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than in the non-ARS group (91.6% vs. 58.7%, P = 0.02). Univariate Cox hazards analysis
revealed that the presence of anti-ARS antibodies was associated with better prognosis
(HR =0.34,95% C| 0.08-0.80; P =0.01).

Conclusions

The presence of anti-ARS antibodies is a possible prognostic marker in patients with PM/
DM-ILD.

Introduction

Idiopathic inflammatory myopathy (IIM) comprises a group of systemic autoimmune disor-
ders, including polymyositis (PM) and dermatomyositis (DM), affecting skeletal muscles and
other organs [1-3]. In patients with PM/DM, interstitial lung disease (ILD) is a common extra-
muscular involvement associated with poor prognosis [4-6]. We previously described the clini-
cal features of ILD-associated PM/DM (PM/DM-ILD) [7, 8] and identified the prognostic
factors based on the clinical characteristics of a large series of PM/DM-ILD patients [9].

Accumulating evidence supports an association between ILD and the presence of certain
myositis-specific autoantibodies (MSAs); in particular, anti-aminoacyl tRNA-synthetase en-
zyme (ARS) antibodies and anti-melanoma differentiation-associated gene 5 (MDA-5) anti-
body (also termed anti-CADM-140 antibody) are more closely associated with ILD than other
MSAs [10-15]. Anti-ARS antibodies were detected in approximately 50% of PM/DM-ILD pa-
tients [11]. To date, eight types of anti-ARS antibodies (Jo-1, PL-7, PL-12, EJ, O], KS, Zo, and
Ha) have been identified [10, 16]. Although patients with different types of anti-ARS antibodies
show some unique clinical features and prognosis [17-21], these patient subgroups can also
present with similar clinical manifestations, such as ILD, myositis, arthritis, Raynaud’s phe-
nomenon, and “mechanic’s hands” [also known as anti-synthetase syndrome (ASS)] [16, 17].

Yoshifuji et al. reported that the response to initial therapy is better in anti-ARS-positive
PM/DM-ILD than in anti-ARS-negative PM/DM-ILD [11]. However, there have been no
studies comparing the radiological and pathological features between anti-ARS-negative and
anti-ARS-positive PM/DM-ILD patients or assessing the long-term prognostic significance of
anti-ARS antibodies.

In contrast, several studies have demonstrated the clinical significance of anti-MDA-5 anti-
body, which is exclusively detected in DM or clinically amyopathic DM (CADM) [13-15, 17].
Patients positive for anti-MDA-5 antibody more often developed rapidly progressive and fatal
ILD [13-15] compared with those positive for anti-ARS antibodies [15]. Anti-MDA-5 and
anti-ARS antibodies are mutually exclusive [17]. Therefore, the early discrimination between
patients positive for anti-ARS antibodies and anti-MDA-5 antibody is crucial for determining
the appropriate treatment strategy for PM/DM-ILD.

At present, anti-MDA-5 antibody can be measured only in specialized facilities by protein
immunoprecipitation tests or enzyme-linked immunosorbent assay (ELISA) [14, 17, 22]. Con-
versely, anti-ARS antibodies are measurable using a commercially available ELISA kit (MESA-
CUP anti-ARS test, MBL, Nagoya, Japan) or a line blot assay kit (EUROLINE Myositis Profile
3, EUROIMMUN AG, Luebeck, Germany) [23]. We previously demonstrated that this ELISA
kit can detect anti-ARS antibodies with sensitivity and specificity comparable to the RNA
immunoprecipitation (RNA-IP) test [23]. Here using this ELISA kit, we aimed to describe the
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clinical, radiological, and pathological features of PM/DM-ILD and compare the prognosis of
anti-ARS-positive to anti-ARS-negative PM/DM-ILD patients.

Materials and Methods
Subjects

The institutional review board of Hamamatsu University School of Medicine approved this
study (approval number 25-225) and waived patient approval or informed consent because
the study involved a retrospective review of patient records, images, and pathological speci-
mens. This information was notified on the website (http://hamamatsu-lung.com/study.html).

We retrospectively reviewed consecutive patients diagnosed with PM/DM-ILD between
1995 and 2013 at Hamamatsu University Hospital (Hamamatsu, Japan). Of the 56 patients
identified, 8 were excluded because of overlapping connective tissue diseases (CTDs) (5 pa-
tients with Sjégren’s syndrome, 1 with systemic sclerosis, 1 with rheumatoid arthritis, and 1
with systemic lupus erythematosus). There were no patients who had active malignancies at
initial diagnosis. Finally, 48 PM/DM-ILD patients were included in this study.

The diagnosis of PM/DM was confirmed on the basis of Bohan and Peter’s criteria [1, 2]. In
this study, patients with definite or probable PM/DM were included. CADM was diagnosed as
a distinct subgroup of DM when the patient had a skin rash characteristic of DM without the
clinical evidence of muscle disease and with little or no increase in serum creatine kinase (CK)
during the study period (3, 7, 9, 14, 15, 24].

ILD was diagnosed based on clinical presentation, pulmonary function tests, high-resolu-
tion computed tomography (HRCT) images, and lung biopsy findings [25-28]. All patients un-
derwent transbronchial lung biopsy and/or bronchoalveolar lavage (BAL), and 27 patients
(56%) also underwent surgical lung biopsy (SLB). Patients with other known causes of ILD
were excluded [25-28].

Disease onset type was classified as ILD-preceding type if ILD diagnosis preceded PM/DM
diagnosis by three months or longer, concomitant onset type if ILD and PM/DM were diag-
nosed within 3 months, or myositis-preceding type if PM/DM diagnosis preceded ILD diagno-
sis by 3 months or longer [4, 7]. ILD form was classified as acute/subacute (lasting less than
3 months from the onset) or chronic (lasting 3 months or longer) according to the clinical pre-
sentation [7, 9]. For the assessment of clinical course, improvement and deterioration of ILD
were defined based on the International Consensus Statement of idiopathic pulmonary fibrosis
(IPF) [28] with slight modification by the consensus of 2 lung physicians specializing in ILD.
Briefly, improvement or deterioration were defined by two or more of the following: (1) a de-
crease or increase in respiratory symptom severity, (2) a decrease or increase in parenchymal
abnormality on chest HRCT scan, and/or (3) a >10% increase or decrease in percent predicted
forced vital capacity (%FVC) or a >10 Torr increase or decrease in arterial oxygen pressure
(Pa0,).

