelet count fell
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quickly to 10 x 10° L™'. She was treated, successively, with Helico-
bacter pylori eradication, danazol, azathoprine, and cyclosporine, but
her platelets remained <10 x 10° L', and she required weekly plate-
let transfusions. In August 2003, we tried rituximab at a dose of
375 mg/m? weekly for 4 doses. The patient's platelet count rose to
>100 x 10° L™" within 5 weeks and remained at this level for 9 weeks
thereafter. However, she relapsed 13 weeks after the rituximab treat-
ment, and was again transfusion-dependent, despite treatment with
high-dose dexamethasone (40 mg for 4 days), prednisolone (1 mg/kg),
vincristine, danazol, and azathioprine. She received a second rituximab
therapy in December 2003, which resulted in a partial platelet response
(platelets 30-50 x 10° L™") that eliminated the need for platelet trans-
fusion. A monthly pulse cyclophosphamide (300-500 mg) was added,
and the patient’s platelet count remained >50 x 10° L™' for the next
10 months. In November 2004, the patient developed gastrointestinal
bleeding and her platelet count was <10 x 10° L™, requiring IVIG
treatment and platelet transfusion. A third rituximab treatment was
given in March 2005, but there was no platelet response. Since then,
she has received biweekly IVIG (a single dose of 0.4 g/kg) to maintain
a safe platelet count.

Immunologic analyses

Platelet-associated I1gG anti-GPlib/llla antibodies and circulating 1gG
anti-GPlIb/llla antibody-producing cells were measured using, respec-
tively, an enzyme-linked immunosorbent assay (ELISA) [10] and an
enzyme-linked immunospot (ELISPOT) assay [11]). Human antichimeric
antibodies (HACA) were measured using ELISA [12]. Flow cytometric
analysis was performed using the following mouse monoclonal antibod-
ies, which were conjugated to fluorescein isothiocyanate, phycoerythrin,
or allophycocyanin: anti-CD3, anti-CD138 (Beckman Coulter, Fullerton,
CA), arfti-CD19 (Sigma, St. Louis, MO), anti-CD20 (BD Biosciences,
San Diego, CA), and anti-CD34 (Miltenyi Biotech, Bergisch Gladbach,
Germany). Negative controls were cells incubated with an isotype-
matched mouse monoclonal antibody to an irrelevant antigen. The cells
were analyzed on an FACS® Calibur flow cytometer (BD Biosciences)
using CellQuest software. In some experiments, peripheral blood
mononuclear cells (PBMC) depleted of CD18*, CD20*, CD138%, or
CD34" cells were used for the ELISPOT assay. The cell depletion was
performed using magnetic bead-coupled anti-CD19, anti-CD20, or anti-
CD34 monoclonal antibodies (Miltenyi Biotech) or anti-CD138 monoclo-
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nal antibody (Beckman Coulter) in combination with magnetic bead-
coupled anti-mouse IgG antibodies (Miltenyi Biotech), followed by sepa-
ration on a MACS column. Flow cytometric analysis revealed that cells
positive for corresponding markers were nearly absent in the treated
fractions (<0.5% for CD19% and CD20* cells, and <0.01% for CD138*
and CD347 cells).
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Clinical Evaluation of Anti-Aminoacyl tRNA
Synthetase Antibodies in Japanese Patients with
Dermatomyositis

TAKASHI MATSUSHITA. MINORU HASEGAWA, MANABU FUJIMOTO. YASUHITO HAMAGUCHI,

KAZUHIRO KOMURA., TAKASHI HIRANO, MAY UKA HORIKAWA  MIKI KONDO. HIDEMITSU ORITO.

KENZO KAIlL, YUKI SAITO. YUKIYO MATSUSHITA, SHIGERU KAWARA . MASAHIDE YASUI. MARIKO SEISHIMA,
SHOICHI OZAKI. MASATAKA KUWANA, FUMIHIDE OGAWA. SHINICHI SATO. and KAZUHIKO TAKEHARA

ABSTRACT. Objective. To investigate the distribution of anti-aminoacyl-tRNA synthetase (anti-ARS) antibodies
among patients with autoimmune diseases, and to analyze the clinical features of patients with der-
matomyositis (DM) with anti-ARS antibodies.

Methods. Serum samples from 315 patients with autoimmune diseases or related disorders who had vis-
ited Kanazawa University Hospital or aftiliated facilities were assessed for anti-ARS antibodies by
immunoprecipitation. [n particular. the association between anti-ARS antibodies and clinical features
was investigated in detail in pu(i'ems with DM.

Results. Anti-ARS antibody was positive in 16 (29%) of 55 patients with DM. 2 (22%) of 9 patients
with polymyositis. and 7 (25%) of 28 patients with idiopathic pulmonary fibrosis. Although anti-ARS
antibody was detected with high frequency (63%. 15/24) in DM patients with interstitital lung disease
(ILD). the incidence of anti-ARS antibody was very low (3%, 1/31) in DM patients without {L.D. Anti-
ARS antibody-positive patients with DM had signiticantly higher incidences of ILD (94% vs 23%;) and
lever (64% vs 10%) than the antibody-negative patients. Some immunosuppressive agents. in addition
(o oral corticosteroids. were required more frequently in the antibody-positive patients with DM than
the antibody-negative patients (889 vs 269). Although 60% of DM patients with LD simultaneously
developed ILD and myositis. ILD preceded myositis in 33% of patients.

Conclusion. Among patients with DM, anti-ARS antibodies are found in a subset with ILD. DM
patients with anti-ARS antibodies appear to have a more persistent disease course that requires addi-
tional therapy compared to those without anti-ARS antibodies. (First Release Feb 15 2007; J Rheumatol
2007:34:1012-8)

Kev Indexing Terms:

ANTI-AMINOACYL. tRNA SYNTHETASE ANTIBODY ANTISYNTHETASE SYNDROME
DERMATOMYOSITIS INTERSTITIAL LUNG DISEASE
Polymyositis (PM) and dermatomyositis (DM) are idiopathic ed with the involvement of ILD?. Six autoantibodies to
inflammatory diseases affecting skeletal muscles. A subset of aminoacyl-tRNAsynthetase (ARS) have been detected to
patients with PM has interstitial lung disease (ILD). and there date, including anti-Jo-1 antibody?. ARS is an enzyme cat-
are some subsets of ])iitiel]ts with DM who have ILD or inter- a]yzing the binding of the Con'esponding amino acid to the 3°-
nal malignancy'. Early studies showed that anti-Jo-1 antibody terminal of transfer RNA to yield aminoacyl-tRNA. Anti-
is positive in 20%~30% of patients with PM and is associat- ARS antibodies include anti-Jo-1 (histidyl-tRNA synthetase).
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anti-PL-7 (threonyl-tRNA synthetase). anti-PL-12 (alanyl-
IRNA synthetase), anti-OJ (isoleucyl-tRNA synthetase), anti-
EJ (glycyl-RNA synthetase), and anti-KS (asparaginyl-tRNA
synthetase). Recent studies showed that anti-ARS antibodies
are detected in patients with DM as well as those with PM*5.
Anti-ARS antibody-positive patients present common symp-
toms such as myositis, ILD, polyarthritis, Raynaud’s phenom-
enon, fever, and mechanic’s hand. Further, anti-ARS anti-
body-positive individuals showing these abnormalities are
defined as having antisynthetase syndrome®®. No valid
method based on enzyme linked immunosorbent assay
(ELISA) has been established. except anti-Jo-1 antibody. to
detect unti-ARS antibody. Immunoprecipitation is therefore
indispensable und an excellent method in terms of both sensi-
tivity and specificity to detect these antibodies, although the
number of facilities capable of carrying out this assay is
Himited.

ARS can be divided into class I and class 11 by its molecu-
lar structure and the aminoacylation-initiating codon. Other
than isoleucyl-tRNA synthetase, all targets of anti-ARS anti-
bodies identilied to date correspond to class 1. It is estimated
that class Il ARS is present in a free form in the cytoplasm,
and that it is likely to be exposed on the surface to serve as an
autoantigen'®. 1t has recently been reported that histidyl-
IRNA synthetase and asparaginyl-tRNA synthetase have a
chemokine-like function, and may induce the migration of T
lymphocytes and monocytes through their interaction with
chemokine receptors (CCR3 and CCRS) expressed on den-
dritic cells!!. Therefore. the presence of ARS in inflamed tis-
sue may stimulate the uptake of ARS by the invading dendrit-
ic cells, and the resultant presentation of ARS as an autoanti-
gen may induce the production of autoantibody against
ARS!!". Nonetheless. it remains unknown whether anti-ARS
antibodies induce the development of antisynthetase
syndrome.

We investigated the clinical features and the prevalence of
anti-ARS antibodies in Japanese patients with DM.

MATERIALS AND METHODS
Paticnts. Serum samples were obtained from 315 Japanesc patients with
autoimmune  diseases or related disorders who had visited Kanazawa
University Hospital or collaborating medical centers. These included 53
patients with DM, 9 with PM, 28 with idiopathic pulmonary fibrosis (IPF).
and 223 with other diseases [ 126 with systemic sclerosis (SSc¢); 27 with sys-
temic Tupus erythematosus (SLE); 10 with mixed connective tissue discase
(MCTD); 10 with Sjogren’s syndrome: 9 with rheumatoid arthritis (RA). 9
with localized sclerodernia; 6 with overlap syndrome: 6 with adult-onset
Still's disease: 6 with primary antiphospholipid syndrome: 4 with unclassified
connective tissue diseases: 4 with cryoglobulinemia: 3 with Behget’s disease;
and 3 with cosinophilic fasciitis}. Patients with DM visit our department (spc-
cializing in dermatology) more frequently than patients with PM. Therefore,
the pereentage of patients who visited the dermatology associations was 71%
(39/53) in patients with DM. 22% (2/9) in patients with PM. 0% ((0/28) in
patients with IPF, and 77% (203/223) in patients with other discases.

