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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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Annexin V

FIG E2. Syk provides 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
CDA40 ligand (sCD40L; 2 p.g/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 PI

(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 flare-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 concurrently 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
anti-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 state. 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 ™,
marked increases were noted in the number of CD4+-CD45RO+
memory T cells and the 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+ T cell 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 heterogeneous 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 phenotypic changes suggest that B cell- or
T cell memory might be re-driven at recurrence after long-term
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— months— lymphocytes
Patient sex (months) RTX involvement (1U/ml) ENA CH50 ANAs (years) at relapse) at relapse) at flare
1 29F 6 CS, IveY Lymphadenopathy 5.4 (13.0) 114/ 320 2 9017 12-0-21 Persistently low
CNS 18/31 memory B cells,
high number of
memory T cells and
expression levels of
IcoS
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 CD8O0.
Persistently low
expression levels of
CD69 and ICOS
3 16/F 30 CS, IVCY Nephritis (V) 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 CD80.
Persistently low
expression levels of
CD69 and ICOS
4 19F 74 CS, IveY, AlHA 7.9(5.0) 54/ 80 1 4-0-2 4-0-13 No recovery of B
PE AZA, <5/9 cells, high number
TAC of memory T cells

and expression
levels of CD69

AlHA, autoimmune haemolytic anaemia; ANAs, antinuclear antibodies; AZA, azathioprine; BILAG, British Isles Lupus Assessment Group Activity Index; CNS, central nervous
system; CsA, cyclosporin; CS, prednisolone {or equivalent); ENA, extractable nuclear antigen; ICOS, inducible T-cell co-stimulator; 1V, intravenous; IVCY, intravenous
cyclophosphamide pulse therapy; MZ, mizoribine; PE, plasma exchange; RTX, rituximab; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; TAC, tacralimus.
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Figure 1

{A) B and 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 (abscissa: IgD, ordinate:
CD27), in the numbers of naive B cells (lgD*CD27), memory B cells (IgD"CD27* class switched memory B cells and IgD"CD27" double negative
memory B cells) and plasma cells {lgD"CD27"9". (2) Changes in the expression level of CD80 (costimulatory molecule expressed on CD197 cells).
(3) Changes in CD4* cell subsets (abscissa: CD4; ordinate: CD45R0; changes in numbers of naive T cells and memory T cells). (4} Changes in the
expression levels of CD69 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, 3 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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Serum immune complex containing
thrombospondin-1: a novel
biomarker for early rheumatoid
arthritis

The diagnosis of rheumatoid arthritis (RA) is based on classifi-
cation criteria set by the 2010 RA classification criteria includ-
ing serological assessment of rheumatoid factor (RF) and
anticitrulline-containing protein/peptide (anti-CCP) antibody.” ?
Anti-CCP antibody is specific (94-99%) for RA; however, 25%
of patients with established RA and 40% of patients with early
RA are negative for this marker.? * Novel biomarkers, especially
for early RA and/or for RA lacking RF and anti-CCP antibody
markers (ie, seronegative RA) are therefore urgently required.
Circulating immune complexes (CICs) present in the human

1916 Ann Rheum Dis November 2012 Vol 71 No 11
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body are likely to contain many different antigens that may
reflect underlying disease, so antigens incorporated into CICs
are promising candidates for diagnostic biomarkers. We devel-
oped a novel proteomic strategy (immune complexome ana-
lysis) to identify and profile antigens in CICs and used this
method to analyse CICs in patients with established RA and
controls (healthy donors and patients with osteoarthritis).’
CIC-assocjated thrombospondin-1 (TSP-1) was found in 81%
and ClC-associated platelet factor 4 (PF4) in 52% of patients
with established RA, but neither protein was found in CICs
from any of the controls.” Both proteins are known as endogen-
ous inhibitors of angiogenesis®®; the formation of CICs may
promote angiogenesis. We evaluated the diagnostic potential of
CIC-associated TSP-1 and CIC-associated PF4 in patients with
early RA divided into seropositive and seronegative groups.

Serum samples were collected from 25 disease-modifying
antirheumatic drug (DMARD)-naive seropositive patients with
early RA (mean+SD age 52.8+18.4 years; 21 women; disease
duration 0.25-12 months; CRP 0.01-8.55 mg/dl) and 15 sero-
negative patients with early RA (mean+SD age 60.5+17.9
years; 8 women; disease duration 1-6 months; CRP 0.02-14.4
mg/dl) at Nagasaki University Hospital. All the seropositive
patients were positive for RF and 20 were positive for anti-CCP
antibody, while all the seronegative patients were negative for
both RF and anti-CCP antibody. The diagnosis of RA was made
by the 2010 RA classification criteria as well as administration
of DMARDs within the first 12 months.! ? Serum samples
from 16 patients with Sjdgren’s syndrome (SS) (mean=SD age
60.9£13.0 years) and 14 patients with systemic lupus erythe-
matosus (SLE) (mean+SD age 42.6+12.4 years) who fulfilled
the international criteria for the diagnosis of SS” and SLE'® and
11 healthy donors (mean=SD age 49.5+10.3 years) were used
as controls. CICs purified by magnetic beads with immobilised
protein G were reduced and alkylated, followed by tryptic
digestion. The peptide mixture (1 wl) was subjected to nano-
liquid chromatography/electrospray ionization/tandem mass
spectrometry. More details of the analytical method can be
found in our earlier report.’