Detection of anti-ARS antibodies

For all 48 PM/DM-ILD patients diagnosed at Hamamatsu University Hospital, the serum sam-
ples stored since the initial ILD diagnosis were available. The samples were screened using a re-
cently developed ELISA kit (MESACUP anti-ARS test, MBL, Nagoya, Japan) that can detect
five anti-ARS antibodies (Jo-1, PL-7, PL-12, EJ, and KS) [23]. If positive, the presence of anti-
ARS antibodies was confirmed by RNA-IP [23].

Of the 48 PM/DM-ILD patients meeting the inclusion criteria, anti-ARS antibodies were de-
tected in 24 using the ELISA kit, of which 23 were also anti-ARS-positive by RNA-IP (termed
ARS group). The one patient positive for anti-ARS antibody by ELISA but negative by RNA-
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IP, and the 24 patients negative for anti-ARS antibodies by ELISA were classified as negative;
thus, 25 patients were classified as negative for anti-ARS antibodies (non-ARS group) (Fig. 1).
Anti-ARS antibodies detected in this study included PL-7 in 8 patients, Jo-1in 6, PL-12in 4,
KSin2,EJin2,and KS + EJ in 1.

Review of radiographical findings

HRCT images acquired at initial ILD diagnosis were reviewed. These images comprised
1-2.5-mm collimation sections at 10-mm intervals. They were reconstructed by a high spatial
frequency algorithm and displayed at window settings appropriate for viewing the lung paren-
chyma (window level, -600 to -800 Hounsfield units; window width, 1200 to 2000 Hounsfield
units). Images were randomized and reviewed independently by two expert chest radiologists
unaware of the related clinical information. The images were assessed for the presence and dis-
tribution of lung parenchymal abnormalities on HRCT findings.

The predominant distribution of abnormalities on HRCT findings was evaluated according
to the following criteria. Cranio-caudal predominance was assessed as “upper” when most of
the abnormal HRCT findings were above the level of the tracheal carina, as “lower” when most
of the abnormalities were below the level of the tracheal carina, and as “random/diffuse” when
most of the abnormalities were distributed randomly or diffusely. The axial distribution was
classified as “peripheral” if the abnormalities were present primarily in the outer third of the
lung, “peribronchovascular” if abnormalities were primarily around the bronchus and artery,
and “diffuse” if abnormalities were distributed diffusely.

HRCT findings, including ground-glass opacity (GGO), consolidation, reticular opacity,
honeycombing, traction bronchiectasis, non-septal linear opacity/subpleural curvilinear line
(SCLL), emphysema, and lower lobe volume loss were interpreted according to Fleischner’s cri-
teria with slight modification [29] (S1 Protocol). Each CT finding was recorded as present
or absent.

HRCT pattern was classified as usual interstitial pneumonia (UIP) pattern, possible UIP
pattern, or inconsistent with UIP pattern according to the guidelines for IPF with slight modifi-
cation [26]. The cases interpreted as inconsistent with UIP pattern were further classified as
nonspecific interstitial pneumonia (NSIP) pattern or organizing pneumonia (OP) pattern ac-
cording to the guidelines for idiopathic interstitial pneumonias (IIPs) [25, 27]. Patterns that
could not be classified as NSIP or OP were categorized as unclassifiable pattern (S2 Protocol).
Disagreements regarding HRCT interpretation were resolved by consensus between the
two radiologists.

Review of pathological findings

Surgical lung biopsy specimens obtained from at least two sites in each patient were reviewed.
The pathological classification (UIP, NSIP, or OP) was based on the guidelines for IPF and IIPs
[25-27]. Pathological patterns that could not be classified according to these criteria were cate-
gorized collectively as an unclassifiable interstitial pneumonia pattern [27].

Each of the following pathological findings was scored semiquantitatively (absent, 0; mild,
1; moderate, 2; and severe, 3): fibroblastic foci, alveolar wall fibrosis, alveolar wall inflamma-
tion, intra-alveolar cellularity, and organization. The presence or absence of the following find-
ings was also evaluated: microscopic honeycombing, prominent plasmacytes, dense
perivascular collagen, lymphoid aggregate with germinal center, and extensive pleuritis
[30,31].

Pathological patterns and the scoring of pathological findings were evaluated independently
by two lung pathologists and the final diagnoses were made by consensus.
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Fig 1. Number of patients included in this study and disease classification. Of 56 patients identified, 8
patients were excluded because of comorbid connective tissue diseases (CTDs) (5 patients with Sjdgren’s
syndrome, 1 with systemic sclerosis, 1 with rheumatoid arthritis, and 1 with systemic lupus erythematosus).
There were no patients who had active malignancies at initial diagnosis. Finally, 48 PM/DM-ILD patients were
included in this study. PM, polymyositis; DM, dermatomyositis; ILD, interstitial lung disease; CTD, connective
tissue disease; SS, Sjogren syndrome; SSc, systemic sclerosis; RA, rheumatoid arthritis; SLE, systemic
lupus erythematosus; ELISA, enzyme-linked immunosorbent assay; RNA-IP, RNA immunoprecipitation.

doi:10.1371/journal pone.0120313.g001

Statistical analysis

All values are expressed as median (range) or number (%). Depending on the sample size, ei-
ther the Fisher’s test or chi-square test was used for comparing proportions among groups.
The Mann—Whitney U test was used for comparing medians. Interobserver agreement on
HRCT diagnosis was analyzed using the « statistic test and classified as follows: poor (x =
0-0.20), fair (x = 0.21-0.40), moderate (x = 0.41-0.60), good (x = 0.61-0.80), and excellent

(x = 0.81-1.00). The observation period for survival was calculated from the date of initial diag-
nosis of ILD (not PM/DM diagnosis) to the last visit or the time of death. Survival was evaluat-
ed using the Kaplan—Meier method and survival curves were compared by the log-rank test.
Cox hazards analysis was used to identify variables associated with survival. In all analyses, P <
0.05 was considered statistically significant. All data were analyzed using commercially avail-
able software (JMP version 9.0.3a, SAS Institute Inc, Cary, NC, USA).
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Table 1. Patient characteristics.