All patients with DM and PM fulfilled the Bohan and Peter criteria’?1.
We distinguished DM from PM by the presence of heliotrope rash or
Gottron’s lesions (Gottron's papules and/or Gottron's sign). The diagnosis of

{PF was based on the presence of unexpected dyspnea, progressive bilateral
pulmonary infiltrates. and evidence of pulmonary fibrosis in histological
specimiens obtained by lung biopsy ™. Patients with IPF were examined for
muscle weakness using a manual muscle test and muscle enzyme levels (cre-
atine phosphokinuse and aldolase) during the followup period (44 + 12 mo).
since the onset of ILD might precede the onset of myositis. Some patients
were also examined by electromyvogram and muscle magnetic resonance
imaging, und by pathologic analysis of the muscle.

The criteria proposed by the American College of Rheumatology!>!#

were used 1o diagnose patients with SSc. SLE. RA, or Sjogren’s syndrome.
MCTD was diagnosed according 1o preliminary diagnostic criteria proposed
by Kasukawa and Miyawaki'®. Localized scleroderma was diagnosed when a
paticnt had rypical symptoms characterized by fibrosis of skin and subcuta-
neous tissue™. Overlap syndrome was diagnosed by the coexistence of 2 or
more connective tissue diseases. such as SLE, DM, PM. SSc. Adult-onset
Still's disease was diagnosed according to the criteria proposed by Medsger
and Christy?!. Primary antiphospholipid syndrome was diagnosed according
to the Sapporo criteria®”. Unclassified connective tissue disease was diag-
nosed by the presence of various connective tissue discase symproms without
ineeting the full criteria for any one of them?®?. Cryoglobulinemia was diag-
nosed by the presence of single or mixed immunoglobulins that undergo
reversible precipitation at low temperatures™. Behget's disease was diag-
nosed according 1o the criteria of the International Study Group for Behget's
Discase?S. Eosinophilic fasciitis is diagnosed by symnetrical scleroderma-
like induration of the skin over one or more distal extremities. accompanying
thickened fascia and cosinophil infiltrations™®.
Immunoprecipitation. The presence of anti-ARS antibody. anti-Mi-2 anti-
body, anti-signal recognition particle antibody, anti-PM/Scl. anti-Ro. or anti-
La was confirmed by the immunoprecipitation assay. The immunoprecipita-
tion assay was performed using extracts of the leukemia cell line K562 as
described'™. A total of 10 41 of patient serum was mixed with 2 mg of protein
A-sepharose beads (Amersham Biosciences, Piscataway, NJ, USA) in 500 gl
of immunoprecipitation buffer (10 mM Tris HCL, pH 8.0. 500 mM NaCl,
0.1% Nonidet P40) and incubated for 2 h at 4°C. and then washed 5 times
with immunoprecipitation buffer.

For polypeptide studies. antibody-coated sepharose beads were mixed
with 100 1 of ¥S-methionine-labeled K562 cell extracts derived from 2 x
105 cells. and rotated at 4°C for 2 h. After 5 washes, the sepharose beads were
resuspended In sodium dodecy! sulfate (SDS) sample buffer und the polypep-
tides were fractionated by 8.5% SDS-polvacrylamide gels (PAGE).
Radiolabeled polypeptide components were analyzed using autoradiograply.

For the analysis of RNA, the antigen-bound sepharose beads were incu-
bated with 300 ul of K562 cell extracts (3 x 10 cell equivalents per sanple)
for 2 h at 4°C. The bound RNA from the sepharose beads. was extracted using
Isogen (Nippon Gene, Toyama, Japan) in accordance with manufacturer’s
protocols. After ethunol precipitation. the RNA was resolved using a 7 M
urea- 10% PAGE, which was subscquently silver stained (Bio-Rad, Hercules.
CA, USA).

Indirect immunofluorescence. Indirect immunofluorescence was performed
using HEp-2 cells and fluorescein-labeled antihuman immunoglobulin
(Medical & Biological Laboratorics. Nagoya. Japan) in patients with DM, as
described?’.

Clinical studies. Complete medical histories, examinations. and laboratory
tests could be obtained from 35 patients among 55 patients with DM analyzed
for anti-ARS antibody. Therefore, the associations between anti-ARS anti-
bady and clinical features were assessed in these 35 paticnts with DM. The
patients were diagnosed as having 1LD according to chest radiography. chest
computed tomography. and pulmonary function testing. which included the
percentage-predicted values for forced vital capacity (FVC) and diffusing
capacity for carbon monoxide (DLCO). Scrum KL-6 levels were determined
by ELISA, as described™®. Internal malignancy was carefully examined using
chest and abdominal computed tomography, gastrointestinal fiberscope. gal-
lium scintigraphy. and other procedures according to need. The protocol was
approved by the Kanazawa University Graduate School of Medical Science
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and Kanazawa University Hospital, and informed consent was obtained from
all patients.

Statistical analysis. Statistical analysis was performed using the Mann-
Whitncy U-test for the comparison of values, and Fisher’s exact probability
test for the comparison of frequencics. p values less than .05 were consid-
cred to be statistically signiticant.

RESULTS

Prevalence of anti-ARS antibody in patients with auwoimmune
diseases. We investigated the existence of anti-ARS antibod-
ies by immunoprecipitation. Representative immunoprecipita-
tion for RNA or protein with anti-ARS antibody-positive sera
is shown in Figure 1. Of the 315 patients with autoimmune
diseases or related disorders, 25 patients (8%) were anti-ARS
antibody-positive. Among these 25 patients, 18 satisfied the
diagnostic criteria for PM/DM. and 7 were diagnosed with
IPF without myositis. The anti-ARS antibody-positive rate
was 29% (16/55) in patients with DM, 22% (2/9) in patients
with PM. and 25% (7/28) in patients with IPF (Table 1). No

tRNA - ™
Bu"
123456

significant association was detected between. each anti-ARS
antibody and the disease subset. It was striking that no
patients with the other autoimmune discases were positive for
anti-ARS antibody (Table 1).

Association between ILD and anti-ARS antibody. The fre-
quency of patients having 1LD was 44% (24/55) in patients
with DM, 33% (3/9) in patients with PM. ILD was detected in
54 (52 SSc and 2 MCTD) of the 223 (24%) patients with other
diseases (Table 2A). Almost all DM (94%, 15/16) or PM
(100%, 2/2) patients with anti-ARS antibody had ILD (Table
2A). Anti-ARS antibody was detected with high frequency in
DM (63%, 15/24) or PM patients (67%. 2/3) with ILD (Table
2B). In contrast, the incidence of anti-ARS antibody was very
low in DM (3%. 1/31) or PM (0%, 0/6) patients without 1I.D
(Table 2B). These findings indicate that anti-ARS antibody is
not myositis-specific, but rather an ILD-specific marker in
patients with DM or PM.

Clinical correlation of anti-ARS antibodies in Japanese

-‘3..7505? N
2 -d -l
%'530.330.3
kDa SEC 358 8 8
220-"{:-—-

i
1

1234358

Figure 1. A. Representative immunoprecipitation for RNA with anti-aminoacy! tRNA synthetase (anti-ARS) scra and
the normal control. 7 M urea- 10% polyacrylamide gel (PAGE) of phenol-extracted immunoprecipitates from K562 cell
extract, developed with silver stain. Total RNA lane indicates the 708, 5.8S. and 5.08 small ribosomal RNA and the
IRNA region. Sera uscd for immunoprecipitation: Lane 1: normal control serum indicated: Lanes 2-5: anti-ARS sera
indicated. with antibodies to PL-12 (alanyl-tIRNA synthetase), EJ (glyeyl-tRNA synthetase). O) (isoleucyl-tRNA syn-
thetase), PL-7 (threonyl-tRNA synthetase), Jo-1 (histidyI-{RNA synthetase). B. Representative immunoprecipitation for
proteins with anii-ARS sera and normul control. Autoradiogram of 8.5% SDS-PAGE of immunoprecipitates from 33S-

methionine-labeled K562 cell extract.
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Tuble 1. Prevalence of anti-ARS antibodies in autoimmune diseases.

Clinical Composition, no. (%)

DM. PM. IPF. Others.

n =35 n=9Y n=28 n =223
Anti-ARS (total) 16 (29) 2(22) 725 0()
Amti-Jo-1 3N (1) 1(4) 0(0)
Anti-1J 6 (1) o) 24N 0 )
Anti-PL-7 47 L (1) 00 X (]}
Anti-PL-12 3(5) 0() 3¢ 0(0)
Anti-OJ (X (V)] 0 - 1(4) 0 )
Anti-Mi-2 34¢5) 0 [{X ()] 00
Ami-SRP 1(2) (1) 0(0) 0 (0)
Anti-PM/Scl 00 X)) oM 0 )
Anti-Ro 9(16) 2(22) 2(7) 56 (26)
Anti-La oM 0(0) 00) 8(4)

DM: dermatomyositis; PM: polymyositis: IPF: idiopathic pulmonary
fibrosis: SRP: signal recognition particle.

patients with DM. Table 3 shows the association between anti-
ARS antibody and clinical features in 35 patients with DM
who were examined in detail. Of these 35 patients, 16 were
anti-ARS antibody-positive. There was no significant differ-
ence in age or sex between the anti-ARS antibody-positive
group and the antibody-negative group. However, the disease
duration (interval from initial symptom to diagnosis) was sig-
nificantly longer in patients in the antibody-positive group
compared to the antibody-negative group [1.4 £ 1.5 vs 0.4 %
04 yrs (mean + SDY; p < 0.01]. The patients with anti-ARS
antibody frequently had fever and elevated CRP levels, indi-
cating that the inflammation was remarkable in the antibody-
positive patients. The percentage of patients with ILD was
dramatically elevated in the antibody-positive group com-
pared to the antibody-negative group (94% vs 23%: p <
0.005). In addition, respiratory function, such as %FVC and
%DLCO. declined significantly (p < 0.005) and the levels of
serum KL-6, a serum marker for ILD, were elevated signifi-
cantly (p < 0.05) in the antibody-positive group compared to
the antibody-negative group. The [requency of Raynaud’s

phenomenon and arthritis was higher in the antibody-positive
group than in the antibody-negative group, although the dif-
ference was not significant. The complication of internal
malignancy was not seen in any DM patient with anti-ARS
antibodies, while internal malignancy was detected in 16% ol
DM patients without the antibody. The incidence of DM-spe-
cific eruptions, such as heliotrope rash, Gottron’s lesions, and
flagellate erythema, was similar between the 2 groups. While
mechanic’s hands were detected in 19% of patients with, but
not in patients without the antibody, the difference between
the 2 groups was not significant. The antinuclear antibody-
positive rate was significantly lower in the anti-ARS anti-
body-positive group. In contrast, the [requency of anti-cylo-
plasmic antibody was significantly higher in the anti-ARS
antibody-positive group than in the anti-ARS antibody-nega-
tive group (75% vs 5%; p < 0.005), since ARS is localized at
cell cytoplasm. The anti-ARS antibody-positive patients with
DM did not have other myositis-specific antibodies, such as
anti-Mi-2 antibody and anti-signal recognition particle anti-
body.