As shown in table 1, CIC-associated TSP-1 was found only
in patients with early RA and was not found in disease con-
trols (patients with SS or SLE) or healthy donors (100% spe-
cific). Twenty-two (55%) of the total of 40 patients with early
RA (56% (14/25) of the seropositive patients and 53% (8/15) of
the seronegative patients) had ClC-associated TSP-1.
PF4-containing CICs were found in only three patients (8%)
with early RA compared with 52% of the patients with

Tahle 1 Number of patients with early RA carrying ClIC-associated
TSP-1 or ClC-associated PF4

Early RA patients (n=40)

SS SLE Healthy
Seropositive Seronegative patients patients donors
(n=25) (n=15) {n=16) (n=14) (n=11)
TSP-1 14 8 0 0 0
PF4 3 0 0 0 0

CIC, circulating immune complex; PF, platelet factor; RA, rheumatoid arthritis; SS,
Sjogren’s syndrome; SLE, systemic lupus erythematosus; TSP, thrombospondin.

Ann Rheum Dis November 2012 Vol 71 No 11

established RA.° These PF4-containing CICs may therefore
promote disease progression.

In conclusion, we have shown that CIC-associated TSP-1 has
high potential as a novel biomarker for diagnosing early and/or
seronegative RA. Further analyses using a large number of
patients are warranted to determine the clinical benefit of
using this novel biomarker.
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The diagnostic utility of anti-melanoma
differentiation-associated gene 5 antibody testing
for predicting the prognosis of Japanese patients
with DM
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Abstract

Objective. Interstitial lung disease (ILD), especially rapidly progressive ILD (RPILD), is a major poor
prognostic factor in patients with DM. We investigated the association of anti-melanoma differentiation-
associated gene 5 (MDADS) antibody (Ab) with clinical characteristics and mortality in Japanese patients
with DM.

Methods. Seventy-nine DM patients, comprising 58 classic DM and 21 clinically amyopathic DM (CADM)
patients, were enrolled. Serum Abs were screened by immunoprecipitation assays, and an immunosorbent
assay (ELISA) was used for MDAS5. The relationships of clinical characteristics and mortality with each Ab
were investigated.

Results. Anti-MDAS5 Ab was detected in 17 patients. Anti-clinically amyopathic DM 140 kDa polypeptide
Abs (anti-CADM-140 Abs) were found in 16 of the 17 anti-MDA5 Ab™ patients. Skin uicers, palmar pap-
ules, CADM, RPILD and mediastinal emphysema were widely distributed in anti-MDA5 Ab™ patients.
Mortality at 6 months as well as 5 years was also significantly higher in anti-MDAS Ab™ patients than in
anti-MDAS Ab™ patients. In a multivariable Cox regression analysis, mortality was independently asso-
ciated with anti-MDAS Ab (relative hazard 6.33; 95% CI 1.43, 28.0). All of the deaths in anti-MDA5 Ab™
patients were attributed to respiratory failure of RPILD; however, RPILD did not worsen in any of the
anti-MDAS5 Ab™ patients who survived the first 6 months.

Conclusion. The presence of anti-MDAS Ab identifies the characteristic skin, musculoskeletal, pulmonary
and prognostic features in patients with DM. In addition, anti-MDAS5 Ab seems to predict a group of
patients with CADM-complicated fatal RPILD.

Key words: anti-MDAS Ab, CADM, RPILD.

'Department of Immunology and Rheumnatology, Unit of Translational Medicine, Keio University School of Medicine, Tokyo, ‘Sasebo City
Medicine, Graduate School of Biomedical Sciences, Nagasaki General Hospital, Sasebo and ®Department of Public Health, Nagasaki
University School of Health Sciences, Nagasaki University, Nagasaki, University Graduate School of Biomedical Sciences, Nagasaki, Japan.

SDepartment of Dermatology, Graduate School of Medical Science,

Kanazawa University, Ishikawa, *Second Department of Internal Submitted 8 May 2011; revised version accepted 20 December 2011.

Medicine, Graduate School of Biomedical Sciences, Nagasaki Correspondence to: Tomohirc Koga, Department of Immunology and
University, Nagasaki, SDepartment of Respiratory Disease, School of Rheumatology, Unit of Translationai Medicine, Graduate School of
Medicine, University of Occupational and Environmental Health, Biomedical Sciences, Nagasaki University, Sakamoto 1-7-1, Nagasaki
Kitakyushu, ®Division of Rheumatology, Department of Internal 852-8501, Japan. E-mail: aiueotipstk0926@gmail.com

© The Authar 2012. Published by Oxford University Press on behalf of the British Society for Rheumatology. Al rights reserved. For Permissions, please email: journals.permissions@oup.com

— 323 —



Classification of DM by anti-MDAS antibody

Introduction

A number of autoantibodies can be detected in the sera of
patients with DM, some of which are specific to DM and
are known as myositis-specific autoantibodies (MSAs).
Moreover, these autoantibodies are closely associated
with clinical manifestations of DM, such as symptoms,
complications, reactivity to therapy and prognosis [1].

