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whether bile acid therapy had some association with any change
in muscle pathology/function.

Of the 12 patients treated, all except one patient, who was
treated with low-dose corticosteroids in accordance with her
wishes, showed normalization of creatine kinase levels within
3 months. Improvement of muscle power was observed in six
patients and it remained the same in the others. One patient,
whose index of AMAs was followed up after initiation of treat-
ment, showed a mild decrease in index, from 85.1 to 21.0 in
Patient 23, but two patients did not show a decrease.

In three non-treated patients (Patients 1, 2 and 5), despite no
worsening of muscle weakness during the observation period
(62.0 +30.8; range 36-96 months), two patients (Patients 1
and 5) developed arrhythmia, one of whom (Patient 5) required
an implantable pacemaker.

Histopathological features of patients
with inflammatory myopathy that have
anti-mitochondrial antibodies

With regard to histopathological studies, in addition to the findings
of inflammatory myopathies (necrotic and/or regenerating fibres,
n=23; inflammatory changes, n=23; positive staining of the
sarcolemma with MHC dlass 1, n=21; variation of muscle fibre
size, n = 18), endomysial fibrosis, which suggests a chronic myo-
pathic process, was found in 15 patients. No perifascicular atrophy
was observed, and the invasion of non-necrotic muscle fibres by
mononuclear cells was observed in one patient (Patient 22).
Intriguingly, six patients (three patients with PBC and three pa-
tients without PBC) had granulomatous inflammatory lesions and
four of them showed CD4-positive T cell predominance over
CD8-positive T cells in the lesions (Fig. 2).

Comparison of clinical and
histopathological features between
anti-mitochondrial antibody-positive
and anti-mitochondrial antibody-
negative patients

Table 2 shows a comparison of clinical and histopathological fea-
tures between AMA-positive and AMA-negative patients, and be-
tween AMA-positive patients with myositis with and without PBC.

Regarding clinical features, the AMA-positive patients with myo-
sitis had a longer disease duration before diagnosis (P < 0.0005),
more frequently showed muscle atrophy at the initial presentation
(P < 0.005), showed cardiac involvement (P < 0.005) and less fre-
quently showed skin rash (P < 0.05) than the AMA-negative pa-
tients. Regarding histopathological findings, the AMA-positive
patients with myopathy more frequently showed variation in
muscle fibre size (P < 0.005), endomysial fibrosis (P < 0.01) and
granulomatous inflammation (P < 0.01) than the AMA-negative pa-
tients. In the AMA-positive patients with myositis, no significant dif-
ference was found between the patients with PBC and those without
PBC, except that cardiac involvement was more frequently observed
in patients with PBC.
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Figure 1 Muscle CT images of AMA-positive patients with the symptoms of weakness in neck flexion and lordotic posture. Paravertebral
muscles at the upper thoracic level showed muscle atrophy and fatty changes in Patient 5 (A), Patient 7 (B) and Patient 23 (C).

Figure 2 Muscle histopathology of AMA-positive patients with granulomatous inflammation (Patients 4, 5 and 7). Granulomatous
inflammatory changes in the endomysial space are replacing muscle fibres in Patient 4 (A), Patient 5 (B) and Patient 7 (C). Marked fibre
variation in size and increased volume of connective tissue in endomysium are also observed in Patient 7 (D). Surface marker analysis
of infiltrating lymphocytes shows the predominance of CD4-positive lymphocytes compared with CD8-positive lymphocytes in Patient 7

(E and F). Scale bar = 100 um.

Titre of anti-mitochondrial antibodies
and clinical features

The indices of the 24 AMA-positive patients ranged from 7.4 to
124.3 (62.8 4 43.2 index). In 13 patients with a disease duration
of 12 months or longer, the index increased significantly
(82.0 £ 38.6) in comparison with that of the 11 patients with a
disease duration of <12 months (40.5 + 38.8; P < 0.05).

A comparison of clinical and histopathological features be-
tween the patients who have high (>80) and low (<80) indi-
ces of AMAs showed that the patients with high indices tend
to have cardiomyopathies, arrhythmias and granulomatous

inflammation more frequently, but differences between the
two groups were not significant. However, five out of six pa-
tients with cardiomyopathies, six out of eight patients with ar-
rhythmia and four out of six patients with the histopathological
finding of granulomatous inflammation had high indices of
AMAs.

In the correlation between the index of AMAs and clinical fea-
tures, although the disease duration before diagnosis significantly
correlated with the index of AMAs (P < 0.05), disease severity
(modified Rankin and Medical Research Council scales) did not
(Fig. 3). There was no correlation between the index of AMAs
and severity or activity of PBC.
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a Cardiac involvement was defined as a condition when ejection fraction was decreased by <50% or presence of arrhythmia.

b Restrictive ventilatory involvement was defined as a condition when the vital capacity was <80%.

¢ Positive finding of internal nuclei was defined as a finding of >5% of muscle fibres assoclated with internal nuclei.

d Positive inflammatory change was defined as a change when more than five inflammatory cells infiltrated the perivascular or endomysium in the muscle tissues.
CK = creatine kinase; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; F = female; M = male; MRC = Medical Research Council; NS = not significant.
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Table 2 Comparison of clinical and histopathological features between AMA-positive patients versus AMA-negative patients with myositis and AMA-positive 3
patients with PBC versus AMA-positive patients without PBC g
. =
Clinical and histopathological findings AMA-positive AMA-negative Significance AMA-positive AMA-positive Significance §_
myositis patients  myositis patients  (AMA-positive versus  myositis patients  myositis patients (PBC™ versus &
{N=24) (N =188) AMA-negative) with PBC(N=7) without PBC(N=17) PBC™) 2
Sex (M:F) 9:15 58:130 NS 5:2 4:13 NS &
Age at disease onset (years) 54+ 13 55 + 15 NS 54410 54+ 15 NS &
Disease duration before diagnosis (months) 20+ 20 12436 P < 0.0005 26+ 17 17 +£21 NS 8
Clinical signs and symptoms, n/N (%) 8
Severe limb muscle weakness (<MRC3) 7/24 (29) 557177 (32) NS 2/7 (29) 5717 (29) NS &
Severe neck muscle weakness (<MRC3) 7/22 (32) 51/137 (37) NS 2/6 (33) 5/16 (31) NS 8.
Myalgia 7/23 (30) 95/163 (58) P <0.05 2/6 (33) 5/17 (29} NS ?_.,_,
Muscle atrophy 13724 (54) 40/188 (21) P < 0.005 4/7 (67) 9/17 (563) NS §
Skin rash 2/24 (8) 60/188 (32) P <0.05 0/7 (0) 2/17 (12) NS é
Cardiac involvement? 8/24 (33) 17/188 (9) P < 0.005 5/7 (71) 3/17 (18) P <0.05 g
Restrictive ventilatory impairment® 6/19 (32) 41/126 (33) NS 2/7 (29) 4/12 (33) NS <2
Dysphagia 4/21 (19) 30/121 (25) NS 2/7 (29) 2/14 (14) NS 2
Associated disorders, n/N (%) : §‘
Collagen disease 7/24 (29) 43/188 (23) NS 2/7 (29) 5/17 (29) NS 3
Malignancies 3/24 (13) 28/188 (15) NS 0/7 (0) 3/17 (18) NS ]
Interstitial lung disease 6/24 (25) 75/188 (40) NS 177 (14) 5/17 (29) NS
Laboratory data
CK level (U/D) 2322 £ 3121 3160 + 8627 NS 1183 + 1126 2791 + 3567 NS
ESR (mm/h) 51+ 26 41+ 30 P < 0.05 73+ 26 43 £ 20 P <0.05
CRP level (mg/dl) 08+08 1.5+4.1 NS 0.7+04 08+09 NS
AMAS (index) 62.8+43.2 24+15 P < 0.0001 98.3 £ 33.6 48.2 =385 P <0.01
Histopathological findings, n/N (%)
Variation in muscle fibre size 18/24 (75) 75/188 (40) P < 0.005 717 (100) 11717 (65) NS
Disruption of myofibrillar architecture 6/24 (25) 72/188 (39) NS 17 (14) 5/17 (29) NS
Internal nuclei® 9/24 (38) 59/188 (32) NS 5/7 (71) 4/17 (24) NS
Necrotic and/or regenerating fibres 23/24 (96) 168/188 (89) NS 717 (100) 16/17 (94) NS @
Endomysial fibrosis 15/24 (63) 46/188 (25) P <001 5/7 (71) 10/17 (59) NS 8,
Perifascicular atrophy 0/24 (0) 20/188 (11) NS 0/7 (0 0/17 (0) - :)
Inflammatory cell infiltration® 23/24 (96) 173/188 (92) NS 7/7 (100) 16/17 (94) NS 3
Mononuclear cells invading non-necrotic muscle fibres  1/24 (4) 8/188 (4) NS 0/7 (0) 1717 (6) NS N .
Positive staining of the sarcolemma with MHC class I~ 21/24 (88) 174/188 (93) NS 5/7 (71) 16/17 (94) NS @
Granulomatous inflammation 6/24 (25) 11/188 (6) P <0.01 3/7 (43) 3/17 (18) NS e
CD4-positive lymphocyte predominance 4/24 (17) 10/139 (7) NS 2/7 (29) 2/17 (12) NS §“3 :
7':-'-\
N
3
o
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Figure 3 Correlation between titre of AMAs and disease dur-