ARS,n=23 non-ARS, n = 25 P value

Median age, yeas (range)

at PM/DM diagnosis 54 (38-76) 55 (32-75) 0.56

Smoking status, n (%) 0.21

Former 2(8.7) 7 (28.0)

Disease onset type

Data are presented as n (%), median (range).
*P < 0.05

ILD, interstitial lung disease; IIM, Idiopathic inflammatory myopathy; PM, polymyositis; DM,
dermatomyositis; CADM, clinically amyopathic dermatomyositis.

doi:10.1371/journal.pone.0120313.1001

Resulis
Clinical characteristics

The clinical characteristics of the ARS and non-ARS groups are summarized in Table 1. The
proportion of females was significantly higher in the ARS group than in the non-ARS group
(82.6% vs. 48.0%, P = 0.017). There were no statistically significant group differences in age at
ILD or PM/DM diagnosis, smoking status, disease onset type, ILD form, IIM type, or
observation period.

Clinical symptoms, laboratory findings, pulmonary function test results,
and BAL findings

The clinical symptoms, laboratory findings, puimonary function test results, and BAL findings
at ILD diagnosis are presented in Table 2. Muscle weakness/myalgia was more frequently ob-
served in the non-ARS group than in the ARS group (52.4% vs. 17.4%, P = 0.02). Median CK
and aldolase levels were significantly higher in the non-ARS group than the ARS group (P =
0.017 and P = 0.013, respectively). Median PaO, level was significantly lower in the non-ARS
group than in the ARS group (P = 0.04). Percent predicted forced vital capacity (%FVC) was
moderately low in both groups with no significant group difference.
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Table 2. Clinical symptoms, laboratory findings, pulmonary function test results, and
bronchoalveolar lavage findings at ILD diagnosis.

ARS,n=23 non-ARS, n =25 P value

Laboratory findings, median (range)

Aldolase, 1U/L 5.6 (3.1-19.1) 11 (3.3-133) 0.018*

P302

Torr 80 (63-105) 72 (47.9-103) 0.04*

% predicted

CD4/8 ratio 0.51 (0.07-4.97) 0.66 (0.05-3.82) 0.85

Data are presented as n (%), median (range).

*P < 0.05

CK, creatine kinase; PaO,, arterial oxygen pressure; FVC, forced vital capacity; FEV o, forced expiratory
volume 1.0(sec); BAL, bronchoalveolar lavage.

doi:10.1371/journal.pone.0120313.t002

HRCT distributions, findings, and patterns

Chest HRCT images at ILD diagnosis were available for all patients (Table 3). In both the ARS
and non-ARS groups, abnormal HRCT findings were predominantly distributed in the lower
lung zone and peripheral and/or peribronchovascular region. GGO, traction bronchiectasis,
and lower lobe volume loss were frequently observed in both groups, whereas little or no hon-
eycombing was seen in either group. There were no statistically significant differences in the
frequencies of specific findings or distributions between groups. HRCT pattern in all patients
was inconsistent with UIP pattern. The NSIP pattern was found in 17 ARS group patients
(73.9%) but only in 10 non-ARS group patients (40%). Conversely, the unclassifiable pattern
was observed in only 6 ARS group patients (26.1%) but in 11 non-ARS group patients (44%).
There was a significant difference in pattern between the two groups (P = 0.02).

Pathological patterns and findings

Of the 48 patients, 27 underwent SLB. Pathological patterns and findings are shown in Table 4.
The pathological patterns of the ARS group patients with available SLB findings (n = 13) in-
cluded NSIP in 12 (92%) and UIP in 1 (8%), whereas those of the non-ARS group (n = 14) in-
cluded NSIP in 11 patients (79%), UIP in 2 (14%), and unclassifiable interstitial pneumonia in
1 (7%). There was no statistically significant difference in pathological pattern frequency distri-
bution between the two groups (P = 0.51). There were no significant differences in the frequen-
cies of various pathological findings between ARS and non-ARS groups, including fibroblastic
foci [4 (30.8%) vs. 2 (14.3%)], microscopic honeycombing [5 (38.5%) vs. 4 (28.6%)], prominent

PLOS ONE | DOI:10.1371/journal.pone.0120313 March 19, 2015 7/14

— 180 —



o &
@ : PLOS } ONE Prognostic Significance of Anti-ARS Antibodies in PM/DM-ILD

Table 3. HRCT distributions, findings, and patterns.

ARS,n=23 non-ARS, n =25 P value

Cranio-caudal distribution 0.23

Lower predominance ' 23(100)

Consolidation 13 (566.5) 14 (56) 1.00

Honeycombing 0(0) 1(4) 1.00

0(0) 4 (16)

Data are presented as n (%), median (range).
Interobserver agreement on HRCT distributions, findings, and patterns between both radiologists was fair to good (k = 0.37-0.79).

*P < 0.05
HRCT, high-resolution computed tomography; SCLL, subpleural curve linear line; UIP, usual interstitial pneumonia; NSIP, nonspecific interstitial
pneumonia; OP, organizing pneumonia.

doi:10.1371/journal.pone.0120313.t003

plasmacytes [7 (53.8%) vs. 8 (57.1%)], and lymphoid aggregate with germinal center [7 (53.9%)
vs. 9 (64.3%)], although organization [6 (46.2%) vs. 10 (71.4%)] tended to be less frequent in
ARS group.

Treatment and outcome

Twenty-two of 23 patients in the ARS group (95.7%) and 23 of 25 in the non-ARS group
(92.0%) were treated for PM/DM-ILD during the observation period (Table 5). Although there
was no statistically significant difference in the treatment regimen between the two groups (P =
0.22), ARS group patients exhibited a significantly higher response rate (100% vs. 78.3%, P =
0.049). In the ARS group, only 1 of 23 patients died (due to cancer of unknown primary origin)
during the observation period (4.4%), whereas 8 of 25 non-ARS patients (32.0%) died during
the observation period (6 from respiratory failure, 1 from oropharyngeal cancer, and 1 from
rupture of an abdominal aortic aneurism). Both the overall death rate and the death rate from
respiratory failure were significantly lower in the ARS group (P = 0.02 and P = 0.02, respective-
ly). Kaplan—Meier survival curves are shown in Fig. 2. The 5-year and 10-year survival rates
were higher in the ARS group than in the non-ARS group (5-year: 100% vs. 69.1%; 10-year:
92.3% vs. 40.8%, P = 0.02 by log-rank test).
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Table 4. Pathological patterns and findings.