In recent years, the autoantibodies found in patients
with inflammatory myopathies have been mainly classified
into several types by immunoprecipitation assays: anti-
aminoacyl-tRNA synthetase antibodies (anti-ARS Abs),
Abs to the signal recognition particle (anti-SRP Abs),
anti-Mi2 Abs, PM/Scl-100 Abs and PM/Scl-75 polypep-
tides Abs (anti-PM-Scl Abs), anti-clinically amyopathic
DM 140kDa polypeptide Abs (anti-CADM-140 Abs),
anti-155/140kDa polypeptide Abs (anti-p155/140 Abs)
and autoantibodies to a 142kDa protein (anti-MJ Abs).
These autoantibodies are strongly associated with the
clinical presentation [2-6]. In this regard, we have reported
a high frequency of rapidly progressive interstitial lung
disease (RPILD) and clinically amyopathic DM (CADM)
associated with anti-CADM-140 Abs [7, 8]. Recently
RNA helicase encoded by melanoma differentiation-
associated gene 5 (MDA5) was identified as a major
autoantigen in patients with CADM, which is targeted by
anti-CADM-140 Abs [9, 10].

Gono et al. [11] have also recently reported that
anti-MDAS5 Ab predicts a fatal outcome in patients with
DM combined with RPILD; however, the long-term prog-
nosis and other clinical characteristics of anti-MDA5 Ab*
DM patients remain to be elucidated. In the present study
we have tried to investigate the clinical value of anti-MDAS5
Ab for DM patients in a single cohort.

Patients, materials and methods

Patients

Sera samples were obtained from 79 patients with DM
who were undergoing medical treatment at the Graduate
School of Biomedical Sciences, Nagasaki University, from
September 1999 to August 2010, and were stored at
—20°C until use. Most of the sera samples were obtained
at the first visit so the interval from initiation of therapy was
minimal. We collected the data from all of the DM patients
examined in our department. Twenty-one patients did not
fulfil Bohan and Peter's criteria [12, 13] but fulfilled
Sontheimer’s criteria (CADM) [14, 15] because of the
absence of clinical skeletal muscle symptoms and the
presence of persistent clinical DM skin features. Clinical
manifestations, laboratory data, radiographic data and the
presence of internal malignancies were extracted from
medical records and verified by T.K,, N.Il. and K.F. The
patients were diagnosed with ILD according to the results
of chest X-ray and high-resolution chest CT, reported by
Japanese board-certified radiologists. All of the subjects
underwent routine examination of internal malignancies
and chest radiography. A subset of patients with RPILD
was defined as those presenting with progressive
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dyspnoea and progressive hypoxaemia, and a worsening
of interstitial change on chest radiography within 1 month
from the onset of respiratory symptoms, as described pre-
viously [2]. A signed consent form to participate in the
study, which was approved by the Institutional Review
Board of Nagasaki University, was obtained from each
patient.

Immunoprecipitation and ELISA

MSAs, including anti-CADM-140 Abs, anti-ARS Abs and
anti-155/140 Abs, were detected by immunoprecipitation
assays using extracts of leukaemia cell line K562, as
described previously [3]. Interpretation of the results of
immunoprecipitation was undertaken without knowledge
of patients’ clinical status. An ELISA system using recom-
binant MDAS5 as an antigen source was performed as
described previously [10]. All samples were examined in
duplicate, and the Ab units were calculated from the
optical density at 450 nm, using a standard curve obtained
from serial concentrations of a serum sample containing a
high titre of anti-CADM-140 Abs. The cut-off level was set
at 8.0 U, based on 10 s.p. above the mean value obtained
from 32 healthy control sera. Interpretation of the results
of ELISA was undertaken without knowledge of the clinical
status of the patients and the results of immunoprecipita-
tion assays.

Statistical analysis

Fisher's exact probability test and the Mann-Whitney
U-test were used to compare the differences. We also
examined the cumulative survival rates from the first visit
to the hospital with DM-related symptoms up to 5 years
by the multivariate Cox proportional hazard model
adjusted for patient age at symptoms onset, gender,
with or without CSs and with or without immunosuppre-
sants. A P < 0.05 was considered significant.

Results

Clinical characteristics of anti-MDAS Ab™ patients

Table 1 summarizes the 17 DM patients with anti-MDAS
Ab and the 62 DM patients without anti-MDA5 Ab. There
were 21 patients with CADM in the present study and we
have found that anti-MDA5 Ab is detected in 14 of 21
patients. In this group, 11 of 14 (79%) patients had
complicated RPILD and 7 (50%) patients died. Our pre-
sent data confirm the recent publications regarding the
characteristics of anti-MDA5 Ab™ patients, including the
CADM, RPILD, low CK, high ferritin and high mortality
found in these patients [11]. Since anti-MDA5 Ab is
mostly attributed to anti-CADM-140 Abs, a high preva-
lence of palmar papules and mediastinal emphysema,
which has been reported as typical of anti-CADM-140
Abs™ DM patients by our group [7], was also preferentially
found in anti-MDAS Ab™ patients. The present finding that
skin ulcers are highly prevalent in anti-MDAS Ab* patients
is new, however. Muscle biopsy or lung biopsy was not
performed. Skin biopsies were taken from eight patients
positive for anti-MDA5 Abs, and six patients were
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TaeLe 1 Comparison of clinical manifestations between patients with anti-MDAS Ab and patients without anti-MDA5 Ab