ation before diagnosis. The index of AMA-M2 significantly
correlated with the disease duration before diagnosis (P < 0.05).

Discussion

The association of PBC with inflammatory myopathies has been
reported mainly as case reports, and comprehensive studies of the
prevalence and the clinical and histopathological features of pa-
tients with inflammatory myopathies and AMAs or PBC have not
been conducted thus far. In this study, we retrospectively re-
viewed 212 patients with inflammatory myopathies, and found
24 patients with AMAs (11.3%) and seven patients with PBC
(3.3%). By analysing the clinical and histopathological features,
we found that AMA-positive patients with inflammatory myopa-
thies frequently include patients with a clinically chronic disease
course, muscle atrophy, cardiac involvement and granulomatous
inflammation regardless of the presence or absence of PBC.
Although the comparative analysis did not show a significant dif-
ference, in our 24 patients with AMAs, two patients required re-
spiratory support because of restrictive ventilator impairment,
which is unusual for typical cases of inflammatory myopathies.

Considering the characteristic clinical features and the significant
correlation between the index of AMAs and the disease duration
before diagnosis, we believe that these suggest the importance of
AMAs not only as markers but also as factors involved in patho-
genic mechanisms. Of the 24 AMA-positive patients, despite the
characteristic features of the whole group, some patients showed
a subacute or acute clinical course, no muscle atrophy, and no
association with cardiopulmonary involvements, indicating some
variation in clinical features. Further study should be carried out
to clarify the roles of AMAs in the pathogenesis of AMA-positive
myositis.

Presently, the mechanisms underlying PBC pathogenesis remain
unknown. In the initiation of the mechanism underlying PBC
pathogenesis, the mimotopes of the vulnerable epitope of the
PDC-E2 autoantigen are considered to become the autoantigens
in PBC (Lleo et al., 2008). In the production of the mimotopes,
the modification of native proteins following the exposure to in-
fectious microorganisms, environmental xenobiotics/chemical
compounds or apoptotic biliary epithelial cells has been suggested
(Selmi et al., 2011). In the presence of altered regulation of
self-tolerance and genetic background, it is suggested that
AMAs are produced by PDC-E2 autoantigen-specific B cells and

M_;‘Ht"fMa‘edé et,-;zl,f :

PDC-E2 autoantigen-specific T cells present in sera (Selmi et al.,
2011). Regarding the pathogenesis of liver damage in PBC, it has
been revealed that the autoreactive CD4-positive and CD8-
positive T cells infiltrating the liver in PBC recognize PDC-E2
(Hohenester et al., 2009), which supporis the hypothesis that T
cell responses contribute to bile duct injury in PBC.

On the other hand, although AMAs are highly specific for PBC,
the pathogenic role for them in this disease is uncertain since in
contrast to other autoimmune diseases, PBC responds poorly to
immunosuppressive agents and changes in autoantibody titre do
not seem to correlate with disease severity (Selmi et al., 2011).

Recently, it has been suggested that the pathogenic immune
attack in PBC may be directed not only against the proteins of
the 2-oxo acid dehydrogenase family (M2 antigen) but also
against other antigens that become exposed during apoptosis
and proliferation of biliary epithelial cells. Among these antigens,
nuclear antigens, neuroendocrine compartments such as the
acetylcholine receptor muscarinic M3 receptor, the a1 adrenergic
receptor and proteins of the Bcl-2 family have been suggested
(Berg, 2011).

Indeed, it has been known that antinuclear antibodies are de-
tected in ~50% of serum samples from patients with PBC (Selmi
et al., 2011). Among them, an autoantibody against glycoprotein
201 was reported fo correlate with severity of PBC.

Furthermore it was recently shown that sera from patients with
PBC have functionally active anti-acetylcholine receptor muscarinic
M3 autoantibodies and the author suggested the possibility of
receptor desensitization due to repeated interactions of the recep-
tor with the autoantibodies (Berg, 2011). Nicotinic but not mus-
carinic anti-acetylcholine receptor autoantibodies were detected in
AMA-positive patients with PBC in early studies (Sundewall et al.,
1987; Kyriatsoulis et al., 1988). Considering a previous report
describing the relationships between autoimmunity against the
B1-adrenergic receptor autoantibody or muscarinic acetylcholine
receptor and dilated cardiomyopathy (Jahns et al., 2004), in add-
ition to autoreactive CD4-positive and CD8-positive T cells, auto-
antibodies against antigens other than AMAs may have some
pathogenic role in patients with PBC. Further studies are necessary
to reveal the mechanism of skeletal muscle damage in patients
with PBC.

In our series, eight patients showed myositis associated with
arrhythmia. Among them, two patients required treatment by
catheter ablation and one patient required an implantable pace-
maker. Furthermore, in three patients who refused any treatment,
two developed arrhythmia, one of whom required an implantable
pacemaker.

In previous case reports, as far as we searched, cardiac involve-
ment in myositis in the presence of AMAs has been described in
eight patients (Uhl et al., 1974; Saitoh et al., 1988; Harada et al.,
1992; Varga et al., 1993; Tsai et al., 1996; Kasuga et al., 2004;
Tanaka et al., 2007). Among them, five pafients had a chronic
disease course (2 years, n=2; 5 years, n=3), and all eight pa-
tients, including one patient who required an implantable pace-
maker, showed arrhythmia (supraventricular tachycardia, n=5;
ventricular tachycardia, n=2; atrioventricular block, n=1).
Seven patients, including three patients who received treatment
for dilated cardiomyopathies, had a decreased ejection fraction.
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Interestingly, six patients with cardiac involvement and PBC have
been diagnosed as having asymptomatic PBC.

From the view-point of cardiovascular system functions, abnor-
mal autonomic nervous system regulation in patients with PBC
was reported (Selmi et al., 2011), and other reports show that
autonomic dysfunction in PBC is associated with an increased car-
diac mortality risk in non-liver chronic disease states (Neubauer
et al., 1997; Jackson et al., 2007). Furthermore, a recent study
showed impaired cardiovascular function in PBC using impedance
cardiography and magnetic resonance methodologies (Jones et al.,
2010). Considering the above previous reports, in addition to our
present results, it is possible that the frequent association of car-
diac complications is a characteristic feature in inflammatory myo-
pathies with PBC. Further study should be carried out to clarify the
association between arrhythmia and AMAs, and myositis patients
with AMA should be followed up carefully for cardiac complica-
tions, especially arrhythmia.