Treatment with other immunosuppressive agents in addition
to oral corticosteroid was significantly more frequently needed
for anti-ARS antibody-positive patients with DM for the treat-
ment of ILD or myositis compared to the anti-ARS antibody-
negative patients (88% vs 26%; p < 0.005). Among the
immunosuppressive agents, mainly cyclosporine or cyclophos-
phamide was used as an additional treatment (Table 4).

PM patients with anti-ARS antibody showed clinical fea-
tures and received therapy similar to patients with DM,
although the number of patients was too small to analyze (data
not shown). The complication of internal malignancy was not
found in any patient with PM, irrespective of anti-ARS anti-
body status (data not shown). Only one IPF patient with the
antibody had developed lung cancer that preceded IPF by 2
years (data not shown).

Onset time of ILD and myosirtis in DM patients with anti-ARS
antibodies. When the onset time of 1LD or myositis was ana-
lyzed in the 15 anti-ARS antibody-positive cases of DM

Tuble 2A. Prevalence of 1LD in patients with anti-ARS antibodies.

Clinical Compusition, no. (%)

DM PM IPF Others Total
Anti-ARS-positive 15716 (94) 2/2 (100) /7 (100) 0/0 () 24/25 (96)
Anti-ARS-negative 9/39 (23) 1/7(14) 21121 (100) 54/223 (24) 85/290 (29
All 24/55 (44) 3/9 (33) 28/28 (100) 541223 (24) 109/315 (35)

Tuble 2B. Prevalence of anti-ARS antibodies in patients with ILD.

Clinical Composition, no. (%)

DM PM IPF Others Total
ILD-positive 15/24 (63) 23(67) 7128 (25) 0/54 (0) 24/109 (22)
[LD-negative 131 (3) /6 (0) 0/0 (0) /169 (0) 11206 (0.5)

ILD: inerstitial lung discase; DM: dermatomyositis: PM: polymyositis: IPE: idiopathic pulmonary fibrosis.
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Tuble 3. Clinical and laboratory data of DM patients with anti-ARS anti-

bodics.

Dermatomyositis

Anti-ARS- Anti-ARS-
positive, negative.
n=16 n=19
Age at onset, mean £ SD.yrs 5713 50 + 20

Sex (female/male) 13/3 13/6

Discasc duration. mean + SD, yrs 1.4+ 1.5%* 04+04
Clinical features
Fever G4 Fok 10
Raynaud’s phenomenon 31 N
Arthritis 43 21
Interstitial Jung discase Okt 23
Internat malignancy 0 16
Skin cruptions
Fleliotrope rash 38 47
Gottron’s lesions 69 3
Flagellate erythema 19 16
Periungual ervthema 38 47
Nailfold capillury changes 31 42
Mechanic’s hands 19 0
Laboratory findings
Positive antinuclear antibody GFEF 58
Positive anti-cytoplasmic antibody T5¥#* 5
Positive anti-Mi-2 antibody 0 16
Positive unti-SRP antibody 0 5
Positive anti-Ro antibody 25 16

CPK. UYL, mean + SD 1476 + 2963 2801 + 6301

CRP, mg/dl, mean + SD 2.7 & 2.4k 07+10
1gG. mg/ml. mean + SD 1716 + 602 1561 £ 542
FVC. %:. mean + SD 73 & |4k 98 £25
DLCO. %. mcan = SD 47 £ 13%*% 72£23
KL-6 U/ml, mean = SD 2088 + 2304 497 + 491
Usage of other immunosuppressive b3 Sk 26

agents., in addition to oral steroid

Values are percentages unless indicated. SRP: signal recognition particle;
CPK: creatine phosphokinase: CRP: C-reactive protein. ¥ p <005, ** p <
0.01, ¥ p < 0005 vs DM paticnts without anti-ARS antibodics.

patients with 1LD (Table 5), the onset of ILD preceded the
onset of myositis in 5 (33%) patients, myositis preceded 1L.D
in one patient (7%), and myositis and 1LD developed simulta-
neously in 9 patients (60%). These results suggest that
patients diagnosed as having IPF need to be checked for anti-
ARS antibody and that if antibody is positive, close attention
is needed for the development of myositis.

DISCUSSION

In our study, the frequency of anti-ARS antibodies was simi-
lar (22%-29%) among patients with DM, PM, and IPF (Table
1). Anti-ARS antibody was negative in all patients with other
autoimmune diseases, including SSc, SLE. and MCTD. These
findings indicate that anti-ARS antibody is a highly disease-
specilic autoantibody for a proportion of patients with DM.
PM, or IPF. In addition, virtually all DM or PM patients with
anti-ARS antibody had ILD (Table 2A). Although anti-ARS
antibody was detected with high frequency in DM or PM

patients with ILD, the incidence of anti-ARS antibody was
very low in DM or PM patients without ILD (Table 2B).
Therefore. it is likely that anti-ARS antibody is a marker of
1D but not for myositis in patients with DM or PM.

In our Japanese patients with DM. symptoms ol antisyn-
thetase syndrome, such as ILD, arthritis. Raynaud’s phenom-
enon, fever, and mechanic’s hand, were frequently detected in
anti-ARS antibody-positive patients (Table 3). In general . ILD
with anti-ARS antibody-positive patients can be characterized
by the chronic course of the disease and elevation of the
diaphragm (so-called “shrinking lung™)??. On the other hand,
it has recently been shown that cases of therapy-resistant rap-
idly progressive ILD, often accompanied by amyopathic DM,
are negative for anti-ARS antibody and positive for anti-
CADM-140 antibody". In our study, there was no DM patient
with anti-CADM-140 antibody. While the characteristics of
DM-specific eruptions. such as heliotrope coloration,
Gottron’s lesions, and flagellate erythema®!. were similar
between DM patients with anti-ARS antibody and those with-
out antibody, mechanic’s hands were found only in the anti-
body-positive DM group. Therefore, mechanic’s hands may
be closely associated with the existence of anti-ARS antibody.
Our study showed that the disease duration was significantly
longer in patients with the anti-ARS antibody-positive group
compared to the antibody-negative group (Table 3) and there
was no significant seasonal pattern of disease onset in the anti-
ARS antibody-positive group (data not shown). However,
prior studies demonstrated a rather more acute onset with a
seasonal pattern in DM patients with the anti-ARS anti-
body>2-*3. The reasons for this discrepancy may be due to the
small population or ethnic difference in our study. However,
ILD preceded myositis for a long period (20 + 20 mo) in 33%
of the DM patients with [LD (Table 5). By contrast, only one
of 15 (7%) DM patients with ILD showed myositis 2 months
earlier than ILD. Other patients (60%) simultaneously devel-
oped ILD and myositis. These findings indicate that the onset
of antisynthetase syndrome is acute, but the development of
myositis may lag behind the onset of ILD in patients with
DM. Nonetheless, future large studies will be needed to deter-
mine this in various ethnic populations.

Although corticosteroids remain the mainstay of therapy in
DM patients with anti-ARS antibodies. most patients failed to
fully respond to this treatment or manifested recurrent flares
when the steroid dosage was tapered (data not shown), con-
sistent with previous reports**-3. Most patients with anti-ARS
antibody need to be treated with the other immunosuppressive
agents such as cyclosporine A and/or cyclophosphamide. in
addition to corticosteroids therapy (Table 4). Oddis, er al
showed that tacrolimus (FK-506), an immunosuppressant
pharmacologically similar to cyclosporine, is effective for
managing refractory [LD and myositis in patients with anti-
ARS antibodies™ 36, The therapeutic guideline of antisyn-
thetase syndrome should be established in the near future.

Immunological specificity differs among different types of
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Table 4. Treatment history in DM patients with anti-ARS antibodies.

Anti-ARS Age, yrs Sex ILD Treatment

Anti-Jo-1 58 F + PSL 40 mg, steroid pulse, CYC
Anti-Jo-1 66 F + PSL 60 mg, steroid pulse, CyA
Anti-Jo-1| 64 F + PSL 60 mg. steroid pulse. CyA
Anti-PL-7 56 F + PSL 50 mg. CYC pulse. CyA
Anti-PL-7 56 M + PSL 60 mg, CYC pulse
Anti-PL-7 72 F + PSL 60 mp. steroid pulse. CYC pulse. CyA
Anti-PL-7 83 F + PSL 60 mg. CYC pulse
Anti-PL-12 59 F + mPSL 120 mg. CyA. CYC
Anti-PL-12 58 F + PSL 30 mg. AZP.CyA
Anti-PL-12 38 F + PSL 30 mp. CYC pulse
Anti-EJ S8 M + PSL 60 mg, steroid pulse. CyA. MTX
Anti-E) 20 F - PSL 60 mag. steroid pulse. CvA
Anti-EJ 50 F + PSL 40 mg. steroid pulse. CyA
Auti-E} 56 F + PSL 55 mg. CyA

Anti-EJ 52 M + PSL 55 mg

Anti-EJ 62 F +

PSL 40 mg

Anti-ARS: anti-aminoacyl-tRNA synthetase; ILD: interstitial lung disease; PSL: prednisolone (initial dose):
mPSL: methylprednisolone (initial dose): CYC: cyclophosphamide; CyA: cyclosporine A: MTX: methotrexate:

AZP: azathioprine.