 Variabe

Age at onset, years 55.5 (13.0)
Female, n (%) 15 (88)
Skeletal muscle and skin features

Muscle weakness, n (%) 4 (24)
Gottron's sign, n (%) 13 (76)
Ulcer region, n (%) 10 (59)
Heliotrope rash, n (%) 8 (47)
Palmar papules, n (%) 11 (65)
Periungual erythema, n (%) 10 (59)
Clinical diagnosis
CADM, n (%) 14 (82)
Pulmonary involvement and malignancy
ILD, n (%) 16 (94)
RPILD, n (%) 12 (71)
Mediastinal emphysema, n (%) 6 (35)
Malignancies, n (%) 0 (0)

Laboratory data

. Positive (n

_ Ant:MDASAB

 Negative(n=62)

55.3 (15.0) 0.27

37 (60) 0.056
38 (62) 0.005
32 (52) 0.07
7 (12) 0.00007
23 (39) 0.56
13 (22) 0.0014
24 (41) 0.2
7 (i1) 4.2 x 10°°
37 (61) 0.008
4 (7) 9.8 x 107°
1(2) 2.1 x 107
6 (10) 0.17

CPK, 1U/1 173 (53-468) 905 (107-1607) 0.00024

KL-8, U/mi 1361 (825-1903) 1040 (345-1510) 0.36

Ferritin, ng/ml 1365 (894-1751) 180 (90-244) 0.016
Therapy

Maximum PSL, mg/day 40 (35-50) 40 (22.5-50) 0.99

Immunosuppressant, n (%) 16 (94) 29 (47) 0.17
Outcome

Death, n (%) 7 (@41 3 (5) 6.6 x 107°
MSA profile

Anti-140 Ab positive, n (%) 16 (94) 0 (0) 376 x 107"

Anti-155/140 Ab positive, n (%) 0(0) 7 (11) 0.35

Anti-ARS Ab positive, n (%) 0 (0) 30 (48) 0.002

Autoantibody negative 1 (6) 25 (40) 0.005
Anti-MDAS Ab titre 230 (22-448) 1.3 (1.1-1.9) 1.62x 1071

Ages are presented as mean (s.p.) values, while laboratory markers are medians (interquartile range). P-values were estab-
lished using Fisher's exact test or the Mann-Whitney U-test. Bold indicates significant values. CPK: creatinine phosphokinase;

PSL: prednisolone.

diagnosed pathologically with dermatitis consistent with
DM. One patient revealed only mild mucin deposition,
and another revealed only hyperpigmentation. A potential
limitation of the present study is the fact that biopsies
were taken from only a small number of patients. EMG
was performed in one anti-MDAS Ab™ patient, revealing
myogenic conversion consistent with myositis. Only one
patient was found to have preceding ILDs among
anti-MDAS Ab* patients. Skin manifestations preceded
ILDs in the other patients. We showed the typical
images about mediastinal emphysema, palmar pustule
and regional ulcers in anti-MDA5 Ab™ patients with
CADM (Fig. 1). In the frequency of cancer, anti-MDAS
Ab™ patients have no malignancy (0/17), whereas 6 of 62
(10%) patients in anti-MDAS5 Ab™ group were complicated
malignancies. Anti-155/140 Abs were found in all six pa-
tients with cancer. We confirmed the profile of autoanti-
bodies regarding the presence or absence of anti-MDA 5
Ab: namely, all DM patients positive for anti-ARS Abs,
anti-155/140 Abs and other types of autoantibodies

1280

were among the anti-MDA5 Ab™ group. There was no
overlap between anti-MDA5 Ab and any other types of
autoantibodies. Immunoprecipitation of anti-CADM-140
Abs from patients with anti-MDA5 Ab is shown in Fig. 2.

Survival rate of anti-MDA5™ patients

Ten (12%) patients died within 5 years from the first treat-
ment. The cumulative 6-month survival rates were 57.4
and 98.4% for DM with anti-MDA5 Ab and those without
anti-MDA5 Ab, respectively (Fig. 3). The survival rates
from the first visit o our hospital after adjusting for age,
gender, with or without CSs and with or without immuno-
suppresants were significantly different between each
subset (P=0.0151). The first visit to our hospital was
almost identical to the diagnosis of each patient. The
presence of anti-MDA5 Ab was independently associated
with mortality (relative hazard 6.33; 95% C1 1.43,28.0)ina
multivariable Cox regression model that included patient
age at onset, gender, with or without CSs and with or
without immunosuppresants. We have tried to compare

www.rheumatology.oxfordjournals.org
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Fic. 1 Typical clinical manifestations of patients with anti-MDAS Ab. The palmar pustules (A) were mainly located near
the MCP and PIP joints (arrows) and multiple ulcer regions (B) were also observed. Chest CT scan (C) shows mediastinal
emphysema in the middle of the chest cavity (arrows).