From the diagnostic view-point of myopathies, it should be
noted that the 10 patients in our series showed a clinically chronic
course with muscle atrophy, the findings of which are common to
those of muscular dystrophy. In patients with muscle atrophy,
three had paraspinal muscle involvement with lordotic posture,
which is an atypical feature of inflammatory myopathies. Since
myositis patients with AMA respond to treatment, as a diagnostic
approach to chronic myopathies, AMAs should be evaluated
particularly in patients with chronic myopathies and muscle atro-
phy associated with or without lordortic posture, or cardiopul-
monary involvement. Moreover, the patients presenting PBC
associated with AMAs with increased serum creatine kinase
levels should be evaluated if they show muscle involvement or
cardiomyopathy.

It has been reported that granulomatous inflammation with bile
duct injury is a characteristic liver histopathological change in PBC
(Ludwig et al., 1978). Thus, it is interesting that six of the patients
with a clinically chronic disease course showed granulomatous in-
flammation in muscle histopathology. In association with PBC,
granulomatous extrahepatic lesions have been described in other
organs such as the skin (Kishor et al., 2008) and lungs (Fagan
et al., 1983). The presence of granulomatous inflammation in
the patients with such characteristic clinical features also suggests
that a pathogenic mechanism may be related to that of PBC.
Further study should be carried out to clarify the exact back-
ground mechanism underlying this association.

AMAs in serum are highly sensitive and specific for PBC; they
are detected in nearly 95% of patients with PBC, with specificity
close to 100% when tested with recombinant antigens (Selmi
et al., 2011). In our study, we used an enzyme-linked immuno-
sorbent assay for the detection of immunoglobulin G, M or A class
antibodies against at least one of the 2-OADC enzymes. When
performed in accordance with the manufacturer's protocol
(Kadokawa et al., 2003), the specificity of the detection method
is 98%. In our series, seven patients were diagnosed as having
inflammatory myopathies with PBC and 17 patients were diag-
nosed as having inflammatory myopathies with AMAs without
any clinical features of PBC. In comparison of the two groups,
associated autoimmune diseases and autoantibodies were
observed in both groups, and no significant difference in clinical

features was found between the groups except for cardiac in-
volvement being more frequently observed in patients with PBC
than in those without PBC (Table 2).

Although AMAs serve as highly sensitive markers for the diag-
nosis of PBC, AMAs can frequently be detected in patients with
other diseases, such as primary systemic sclerosis, Sjogren's syn-
drome, rheumatoid arthritis and autoimmune hepatitis (Hu ef al.,
2010). It has also been reported that other autoantibodies asso-
ciated with PBC are rheumatoid factors (70%), anti-smooth
muscle antibodies (66%), anti-thyroid (anti-microsomal, anti-
thyroglobulin) antibodies (40%) and anti-nuclear antibodies
(35-50%) (Talwalkar and Lindor, 2003; Selmi et al., 2011). It
has also been reported that AMA-positive individuals, even
those without signs of cholestasis or liver inflammation, are very
likely to develop PBC (Metcalf et al., 1996; Hohenester et al.,
2009). It is not clear whether the AMA-positive patients without
PBC in our series will develop PBC several years later. However,
considering that inflammatory myopathies associated with AMAs
are frequently observed in patients with a clinically chronic disease
course, muscle atrophy, cardiopulmonary involvement and granu-
lomatous inflammation regardless of the presence or absence of
PBC, we believe that inflammatory myopathies associated with
AMAs form a characteristic subgroup.

Further study, including the study about the roles of autoanti-
bodies against antigens other than AMAs in PBC, should be car-
ried out to clarify the exact background mechanism underlying this
association.
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T Lymphocytes and Muscle Condition Act Like Seeds and Soil
in a Murine Polymyositis Model
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Objective. 1t has been reported that pelymyesitis
(PM) is driven by CD8+ cytotoxic T lymphecytes. The C
protein-induced myositis (CIM) model we have estab-
lished is similar to PM in pathology except that it
undergoes spontaneous remission. We undertook the
present study to delineate the roles of inmate and
acquired immunity in myositis.

Methods. C57BL/6 mice were immunized with
recombinant C protein fragments together with
Freund’s complete adjuvant (CFA) and Toll-like recep-
tor (TLR) ligands at hind leg footpads and tail bases.
CIM mediated by adoptive transfer of T cells to naive
mice was treated with cytokine antagonists.

Results. Second immunization with C protein
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fragments revealed no induction of tolerance. Injection
of CFA and TLR ligands at the hind leg footpads
reinduced myositis in the same legs. Interestingly, ini-
tial myositis was observed omly in the CFA-treated
forelegs. Transfer of C protein fragment-specific T cells
from mice with CIM induced myositis in CFA- and TLR
ligand—-treated legs of recipient mice. CFA freatment
resulted in the recruitment of macrophages producing
inflammatory cytokines. Induction of myositis was in-
hibited by blocking interleukin-1 receptor or tumeor
necrosis factor a.

Conclusion. Myositis development requires acti-
vation of autoaggressive T cells and conditioning of
muscle tissue. CIM regression is due to attenuation of
local CFA-induced immune activation. These results are
in accordance with a2 “seed and soil” model of disease
development and might offer clues to decipher clinical
aspects of PM.

Polymyositis (PM) is a chronic inflammatory
myopathy of unknown etiology. It affects striated mus-
cles and induces varying degrees of muscle weakness,
especially in the proximal muscles (1). Dysphagia and
respiratory muscle weakness with choking episodes
and/or recurrent aspiration pneumonia can lead to pre-
mature death of patients. Current standard treatment is
administration of high-dose glucocorticoids and/or im-
munosuppressants, which do not address the specific
pathology of PM. Some patients have unwanted side
effects, while other patients’ disease is refractory to
these drugs.

Immunohistochemical analysis of biopsy speci-
mens of muscle tissue in PM suggested that muscle
injury is driven primarily by CD8+ cytotoxic T lympho-
cytes (CTLs) (2). Thus, the disease process derives from
systemic autoimmune reactions to muscle autoanti-
gen(s), which could incite systemic muscle inflammation.
However, the entire muscle system is not necessarily
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subject to inflammation in PM. This is evident especially
when the muscles of the whole body are scanned with
magnetic resonance imaging (MRI). The affected mus-
cles are often separated clearly from unaffected muscles
(3). Moreover, peripheral blood of PM patients in
clinical remission still contained expanding CD8+ cyto-
toxic T cell clones (4,5). These clones appeared autore-
active since they were found in the inflamed muscles
prior to the remission induction (5).

In order to gain mechanistic insights into the
pathology of PM, we have established a murine PM
model, skeletal muscle C protein-induced myositis
(CIM) (6). CIM can be induced by single immunization
with recombinant mouse or human skeletal muscle C
protein fragments in Freund’s complete adjuvant
(CFA). Our previous studies demonstrated that CIM is
primarily mediated by CD8+ CTLs (6,7). This is in
sharp contrast with the classic myosin-induced experi-
mental autoimmune myositis model, which is driven by
CD4+ T cells and humoral immunity (8,9). While
experimental autoimmune myositis is induced in SJL/J
mice carrying a mutated dysferlin gene that causes
spontaneous muscle necrosis and secondary inflamma-
tion (10), CIM can be induced in CS7BL/6 (B6) and
other strains of mice.

As with most other models of autoimmune dis-
ease that are inducible by immunization with autoanti-
gens, CIM resolves spontaneously. The myositis peaks 2
to 3 weeks after the immunization with C protein
fragments and regresses in 10 weeks (6,11). Since muscle
fibers regenerate rapidly, no histologic abnormality is
observed after the resolution of disease.

Spontaneous regression of inducible autoimmune
disease models has been intensively investigated because
the results might grant insight into the development of
new treatment modalities. For example, disease regres-
sion in experimental autoimmune encephalomyelitis
(EAE; a model of multiple sclerosis) in rats induced by
immunization with myelin basic protein is associated
with the appearance of immunosuppressive cytokines
including transforming growth factor 8 and interleukin-4
(IL-4) (12). Recently, accumulating evidence suggests
that naturally arising CD25+CD4+ Treg cells actively
act to maintain peripheral self tolerance (13). CD25+
cell-depleted mice had significantly more severe dis-
eases in murine models of multiple sclerosis, rheumatoid
arthritis (RA), myasthenia gravis, and Hashimoto thy-
roiditis (14-18).