ARS,n=13 non-ARS,n=14 P value

Patterns, n (%) : 0.51

Score, none/mild/moderate/severe

Alveolar wall fibrosis 0/5/3/5 0/7/4/3 0.62

Intra-alveolar cellularit 0/13/0/0 0/11/3/0

Prominent plasmacytes 7 (53.8) 8(57.1) 0.86

Lymphoid aggregate with germinal center 7 (53.9) 9 (64.3) 0.70

Data are presented as n (%).
NSIP, nonspecific interstitial pneumonia; UIP, usual interstitial pneumonia.

doi:10.1371/journal.pone.0120313.1004

Univariate analysis revealed that seropositive status for anti-ARS antibodies (HR = 0.34;
95% CI 0.08-0.80; P = 0.01) was a favorable prognostic factor. In addition, higher PaO, levels
at initial ILD diagnosis (HR = 0.93, 95% CI 0.89-0.98; P = 0.007) were associated with longer
survival, whereas the acute/subacute ILD form was related to poorer prognosis (HR = 3.70,
95% CI 1.59-16.7; P = 0.001) (Table 6). There were no significant differences in treatment re-
sponse and outcome among patients exhibiting each anti-ARS antibody detected by RNA-IP
(data not shown).

Table 5. Treatment and outcome.

ARS,n=23 non-ARS, n =25 P value

Prednisolone alone 10 (45.5) 6 (26.1)

Prednisolone + Cyclophosphamide 1 (4.5) 1(4.3)

Due to respiratory failure, n (%) 0 (0) 6 (24.0) 0.02*

Data are presented as n (%), median (range).
*P < 0.05

doi:10.1371/journal.pone.0120313.1005
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Fig 2. Kaplan—Meier survival curves. The 5-year and 10-year survival rates were higher in the ARS group
than in the non-ARS group (5-year: 100% vs. 69.1%; 10-year: 92.3% vs. 40.8%, P = 0.02 by log-rank test).

doi:10.1371/journal.pone.0120313.9002

Discussion

The present study was conducted to elucidate the clinical significance of anti-ARS antibodies
in PM/DM-ILD. We found that 48% of PM/DM-ILD patients were positive for anti-ARS anti-
bodies and that these patients showed a female predominance and less frequent myositis com-
pared with non-ARS patients. Radiologically, NSIP pattern was more frequently observed in
the ARS group than in the non-ARS group. Furthermore, the presence of anti-ARS antibodies
was associated with favorable treatment response and greater survival. To the best of our
knowledge, this is the first study to compare the clinical, radiological, and pathological features
and clinical outcomes between anti-ARS-positive and anti-ARS-negative PM/DM-ILD pa-
tients, providing valuable information for clinical practice.

A previous report showed that a substantial number of patients positive for anti-ARS anti-
bodies were classified as CADM [17]. Consistent with this finding, we observed less frequent

Table 6. Univariate Cox hazards analysis for survival.

HR 95%Cl P value

Anti-ARS-antibodies, positive 0.34 0.08-0.80 0.01*

Age at ILD diagnosis, years

PaO, at initial ILD diagnosis, torr 0.93 0.89-0.98 0.007*

*P < 0.05

HR, hazard ratio; 95%Cl, 95% confidence interval; ILD, interstitial lung disease; PM, polymyositis; DM,
dermatomyositis; CADM, clinically amyopathic dermatomyositis; PaOy,, arterial oxygen pressure; %FVC,
predicted forced vital capacity.

doi:10.1371/journal.pone.0120313.1006
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muscle weakness/myalgia and lower serum CK and aldolase levels in the ARS group than in
the non-ARS group. Furthermore, patients with CADM were more frequently found in the
ARS group than in the non-ARS group (60.9% vs. 40.0%). In accordance with several previous
studies showing that ILD often precedes PM/DM diagnosis in patients with anti-ARS antibod-
ies [11, 32], the number of our patients with ILD-preceding type with no evidence of myositis
at initial ILD diagnosis was larger in the ARS group than in the non-ARS group (21.7% vs.
8.0%). Collectively, the clinical features of anti-ARS-positive PM/DM-ILD patients were con-
sistent with previous reports. :

Radiologically, the NSIP pattern is the most common in PM/DM-ILD (5, 33]. Moreover,
OP, diffuse alveolar damage (DAD), UIP, and mixed patterns with these features were also re-
ported [5, 27, 33, 34]. Similar to PM/DM-ILD, the NSIP pattern is likely to be the most com-
mon in ASS-ILD, although various other HRCT patterns have also been reported [19-21, 32,
35, 36]. To date, there has been no report comparing HRCT patterns according to the current
guidelines for IIPs [26, 27] between anti-ARS-positive and anti-ARS-negative PM/DM-ILD pa-
tients. In the present study, the NSIP pattern was significantly more frequent in the ARS group
than in the non-ARS group, and HRCT patterns were more heterogeneous in the non-ARS
group. Taken together, these results suggest that the presence of anti-ARS antibodies may affect
HRCT pattern by influencing disease pathophysiology.

Pathologically, NSIP is also the most common pattern in PM/DM-ILD, followed by UIP
and OP [4, 5, 8, 33, 37, 38]. DAD is often encountered in rapidly progressive ILD or autopsy
cases [4-8, 33, 37, 38]. In ASS-ILD regardless of PM/DM diagnosis, NSIP is the primary histo-
logical pattern [32, 35, 39], but UIP, DAD, and OP are also reported [19-21]. In the present
study, NSIP was the predominant pathological pattern in both ARS and non-ARS groups. UIP
was pathologically diagnosed in only 8% of ARS and 14% of non-ARS cases, although mild
fibroblastic foci and microscopic honeycombing were observed in some cases in this PM/DM-
ILD cohort (Table 4). Pathological findings suggestive of underlying CTD [30], such as promi-
nent plasmacytes or lymphoid aggregate with germinal center formation, were present in more
than 50% of all PM/DM-ILD patients. There were no significant differences in pathological
findings, although organization tended to be more frequent in the non-ARS group.
Collectively, our data suggest that PM/DM-ILD patients primarily exhibit the NSIP pattern on
lung histology, with no differences in pathological findings between anti-ARS-positive and
anti-ARS-negative groups.