Fic. 2 Immunoprecipitation with anti-CADM-140 Ab from the 35S-labelled K562 cell extract. Lanes 5-12 and 18-25
show the results with anti-CADM-140-positive sera from DM patients with anti-MDA5 Ab* (A-P). The results of the
prototype sera of anti-155/140 Abs and anti-CADM-140 Abs are also shown (lanes 3, 16 and 4, 17, respectively).
One sera of an anti-MDA5 Ab* patient immunoprecipitated not anti-CADM-140 Abs, but anti-U1-RNP Ab, which was

deleted from Fig. 2.
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the variables within anti-MDA5 Ab™ DM patients who were
alive or dead and found that the regime of therapy was not
different between two groups although the PaO,/FiO, and
serum CPK levels were higher in the former. The value of
anti-MDAb5 Ab is significantly lower in the former (Table 2).
All the deaths in the anti-MDAS5 Ab* patients were attrib-
uted to respiratory failure of RPILD. However, importantly,
there was no acute exacerbation or progressive worsen-
ing of ILD by CT images after initial treatments in any of
the anti-MDA5 Ab* patients. In fact, all of the deaths of
anti-MDA5 Ab™ patients occurred within the first 6 months
(Fig. 3). In addition, no patient required home oxygen

Fic. 3 The adjusted cumulative survival rates in the
presence or absence of anti-MDAS Ab. The cumulative
survival rates from the first visit to the hospital with
DM-related symptoms up to 5 years were examined as
described in the text. Survival rate of anti-MDA5 Ab*
patients was significantly low compared with that of
anti-MDAS Ab™ patients. P=0.0151, between the two
groups.

DN without MDAS (n=62)

therapy after discharge among anti-MDA5 Ab* patients
who were alive during the first 6 months. We showed a
short case presentation describing a patient with CADM
positive for anti-MDA5 Ab. A 60-year-old female de-
veloped erythemas on the upper eyelids, fingers and
elbows in July 2005. Three months later she developed
exertional dyspnoea. A CT scan revealed interstitial lung
shadow (Fig. 4A). We measured anti-CADM-140 Ab levels
and anti-MDA5 Ab levels, which were both positive
{anti-140 kDa Abs were detected by immunoprecipitation
assay, and the titre of anti-MDA5 Abs was 544.109 U).
She has been treated at our outpatient department and
is in a stable condition (Fig. 4B).

Discussion

Other Japanese groups recently identified the character-
istics of anti-MDA5 Ab* DM patients [11]. Our present
data confirmed their findings. Additionally, we have
shown some new characteristics of these patients, such
as high frequencies of palmar papules, skin ulcers and
mediastinal emphysema, as well as no overlapping of
other types of autoantibodies. These data may help phys-

ot icians to recognize features of anti-MDA5 Ab™ patients
S L among DM patients. Since physicians are urged to start
§ 08 ‘; ! intense immunosuppressive therapy early for anti-MDAS
=z ' DM with MDAS (n=17) Ab* DM patients, this information may be clinically
B 06 i indispensable.
%f ! Although the prognosis of anti-MDA5 Ab* patients was
=2 04 X worse than that of anti-MDAS Ab™ patients, none of
g : the surviving anti-MDA5 Ab* patients experienced acute
O oo | exacerbation or progressive worsening of ILD after the
: P=0.0151 initial freatment. This is quite different from anti-MDAS
0 . . . Ab~ patients, since ILD recurred in several of these
0 1 10 20 30 40 50 80 patients and death ensued during long-term follow-up
6 month No. of months (Fig. 3). One of the characteristics of anti-MDA5 Ab*
patients is hyperferritinaemia {11, 16]. There are many
TasLe 2 Comparison of clinical parameters between alive and dead anti-MDA5 Ab* patients
Age at onset, years 52 (42-58.5) 59 (53-70) 0.051
Female, n (%) 9 (90) 6 (86) 1.00
Ulcer region, rn (%) 5 (50) 5(71) 0.70
Palmar papules, n (%) 7 (70) 5 (71) 1.00
CPK, U/ 208 (90.3-864) 169 (33.5-359) 0.014
Anti-MDA5 Ab titre 168 (16.3-436) 230 (76.0-478) 0.032
PaO,/FiO, before treatment, mmHg 395 (370-462) 203 (114-240) 0.027
Therapy
Steroid pulse therapy, n (%) 5 (50) 7 (100) 0.09
CYC, n (%) 4 (40) 4 (57) 0.84
Oral calcinurin inhibitor, n (%) 6 (60) 7 (100) 0.18
1.V. calcinurin inhibitor, n (%) 1(10) 3 (43) 0.32
Ages are presented as mean (s.0.) values, while laboratory markers are medians (interquartile range).
P-values were established using Fisher's exact test or the Mann-Whitney U-test. Bold indicates significant
values. PaO,: partial pressure of arterial oxygen; FiO,: fractional inspired oxygen concentration.
1282 www.rheumatology.oxfordjournals.org
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Fic. 4 A chest CT scan before and after treatment. A reticular shadow was revealed in the lower lung field (A) and
it improved 4 years after disease onset (B). Arrows indicate the region that improved with treatment.

reports evaluating hyperferritinaemia in patients with auto-
immune diseases [17]. The highest ferritin levels in auto-
immune disorders are typically seen in patients with
macrophage activation syndrome (MAS), often associated
with adult-onset Still's disease (AOSD) [18]. It is well
known that many viruses produce double-stranded (ds)
RNA that can be recognized by two major arms of the
innate immune system: the toll-like receptors (TLRs) and
the Rig-I-like receptors (RLRs). MDAS5 is a member of the
RLR family that recognizes dsRNA within the cytosolic
compartment and induces the production of inflammatory
cytokines and cell surface molecules involved in the
anti-viral response [19]. Considering that MAS could be
induced by various infectious agents [20], and given the
critical role of MDA5 in innate immune defence against
viruses, one hypothesis is that the production of
anti-MDAS5 Ab is an epiphenomenon during virus infection
that is associated with the onset of CADM and RPILD;
namely, infection of the skin and lung epithelium by cer-
tain viruses. In general, innate immune responses do not
recur; therefore we have not found exacerbation of ILD
during the follow-up periods of anti-MDA5 Ab* DM
patients.