In the present studies, extensive investigation was
directed at addressing the mechanistic processes in-
volved in spontaneous regression of CIM. The results
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show that attenuated activity of autoaggressive T cells
was not exclusively responsible for the spontaneous
regression of CIM. Instead, attenuation of innate immu-
nity in the muscles also contributed to disease regres-
sion. These facts led us to propose a “seed and soil”
theory of autoimmune tissue damage, in which autoag-
gressive T cells and activation of innate immunity act as
seed and soil, respectively. Combination therapies that
address pathomechanisms of both aspects involved in
autoimmune disease damage may be an effective ap-
proach to explore in the treatment of disease.

MATERIALS AND METHODS

Mice. B6 mice were purchased from Charles River
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.

CIM induction and recurrence. To induce CIM, fe-
male B6 mice ages 8-10 weeks were immunized intradermally
with 200 pl of an emulsion consisting of 200 ug of murine C
protein fragments emulsified in CFA containing 100 pg of
heat-killed Mycobacterium butyricumn (Difco) (11). The im-
munogens were injected at the hind leg footpads and tail bases.
At the same time, 0.2-2 ug of pertussis toxin (Seikagaku
Kogyo) in phosphate buffered saline (PBS) was injected intra-
peritoneally. Some mice were subjected to additional intrader-
mal injections at the front paws of 100 ul of an emulsion
consisting of PBS/CFA or PBS/Freund’s incomplete adjuvant
(IFA). In a modified protocol, mice were immunized intra-
dermally with 200 ul of the C protein fragment/CFA emulsion
only at the left hind leg footpads and tail bases together with
intraperitoneal injection of 0.2-2 ug of pertussis toxin. These
mice were treated after 42 days with an intradermal injection
of 100 ul of a C protein fragment/CFA emulsion, a CFA
emulsion containing PBS vehicle, a C protein fragment/CFA
emulsion containing 1 mg of polymyxin B (Sigma-Aldrich), an
IFA emulsion containing PBS vehicle, an IFA emulsion con-
taining 100 pg of poly(I-C) sodium salt (Sigma-Aldrich), or an
IFA emulsion containing 100 ug of lipopolysaccharide (LPS;
Sigma-Aldrich) at the contralateral hind leg foot pads and tail
bases.

Hematoxylin and eosin-stained 10-pm sections of the
hamstrings and quadriceps and the brachial triceps were
examined histologically for the presence of mononuclear cell
infiltration and degeneration of muscle fibers. Histologic se-
verity of myositis in each muscle block was graded as follows
(6): grade 1 = involvement of a single muscle fiber or <5
muscle fibers; grade 2 = a lesion involving 5-30 muscle fibers;
grade 3 = a lesion involving a muscle fasciculus; grade 4 =
diffuse, extensive lesions. When multiple lesions with the same
grade were found in a single block, 0.5 points was added to the
grade. The stained sections were evaluated by 2 independent
observers (NO and TS), who reported comparable resuits.

Cell proliferation assay and interferon-y (IFNvy) de-
tection in culture supernatants. Bone marrow cells from B6
mice were treated with granulocyie-macrophage colony-

— 204 —



SEED AND SOIL MODEL OF AUTOIMMUNITY

stimulating factor to prepare bone marrow-derived dendritic
cells (BMDCs) (19). More than 70% of the treated cells were
‘positive for CD1Ic staining. Lymph node (LN) cells were
prepared from the inguinal and popliteal LNs from the mice
with CIM 21 days after the immunization. One hundred
thousand LN cells and 1 X 10* C protein fragment-pulsed or
untreated mature BMDCs were cultured for 3 days. Prolifer-
ation was evaluated with incorporation of *H-thymidine during
the last 8 hours of the incubation. The culture supernatants
were examined for the concentration of IFNy with an enzyme-
linked immunosorbent assay (ELISA) kit (Mouse IFN-gamma
DuoSet; R&D Systems).

Adoptive transfer of CIM. LN cells were prepared
from the inguinal and popliteal LNs of the mice with CIM 21
days after the immunization. Three million LN cells and 1.5 X
10° C protein fragment-pulsed mature BMDCs were cultured
with 100 IU/ml of recombinant human IL-2 (Shionogi Phar-
maceuticals) for 3 days. Eight million LN cells were adoptively
transferred to naive mice that were treated simultaneously with
subcutaneous hind leg footpad injection of 50 ul of CFA
emulsion, IFA emulsion, or IFA emulsion containing 100 ug of
poly(I-C), LPS, or CpG-containing oligonucleotide (CpG
ODN) 1826 (InvivoGen). Their muscles were examined histo-
logically after 14 days.

Immunohistochemical analysis. Cryostat frozen sec-
tions (6 um) fixed in cold acetone were stained with anti-CD68
monoclonal antibodies (mAb) (FA-11; AbD Serotec). Non-
specific staining was blocked with 4% Blockace (DS Pharma
Biomedical). Bound antibodies were visualized with peroxidase-
labeled anti-rat IgG antibodies and associated substrates
(Histofine Simple Stain Max PO; Nichirei Biosciences). Iso-
type controls were used as a negative control.

Antiinflammatory cytokine treatment. Hamster/mouse
chimeric anti-murine IL-1 receptor (IL-1R) IgG1 mAb (M147)
(20), rat/mouse chimeric anti-tumor necrosis factor « (anti-
TNFa) IgG2a mAb (cV1q) (21), and rat anti-IL-6R IgGl
mAb (MR16-1) (22) were provided by Amgen, Centocor, and
Chugai Pharmaceutical, respectively. Bovine serum albumin
(Sigma-Aldrich) or rat antidinitrophenol IgGl mAb (KH-5;
Chugai Pharmaceutical) was used as a control.

Statistical amalysis. Histologic scores were analyzed
statistically using the Mann-Whitney U test.

RESULTS

No C protein-specific tolerance induction after
spontaneous regression of CIM. As is the case in most
inducible models of autoimmune disease, our model of
CIM regresses spontaneously (6,11). To study whether
immunologic tolerance to C protein fragments had been
established after the regression, we rechallenged mice
with CIM with C protein fragments emulsified in CFA.
First, B6 mice were immunized with a C protein
fragment/CFA emulsion at only the left hind leg foot-
pads and tail bases with intraperitoneal injections of
pertussis toxin. This treatment resulted in myositis de-
velopment in the muscles of the ipsilateral hind legs 3
weeks after initial immunization. Then, after disease
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regression, these mice were reimmunized with the same
antigen/CFA emulsion in the footpads and tail bases.
Contralateral legs were used for repeat immunization
due to skin damage in previously immunized ipsilateral
legs. IFA alone was injected as a vehicle control. Histo-
logic evaluation of the muscles of the contralateral hind
legs 14 days after the repeat C protein fragment/CFA
immunization revealed that repeat immunization with C
protein fragment/CFA had reinduced the myositis, while
control IFA treatment had not (Figure 1A). These
results showed that tolerance to the C protein fragment
was not established following disease regression.

Notably, CFA injection without C protein frag-
ments, but not IFA, at hind leg footpads and tail bases
induced myositis after disease regression. Myositis rein-
duced with CFA alone was less severe than that rein-
duced with C protein fragment/CFA reimmunization,
suggesting that attenuated activity of the autoaggressive
T cells may also partly account for disease regression. As
a control, CFA alone was used in the first and second
treatments, and we found no inflammation that dam-
aged muscles (Figure 1A).

To study the mechanism of CFA-induced recur-
rence more carefully, we tried to inhibit the recurrence
by adding polymyxin B, an inhibitor of LPS (a Toll-like
receptor 4 [TLR-4] ligand), in CFA emulsion. Polymyxin
B partially inhibited myositis recurrence (Figure 1B).
The partial inhibition was likely attributable to activators
of innate immunity other than LPS contained within
CFA (23). The effect of TLR ligands was examined
directly with injection of LPS- and poly(I-C) (a TLR-3
ligand)-containing emulsions without C protein frag-
ments as the second treatment. Injection of these TLR
ligands induced recurrence of myositis (Figure 1B).
Thus, redevelopment of myositis requires activation of
local innate immunity, but not necessarily T cell reacti-
vation.