Table 5. The onset time of ILD and myositis in DM patients with anti-ARS antibodies.

ILD Preceded Myositis

ILD and Myositis
Developed Simultaneously®

Myositis Preceded 1LD

o7

Frequency of patients (%) 55 (33)
Duration. mcun = SD. mo 2020

1715 (7) 915 (60)
2

" Both ILD and myositis developed within 1 month. Anti-ARS: anti-aminoacyl-tRNA synthetase; ILD: imtersti-

tial tung diseasc.

ARS, and differences in clinical features have also been
reported depending on the type of anti-ARS antibody. Anti-Jo-
I antibody has been reported to be specific for PM rather than
DM, while anti-EJ antibody is often positive in patients
with DMY7. Anti-PL-12 and anti-KS are detected in ILD
patients with myositis that is poor in symptoms!"-3¥_ while
anti-PL-7 is related to sclerodactyly?”. Although the reason
is unclear. each anti-ARS antibody is mutually exclusive®’,
In our study, no significant difference in the clinical features
was found depending on the type of anti-ARS antibody
{data not shown). probably due to the small population.
Alternatively, this may be due to the racial difference, since
our patients were restricted to those of Japanese ethnicity.
Further studies will be needed to determine the association
between each anti-ARS antibody and the clinical features in
a large population.

Anti-ARS antibodies appear to be associated with 2 sub-
groups of subjects: those who develop myositis with a high
prevalence of ILD. and those who develop ILD without clini-
cal evidence of myositis. Further, DM patients with anti-ARS
antibodies appear to require additional therapy compared to
those without anti-ARS antibodies.

ACKNOWLEDGMENT

We thank Ms. M. Matsubara and Y. Yamada for their technical assistance.

REFERENCES
1. Dalakas MC. Polymyositis, dermatomyositis and inclusion-body
myositis. N Engl J Med 1991:325:1487-98,

Nishikai M, Reichlin M. Heterogeneity of precipitating antibodies

in polymyositis and dermatomyositis. Characterization of the Jo-1

antibody system. Arthritis Rheum 1980:23:881-8.

3. Targoff IN. Laboratory testing in the diagnosis and management of
idiopathic inflammatory myopathies. Rheum Dis Clin North Am
2002:28:859-90.viii.

4. Yamasaki Y, Yamada H, Nozaki T, et al. Unusually high frequency
of autoantibodies to PL-7 associated with milder muscle disease in
Japunese patients with polymyositis/dermatomyositis. Arthritis
Rheum 2006;54:2004-9.

5. O’Hanlon TP. Carrick DM, Targott IN. et al. Immunogenetic risk
and protective factors for the idiopathic inflammatory myopathics:
distinct HLA-A, -B.-Cw_-DRB1, and -DQALI allelic profiles
distinguish European American patients with different myositis
autoantibodies. Medicine (Baltimore) 2006:85:111-27.

6. Love LA, Left RL. Fraser DD, ct al. A new approach to the
classification of idiopathic inflammatory myopathy:
myositis-specific autoantibodies define useful homogeneous patient
groups. Medicine (Baltimore) 1991;70:360-74.

7. Yoshida S. Akizuki M. Mimori T, Yamagata H. Inada S, Homma M.

o

————{ Personal non-commercial use only. The Journal of Rheumatology Copyright © 2007. All rights reserved. ]——————

Mutsushita. et al: Anti-ARS antibodies in dermatomyositis

1017

— 241 —



10.

16.

19.

23.

The precipitating antibody to an acidic nuclear protein antigen, the
Jo-1. in connective tissue discases. A marker for a subsct of
polymyositis with interstitial pulmonary fibrosis. Arthritis Rheum
1983:26:604-11.

Margueric C. Bunn CC, Beynon HL, ¢t al. Polymyositis. pulmonary
fibrosis and autoantibodies to aminoacyl-tRNA synthetase enzymes.
QJ Med 1990:77:1019-38.

Schmidt WA, Wetzel W, Friedlander R, et al. Clinical and
scrological aspects of patients with anti-Jo- | antibodies — an
evolving spectrum of discase manifestations. Clin Rheumatol
2000;19:371-7.

Hirakata M. Suwa A, Nagai S, et al. Anti-KS: identification of
autoantibodies 10 asparaginyl-transtfer RNA synthetase associated
with interstitial lung discase. J Immunol 1999:162:2315-20.
Howard OM. Dong HF, Yang D. ct al. Histidyl-tRNA synthetase
and asparaginyl-tRNA synthetase, autoantigens in myositis. activate
chemokine receptors on T lymphocytes and immature dendritic
cells. J Exp Med 2002;196:781-91.

Bohan A, Peter JB. Polymyositis and dermatomyositis (first of two
parts). N Engl } Med 1975;292:344-8.

Bohan A, Peter JB. Polymyositis and dermatomyositis (sccond of
two parts). N Engl J Med 1975:292:403-7.

King TE Jr. [diopathic pulmonary fibrosis. In: Schwarz MI. King
TE. editors. Interstitial fung discase. 2nd ed. St. Louis: Mosby Year
Book: 1993:367-403.

Preliminary criteria for the classification of systemic sclerosis
(scleroderma). Subcommitiee for Scleroderma Criteria of the
Amecrican Rheumatism Association Diagnostic and Therapeutic
Criteria Committee. Arthritis Rheum 1980;23:581-90).

Tan EM, Cohen AS. Fries JF. ct al. The 1982 revised criteria for the
classification of systemic lupus ervthematosus. Arthritis Rheum
1982;25:1271-7.

Amett FC. Edworthy SM, Bloch DA, ¢t al. The American
Rheumatisim Association 1987 revised criteria for the classification
of rheumatoid arthritis. Arthritis Rheum 1988:31:315-24.

Fox Ri. Robinson CA. Curd JG. Kozin F. Howell FV. Sjogren’s
syndrome. Proposed criteria for classification. Arthritis Rheum
1986;29:577-85.

Kasukawa RTT, Miyvawaki S. Preliminary diagnostic criteria for
mixed connective tissue disease. In: Kasukawa R, Sharp GC.
editors. Mixed connective tissue discase and antinuclear antibodies.
Amsterdam: Elsevier: 1987:41-7. -

Takchara K. Sato S. Localized scleroderma is an autoimmune
disorder. Rheumatology Oxford 2005:44:274-9.

Mecdsger TA Ir, Christy WC. Carpal arthritis with ankylosis in tate
onsct Stifl's discase. Arthritis Rheum 1976;19:232-42.

Wilson WA Gharavi AE. Koike T. et al. International consensus
statement on preliminary classification criteria for definite
antiphospholipid syndrome: report of an international workshop.
Arthritis Rheum 1999;42:1309-11,

LeRoy EC. Maricq HR. Kahaleh MB. Undifferentiated connective
tssue syndromes. Arthritis Rheuny 1980:23:341-3.

34.

35.

37.

38.

39.

40.

Melzer M. Franklin EC. Cryoglobulinemia — a study of
twenty-nine patients. 1. 1gG and [gM cryoglobuling and factors
affecting cryoprecipitability. Am J Med 1966;40:828-36.

Criteria for diagnosis of Beheet's discase. International Study
Group for Beheet's Discase. Lancet 1990;335:1078-80).

Krauser RE. Tuthill RJ. Eosinophilic fasciitis. Arch Dermatol
1977:113:1092-3.

Sato S. Thn H. Soma Y, et al. Antihistone antibodics in paticnts with
localized scleroderma. Arthritis Rheum 1993:36:1137-41.

Yanaba K, Hasegawa M, Humaguchi Y, Fujimoto M. Tukchara K,
Sato $. Longitudinal analysis of serum KL-6 levels in patients with
systeniic sclerosis: association with the activity of pulmonary
fibrosis. Clin Exp Rheumatol 2003:21:429-36.

Hirakata M, Nagai S. Interstitial lung discase in polymyositis and
dermatomyositis. Curr Opin Rheumatol 2000;12:501-8.

Sato S, Hirakata M. Kuwana M. ct al. Autoantibodics to a 140-kd
polypeptide, CADM-140, in Japanese patients with clinically
amyopathic dermatomyositis. Arthritis Rheum 2005:52:1571-6.
Watanabe T, Tsuchida T. “Flagellate™ erythema in dermatomyositis.
Dermatology 1995;190:230-1.

Leff RL. Burgess SH. Miller FW_ et al. Distinct scasonal patterns in
the onset of adult idiopathic intflammatory myopathy in patients
with anti-Jo-1 and anti-signal recognition particle autoantibodics.
Arthritis Rheum 1991:34:1391-6.

Sarkar K. Weinberg CR, Oddis CV. et al. Scasonal influence on the
onset of idiopathic inflammatory myopathies in serologically
defined groups. Arthritis Rheum 2005;52:2433-8.

Jotfe MM, Love LA, Lett RL, et al. Drug therapy of the idiopathic
inflammatory myopathics: predictors of response to predmisonc.
azathioprine, and methotrexate and a comparison of their efficacy.
Am J Med 1993;94:379-87.

Wilkes MR. Sereika SM. Fertig N. Lucas MR, Oddis CV.
Treatment of antisynthetase-associated interstitial ung discase with
tacrolimus. Arthritis Rheum 2005;52:2439-46.