Several prognostic factors for PM/DM-ILD have been identified [4, 6-9, 13-15, 34]. Our
previous study of 114 patients with PM/DM-ILD indicated that older age, acute/subacute form
of ILD, lower FVC, and CADM diagnosis were associated with poor prognosis [9], whereas
other reports identified the presence of anti-MDA-5 antibody and higher levels of serum ferri-
tin as indices of poor prognoses [14, 15, 34]. Consistent with previous studies, we found that
lower FVC percentage and acute/subacute form of ILD were indicators of poor prognosis in
PM/DM-ILD patients. Furthermore, anti-ARS-positive PM/DM-ILD patients (ARS group)
had better prognosis compared with anti-ARS-negative PM/DM-ILD patients (non-ARS
group) as evidenced by Kaplan—Meier survival curves and Cox hazard analysis. Moreover, the
response to the initial treatment was more favorable in the ARS group than in the non-ARS
group. Thus, our data suggest that the presence of anti-ARS antibodies predicts better outcome
as well as favorable response to the initial treatment in PM/DM-ILD patients.

It was suggested that the clinical features and prognosis may differ depending on the specific
types of anti-ARS antibodies present in patients with ASS regardless of the CTD diagnosis
[17, 18]. However, we could not find any clinical differences in our PM/DM-ILD cohort, possi-
bly because of relatively smaller sample size (data not shown).
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This study had several limitations. First, given its retrospective design and inclusion of ILD
patients who visited a pulmonary division, it is subject to several possible biases. For instance,
because the current authors’ institution is a regional referral center for ILD, referral or selection
bias may have increased the number of patients with pulmonary manifestations. Second, be-
cause of the relatively small sample size, it was not possible to test whether the identified factors
were independent risk factors by multivariate analysis in a Cox proportional hazards model.
Third, it is possible that patients positive for anti-OJ antibody (or other anti-ARS antibodies
not detected by ELISA) may have been included in the non-ARS group. However, the preva-
lence of these other anti-ARS antibodies was reported as rare (only 1%-5% of IIM patients)
(16, 23]. Thus, it may not have significantly affected our results. Furthermore, MSAs other
than anti-ARS antibodies were not measured in this study. Therefore, there is a possibility that
some patients may have been positive for other MSAs, including anti-MDA-5 antibody, in our
PM/DM-ILD cohort. Further study is needed to clarify this issue. Finally, the initial treatment
regimen was not uniform. Most patients were treated with prednisolone (0.5-1.0 mg/kg per
day) with/without immunosuppressants, such as cyclosporine, cyclophosphamide, or tacroli-
mus, for PM/DM-ILD. Given the rarity of PM/DM-ILD, it is unlikely that a larger, prospective,
and randomized trial will be performed soon.

In conclusion, the present study demonstrated significant associations between the presence
of anti-ARS antibodies and certain clinical features of PM/DM-ILD, such as female predomi-
nance and mild myositis. More importantly, positivity for anti-ARS antibodies predicted favor-
able response to treatment and longer survival. Therefore, measurement of anti-ARS
antibodies provides important information for appropriate management of PM/DM-

ILD patients.
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Abstract

It is suggested that polymyositis, an autoimmune inflammatory myopathy, is mediated by
autoaggressive CD8 T cells. Skeletal muscle C protein is a self-antigen that induces C protein-
induced myositis, a murine model of polymyositis. To establish a new murine model of myositis
inducible with a single CD8 T-cell epitope peptide that derives from the C protein, three
internet-based prediction systems were employed to identify 24 candidate peptides of the
immunogenic fragment of the C protein and bind theoretically to major histocompatibility complex
class | molecules of C57BL/6 (B6) mice. RMA-S cell assay revealed that a HILIYSDV peptide, amino
acid position 399-406 of the C protein, had the highest affinity to the H2-K® molecules. Transfer of
mature bone marrow-derived dendritic cells pulsed with HILIYSDV induced myositis in naive B6
mice. This myositis was suppressed by anti-CD8-depleting antibodies but not by anti-CD4-depleting
antibodies. Because this myositis model is mediated by CD8T cells independently of CD4 T cells, it
should be a useful tool to investigate pathology of polymyositis and develop therapies targeting CD8

T cells.

Keywords: bone marrow-derived dendritic cell, CD4 T cell, RMA-S cell

Introduction

Polymyositis (PM) is an autoimmune inflammatory myopa-
thy of unknown etiology (1). Immunochistochemical studies
showed that CD8 T cells infiltrate the pre-necrotic muscle fib-
ers (2-4) and express perforins (5). These findings argue that
cytotoxic CD8 T cells (CTLs) drive the pathology of PM.

We established a murine model of PM, C protein-induced
myositis (CIM) (6). Biochemical purification studies showed
that skeletal muscle fast-type C protein, a myosin-binding
protein in the cross-bridge-bearing zone of A bands of myofi-
brils, appears to be the main immunopathogenic component
of the crude skeletal muscle myosin preparation used for the
induction of experimental autoimmune myositis in Lewis rats
(7, 8). When C57BL/6 (B6) mice were immunized with each

of four overlapping protein fragments (fragment 1, 2, 3 and
4) from human skeletal muscle C protein in Freund’s complete
adjuvant (CFA), histological findings of the proximal muscles
showed that mice immunized with fragment 2 (amino acids:
284-580) developed severer myositis than those with other
fragments (6). We also found that immunization of a fragment
from murine skeletal muscle C protein, corresponding to frag-
ment 2 of the human C protein, induced myositis in B6 mice
as well as fragment 2 of the human C protein (9). Since it
should contain an epitope with dominant immunogenicity, we
have been using the fragment 2 to induce CIM. In CIM, CD8
T cells as well as expression of 2-microgloburin and perforin
are essential for myositis induction (10). This fact argues that
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cytotoxicity by CD8 T cells is responsible for CIM as is pre-
sumed for PM.

Conventional immunization with protein antigens to evoke
CTL responses requires CD4 T cells. Actually, depletion of
CD4 T cells before immunization of the C protein fragments
inhibited CIM development (6, 10). Here, we identified a CD8
epitope in the murine skeletal muscle C protein fragment to
evoke CD4 T-cell-independent peptide-induced myositis. The
CD8 T-cell-mediated murine model of myositis will be a tool to
develop treatments that address directly CD8 T cells.

Methods

Mice

Female B6 mice at age of 8-10 weeks were purchased
from Charles River (Yokohama, Japan). All experiments
were carried out under specific pathogen-free conditions in
accordance with the ethics and safety guidelines for animal
experiments of Tokyo Medical and Dental University and
RIKEN.