Requirement of local CFA treatment for the
development of myositis. Previously, we immunized mice
at their hind leg footpads and tail bases and examined
their femoral muscles for histologic changes. The results
of the reimmunization experiments prompted us to
examine the brachial muscles of the immunized animals.
We found that they did not develop myositis at the
brachial muscles (Table 1). We then injected CFA at the
right front paws and IFA at the left front paws in mice at
the same time that they were immunized in the conven-
tional way to induce CIM. These mice developed myo-
sitis only in the CFA-treated forelegs and hind legs. The
brachial muscles of the IFA-treated forelegs had no
myositis (Table 1). No myositis was observed in the
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Figure 1. No establishment of tolerance to C protein fragments (CP) after disease regression. A, C57BL/6 mice were immunized with C protein
fragments/Freund’s complete adjuvant (CFA) emulsion only at the footpads of left hind legs and tail bases (first treatment: CP/CFA). Treatment
with C protein fragments/CFA resulted in myositis development in the muscles of the ipsilateral legs followed by spontaneous regression that was
confirmed 42 days after the initial immunization. After the myositis regression, these mice were reimmunized with C protein fragmenis/CFA or
treated with Freund’s incomplete adjuvant (IFA) or CFA emulsion (second treatment). Another group of mice was treated with CFA alone twice
(first and second treatment: CFA). B, In a separate experiment, the same C protein fragment/CFA-immunized mice were treated afterward with
CFA, CFA together with polymyxin B (PMB), lipopolysaccharide (LPS), or poly(I-C) emulsions at the footpads of the contralateral hind legs. IFA
was injected as a vehicle control. Histologic evaluation of the muscles of the right legs was performed 14 days after the second treatment. Horizontal

bars indicate the mean. * = P < 0.05; #+ = P < 0.01.

forelegs of naive mice treated in the same way. These
findings reinforced the fact that effector T cell develop-
ment and local activation of innate immunity are both
critical for myositis development.

Requirement of local activation of innate immu-
nity for adoptive transfer of CIM. To explore the
mechanism of effector T cell activation (a component of
acquired immunity) in muscle cells engaged in local

Table 1.
induction*

Requirement of local CFA treatment for myositis

Foreleg status, muscle, Histologic score,

footpad treatment mean * SD
Untreated
Femoral
CP/CFA 1.88 = 0.75
Brachial
None 0
Treated
Femoral
CP/CFA 1.00 = 042
Brachial
CFA 0.83 = 1.03
IFA 0

* Four mice that were treated to induce C protein-induced myositis
(CIM) at the hind leg footpads and tail bases (foreleg untreated) did
not develop myositis of the brachial muscles. In 6 mice, at the same
time as treatment to induce CIM, Freund’s complete adjuvant (CFA)
and Freund’s incomplete adjuvant (IFA) emulsions were injected
additionally into the right and left footpads, respectively, of forelegs
(foreleg treated), and myositis developed in the brachial muscles of the
CFA-treated legs. Myositis of the femoral and the right/left brachial
muscles was histologically assessed 21 days after the immunization.
CP = C protein fragments.

innate immunity, we used an adoptive transfer CIM
model (7). Prior to the transfer to naive mice, the LN
cells from mice with CIM were cocultured for 5 days
with C protein fragment-pulsed BMDCs together with
recombinant IL-2. Upon coculture with C protein
fragment-pulsed BMDCs, LN cells showed enhanced
proliferation and IFNvy induction compared with LN
cells cocultured with untreated BMDCs (Figure 2A).
Thus, transferred LN cells contained T cells reactive
specifically to C protein fragments. Because we had
confirmed that intradermal injection of CFA at leg
footpads did not cause myositis (Figure 2B), we injected
CFA intradermally at the right hind leg footpads and
IFA intradermally at the left hind leg footpads simulta-
neously upon transfer of LN cells. Two weeks later, we
examined the muscles of the hind legs histologically and
found myositis only in the hind legs that were injected
with CFA, but pot in the hind legs that were injected
with IFA (Figure 2B).

As in the aforementioned studies om CFA-
induced recurrence, TLR ligands, including poly(I-C),
LPS, and CpG ODN, successfully primed muscle tissues
as well as CFA and facilitated adoptive transfer of
myositis (Figure 2C). Thus, it was confirmed that not
only effector T cells, but also conditioning of the muscle
tissues via activation of innate immunity, is essential for
the development of myositis.

Local activation of innate immunity as a thera-
peutic target in CIM. Activation of local innate immu-
nity with CFA or other TLR ligands was crucial to
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Figure 2. Selective transfer of myositis to CFA/Toll-like receptor (TLR) ligand-treated legs. A, Lymph node (LN) cells from mice with C
protein—induced myositis (CIM) were stimulated with C protein fragment-pulsed mature bone marrow—derived dendritic cells (BMDCs) or
untreated mature BMDCs (no antigen) for 3 days. Their proliferation was determined by *H-thymidine incorporation (top). Interferon-y (IFNv)
in the culture supernatants was quantified by enzyme-linked immunosorbent assay (bottom). Values are the mean = SD of 3 independent
experiments. #+ = P < 0.01. B, LN cells from mice with CIM stimulated with interleukin-2 (I1-2) and C protein fragment—pulsed mature BMDCs
were transferred to 5 naive mice with their right hind leg footpads treated with CFA and their left hind leg footpads treated with IFA. Six naive mice
were treated with CFA on their hind leg footpads without adoptive transfer. Myositis of the bilateral femoral muscles was histologically assessed 14
days after the transfer. Horizontal bars indicate the mean. # = P < 0.05. C, Upon adoptive transfer of LN cells from mice with CIM stimulated with
IL-2 and C protein fragment-pulsed mature BMDCs, the legs of the recipient mice were treated with the TLR ligands poly(I-C), LPS, and
CpG-containing oligonucleotide (CpG ODN; CpG DNA). CFA and IFA were included as positive and negative controls, respectively. The incidence

of myositis resulting from the transfer is shown. Each group included 5 mice. See Figure 1 for other definitions.

facilitate autoaggressive T cell attack of muscle fibers.
To elucidate the distal effects of CFA treatment, mus-
cles were histologically examined 14 days after CFA
treatment. In comparison with normal muscles, muscle
tissue 14 days after CFA treatment contained more
mononuclear cells but showed no signs of damage.
Pathologic scores remained grade 0 since no muscle
damage was observed. Mononuclear cells were positive
for CD68 (Figure 3A), but not for CD4, CD8, or B220
(data not shown). Thus, macrophages were recruited
into the muscles of the CFA-treated limbs without tissue
damage.

Triggering of macrophage TLRs induces pro-
duction of type I IFNs and inflammatory cytokines
including IL-1, TNFe, and IL-6 (24). Since a separate
experiment showed that IFNa/B/w receptor 1-null B6
mice, lacking type I IFN receptors, were as susceptible
to CIM induction as wild-type mice (data not shown),
it is unlikely that macrophage type I IFN contributed to
autoaggressive T cell infiltration into muscle tissue. We
thus assumed that alternative cytokines, including IL~1,
TNFa, and IL-6, were crucial to recruit autoaggressive
T cells.

To study the role of IL-1, TNF«a, and IL-6,
anti-IL-1R, anti-TNFq, and anti-IL-6R mAb were em-
ployed to block individual cytokines in the CIM adoptive
transfer model. Intraperitoneal administration of these

reagents was initiated when activated LN cells from mice
with CIM were transferred to naive mice that were
treated simultaneously with CFA at the hind leg foot-
pads. Anti-IL-1R, anti-TNFa, and anti-IL-6R mAb
were administered until 14 days following transfer of LN
cells from mice with CIM, when muscles of the recipient
mice were histologically evaluated. Blockade of both
IL-1R and TNFa suppressed the transfer, while anti-
IL-6R mADb, a dose of which suppressed development of
conventional CIM (11), failed to suppress induction of
myositis (Figure 3B). Thus, 1L-1 and TNF« from macro-
phages may be responsible for the conditioning of
muscle tissues that mediates attack by autoaggressive T
cells.