Most patients with ILD-complicated DM appear to be
well controlled by CSs and immunosuppressants [21]. In
contrast, patients with RPILD observed in DM were resist-
ant to a variety of treatments [22, 23]. We have introduced
CSs, cyclophosphamide and calcineurin inhibitor to
anti-MDA5 Ab™ patients with RPILD. We could not find
any significant difference in therapy between alive and
dead patients. PaO./FiO,, serum CPK level and the
value of anti-MDA5 Ab before treatment were prognostic
factors. We showed the significance of the duration of
preceding symptoms in patients positive for anti-MDA5
Abs. Although we do not have any definitive evidence,
shorter duration of preceding symptoms to treatment
could lead to better outcomes (supplementary Table 1,
available as supplementary data at Rheumatology
Online). Thus it is recommended that anti-MDA5 Ab™* pa-
tients who have typical CADM with signs of ILD be treated
promptly with the combination of CSs, cyclophosphamide
and calcineurin inhibitor.

www.rheumatology.oxfordjournals.org

In conclusion, the measurement of anti-MDA5 Ab by
ELISA enables us to predict the prognosis of patients
with CADM-complicated fatal RPILD. The characteristics
of anti-MDA5 Ab™ DM patients could be explained by the
nature of MDAS5 in innate immune responses to viruses.
A multicentre, prospective study is warranted to confirm
our results.

Rheumatology key messages

s Anti-MDAS Ab is associated with characteristic pul-
monary and skin involvement in patients with DM.

e Anti-MDAS5 Ab predicts patients with CADM
complicated by RPILD.
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Ca**/calmodulin-dependent protein kinase IV (CaMKIV) (&1 >/ Bk, MIRREEEARR, &M, W
BRES, BT EICLKRRLTED, YIFIVGEYEE U TRIROZARICEITL, TFEIFLEE
RFEEEETD. CaMKIVEBEZETH D KN-93 [ THIBICBIFD IL-2 ¢ IL-17H K =Z 1 bO—ILL,
2BMTUTFT ;TR (SLE) BEDECRBEEDREZHIHT DIRENMNDD. Fic T HIZIT TG
L ERTAHIECHER - v /07 7 — YL UBiEE DB A Y U+ LI, EHIEICEES L,
WEPEEEIIFITA T EICE DT, TEITFIFREICHITDEENAEZESTTREEN DS,

#(30&012

Ca®"/calmodulin-dependent protein kinase IV (CaMK
V) &, U Y SERRRR LIS CFELTE Y, Mk
THEHEPICREL TS ZEBMLNTWS, CaMKV
1Z cAMP response element modulator (CREM) % & ®
EERTZY VBT LI0ED, Ay AMEER
WHEETORBERAG 2B I -oTwa,. FEDF /47
A FHEMFYE (genome-wide association study : GWAS)
TR Y TFHREEO P TOEFBT ) T P —FT R
(systemic lupus erythematosus : SLE) X3 h D% KT
PR LT, RERCB ALY ET L HESLH
AECRBERTWAY. SLE D THMIROHHN TR
CaMKNV OFHAMENM L THB Y, Interleukin (IL)-2 %
S-L7: THIRBREORELZFIERIT I EAMESN
Twh, IEHo THEO SLE BEMLECH#EMEB I &
) &, MiEF O CDIFMRICL Y THIFAL T % —(T-

Cell Receptor : TCR) %4 LT CaMKIV A (L s 4,

BRICBATT 5 EABESRTW Y. BRICBITL
72 CaMKIVIZ IL-2 7 U E— % — 480D - 180 12 b 5
CRE @ site TCREMa # V) Y b L IL-2 W2 KT
ST 5E (EGA).

—J, IL-17 % #4434 T helper (Th) 17 Mg BE &
U=, H2lE, SLE 2 O HOREBEREEDIIEICHES
T2 IERMONTY S, D% T SLE T IL-17
Z BT A Thi7 #ifa & HEME: T M8 (Treg) ©7 ¥ /8
T UANFEICHES L TwE EEZLNLTWAS. Koga
513 CaMKIV S CREMa % 4 L 72 IL-17 /% I & b
O—)b LA S Thi7 MilB05bicBE 35 2 & 2 #HE
L, Thl7 #ilgiz B+ 5 CaMKIV-CREM pathway D%
e oL (EOB)”.