Candidate peptides

Candidate peptides that bind theoretically to major histocom-
patibility complex (MHC) class | H2-DP or K* were identified
with SYFPEITHI (http://www.syfpeithi.de/) based on previous
publications on T-cell epitopes and MHC ligands (11, 12),
HLA Peptide Binding Predictions (http://www-bimas.cit.nih.
gov/molbio/hla_bind/) by Dr Ronald Taylor (BIMAS, CBEL,
CIT, NIH, Bethesda, MD, USA) and Dr Kenneth Parker (NIAID,
NIH) (18) and NetMHC 3.2 Server (http:/fwww.cbs.dtu.dk/
services/NetMHC/) (14, 15). Peptides were synthesized by
Custom Peptide Service (Sigma-Aldrich, St Louis, MO, USA).

MHC class | expression assay using RMA-S cells

RMA-S, a mutant lymphoma cell line originating from B6
mice, which lacks a functional MHC-linked transporter with
antigen processing-2, expresses reduced levels of MHC
class | (16). Addition of exogenous peptides that bind to
MHC class | restores its expression. They were analyzed after
incubation with each candidate peptide and staining with
PE-conjugated anti-MHC class | H2-D* antibodies (KH95;
BD Biosciences, San Jose, CA, USA) or H2-K® antibodies
(AFB-88.5).

Immunization of mice with peptides

B6 mice were immunized with 200 pg of synthetic peptides
instead of the C protein fragments with the same adjuvants
in the method to induce CIM (6, 9). Some mice were intra-
peritoneally (i.p.) injected with 50 ng of polyinosinic—polycyti-
dylic acid sodium salt [poly (I:C); Sigma-Aldrich] and 50 pg
of agonistic anti-CD40 antibodies (FGK-45).

Transfer of bone marrow-derived dendritic cells presenting
immunogenic peptides

Bone marrow-derived dendritic cells (BMDCs), prepared as
described previously (17), were incubated with 1 ug mi-' of
lipopolysaccharides (LPS) (Sigma-Aldrich) for 24h to up-reg-
ulate MHC class | expression on their surface. Flow cytometry

showed that >95% of BMDCs increased expression of MHC
class | 24h after the LPS stimulation. Endogenous peptides
on MHC class | of BMDCs were replaced with synthetic pep-
tides at 50 pg ml=" each in the final hour. Two million of the
peptide-pulsed or non-pulsed BMDCs were intravenously
(i.v.) transferred twice with an interval of 3 days to B6 mice that
were intra-dermally (i.d.) injected on the footpads with 100 pl
of emulsion containing CFA. Seven days after the first trans-
fer, the histological severities of inflammation in the muscles
(hamstrings and quadriceps) were graded as in our previous
articles (6, 9). Grade 1: involvement of a single muscle fiber or
less than five muscle fibers; grade 2: a lesion involving 5-30
muscle fibers; grade 3: a lesion involving a muscle fasciculus;
and grade 4: diffuse, extensive lesions. When multiple lesions
with the same grade were found in a single block, a 0.5 point
was added to the grade.

Immunohistochemistry staining

Cryostat-frozen serial sections (8 pm) of the muscles (ham-
strings and quadriceps) from mice 7 days after the first transfer
of BMDCs were fixed in 4% paraformaldehyde and stained with
200ng mi-" anti-CD4 (RM4-5; BD PharMingen) or 400ng ml~!
anti-CD8a (53-6.7; eBioscience, San Diego, CA, USA) mono-
clonal antibodies or hematoxylin—eosin. Nonspecific stain-
ing was blocked with 0.3% hydrogen peroxide in water and
10% rabbit serum (Sigma-Aidrich) in PBS. The sections were
incubated with biotin-labeled anti-rat 1gG antibodies (Dako,
Glostrup, Denmark) and peroxidase-conjugated streptavidin
and then visualized with DAB in substrate buffer (R&D sys-
tems, Minneapolis, MN, USA). An isotype control, rat IgG2a,
(eBR2a; eBioscience), was used as a negative control.

In vivo depletion of CD4 or CD8 T cells

To deplete CD4 T cells from B6 mice, the mice were i.p.
injected with 500 ng of purified anti-CD4 monoclonal antibod-
ies (GK1.5) (18) every 4 days. To deplete CD8 T cells from B6
mice, the mice were i.p. injected with 1mg purified anti-CD8
monoclonal antibodies (563.67.2) (19) for three consecutive
days. Ten days after, injection of 500 pg of the same antibod-
ies was repeated following every other day for 7 days. Rat
IgGs were used as controls. Less than 0.5% of peripheral
blood cells or splenocytes of the treated mice were positive
for CD4 and CD8 staining with FACS analysis 10 or 7 days
after the first injection of the antibodies.

Statistical analysis

Histological scores were analyzed with the Mann-Whitney
U-test.

Results and Discussion

Identification of an immunogenic peptide derived from
murine skeletal muscle C protein

B6 mice develop CIM when immunized with a fragment
(amino acids: 279-574) of the murine skeletal muscle C pro-
tein (9). Using three internet-based prediction systems, 12
candidate peptides were selected from the fragment for each
H2-DP and H2-KP with high affinity scores in common among
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the three systems. Actual binding of the individual peptides
to MHC class | molecules was studied with an assay using
RMA-S cells. RMA-S cells showed the highest up-regula-
tion of MHC class | expression when pulsed with a peptide
(amino acids: 399-406; HILIYSDV), which binds theoretically
to H2-K® (Table 1).

Peptide-induced experimental myositis

Galea et al. (20) reported that CD8 T-cell cross-competition
is governed by peptide-MHC class | stability. To establish
a myositis inducible with a single CD8 epitope peptide, B6
mice were immunized with HILIYSDV. We first i.d. injected
the peptide in CFA without myositis induction in five mice. It
was reported that coligation of CD40 on DCs by CD4 T cells
was critical in priming antigen-specific CD8 T cells (21-23).
Agonistic anti-CD40 antibodies and poly (1:C) synergized to
prime CTLs without CD4 T cells (24, 25). We thus immunized
seven B6 mice with HILIYSDV with additional i.p. injections
of anti-CD40 antibodies and poly (I:C) but found no myositis.
The combination adjuvants including CFA, anti-CD40 agonis-
tic antibodies and poly (I:C) might not exert enough effects to
present the muscle antigen to CD8 T cells.