DISCUSSION

By investigating spontaneous regression of mono-
nuclear cell infiltration and muscle injury in CIM, we
found that activation of autoaggressive effector T cells
and that of innate immunity at the target tissues are
required for autoimmune tissue injury. TNFa and 1L-1
are essential in the activation of innate immunity. Pre-
sumably, local macrophages are the source of TNFo and
IL-1 in muscles that are activated by CFA. CFA may
have dual roles since it should provoke systemic T cell
responses specific to C protein fragments by activating
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Figure 3. Effect of blockade of inflammatory cytokines on adoptive transfer of C protein-induced myositis (CIM). A, Femoral muscles from mice
treated with intradermal CFA injection at the footpads and from mice treated in the same way with IFA were stained immunohistochemically with
anti-CD68 antibodies. Although CD68+ macrophages were increased in CFA-treated mice, no muscle damage was observed. Bars = 50 um. B,
Activated lymph node cells from mice with CIM were transferred to naive recipient mice that were treated with CFA at the hind leg footpads to
induce myositis. At the same time, the recipient mice were subjected to intraperitoneal injection of 100 pg of anti-interleukin-1 receptor
(anti-IL-1R) antibodies (Ab), which was followed by repeat administration every 3 days; 100 ug of anti-tumor necrosis factor a (anti-TNFa)
antibodies, which was followed by repeat administration 3 times a week; or 4 mg of anti-IL-6R antibodies, which was followed by 0.3-mg injections
twice a week. Bovine serum albumin (BSA) or rat IgG was used as a control. The proximal muscles were examined for histologic scoring 14 days
after transfer. Each group included 5 mice. Horizontal bars indicate the mean. = = P < 0.05. See Figure 1 for other definitions.

DCs. Once T cell responses against muscles are estab-
lished, local injection of CFA and TLR ligands at the
footpads can cause myositis to recur in legs otherwise
free from myositis. The effect of CFA in activating local
innate immunity appeared more potent than individual
TLR ligands and could not be inhibited fully by a TLR-4
inhibitor. This is most likely because CFA contains
activators of innate immunity other than TLR-4 ligands
(23,25-27). Thus, CIM depends on systemic T cell
autoimmunity as well as activation of innate immunity,
especially that of TLR signaling in the muscles.

In CIM, TNF«a and IL-1 production from macro-
phages stimulated with CFA or TLR ligands is a key
event to activate innate immunity. Activation of innate
immunity per se is imsufficient for development of
myositis, because single and repeat CFA injections
increased local macrophages in number while not induc-
ing muscle damage. The other essential event is activa-

tion of C protein fragment-reactive T cells. In contrast
to LN cells from mice with CIM cocultured with C
protein fragment-pulsed BMDCs, LN cells cocultured
with untreated BMDCs did not proliferate or produce
IFNy. Moreover, they failed to transfer myositis to a
naive recipient mouse with footpad CFA injection (data
not shown). Histologic scores were set at zero to indicate
no muscle damage. Involvement of activated T cells is
crucial for muscle damage; therefore, histologic scores
greater than zero suggested that CIM and its recurrence
were mediated by C protein fragment-reactive T cells
inducing muscle damage.

These observations echo the “seed and soil”
model, which had been proposed in metastatic processes
of tumor cells. Metastasis depends on tumor celis liber-
ated from tumor mass as seeds and also depends on
target tissues as soil that accepts the tumor cells readily
for their local growth. Analogously, antoreactive CD8+
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T cells act as seeds while muscle tissues act as soil.
Requirement of the 2 factors was demonstrated for the
first time in animal models of autoimmunity.

Molecular events of the “soil” activation in mus-
cle tissues in CIM may include up-regulation of adhesion
molecules on endothelial cells, chemokine release from
macrophages, and costimulatory molecule expression by
myofibers, which can be promoted by TNFa and/or IL-1
(28). To address this point, we used immunohistochem-
istry to study the expression of intercellular adhesion
molecule 1 and class I major histocompatibility complex
in the muscles from the CFA- and IFA-treated legs, and
we found no difference in their expression levels (data
not shown). Although more intensive studies will be
required to draw definitive conclusions, other molecules
should be of importance for recruitment of autoaggres-
sive T cells.

It was reported previously that collagen-induced
arthritis, a murine model of RA, could be reactivated by
oral administration of LPS (29). Since the reactivation
accompanied increased levels of antibodies against the
immunizing antigen (type II collagen), the authors con-
cluded that B cell activation by LPS might be responsible
for the reactivation. EAE was also reactivated by intra-
venous injection of LPS (30). It appeared to be mediated
by proliferation and cytokine production in a fraction of
effector/memory CD4+ T cells. While these studies
implied that systemic delivery of LPS stimulated patho-
genic lymphocytes in the systemic pool, our studies
revealed the contribution of local innate immunity acti-
vated by LPS.

It is still an open question whether the same
“seed and soil” model applies to human PM. Appar-
ently, CFA is not involved in PM. Since the recurrent
myositis and the T cell adoptive transfer in the present
studies showed that TLR ligands were sufficient to
prime the muscles, stimulation by endogenous TLR
ligands might account for production of IL-1 and TNFa,
both of which were reportedly expressed by infiltrating
cells in muscles in PM/dermatomyositis (DM) and CIM
(6,11,31). Alternatively, aberrant production of inflam-
matory cytokines and chemokines might be responsible
for attraction of autoaggressive T cells. It is known that
muscle fibers can produce these cytokines under physi-
ologic conditions, especially during exercise (32-35).
Etiologic studies revealed heavy muscular exertion as a
risk factor for development of PM/DM (36). As was
reviewed earlier, MRI scans typically show that some
muscle fascicles are affected and that others remain
unaffected (3). Cytotoxic CD8+ T cells, which appeared
specific to the muscles, were present for a long time after
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successful treatment of the disease (4). These facts could
be explained by the 2 requirements: activation of effec-
tor T cells and that of the muscle tissues.

Experiments of repeat antigen/CFA immuniza-
tion and CFA treatment have demonstrated that toler-
ance was not induced during spontaneous regression of
disease and that activation of local innate immunity
alone can cause recurrence of myositis. We also noted
that reimmunization of repeat antigen/CFA provoked
more severe myositis than CFA treatment alone. Thus,
the T cell activation level following regression must have
waned, which could also contribute to the disease regres-
sion. In this regard, contribution of Treg cells was
studied with antibody-mediated CD25+ T cell deple-
tion, which did not alter the disease course of CIM (data
not shown). Genetic absence of IL-10, which is one of
the key effector molecules of Treg cells, did not interfere
with the regression (data not shown). It was thus sug-
gested that no active suppression of autoreactive T cells
operates in the regression phase. :

Waning T cell activation might partially account
for the fact that myositis was modest in the transfer
model, which was assessed histologically 2 weeks after
the T cell transfer. Incidence of myositis transfer varied
among experiments (25-80%), which might depend on
the frequency and activation levels of C protein fragment—
specific T cells. We had to compare the severity and
incidence of transferred myositis in the same set of
experiments. Nonetheless, the adoptive transfer model
has enhanced the value of CIM since it allows us to
evaluate the effector phase of myositis. Together with
conventional CIM, we can dissect the pathologic pro-
cesses involved in the induction and effector phases of
myositis. In this regard, IL-6 inhibition was effective for
treating conventional CIM (11), while IL~6 inhibition in
the recipient animals did not prevent adoptive transfer
of CIM. It is likely that IL -6 plays a more prominent role
in the induction phase of myositis. Of special interest are
interventions targeting the myositis effector phase, since
we always have to treat patients after disease has been
established.