Oddis CV. Sciurba FC. Elmagd KA, Starzl TE. Tacrolimus in
retractory polymyositis with interstitial lung discase. Lancet
1999:353:1762-3.

Targoff IN, Tricu EP, Plotz PH, Miller FW. Antibodics to
elycyl-transter RNA synthetase in patients with myositis and
interstitial fung discase. Arthritis Rheum 1992:35:821-30.
Friedman AW, Targoft IN. Amett FC. Interstitial lung discasc with
autoantibodies against aminoacyl-tRNA synthetases in the absence
of clinically apparent myositis. Semin Arthritis Rheum
1996;26:459-67.

Sato S. Hirakata M. Kuwana M. et al. Clinical characteristics of
Japanese patients with anti-PL-7 (anti-threonyl-tRNA synthetase)
autoantibodies. Clin Exp Rheumatol 2005:23:609-15.

Targott IN. Immune manifestations of intlammatory muscle
discase. Rheum Dis Clin North Am 1994:20:857-80.

*——-—{ Personal non-commercial use only. The Journal of Rheumatology Copyright © 2007. All rights reserved. }——

1018

— 242 —

The Journal of Rhewmatology 2007, 34:5



Rheumatology 2007:46:842 845
Advance Access publication 23 January 2007

doi:10.1093 rheumatology keld33

Clinical characteristics of Japanese patients with anti-OJ
(anti-isoleucyl-tRNA synthetase) autoantibodies

S. Sato, M. Kuwana and M. Hirakata

Objectives. The clinical and laboratory characteristics of seven patients with anti-aminoacyl-tRNA synthetase (ARS) autoantibodies,
specifically anti-OJ (anti-isoleucyl-tRNA synthetase), were examined and compared with previously published findings.

Methods. Serum samples from 1135 Japanese patients with various autoimmune diseases and 48 normal individuals were screened for anti-
OJ antibodies using RNA and protein immunoprecipitation assays. The patients whose sera contained anti-OJ antibodies were assessed
regarding clinical symptoms, clinical course, iaboratory findings, chest radiography and chest computed tomography.

Results. Sera from seven patients were found to contain anti-OJ antibodies. These autoantibodies were associated with interstitial lung
disease (ILD) and myositis. The diagnoses of the seven patients were idiopathic interstitial pneumonias (lIPs) in three, polymyositis (PM) in
three and PM-rheumatoid arthritis (RA) overlap in the remaining one. All patients had ILD, but muscle weakness and polyarthritis were seen
only in four. Raynaud's phenomenon and sclerodactyly were absent in all patients.

Conclusions. These results indicate that the presence of anti-OJ autoantibodies may distinguish a subtype of anti-ARS syndrome that is
more closely associated with ILD than myositis or Raynaud’s phenomenon.

Kev wonps: Interstitial lung disease (ILD), Polymyositis/dermatomyositis (PM/DM), Anti-aminoacy!-tRNA synthetase (ARS) antibodies.

Introduction

Anti-aminoacyl-IRNA synthetase (anti-ARS) autoantibodics have
bheen found in  patients with polymyositis/dermatomyositis
(PM/DM) [1, 2]. Six anti-ARS autoantibodies have been
described. as follows: anti-histidyl (anti-Jo-1).  anti-threonyl
(anti-PL-7). anti-alanyl (anti-PL-12). anti-glveyl (ant-EJ), anti-
isoleucyl (anti-0J), and anti-asparaginyl (anti-KS) tRNA synthe-
tascs [1-7]. The most common anti-ARS antibodics, anti-Jo-1, are
found in approximately 20-30% of PM/DM patients. Anti-OJ
antibodics are also found in PM/DM patients, although the
frequency is low [1]. In previous studies, anti-OJ antibodies were
found in less than 2% of all patients with PM/DM [8]. These anti-
ARS antibodics have been reported to be associated with a similar
syndrome characterized by myositis with a high frequency of
interstitial lung discase (ILD) and arthritis, as well as increased
fever. Raynaud’s phenomenon. and mechanic’s hands compared
to the overall myositis population {9]. Although ant-ARS
syndromes have common clinical symptoms, further obscrvations
have distinguished certain differences in clinical features asso-
ciated with cach of the different anti-ARS antibodies. It has been
reported that anti-Jo-1 antibodies are closely associated with
myositis [1, 3]). whereas patients with anti-PL-12 and anti-KS
antibodies are more likely to have ILD without clinical evidence
of myaositis [7]. On the other hand. we previously observed that the
presence of anti-PL-7 antibodies 1s closely associated with
PM/DM-SSc overlap as well as TLD in Japanese patents [10].
There have been two reports on the clinical significance of
anli-0OJ antibodics in patients in North America {11, 12}, and two
case reports of anti-OJ antibodics in Japan [8. 13]. However. the
clinical characteristics of the Japanese patients with anti-OJ
antibodics have not been examined in detail and their clinical
significance remains uncertain. Here. we analyse the clinical and
laboratory characteristics of Japanese patients with antibodies
against anti-0OJ and review published reports from elsewhere.
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Patients, materials and methods

Patients and sera

Serum samples were obtained from 1135 Japancse patients who
had or were suspected of having connective tissue diseases (CTDs)
scen at the Keio University Hospital and collaborating centers
between 1990 and 2000. These included 120 with PM/DM, 400 with
systemic lupus erythematosus, 192 with systemic sclerosis. 38 with
rheumatoid arthritis (RA), 101 with overlap syndrome including
mixed connective tissue discase, 114 with ILD and 150 patients with
arthritis or erythema who were suspected to have CTDs. These
included three patients with anti-OJ antibodies previously reported
by our study group [8. 13]. We also examined 48 scra from normal
individuals. Blood sumples were obtained after the patients and
normal controls had provided written informed consent approved
by the Kcio University Institutional Review Board.

Immunoprecipitation (1PP)

The IPP assay with HeLa cell extracts was performed as
previously described [6). For the analysis of RNAs., antibodics
bound to protcin A-Scpharose CL-4B beads were incubated with
extracts of HeLa cells. They were then washed with NET-2 buffer
(50 mM Tris-HCL, pH 7.5, 150 mM NaCl, 0.05% Nonidet P-40).
After ethanol precipitation, RNAs were dissolved in electrophor-
esis sample buffer composed of 10M urca, 0.025% bromophenol
blue, and 0.025% xylene cyanol-FF in TBE buffer (90 mM Tris-
HCI, pH 8.6. 90 mM boric ucid and I mM EDTA). The RNA
samples were resolved in 7M urea-10%  polyacrylamide gels.
which were then silver stained (Bio-Ruad Laboratories. Hercules.
CA. USA). For protein studics. antibody-coated Sepharose beads
were mixed with [*3S] methionine-labetled HeLa cxtracts. After
washing, the Sepharose beads were resuspended in SDS-sample
buffer (2% SDS, 10% glycerol. 62.5mM Trs-HCL pH 6.8,
0.005% bromophenol blue). The proteins were then fractionated
by 10% SDS-PAGE gels and dried. Radiolabelled  protein
components were analysed by auteradiography. With these
assays, myositis-specific or -associated autoantibodics such as
anti-ARS, anti-signal recognition particle. anti-Mi-2, anli-SSA.
anti-SSB, anti-U1-RNP and anu-Ku autoantbodics are distin-
guishable, compared with corresponding standard sera [2]. The
identification  of anti-OJ antibodics  was  accomplished by

vl he Author 2007, Published by Oxford Universsity Press an behalf of the Britsh Sociery Jor Rheumatology . Al vights reserved. For Permissions, pleise email: journals. permssions oonfordjommads.org
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Fic. 1. (A) Immunoprecipitation (IPP) of nucleic acids with representative anti-OJ sera and controls. Urea (7M) and 10% PAGE of phenol-extracted immunoprecipitates
from HelLa cell extracts were developed with silver stain. TNA, total nucleic acids, with the 5.8 and 5.0 S small ribosomal RNAs and the tRNA region indicated. Sera used for
IPP include: lanes 1-5, anti-synthetase sera indicated, with antibodies to Jo-1 (histidyl-tRNA synthetase), PL-7 (threonyl-tRNA synthetase), PL-12 (alanyl-tRNA synthetase).
EJ (glycyl-tRNA synthetase), OJ (isoleucyl-tRNA synthetase); lanes 6-10, anti-OJ sera as indicated; and lane 11, control serum indicated (NHS, normal human serum).
The tRNA pattern with anti-OJ sera is easily distinguishable from that of the other anti-synthetases. (B) IPP of proteins with anti-OJ sera and controls. Autoradiogram of 10%
SDS-PAGE of immunoprecipitates from [*°S] methionine-labelled Hel.a cel! extracts. Mr, molecular weight markers of the sizes indicated to the left (kDa). The sera used for
immunoprecipitation are the same as those in Fig. 1A. The same characteristic pattern of protein bands including at least three that were thought to be glutamine, isoleucine
and leucine tRNA synthetases (arrows) was seen with each of the five anti-OJ sera. And the pattern was easily different from the bands immunoprecipitated by sera

containing the other anti-synthetases.

comparing 1PP patterns tor both RNA and protein with standard
anti-QJ scrum as described previously [13].

Clinical featres

The clinical symptoms. clinical course, laboratory findings,
the  results  of  chest  radiography  and  chest  computed
tomography (CT) were retrospectively assessed from  medical
records in all patients positive for anti-0J anttbodies. Some patients
were also assessed tor clectromyogram (EMG), muscle biopsy, and
pathological findings from video-assisted thoracoscopic surgery
(VATS) at first evaluation. The assessment of muscle weakness was
performed using a manual muscle test (MMT) [14).