Kawachi et al. (26) established an experimental myositis in
BALB/c mice after four injections of BMDCs pulsed with pyru-
vate kinase M1/M2-derived peptides, which bind theoretically
to H-2K9 of BALB/c mice, into the inguinal lymph nodes. We
next performed a transfer of peptide-presenting BMDCs to
B6 mice. BMDCs were prepared and activated with LPS to
up-regulate MHC class | and CD40 and produce IL-2 (27).
The MHC class | molecules should present endogenous pep-
tides. HILIYSDV was or was not pulsed to replace the endog-
enous peptides on MHC class | of the activated BMDCs. B6
mice were i.v. transferred with the BMDCs twice. Recently, we
showed that myositis development requires both autoaggres-
sive T cells and CFA-induced conditioning of muscle tissues
in CIM and proposed a 'seed and soil’ model of autoimmune
diseases (28). Accordingly, the footpads were treated with
i.d. injections of CFA emulsion at the day of the first trans-
fer. The treated mice developed myositis 7 days after the first
transfer with histological changes including inflammatory
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cell infiltration around atrophic or regenerating muscle fibers
(Fig. 1A and B). The mice presented higher incidence and
severity of myositis than the control mice that were treated
with activated BMDC transfer alone (Fig. 1D). Mature BMDCs
could substitute the helper effect of CD4 T cells instead of
anti-CD40 agonistic antibodies and poly (I:C). When the dis-
ease course was followed histologically, we observed that
the myositis started to decline 10 days and had disappeared
14 days after the first transfer (Fig. 1E), showing that the
myositis is self-limited, as is CIM. This myositis was termed
C protein peptide-induced myositis (CPIM). While pyruvate
kinase M1/M2 that was used as an autoantigen in the previ-
ous report is not expressed specifically by the skeletal mus-
cles (29), HILIYSDV was a skeletal muscle-specific antigen.
CPIM should be appropriate to investigate organ-specific
reactions.

We found that a few mice transferred with BMDCs without
the peptide pulse developed myositis (the incidence, 23%;
the severity, 0.29+0.03 in Fig. 1D). In a separate experiment,
some mice developed myositis with a few necrotic muscle
fibers 7 days after i.d. injections of CFA alone at the footpads.
These results suggested that the myositis might be induced
by activation of innate immunity in the muscle tissues. It might
be due to CFA-induced up-regulation of MHC class | expres-
sion on muscle fibers. It was reported that transgenic mice
that expressed MHC class | highly on their muscle fibers nat-
urally developed myositis (30). On the other hand, we have
never found myositis histologically in the brachial muscles
from 12 mice with CPIM that were injected i.d. with CFA at
footpads of hind legs. Since the upper limbs were not treated
with CFA, this result agrees with the 'seed and soil’ model
as mentioned above (28). We also found that the histological
scores of CPIM mice varied among the experiments, which
might depend on the purity and activity of BMDCs.

To determine whether other candidate peptides acceler-
ate CPIM, we selected three candidate peptides (ILTINKCTL,
RILTINKCTL and DGGRYQVI) based on the results of the
RMA-S cell assay (Table 1). BMDCs pulsed with a mixture
of HILIYSDV and the three candidate peptides were trans-
ferred twice to mice treated with CFA at the footpads. The

Table 1. Candidate CD8 epitope peptides derived from the C protein fragment

MHC class | Peptide Fold change of MFI MHC class | Peptide Fold change of MFI

H2-D" SAKLNFLE! 2.09 H2-K® SKYVFENV 1.19
KWFKNGQEI 1.21 HVGRFHKL 0.80
ILTINKCTL. 3.00 DEKCFTEL 1.03
KWYKNGVEV 1.05 ARYRFKKD 1.03
VVAGNKLRL 1.00 HILIYSDV 6.13
KQLEVLQDI 0.97 DGGRYQVI 2.43
KTSDNSIVVV 1.01 DEGDYTFV 1.10
KTSDNSIVV 1.21 VLQDIADL 1.01
NGGQCEAELI 1.00 FVPDGYAL 0.72
VVVAGNKLRL 0.98 SHVGRFHKL 0.77
RILTINKCTL 2.46 FVPDGYALS 0.77
LSAKLNFLEI 1.81 EDGGRYQV!I 1.44

The amino acid sequences of 24 candidate peptides are described in single letter codes. Mean fluorescence intensities (MFIs) of the peptide-
pulsed RMA-S cells stained with anti-MHC class | H2-DP or H2-K® antibodies were compared with MFls of unpulsed RMA-S cells stained with
the same antibodies. Fold changes of MFIs show what times candidate peptide-pulsed RMA-S cells up-regulated MHC class | expression

compared with unpulsed RMA-S cells.
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Fig. 1. A CD8 epitope, HILIYSDV, peptide from murine skeletal muscle C protein with a high affinity to MHC class | molecules, induced experi-
mental myositis. A B6 mouse that received BMDCs pulsed with HILIYSDV presented infiltration of inflammatory cells around a few atrophic (A) or
regenerating muscle fibers (B) in the femoral muscles, while a B6 mouse that received unpulsed BMDCs did not (C). Bar = 100 pm. (D) The histo-
logical scores of the mice that received BMDCs pulsed with HILIYSDV (n = 14) were higher than those of the mice that received unpulsed BMDCs
(n=13). (E) The histological scores of the mice 10 days (n = 4) after the first transfer of BMDCs pulsed with HILIYSDV were reduced compared with
those of the mice 7 days after the transfer (n = 5). The myositis had disappeared 14 days after the first transfer in a separate experiment (n = 4).
(F) The histological scores of the mice that received BMDCs pulsed with HILIYSDV mixed with three other candidate peptides (n = 14) were lower
than those of the mice that received BMDCs pulsed with HILIYSDV (n = 14). The mice that received BMDCs pulsed with the three other peptides
(n = 12) barely developed myositis, the same as the mice that received unpulsed BMDCs (n = 18). The rhombus (D, E) or circle (F) symbols and
the bars represent the histological scores of individual mice and the average scores of individual groups, respectively. *P < 0.05 and **P < 0.01.

mice developed myositis with lower incidence and less
severity than those treated with transfer of the HILIYSDV-
pulsed BMDCs (Fig. 1F). Because mice with transfer of the
three candidate peptide-pulsed BMDCs barely developed
myaositis, the same as those with transfer of unpulsed BMDCs
(Fig. 1F), the three peptides are not immunogenic and should
have antagonized the effects of HILISDV-inducing CPIM.
These results argue that HILIYSDV is a peptide with special
immunogenicity to induce experimental myositis without pro-
motional effects of C protein-specific CD4 T cells.