At the moment, histologic evaluation is the only
reliable way to assess severity of rodent models of PM, a
problem shared by all murine myositis models. Serum
levels of creatinine kinase or other muscle-derived pro-
teins are unreliable. They are often high in normal mice,
presumably because of their physical activity. The ro-
tarod test is difficult because some mice become accus-
tomed to it and avoid falling off. Other mice are willing
to drop off from the device. We believe that we need
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devices that directly quantify muscle strength of rodents
to follow clinical disease course.

Glucocorticoids, which are a firsi-line medication
in the current therapeutic approaches to PM, should
suppress activation of T cells as well as innate immune
celis. They are effective, but have quite a few side
effects. On the other hand, most small-molecule immu-
nosuppressants target primarily lymphocyte activation.
The results of the present study suggest that combina-
torial approaches that address activation of T cells and
innate immunity could be optimal for treating auto-
immune myositis and suggest that glucocorticoids could
become dispensable if activation of innate immunity in
the muscles is suppressed by alternative treatment. This
implication appears interesting for designing future clin-
ical trials to treat PM.
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Association of HLA-DRB1*0101/%0405 With Susceptibility to
Anti-Melanoma Differentiation—Associated Gene 5 Antibody—Positive
Dermatomyositis in the Japanese Population
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Objective. The complication of interstitial lung
disease (ILD) in polymyositis/dermatomyositis (PM/
DM) is associated with anti-aminoacyl-transfer RNA
synthetase (anti-aaRS) antibody or anti-melanoma
differentiation-associated gene 5 (anti-MDA-5) anti-
body positivity. Anti-MDA-5 antibody is associated with
clinically amyopathic DM and fatal outcome due to
rapidly progressive ILD in Asian populations. The
association between genetic factors and anti-MDA-5
antibody—pesitive DM is unclear. This study was under-
taken to investigate the HLA-DRBI genotype in pa-
tients with anti-MDA-5 antibedy-positive DM.

Methods. We examined genetic differences among
17 patients with anti-MDA-5 antibody-positive DM, 33
patients with anti-aaRS antibody-positive PM/DM, 33
patients with PM/DM without anti-aaRS antibedy or
ILD, and 265 healthy controls.

Results. The frequencies of HLA-DRB1%¢101 and
DRB1#0405 were 29% and 71%, respectively, in patients
with anti-MDA-5 antibody-positive DM, which were
higher than the frequencies in healthy controls (10%
and 25%, respectively). Among the 17 patients with
anti-MDA-5 antibody-positive DM, 16 (94%) harbored
either the DRB1*0101 or DRB1%0405 allele. The com-
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bined frequency of the DRB1*0101 allele and the
DRB1*%0405 allele was significantly higher in patients
with anti-MDA-5 antibody-positive DM than in pa-
tients with PM/DM without anti-aaRS antibody or ILD,
with an odds ratio (OR) of 42.7 (95% confidence imterval
[95% CI} 4.9-370.2) (P = 1.1 x 107°), or in patients
with anti-aaRS antibody-positive PM/DM (OR 13.3
[95% CI 1.6-112.6], P = 4.5 x 107>).

Conclusion. Our findings indicate that HILA~
DRB1*0101/*0405 is associated with susceptibility to
anti-MDA-5 antibody-positive DM in the Japanese
population.

Dermatomyositis (DM) is characterized by in-
flammation of the skin and muscle (1) and is occasion-
ally complicated by interstitial lung disease (ILD). In
particular, rapidly progressive ILD is an intractable and
life-threatening complication. Clinically amyopathic DM
(CADM) includes typical skin lesions with amyopathy or
hypomyopathy (2). It has recently been reported that
patients with CADM who are positive for the anti-
melanoma differentiation-associated gene 5 (MDA-5)
antibody frequently have complications with rapidly
progressive ILD, especially in the Japanese population
(3-5). In general, anti-MDA-5 antibody is specific for
rapidly progressive ILD associated with CADM and is
not detected in patients with CADM or DM without
ILD or in patients with polymyositis (PM). The MDA-5
protein plays a role in the innate immune system.
MDA-5 initially recognizes picornaviruses, such as cox-
sackievirus, and induces antiviral responses by producing
type 1 interferons and tumor necrosis factor a (6).
Hyperferritinemia is complicated by rapidly progressive
ILD in anti-MDA-5 antibody-positive DM (4,5). Al-
though the pathogenesis of rapidly progressive ILD
associated with anti-MDA-5 antibody-positive DM has
been tentatively attributed to a cytokine storm triggered
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by viral infection, especiaily in the skin and lungs, its
exact mechanism is unknown.

In PM/DM, complication with ILD is associated
with the anti-aminoacyl-transfer RNA synthetase (anti-
aaRS) antibody or anti-MDA-5 antibody. It has been
reported that 90% of Caucasian patients with the anti-
aaRS$S antibody are carriers of HLA-DRB1*03 (7). In
the Japanese population, HLA-DRB1*0405 is associ-
ated with susceptibility to anti-aaRS antibody-positive
PM/DM (8). However, associations between genetic
factors and anti-MDA-5 antibody—positive DM have
remained unclear.

Therefore, we investigated the HLA-DRBI1 gene
in patients with anti-MDA-5 antibody-positive DM. In
addition, we compared genetic differences in HLA
among patients with anti-MDA-5 antibody-positive
DM, patients with anti-aaRS antibody—positive PM/DM,
and patients with PM/DM without anti-aaRS antibody
or ILD.

PATIENTS AND METHODS

Patients. This retrospective study included patients
admitted to Tokyo Women’s Medical University Aoyama
Hospital or Keio University Hospital from August 1992 to
February 2010. Medical records were obtained for 142 and 57
patients diagnosed as having DM and CADM, respectively.
The anti-MDA-5 antibody was detected in 31 patients. DNA
samples were available for 17 patients with the anti-MDA-5
antibody, and all of these patients were enrolled in the study.
All of the enrolled patients had skin rashes, myopathy, or
respiratory symptoms (or a combination thereof) at admission.
The patients were diagnosed as having DM or CADM based
on the criteria of Bohan and Peter (9) or Sontheimer (10),
respectively. Specific rashes, including heliotrope rash, Got-
tron’s sign, or Gottron’s papules, were used to define DM or
CADM. In general, CADM patients present with typical skin
lesions and amyopathy or hypomyopathy with a duration of >6
months. A subset of the CADM group included patients who
developed fatal ILD within the first 6 months of this study.
Clinical data were obtained from hospital admission records.

To investigate the characteristics of the HLA-DRB1
genotype in anti-MDA-5 antibody-positive DM, HLA data
were obtained in patients with anti-aaRS antibody-positive
PM/DM, patients without anti-aaRS antibody or ILD, and
healthy controls. These HLA genotype databases have been
described previously (8). All of the subjects in the present
study were Japanese. None of the subjects had rheumatoid
arthritis (RA) or other connective tissue diseases. This study
was approved by the ethics committee of Tokyo Women’s
Medical University and was performed in accordance with the
Declaration of Helsinki.

Evaluation of autoantibodies. Anti-MDA-5 antibody
was detected by immunoprecipitation (IP) assay and enzyme-
linked immunosorbent assay using recombinant MDA-5 as an
antigen, as previously described (3). Anti-aaRS antibodies,
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Table 1. Clinical characteristics and HLA-DRB1 genotype of the
patients with anti-MDA-5 antibody-positive DM*

Patient/age/sex Genotype Phenotype ILD type
1/48/M DRB1*0101/1602 CADM Rapidly progressive
2/25/F DRB1%0101/1501 CADM Chronic

3/53/F DRB1%0101/0803 CADM Rapidly progressive
4/18/M DRB1%0101/1502 CADM Rapidly progressive
5/47/F DRB1#0101/0405 DM Rapidly progressive
6/58/M DRB1%0405/1406 CADM Rapidly progressive
7/16/F DRB1*0405/0401 CADM Rapidly progressive
8/53/F DRB1%0405/1501 CADM Rapidly progressive
9/53/F DRB1*0405/0410 CADM Rapidly progressive
10/44/F DRB1*0405/1406 CADM Chronic

11/45/F DRB170405/1202 CADM Chronic

12/39/M DRB1%0405/0401 CADM Chronic

13/47/F DRB1%0405/1201 CADM Chronic

14/76/F DRB1%0405/0802 CADM Rapidly progressive
15/56/F DRB1*0405/1502 CADM Rapidly progressive
16/43/M DRB1*0405/0901 CADM Chronic

17/66/F DRB1%0901/1502 CADM Rapidly progressive

* Anti-MDA-5 = anti-melanoma differentiation—associated gene 5;
DM = dermatomyositis; ILD = interstitial lung disease; CADM =
clinically amyopathic DM.

including Jo-1, EJ, PL-7, PL-12, and OJ; anti-signal recogni-
tion particle (anti-SRP) antibody; anti-Ku antibody; and
anti-Ul small nuclear RNP (anti-U1 snRNP) antibody were
assessed by RNA IP assays.