¥ 72 CaMKIViZ SLE & F N <7 A TH 5 MRL/lpr
<y AD THIRTHHEHEANTEL TS, bhbhid
CaMKIVHEZRETH 55 F L& KN-93 (H@C, D)
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CaMKIV (Ca’*/calmodulin-dependent protein kinase IV) O#ifak S 7 Fics i
A1&E & CaMKIV BHEZE KN-93 O#EiE

A, B:CaMKIV if Ca*"/CaM BAKRD Fifiicd 5 CaMKK %4 LY VL% % #%
PUCRATS B, D DOWTY Y% )72 CREM & IL-2 # ¥, & H Wi IL-17 &
EERRAESE 5. F2RoRETid AKT/mTOR signaling % {PE b &4, Thl7 fifz
OIS B (Koga T el al, 2014” /Crispin JC et al, 2010 & v 31 H).

C 1 KN-93 & CaM & #Biamicid/z 5 &, CaMKK 12X A CaMKIV @) 1 L%
$ % (Racioppi L et al, 2008” & ) 2531 41).

D : KN-93 O 13 1 CoHwCINLQ,LS, 7 FH =501.1 (TOCRIS #1 http : //www.tocris.

com £ D HH)

% MRL/Ipr =7 AQERENICES T2 LIk, &
JAE R R R B O 2 T2 2 LR @ L
729 IR0 END CaMKVE ¥ —4# y b & Lz¥
F—EBHEHKN SLE 23 Lo L35 HOMIERBRDOE
WRELTHMERY D B EARBSI NI

AT ECHERBICEI) A CaMKV D% % B X
DEBREI T & L COWRERIC O W TS L 72\,

%ﬁ'L CaMKIV

Ca® ¥ 7 ik, B miie & & b
BTbEh >y FAvberIr—4& LCHIRNEM, 1L,
DM, WEELR EICHEEREHEHoTWAE, ANVEY 2
) >~ (calmodulin : CaM) ZMMEPITH N7 A LS
THBLAHREAT, Ca¥'/CaM BAKEEET . 2D
BEMRIL Ca™ /CaM KAL) v-ALF = v ¥ F—¥
(CaMK) 77 3Y—7T&5 CaMKI, CaMKI, CaMK
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VG s ¢ 5. F0% 9T CaMKN & Ca**/CaM
BWEMROTHICH S CaMK FF—+ (CaMKK) 4L

) VBMEE ZOBPICBATL, & F SF 2B RETICH
E LR, MROBEELE 6T dDLEEZLN
Twh. CaMKIVIZ ) ¥ 788k S 4 <HHLTH
Y, MERCARTERAING, MR, RRAIE, B SRR
ETHN O &EFR LIS LTnwA Z ARG SN T
WwWa”

H AL Tt SLE BE D T M OBN T CaMKIV ®
REILELTBY, IL-2 07/ 0E— ¥ — 502 H 51
BH¥ CREMa ®V YL ZFEL, IL-2 OFBINHE
AAZANHRENTY. & 512 MRL/ Ipr. Cambiv™' ™=
2 A Tld MRL/[pr =7 A2 BT IL-2 DA EIE
LTHBY, Treg DB EFE LR, SLE OffRedsE
MEZLZH LTSI EARIESNEY (FOA, B).

BRI BT bbbt MRL/ Ipr <7 A
BT DEREREDL S A Xy 24102 Wk L
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@ CaMKIV i pCREM 2L L2 HKIREHET 3
AT HIFEEISED IL-2 %BLZ MRL/Ipr < 7 A (WT) TEIHI S 41, MRL/ lpr.camkiv™'~< 7 2 (KO)
TEDOFEBAEE L Tz, B MRL/ breambiv.’ "< ATIE WT <7 212 5, IL-2 KE
PRI T MM (Treg) OFEB|EFE L. ("p<0.05, “*p<0.01)

(Koga T et al, 2012 X W B1H)

CaMKWV %4 L 7-¥8%#RE, 4 M A A VEERZHE L
7z, FORERMRL/Ipr <7 ZAHED AF 2 F 7 A
Tk CaMKIV B H A JLE L THB Y, MRL/lpr.
Camkiv™' "< 7 AB I KN-93 %5 T T, c-Jun DFE
BHEE A LT AY ¥ 2B oREE R 1L-6 A
PHRHENTWB I EFHALDP L 572, TNHDOHE
X0, V=T RAFRIIBTBEAT XY AMilED CaMK
VHRBTTEFFRERIZOEG LTV AT RENE RS
n¥ (AOA, B).

Sato & (38 B MBI B @ Receptor activator of NF-
B ligand (RANKL) ¥ ZF VDI A7 YT b—A
R & ED, HNT T AENT HIEERME Y Z T VI
CaMEKNVDEETH L Z Lo HifF L7, RANKL Fl#IC
£ 0 CaMKWV & 2O T it Tl Pk & 172 phosphorylat-
ed cyclic AMP response element binding protein
(pCREB) 25#i B H#ilas1b 0 LIEEE R T TH 5 c-Fos
DFBEN L CTHMLERB L, Camkiv’ <7 AT}

wild type & B L CHEMBREABALTBY, £h
IS TBEESEMLTWAZ ENH LR &
BAC in vivo DRAEHBHIEE 7 N 2 JPEF B MR AE
EFNMIZBWTYH, CaMKIVHERIZARBEDRT D S &
N, SHROWLLEEENSTERY DB I LARE
Bz,