CD4/CD8 T cell dependency of CIM development

Immunohistochemical analyses of the sections of the CPIM
muscles.revealed that CD8 positive cells infiltrated into the
muscle fibers (Fig. 2A). To investigate whether CD8 effector
T cells mediate CPIM and whether the helper effects of CD4
T cells are dispensable for the development, the recipient
B6 mice were treated with anti-CD4 or CD8 depleting anti-
bodies before the transfer of the HILIYSDV-pulsed BMDCs.
While the development of CPIM was not affected by the CD4-
positive cell depletion, it was inhibited by the CD8-positive
cell depletion (Fig. 2B and C). The results demonstrate that
CD8-positive CTLs are pathogenic in CPIM and that CD4 T
cells are not required.

Unexpectedly, HILIYSDV-specific cytotoxic reactions
were not assessable in vitro analyses of CD8 T cells iso-
lated from draining lymph nodes of mice with CPIM. The
CD8 T cells were stimulated with HILIYSDV-presenting naive
splenocytes or BMDCs ex vivo and analyzed with methods

including enzyme-linked immunospot assays and flow cytom-
etry assays to detect the interferon-y production and chro-
mium-51 release assays to measure their cytotoxicities. The
difficulties in detecting the in vitro CTL activity might be due
to small clonal size or weak cytotoxicity of HILIYSDV-specific
CTLs in the mice. In this regard, it has been known that no
islet autoantigens can induce detectable in vitro responses
to BDC2.5 autoreactive diabetogenic BDC2.5 T cells.

To address whether HILIYSDV is a dominant epitope in CIM,
we treated B6 mice with HILIYSDV in incomplete Freund’s
adjuvant (IFA) to establish tolerance prior to CIM induction.
While injection of C protein fragments in IFA blocked CIM
development, that of HILIYSDV did not. Thus, HILIYSDV may
not be the dominant CD8 epitope since we screened the pep-
tides based on their affinity to MHC class | molecules. Also,
these results do not necessarily argue against the dominant
role of the peptide. Tolerance development to C protein by the
C protein fragments might depend on tolerance in C protein-
specific CD4 T cells because CIM development is mediated
by both CD4 and CD8 T cells (6). While systemic or mucosal
administration of MHC class lI-binding peptides induced tol-
erance of CD4 T cells in various autoimmune disease models
(31-33), peptide-induced tolerance of CD8 T cells has been
shown to be limited in antigen-specific T-cell receptor-trans-
genic mice (34-36) and virus-induced autoimmune diabetes
(37, 38). Of most importance is the myositis induction by a
CD8 epitope peptide.

CPIM is a new murine model of a CD8 epitope peptide-
induced myositis. The peptide, HILIYSDV, derives from the
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Fig. 2. Sections of muscle from a mouse with CPIM that include necrotiz-
ing muscle fiber with infiltrating inflammatory cells (hematoxylin and
eosin staining) were immunohistochemically stained with anti-CD4 or
anti-CD8 antibodies or isotype control (A). CD8-positive cells infiltrated
into the muscle fiber. Data are representative of three mice. Arrows
show positive cells. Development of C protein peptide (HILIYSDV)-
induced myositis was inhibited by CD8 T-cell depletion but not by CD4
T-cell depletion. Recipient B6 mice were treated with control rat IgGs,
anti-CD4-depleting antibodies (B) or anti-CD8-depleting antibodies (C)
before the transfer of BMDCs presenting HILIYSDV. *P < 0.05. The rhom-
bus symbols and the bars represent the histological scores of individual
mice and the average scores of individual groups, respectively.

murine skeletal muscle C protein and has a high affinity to
MHC class | H2-KP. Because CPIM is mediated by CD8 T
cells independently of CD4 T cells, this new model should be
a useful tool to investigate pathology of PM and develop treat-
ments targeting CD8 T cells. We have published research
showing that blockade of interleukin (IL)-6, IL-1 or tumor
necrosis factor-a was effective to treat conventional CIM (9,
39). The target cells of these immunosuppressive agents are
unclear. Another experimental myositis that we established,
which was induced by an adoptive transfer of T cells from
CIM mice to recipient B6 mice, was used to clarify if these
agents activated innate immunity in the muscle tissues (28).
Experiments using CPIM will clarify whether the immunosup-
pressive agents directly inhibit the activation of CD8 T cells.
Although measurement of muscle weakness in mice is still
an unsolved issue, we have established three models of

Myositis induced by a CD8 epitope in C protein 331

myositis as tools to dissect the pathology of the myositis and
to develop specific treatments.
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Abstract

Myostatin, a muscle-specific transforming growth factor-g (TGF-8), negatively regulates
skeletal muscle mass. The N-terminal prodomain of myostatin noncovalently binds to and
suppresses the C-terminal mature domain (ligand) as an inactive circulating complex. How-
ever, which region of the myostatin prodomain is required to inhibit the biological activity of
myostatin has remained unknown. We identified a 29-amino acid region that inhibited myos-
tatin-induced transcriptional activity by 79% compared with the full-length prodomain. This
inhibitory core resides near the N-terminus of the prodomain and includes an a-helix that is
evolutionarily conserved among other TGF-p family members, but suppresses activation of
myostatin and growth and differentiation factor 11 (GDF11) that share identical membrane
receptors. Interestingly, the inhibitory core co-localized and co-immunoprecipitated with not
only the ligand, but also its type | and type Il membrane receptors. Deletion of the inhibitory
core in the full-length prodomain removed all capacity for suppression of myostatin. A syn-
thetic peptide corresponding to the inhibitory core (p29) ameliorates impaired myoblast dif-
ferentiation induced by myostatin and GDF11, but not activin or TGF-B1. Moreover,
intramuscular injection of p29 alleviated muscle atrophy and decreased the absolute force
in caveolin 3-deficient limb-girdle muscular dystrophy 1C model mice. The injection sup-
pressed activation of myostatin signaling and restored the decreased numbers of muscle
precursor cells caused by caveolin 3 deficiency. Our findings indicate a novel concept for
this newly identified inhibitory core of the prodomain of myostatin: that it not only suppresses
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