The diagnosis of PM/DM was based on criteria proposed
by Bohan and Peter [15]. TLD was defined according to the
results of chest radiography, chest CT. lung function testing
{(pereentage predicled  foreed vital capacity: FVC and carbon
monoxide diffusing capacity: DLCO) and the diagnosis of
11Ps  was based on consensus  classification of TIPs [16].
The resolution of myositis symptoms was defined as both improved
muscle strength on a manual muscle test and normalization of the
serum CK value. Pulmonary symptoms were considered improved
when shown by both chest CT and pulmonary function testing.

Statistical analysis

All comparisons between the two patient groups were pertormed
using Fisher's 2-tailed exact test or Student’s i-test.

Results

Identification of anti-OJ antibodies

Of the 1183 sera tested. seven immunoprecipitated a characteristic
identical nucleic acid band of tRNA of a size identical to anti-
isoleucyl tIRNA synthetase (anti-OJ). Representative examples are
shown in Fig. A, Two bands of RNA in the tRNA size range
were immunoprecipitated and are clearly distinguishable from the
pattern of t1RNAs precipitated by the other anti-ARS antibodics.
The same sera also immunoprecipitated several protein bands
corresponding to polypeptides precipitated by anti-OJ standard
serum. These included at least three protein bands that were more
intensc than the other seven bands of the OJ complex. These
proteins were casily distinguishable from those immunoprecipi-
tated by sera reactive with the other described  anti-ARS
antibodics (Fig. 1B). Thus, it is conctuded that they contained
anti-0J antibodies.

Clinical features i patients with anti-OJ antibodies

In this study, anti-OJ antibodics were detected in four of 120 PM!
DM patients (3.3%) and three of 112 1LD paucents (2.7%).
However. anti-OJ antibodics were not detected i other CTDs or
normal human sera. .

Clinical features tn the seven patients with anti-OJ autoanti-
bodics are summarized in Table 1. Of these seven, four were
female. All seven patients had ILD. although none of them
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Taste 1. Clinical features of patients with anti-OJ antibodies

Clinical findings #1 #2 #3 #4 #5 £6 #7
Age/gender St/iemale 62/male 75/female 53/male 69/female 27/male 32/female
Diagnosis PM/RA PM PM PM IIPs 1iPs IIPs
ILD (+) (+) (+) (+) (+) -+ (+)
%VC (%) 56 88 46 n.a. 70 74 38
DLCO (mVmin®tor) 8.5 12.5 n.a. n.a. 10.4 5.9 4.1
Histopathology in VATS n.d. nd. nd. n.d. copP uip NSIP
DM rush (=) (=) (-) (~) (-) (=) (=)
Muscle weakness (+) (+) (+) (+) (=) (-) (-)
Maximun CK tevel (1U/N) 3,297 648 672 1,682 125 113 a3
EMG findings Myogenic” n.d. Myogenic® Myogenic® n.d. n.g. nd.
Muscle biopsy Myositis® Myositis® nd. n.d. n.d. n.d. n.d.
Arthritis (+) (+) (+) (+) (-} (-) (=)
Raynaud's phenomenon (-) (=) (=) (-) () () (=)
Sclerodactyly (=) (-) () () () (-) (=)
Sjbgren’s syndrome -) () (=) (-) (=) (-) (-)
Duration of the disease {month) 57 49 42 28 43 35 63
Treatment PSL 50mg PSL 60mg. mPSL pulse, AZA 100mg PSL 20mg (-) PSL 20mg PSL 60mg PSL 50mg
Duration of treatment (month) 57 48 a1 0 24 11 15
Effect of treatment (+)° (+° (+)° (+)° (- +)°

PM: polymyositis, RA: rheumatoid arthritis, DM: dermatomyositis, IiPs: idiopathic interstitial pneumonias. CK: creatine kinase, EMG: electromyogram, ILD: interstitial lung disease. VATS: video-
assisted thoracoscopic surgery. COP: cryptogenic organizing pneumonia. UIP: usual interstitial pneumonia, NSIP: non-specific interstitial pneumonia. PSL: prednisolone, mPSL: methylprednisolone.
AZA: azathioprine. " Low amplitude, resting fibrillation, positive sharpe wave (denervatrion potencials) were present. " Atrophy, necrosis with regeneration and infiltration of lymphocytes of muscle fibres
were present. © Both improvement of muscle weakness on a manual muscle test and the normalization of serum CK value. ® Improvement of chest CT and/or pulmonary function testing.

Tase 2. Comparison of clinical features in anti-OJ-positive vs anti-Jo-1-positive
patients

Anti-OJ Anti-Jo-1

(n=7) (n=22)
Age at onset, mean ::s.0. years 53118 49415
No male/no. female 3/4 715
Fever (%) 3 (43) 14 (64)
DM rash (%) 0 (0) 6 (27)
Arthritis (%) 4 (57) 20 (91)
Myositis (%) 4 (57)* 22 (100)*
ILD (% 7 (100) 20 (91)
Raynaud’s phenomenon (%) 0 (0)* 15 (68)"*
Sclerodactyly (%) 0 (0) 1 (5)

PM: polymyositis, DM: dermatomyositis, ILD: interstitial lung disease, IPF: idiopathic
pulmonary fibrosis.
“P=.0.010."*P=0.002.

progressed to severe acute respiratory failure. Four patients had
muscle weakness that was graded as 4/5 based on MMT und
serum CK elevation. From the results of EMG and muscle biopsy.
four patients were diagnosed as definite or probable PM. Two of
these manifested symptoms of ILD preceding their myositis
symptoms. One of the four PM patients had destructive changes in
joint radiography compatible with RA. The other three paticnts
had no muscle or skin manifestations but interstitial changes in
the tung at chest high resolution CT and/or histopathlogical
change in VATS resulted in a diagnosis of 1Ps. VATS was donc in
all patients with 1IPs and the results were compatible with
cryptogenic organizing pneumonia (paticnt #5). usual interstitial
pncumonia (patient #6) and non-specific interstitial pneumonia
(patient #7). No Raynaud’s phenomenon or sclerodactyly was
present at any time in any of the seven patients. Treatment of the
myositis with prednisolone andor other immunosupressants
resulted in improvement of muscle strength asscssed by MMT
and redoction of serum CK level in three PM patients. Three
patients with HPs had also received prednisolone that had then
been gradually tapered and discontinued: improvement of chest
CT and pulmonary function was achicved in (wo of them.

Comparison with the clinical features of patients with
anti-OJ in the literature

The clinical teatures of patients with anti-OJ antibodies reported
in the English literature were previousty reviewed [I1. 12].
Targoft et al. |11} reported on nine patients with anti-OJ and

Gelpi er al. [12] deseribed one patient with co-existing anti-Jo-1
and ant-QJ antibodics.

Frequencies of several clinical manifestations can be compared
between the anti-OJ-positive patients reported by Targoff e al.
and those in the present study. The frequency of myositis in our
Japanese patients with anti-OJ antibodies tended to be tower thun
in the patients of Targott et al. {(57% vs 89%), but this differcnce
did not reach statistical significance. The frequencics of ILD and
Raynaud’s phenomenon in our series were similar compared with
previously reported patients [1H].

Comparison with the clinical features of paticnts with
anti-0J and anti-Jo-1 antibodies

In the present study, anti-Jo-1 antibodies. representative of
anti-ARS antibodies. were detected in 22 patients with PM;/DM
(18% of PM/DM in our study). We compared the frequencics of
several clinical manifestations between anti-OJ- and anti-Jo-1-
positive patients in our series (Table 2). It was found that the
frequency of myositis and Raynaud’s phenomenon in patients
with ani-OJ was significantly lower than in those with anti-Jo-1
(P=0.010 and P=0.002, respectively), whereas the frequency of
ILD was similar,

Discussion

Seven sera from 1135 CTD patients or suspected CTDs were
found to contain anti-OJ antibodies. In the present study, these
seven paticnts seemed not to have the typical features character-
istic of the anti-ARS syndromes previously described. The most
striking differences were that none of them had Raynaud’s
phenomenon that is common in anti-ARS syndromes in general.
In fact. the frequency of Raynaud’s phenomenon in our scries was
significantly lower than in our pauvents with anti-Jo-1 antibodics
that arc the representative anti-ARS cases. However, the sample is
too small to draw a definitive conclusion in this study, but our
restlts are similar to those in North American patients with anti-
OJ antibodies [11}. Thus, the low frequency of Raynaud's
phenomenon seems o be a characteristic feature of patients
with  anti-OJ autoantibodies  compared to  other anti-ARS
syndromes.

Three of the anti-OJ-positive patients had no signs of myositis
and were diagnosed as HPs. This suggesied that the presence of
anti-0J is more closely associated with TLD than myositis.
as is the case with anti-PL-12 or anti-KS antibodics.
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Although three paticuts received a diagnosis of TIPs ut this time,
the possibility remains that musele symptoms may appear in the
future. because it is known that pulmonary manifestations can
appear before muscle symptoms in PM/DM patients. Another
possibility is that existing myositis was underdiagnosed because of
the effect of prednisolone treatment; indeed, three patients
diagnosed as 1IPs had been taking prednisolone for their
pulmonary symptoms. Nonethcless. it is unlikely that they had
myositis because the duration of prednisolone therapy was
relatively short and they never had any clinical symptoms related
to myositis throughout their clinical course. However, observation
should be continued for identification of any future muscle
symptoms.

The mechanisms responsible for these differences in clinical
features associated with each of the anti-ARS autoantibodies are
unknown and an accumulation of larger numbers of cases will be
required to clarify this in the future.

In conclusion. we report seven Japanese patients with anti-O}
antibodics classed as suffering trom [11Ps or PM accompanied by
ILD. These patients lacked any manifestations of Ravnaud’s
phenomenon or sclerodactyly. Anti-OJ autoantibodics are a
clinically important marker for a specific subset of anti-ARS
svndrome that is more closely associated with ILD than myositis
or Raynaud’s phenomenon. The measurement of anti-OJ was
found 1o be usetul for diagnosis of paticnts with ILD with or
without myositis. Further analysis of these autoantibodics may
provide insights into the etiological and pathogenetic mechanisms
of 1LLD and myositis.