% 2. CaMKIV-CREM pathway

SLE Tid IL-2 7 Ut — % — gD - 180 HricdH %
CRE ~® CREMu«a & CREB (cAMP response element-
binding) PHEMZAEAICLY, THRICET S IL-2
FEHEEHBL T 5. CREM 2 alternative splicing 12 &
0% < @ isoform (25T 1L 545, CREMa 1% IL-2 4
RT3 725E DL —H, bH)—DODEERT
TH% CREB XY vBLZ 2175 & IL-2 OERGENE%E
TLEXE LTS EHHSH. SLE @ Tl Tld CaMK
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A c LPS (=) LPS(+)
MRL/MPJ  MRL/I LPS) _Psth)
PDGF T -fr+ 100 100
on . 80 .. 80
I 2 60 2 60
e " 5 40 5 40
Acti B E3 :
etn 20 L 20 \
a-cyclin D1 <
notin 10'10210210410° 1011021021041 08
cD8ss
, LPS(-) LPS(+)
B D:D.OS" l 0:0'0480 ] OO“ e LA i 0 B S e A ] OD
700 NS * S _* ] &
Lol . 80 80
Z 500} = 609 = 60
= Y y—
% 400 - 5 4] =
24001 S 40 S 40
® 200} 201 =01 .
= 00} - T !
. 1010210910410 1011021051041 08
MBL/MPJ  MRL/Ipr cD8so
L) unstimulated B KN-93 control MRL/lor MRL/Ior
- ] — control e — 0
PDGF B PDGF+KN-93 ML MR

@ CaMKIVIHEZREKN-93 & 3BAY ¥y LMBIEES & U MRL/lpr 77 2 B HIFSE L OH0H
A, B:KN-93 13 MRL/lpr =7 2D X 4 2 ¥ AfIC BV -CHlla 8- 59 % CDK-2, cyclin
DI OEAFBEZWH U, IL-6 AT &7 SN0/ MR ERF (PDCF) Hili
THERENA SN C KN-93 i3 MRL/lpr = 7 A28 AWk CD19"B #illa ¢k LPS #)
BOF T CD80 3 & U8 CD86 MEFHAME T LTV,
(Ichinose K et al, 2011 /Ichinose K et al, 2011% X b 51 /)

VIZ&»TY yE{b &7z CREMa & Protein phospha-
tase 2A (PP2A) 12X W) YL 37 CREBIZ LD
IL-2 BRI WAH S 02" (ROA).

—75. SLE TIX IL-17 % AL % Thl7 #iNa & il fiE
THROT VNG Y ARRECHGLTWEEERD
NLTw5. Koga 513 CaMKIVA® CREMa %4 L 72 IL-
17 EHEZHIE L, Thl7 Mgz B1F % CaMKIV-CREM
pathway O&E AP 52 L7z, F 72 FERZ CaMKIV
{Z AKT/mTOR signaling % {& 1L 24 Thl7 Mg o5
LICH5T 22 L &2#ELEY (ROB).

%ﬁ 3. CAMKIV-CD86, CDB80 #llfil

PUFESRMeE LCo BMIE, ~7u7y—2, Bk
FIHEE T HIE & % b, co-stimulatory pathway T
% CD80, CD86 7 &% /LT T Mao B CyEICx
T HREERREOWAEICL D, interferon-y (IFN-7)
% tumor necrosis factor ¢ (TNF-a) 7% & ORIEMEH 4
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MLV ERBET S,

Hlario 5 FHERH SR OB IO RMIZEH L T3
CD83 % CD86 #*Y R4 (lipopolysaccharide : LPS) #
BMTFTRKN-93IZLpilshTnws 2L 2|5 L.
Z D toll-like receptor 4 (TLR4) 2 & » TiEMH L E b
327> ViE pCREB, Bcel-2, Bel-xL %4 L T CaMKIV
WXk oTHIEENTEY, BHRAIEO cell survival 1257
BLTwazazWoricLz".

bivbiLid MRL/Ipr =7 22 CaMKNVHERTH 5
KN-93 % 8 BB L O 12 8875 16 B ¥ THEIERN
BE5 L, AR, MWEYA A4 U5, P ds-DNA #it
i, REBR, U SENICBU BEEWY A b AL v, R
HIFEOREBRAEIIOWTOMEF e B ko7, 8k
BLO 128, 5 KN-93 5. 3 hi-<w 7 A (KN-93
E5H) TIX, VU YERREAEEAEK (PBS) #5HICL
O~ BRI & B IGE R RR PR O oz B
ds-DNA $if&fli, IFN-y % TNF-a 7% EOIIEWEY 1 b
B A B 8 HE S 5B & v KN-93 5.7
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T ATHEBIETLTWw . BEH¥RO CD19" B i
K TliE LPS H# T ¢ CD80 B &£ U CD86 #* KN-93 # 5-
BTETLTwZY (BOC). LLhoiEsrs, KN-93
WHUER R T MOV % HI8 L 7252,
Sl dEaE, SOERTREEREEIHIL, V- T ABED
MBI E ST DR D B,

%ﬁ%ﬂobm

CaMKIViZ T M2 Tld e £, BB RAA R B
Bexra 77— VUL ZBEEZ DB AT ¥y
LA, BB DS L, JOERRE R T 5 o
Lo T, 2FSFRWBICBTHENMELIHS
T EHIERE NS, SiE L P DRRMIE AT T,
B ER R OREMIIOWTELRAREEBI LD
VERH 5D,
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