Rheumatology key messages

e Anti-OJ autoantibodies may distinguish a subtype of anti-ARS
syndrome that is more closely associated with ILD than myositis or
Raynaud’s phenomenon.

¢ Anti-OJ autoantibodies are closely associated with ILD.
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Abstract Interleukin-17 is a proinflammatory cytokine.
Recent animal studies have shown that IL-17 plays a role in
the initiation and progression of arthritis. However, whe-
ther IL-17 has a prominent role in human rheumatoid
arthritis (RA) or not remains unclear. Here we investigated
the role of IL-17 in patients with RA. cDNA was prepared
from knee joint synovial tissues of RA (n = 11) and
osteoarthritic (OA, n = 10) patients and PBMC of RA
(n=52) and healthy subjects (n = 34). IL-17 gene
expression level was measured by real-time PCR, and was
compared with various clinical parameters. IL.-17 gene
expression in synovial tissues of RA was similar to that in
OA. IL-17 gene expression level in PBMC of RA patients
was significantly higher than in the control. The response
(changes in DAS) to two-week treatment with anti-TNF-«
blockers (infliximab or etanercept) did not correlate with
changes in IL-17 gene expression levels. The IL-17/TNF-a
gene expression ratio at baseline (before treatment) tended
to be lower in responders to the treatment. Expression of
IL-17 gene in PBMC may be associated with the inflam-
matory process of RA. IL-17/TNF-a expression ratio is a
potentially suitable marker of response to anti-TNF-a
therapy.
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Introduction

Rheumatoid arthritis (RA) is characterized by chronic
synovial inflammation, cartilage degradation and bone
erosion in mulitiple joints, which ultimately lead to joint
destruction and disability. Inflammatory cytokines such as
tumor necrosis factor o (TNF-a), interleukin-1 (IL-1) and
IL-6 are involved in the pathogenesis of RA {1-3], and the
beneficial effects of antagonists to these cytokines have
been reported [4-6]. However, not all patients respond
to these agents, suggesting that other pro-inflammatory
cytokines, e.g., IL-17, may be important in the pathogen-
esis of RA.

IL-17 is a proinflammatory cytokine produced by acti-
vated and memory CD4* CD45RO" T cells [7-8], and is a .
potent inducer of other cytokines, such as TNF-«, IL-18,
IL-6, IL-8, and granulocyte colony stimulating factor (G-
CSF) in a variety of epithelial, endothelial, and fibroblastic
cell types [9]. In experimental arthritis, IL-17 was found to
be important in both the early initiation phase and late
progression phase, especially in arthritis models driven
mainly by T cells, such as the IL-1 Ra™"~ mouse model and
streptococcal cell wall-induced arthritis [10-15].

Several studies have suggested that IL-17 plays a role in
the pathogenesis of RA. Chabaud et al. [16] reported that
the proportion of synovial membrane cultures that pro-
duced IL-17 was higher in those from RA patients than
those from OA patients or healthy controls. In addition,
previous studies indicated the presence of elevated IL-17
levels in the synovial fluid of patients with sRA {17, 18].
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Although these observations imply that IL-17 is involved
in the pathogenesis of human RA, there is no solid infor-
mation on whether IL-17 actually plays a role in RA
pathogenesis.

With regard to TNF-o, previous studies reported that IL-
17 contributes to the arthritic process not only by inducing
the production of TNF-a, but also acting in synergy with
or independently of TNF-a [8, 19-23]. Although it is
unknown whether these observations are relevant in human
RA, we hypothesized that IL-17 gene expression level in
PBMC might be enhanced independent of that of TNF-a
in some patients with RA, and that these patients may
comprise a subpopulation of RA refractory to anti-TNF-«
therapy.

The aims"®f the present study were to clarify the role of
IL-17 in disease activity and progression of human RA and
to explore the possibility of IL-17 as a target for the
treatment for RA. For this purpose, we measured the gene
expression of IL-17 in peripheral blood mononuclear cells
(PBMC) and synovial tissues from RA patients. We cor-
related the findings of PBMC samples with various clinical
parameters, TNF-q gene expression and the efficacy of
infliximab or etanercept.

Methods
Patients

Peripheral blood was taken from 52 patients who fulfilled
the 1987 American Rheumatism Association criteria for
the classification of RA [24]. The patient group comprised
19 males and 33 females (age, 25-84 years, mean + SD:
54.0 & 13.0 years). The fifty-two RA patients included 25
infliximab- and 11 etanercept-treated patients who attended
our unit between 29 September 2003 and 22 August 2006,

Table 1 Demographics of the subjects included in the study

and, as a control group, 16 RA patients who visited our unit
between October 11 and October 25 2006. Clinical data
such as white blood cell count (WBC), erythrocyte sedi-
ment rate (ESR), c-reactive protein (CRP) and matrix
metalloproteinase 3 (MMP-3) was obtained at the time of
blood sampling. We also included a group of control
healthy donors (13 men and 21 women, age 30.0 £
5.0 years). Synovial tissues were obtained at the time of
total knee replacement performed from April 2001 to June
2002 on 11 RA patients (one male and ten females, age
56.8 & 8.7 years) and ten osteoarthritis (OA) patients (ten
females, age 73.4 + 2.7 years). No patient underwent both
blood and synovial tissue sampling. Patient demographics
are listed in Table 1. Written informed consent was
obtained from all subjects, and the study was approved by
the appropriate ethics committee.

Treatment with infliximab or etanercept and assessment
of efficacy

Twenty-five RA patients were treated with 3 mg/kg of
infliximab at weeks 0, 2, 6, and 14, and every eight weeks
thereafter. Another RA group consisting of 11 patients
were treated with etanercept (25 mg injection twice
weekly). Drug efficacy was evaluated by comparing the
differences in European League Against Rheumatism
improvement criteria [Disease Activity Score (DAS)] at
week 0 (before treatment) and at 2 weeks.

Synovial and blood samples for cDNA synthesis
Part of each synovial tissue was cut into small pieces and

rinsed with phosphate-buffered saline (PBS). Comple-
mentary DNA (cDNA) was prepared from synovial tissues

PBMC Mean + SD Range Synovium Mean & SD Range
RA patients RA patients

Age (years) ) 540+ 130 (25-84) Age (years) 56.8 + 8.7 (37-70)
-Males 19 Males 1

Females 33 Females 10

C-reactive protein (mg/dl) 2.15 + 1.63 (0.25-8.95) C-reactive protein (mg/dl) 1.65 + 2.64 (0.07-7.17)
ESR (mnvh) 48.5 + 21.1 (12-104) ESR (mm/h) 334 £ 251 (10-95)
Rheumatoid factor (IU/ml) 245 £ 231 (5-1790) Rheumatoid factor (IU/ml) 161 + 199 (4-715)
Healthy controls OA patients '

Age (years) 300 £+ 5.0 (22-50) Age (years) 73.4 £ 2.7 (69-78)
Males 13 Males 0

Femaies 2] Females 10

ESR erythrocyte sedimentation rate
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using Revertaid first strand cDNA synthesis kit (Fermentas,
Hanover, MD, USA), following the instructions provided
by the manufacturer.

Peripheral blood mononuclear cells (PBMC) were iso-
lated from heparinized peripheral blood obtained from
normal subjects and RA patients using Ficoll-Paque PLUS
(Amersham Biosciences, Uppsala, Sweden) following the
protocol recommended by the manufacturer. Cells were
spun down to pellets and total RNA was extracted from the
cell pellets using Isogen (Nippongene, Tokyo, Japan). The
cDNAs were synthesized using a Revertaid first strand
cDNA synthesis kit (Fermentas), following the instructions
provided by the manufacturer. These cDNA samples
underwent gene expression analyses.

Quantification of gene expression by real-time
polymerase chain reaction

The cDNA samples were amplified with specific primers
and fluorescence-labeled probes for the target genes.
Specific primers and probes for IL-17, IL-6. TNF-a
and glyceraldehyde-2-phosphate dehydrogenase (GAPDH)
were purchased from Applied Biosystems Japan (Tokyo).
The amplified product genes were monitored on an ABI
7700 sequence detector (Applied Biosystems Japan). The
gPCR master mix was also purchased from Applied Bio-
systems Japan. The final concentrations of the primers were
200 nM for each of the 5’ and 3’ primers, and the final
probe concentration was 100 nM. The thermal cycler
conditions used were 50 °C for 2 min, 95 °C for 10 min,
then 50 cycles of 95 °C for 15 s and 60 °C for | min.
Serial dilutions of a standard sample were included in
every assay, and standard curves for the genes of interest
and GAPDH genes were generated. All measurements
were performed in triplicate. The level of gene expression
was calculated from the standard curve, and expressed
relative to GAPDH gene expression.

Statistical analysis

All data were expressed as mean =+ standard deviation (SD).
The Mann—Whitney U test was used to compare the
expression levels of genes between RA patients and healthy
controls. Spearman’s correlation coefficient by rank test was
calculated to assess the correlations between the expression
levels of IL-17 and TNF-« genes, as was the cotrelation
between IL-17/TNF-« gene expression ratio and changes in
DAS after two weeks of therapy with etanercept or inflix-
imab relative to baseline (before treatment, i.e., DAS
0-2 weeks). Paired Wilcoxon’s rank test was used to com-
pare the gene expression levels between week 0 and week 2.
A P value of less than 0.05 was considered significant.

Results
Expression levels of IL-17 genes in synovial tissues

We anticipated that the expression of IL-17 would be
enhanced in RA patients at the siter of inflammation,
namely the synovial tissue. However, the expression of
IL-17 gene in synovial tissues of RA patients, as measured
by real-time PCR, was not significantly different from that
of the OA patients (Fig. 1).

Expression levels of IL-17 genes in PBMC

We next asked whether the expression level of IL-17 gene
is upregulated in PBMC of RA patients. Expression of the
IL-17 gene in PBMC from RA patients was significantly
higher than that of the control (RA: 0.0437 & 0.1112,
control: 0.0134 & 0.0033, P = 0.011, Fig. 2).

Relationship between IL-17 and IL-6 or TNF-a gene
expression in RA patients

We wished to determine whether the expression of IL-17
gene in patients with RA is significantly associated with
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Fig. 1 Expression levels of IL-17 gene in the synovium tissues of
patients with RA (closed circles, n = 11) and osteoarthritis (OA, open
circles, n = 10). Data are mean & SD. The P value was calculated by
the Mann-Whitney U test
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expressions of other inflammatory cytokines such as TNF-«
and IL-6. No significant relationship between expression of
the 1L-17 gene and that of IL-6 or TNF-a was observed

(Fig. 3a, b). In addition, there was no significant
p=0.0118
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Fig. 2 Expression levels of IL-17 gene in peripheral blood mononu-
clear cells from patients with RA (closed circles, n = 52) and from
healthy controls (HC, open circles, n = 34). Data are mean + SD.
The P values were calculated by the Mann—Whitney U test

relationship between the expression level of IL-6 and that
of TNF-a (Fig. 3c). Furthermore, the expression levels of
IL-17 in PBMC of RA patients did not correlate signifi-
cantly with WBC count, serum CRP, ESR or serum MMP-3
(data not shown). ’

Effects of infliximab and etanercept therapy on IL-17
gene expression in PBMC

We compared the gene expression levels of IL-17 in
PBMC samples at baseline, and two weeks after the first
infusion or injection of biologics that target TNF-o. In
patients who received infliximab, no significant differences
were observed between baseline and week 2 samples (week
0: 0.089 £ 0.157, week 2: 0.044 + 0.056, Fig. 4a). On the
other hand, etanercept significantly increased IL-17 gene
expression at two weeks after initiation of therapy (week 0:
0.041 £ 0.132, week 2: 0.134 4 0.274, P = 0.028, Fig. 4
b). There were no relationships between changes in IL-17
gene expression levels and efficacy (changes in DAS) of
infliximab and etanercept.
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Discussion

The active involvement of IL-17 in both the initiation stage
and the progression stage of murine experimental arthritis
has been demonstrated and IL-17 is considered a key
cytokine in the pathogenesis of arthritis in such experi-
mental models [10-13]. A few studies suggest that IL-17
may have a role in the pathogenesis of human RA as well
[16-18].

Based on the above background, we measured IL-17
gene expression in synovial tissues and PBMC of RA
patients, and compared them with those in control samples.
We first compared the expression of IL-17 gene in synovial
tissues from RA patients with that in OA patients. Unex-
pectedly, the [L-17 gene expression level in synovial
tissues of OA patients was comparable to that in RA
patients. This result is in contrast to that described by
Chabaud et al. [16], where expression of IL-17 gene was
higher in RA synovium than in OA synovium. Differences
in patient demographics and sample size may partly
account for this discrepancy. While OA is not generally
considered an inflammatory disorder, it is reported that IL-
17 upregulates the release of IL-8 and GRO-« in synovial
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We next examined whether patients with a high expression r=-0419
level of IL-17 gene relative to that of the TNF-a gene were
more refractory to anti-TNF-o therapy. For this purpose, ¥ 0.2 4
we calculated the IL-17/TNF-a gene expression ratio in ©
PBMC of RA patients prior to anti-TNF-a therapy and E‘_ 015
correlated it with changes in DAS from pre- to two-week é ' |
post-therapy (DASO-2 week). The results showed that the E @
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Fig. 5 Relationship between IL-17/TNF-a ratio in peripheral blood
mononuclear cells and response to anti-TNF-« therapy. Number of
patients = 20, r = correlation coefficient. The P values were calcu-
lated by Spearman’s correlation coefficient by the rank test

fibroblasts and chondrocytes isolated from patients from
OA, suggesting that IL-17 does play a role in the joint
destruction process of OA [25]. In this study, we were
unable to obtain synovial tissues from healthy individuals,
which would have been a better control for this study. In
contrast to our study, Kotake et al. [17] reported the
presence of high IL-17 protein levels in synovial fluids of
patients with RA, but not those with OA. The reason for
this discrepancy is unclear, but it is possible that differ-
ences in post-transcription regulation of IL-17 production
between RA and OA partly contributes to the difference in
protein levels in the synovial fluid.

We next examined whether IL-17 gene expression in
PBMC is elevated in patients with RA. As expected, the
expression of IL-17 gene was significantly higher in PBMC
of RA patients than in those of healthy controls. This result
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implies that I1L.-17 does have a role in the inflammatory
process of RA, at least in some patients. We did not
measure expression of the IL-17 gene in PBMC from OA
patients. Comparison of IL-17 gene expression in synovial
tissues and PBMC taken simultaneously in both RA
patients and OA patients could be informative. Expression
of the IL-17 gene in PMBC of RA patients differed greatly
among individuals, suggesting that such expression is
important in some patients at some points during the course
of the disease. Future studies with serial samples from RA
patients would be informative. In this regard, IL-17 protein
levels were undetectable in serum samples of 15 RA and 15
healthy controls (<15.6 pg/ml) by enzyme immunoassay
(data not shown). Thus, we were unable to determine
whether IL-17 gene expression levels in PBMC reflect the
levels of serum IL-17 protein.

Interleukin-17 is known to enhance the pro-inflamma-
tory effects of TNF-o in vitro and to act in synergy with
TNF-¢ in the progression of arthritis in experimental
arthritis mouse models {8, 19, 20, 21]. IL-17 is reported to
depend strongly on TNF-« in induction of arthritis under
naive conditions in another experimental arthritis model
[15]. However, it was recently reported that IL-17 could
induce arthritis in the absence of TNFa in an experimental
arthritis model [22]. Therefore, we considered it possible
that (1) the expression of IL-17 gene in PBMC may be
related to that of TNF-«, or (2) some RA patients show
enhanced IL-17 gene expression level in PBMC regardless
of the TNF«x gene expression level, and comprise a sub-
population of anti-TNF-a refractory patients. We found a
tendency towards a negative relationship between the
expression of IL-17 gene and that of TNF-a gene in PBMC
of RA patients, although the relationship was not signifi-
cant. In addition, we found no significant relationship
between IL-17 gene expression in PBMC and various
parameters of inflammation, including ESR and serum
CRP. These results imply that, in RA, which is a multi-
factorial and heterogeneous disease, gene expressions of
TNF-a and IL-17 in PBMC are not directly associated with
each other, and the expression of IL-17 in PBMC does not
have an overwheiming influence on the inflammatory
status.

Interleukin-6 is also a pro-inflammatory cytokine known
to play an important role in the pathogenesis of RA [26,
27], and also to regulate the differentiation of Th17 T cells.
Previous studies indicated that IL-67'~CD4+ T cells from
draining lymph nodes produced less IL-17 than cells from
wild-type mice, and that IL-6-deficient SKG mice were
completely devoid. of IL-17°CD4+ T cells [28-30]. Con-
versely, IL-17 induced secretion of IL-6 from cultured
fibroblasts [7, 8]. Based on this background, we compared
the expression of IL-17 and IL-6 genes in PBMC of RA
patients. In contrast to the relationship between IL-17 gene
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expression and TNF-a gene expression, a tendency towards
a positive relationship was observed, albeit statistically
insignificant.

It has been reported that IL-23 is important in the sur-
vival and expansion of IL-17- and IL-6-producing Th17
T cells and the development of collagen-induced arthritis
in mice [30-33]. A recent study reported that self-reactive
T cells produced by genetic alteration of thymic T cell
selection spontaneously differentiate into Th17 T cells, and
that these T cells stimulate antigen presenting cells (APC)
to secrete IL-6 [29]). APC-derived IL-6 and T-cell derived
IL-6 drive naive T cells to differentiate into arthritogenic
Th17 T cells [34]. Our observation may reflect the fact that
Th17 T cells have an important role in the pathogenesis of
human RA.

The efficacy of anti-TNF-o therapy in RA is well
established [35]. However, non-responders hardly show
any improvement in symptoms even after continuous
injection or infusion of TNF-a antagonists. These obser-
vations imply that some cytokines other than TNF-a can
act independently of TNF-o in the pathogenesis of RA. If
IL-17 is one of these cytokines, IL-17 may become an
appropriate target for treatment of RA patients refractory to
TNF-¢ antagonists. To gain an insight into this question,
we first addressed how TNF-a blockage affected the
expression of IL-17 gene in PBMC of patients with RA by
comparing IL-17 gene expression before and two weeks
after the first infliximab or etanercept injection. Infliximab
did not significantly affect IL.-17 expression but etanercept
significantly increased the expression in PBMC after two
weeks of therapy. The reason for this difference is not clear
at present. However, etanercept is known to be a decoy
receptor and inhibitor of the action of soluble TNF-q, while
infliximab is an antibody against TNF-a and is reported to
induce negative signals through membrane TNF-o [36].
This may partly account for the observed differences in the
action of these two agents. At present, we could not find
any significant relationship between the efficacy of TNF-a
blockade therapy and fluctuation of IL-17 gene expression
in PBMC. A study in a larger number of patients is war-
ranted to examine this issue.

We also calculated the IL-17/TNF-« ratio in PBMC of
RA patients prior to initiation of therapy using TNF-o
blocking agents, and examined the changes in the ratio
after such treatment. While there was no relationship
between DAS 0-2 week and IL-17 or TNF-o gene
expression, the IL-17/TNF-« ratio tended to be lower in

responders. These results suggest that RA patients with low

1L-17 gene expression and high TNF-a gene expression in
PBMC before treatment are more likely to respond to anti-
TNF-o therapy. Currently there are no tools available to
distinguish between responders and non-responders before
TNF-a blockade therapy. IL-17/TNF-o expression ratio in
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