Classification of ILD. Patients were evaluated for ILD
by chest radiography and computed tomography (CT) or
high-resolution CT of the chest. Rapidly progressive ILD was
defined as a progressive ILD within 3 months of the onset of
respiratory symptoms. Chronic ILLD was defined as ILD that
was asymptomatic and non-rapidly progressive or slowly pro-
gressive over 3 months (11). -

HILA-DRBI genotyping. HLA-DRB1 genotyping was
performed using polymerase chain reaction-reverse sequence-
specific oligonucleotide techniques and standard methods. The
DNA for the HLA-DRB1 genotyping of the patients was
extracted from peripheral blood mononuclear cells using stan-
dard methods.

Statistical analysis. The chi-square test was used for
the comparison of frequencies, and Fisher’s exact test was used
when appropriate. Data were analyzed using JMP software
(SAS Institute). P values were adjusted by Bonferroni correc-
tion when appropriate.

RESULTS

Clinical characteristics and HILA-DRBI geno-
type of patients with anti-MDA-5 amntibody-positive
DM. As shown in Table 1, 17 patients with anti-MDA-5
antibody-positive DM were enrolled in the study. Their
mean * SD age was 46 * 16 years. Seventy-one percent
were women. The HLA-DRB1*0101 and DRB1*0405
alleles were identified in 5 patients (29%) and 12
patients (71%), respectively. The HLA-DRB1*0101 or
*0405 allele was identified in 16 (94%) of the 17
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Table 2. Comparison of HLA~-DRBI genotypes among patients with anti-MDA-5 antibody-positive
DM, patients with anti-aaRS$ antibody—positive PM/DM, and patients with PM/DM without anti-aaRS

antibody or ILD*
Patients with anti-aaRS Patients with PM/DM
. R antibody—positive without anti-aaRS$
Patients with ;

anti-MDA-5 FM/DM antibody or ILD Healthy

antibody-positive PM/DM DM PM/DM DM controls

Genotype DM (n = 17) (n = 33) (n = 19) (n = 33) (n=21) (n = 265)
DRB1*0101 29 12 11 12 14 10
DRB1*0401 12 0 0 3 5 2
DRB1*0403 0 9 5 6 5 5
DRB1*#0405 71 42 53 18 24 25
DRB1*0406 0 6 5 3 5 7
DRB1*0407 0 0 0 0 0 2
DRB1*#0410 6 3 5 9 5 2
DRB1*0802 6 18 21 9 10 7
DRB1*0803 6 24 21 27 19 14
DRB1*0901 12 24 21 18 19 30
DRB1*1101 0 3 0 0 0 2
DRB1%1201 6 9 16 3 5 7
DRB1*1202 6 6 0 0 0 4
DRB1*1301 0 0 0 3 0 0
DRB1*1302 0 6 5 21 29 19
DRB1*1401 0 3 5 9 10 5
DRB1*1403 0 3 0 6 10 4
DRB1*1405 0 3 5 3 5 6
DRBI1*1406 12 0 0 3 5 3
DRB1*1501 12 12 16 9 5 11
DRB1*1502 18 6 11 21 24 20
DRB1*1602 6 0 0 6 0 3
Other 0 0 0 0 0 5

* Values are the percent of subjects. Anti-aaRS = anti~aminoacyl-transfer RNA synthetase; PM =

polymyositis (see Table 1 for other definitions).

T P = 0.0003 versus patients with PM/DM without anti-aaR$ antibody or ILD; P = 0.00018 versus healthy

controls.

patients. No patients had homoalleles of HLA-
DRB1*0101 or DRB1%*0405. One patient had both
DRB1*0101 and DRB1*0405. With respect to the clin-
ical phenotype, 16 patients had CADM. ILD complica-
tion was observed in all of the patients. Moreover, the
frequency of rapidly progressive ILD was high (65%).
No patients had RA or other connective tissue diseases
as complications.

Comparison of the HLA-DRBI1 genotype in pa-
tients with anti-MDA-5 antibody-positive DM, patients
with anti-aaRS antibody—positive PM/DM, and patients
with PM/DM without anti-aaRS antibody or ILD. To
investigate the characteristics of the HLA-DRBI1 geno-
type in anti-MDA-5 antibody-positive DM, the fre-
quency of the HLA-DRB1 genotype was compared
among patients with anti-MDA-5 antibody-positive
DM, patients with anti-aaRS antibody—positive PM/DM,
patients with PM/DM without anti-aaRS antibody or
ILD, and healthy controls (Table 2).

Data previously obtained at our institution indi-

cated that 33 PM/DM patients (14 patients with PM and
19 with DM) exhibited anti-aaRS antibody, as follows:
8 PM patients and 8 DM patients had anti-Jo-1; 4 PM
patients and 6 DM patients had anti-EJ; 2 PM patients
and 2 DM patients had anti-PL-7; 0 PM patients and
3 DM patients had anti-PL-12; and none of the patients
had anti-OJ. Of the 33 patients with anti-aaRS
antibody—positive PM/DM, 24 (73%) had ILD. More-
over, 33 PM/DM patients (12 PM patients and 21 DM
patients) had neither anti-aaRS antibody nor ILD, and
in all 21 of these DM patients, the clinical phenotype
was classic DM, not CADM. In patients with PM/DM
without anti-aaRS antibody or ILD, anti-SRP antibody,
anti-Ul snRNP antibody, and anti-Ku antibody were
detected in 3 PM patients, 1 DM patient, and 0 patients,
respectively.

As shown in Table 2, the frequency of HLA-
DRB1#*0101 was ~30% in anti-MDA-5 antibody—
positive DM and ~10% in the other subsets, although
the difference was not significant (P = 0.012 versus
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Table 3. Frequency of the HLA-DRB1%0101/0405 alleles in patients with anti~-MDA-5 antibody—positive DM?*

Patients with PM/DM

Patients with anti-aaRS$S without anti-aaRS
tibod: itive P! body
Patients with anti-MDA-5 0o positive PM/DM antibody or ILD
antibody—positive DM PM/DM DM PM/DM DM
(= 17) (n=33) @ = 19) (@ = 33) @=21)
DRBI1*¥0101 or 94 63 27 33
DRB1*0405, %
- 45 x 1073 44 % 1072 1.1 X 1073 20 x 107

Pt
OR (95% CI) -

133 (1.6-112.6) 9.3 (1.0-86.4) 42.7(4.9-3702) 32 (3.5-293.1)

* Anti-aaRS = anti-aminoacyl-transfer RNA synthetase; PM = polymyositis; OR = odds ratio; 95% CI = 95%

confidence interval (see Table 1 for other definitions).

T Versus patients with anti-MDA-5 antibody-positive DM.

healthy controls, adjusted P value not significant). P
values with Bonferroni correction for multiple compar-
isons less than 0.0023 were considered significant; this
was determined by dividing the P value of 0.05 by 22 (the
number of HLA genotypes). The inadequate statistical
power may be attributed to small sample sizes. More-
over, the frequency of HLA-DRB1*0405 was signifi-
cantly higher in the patients with anti-MDA-5 antibody-
positive DM than in the patients with PM/DM without
anti-aaRS antibody or ILD (P = 0.0003) or in the
healthy controls (P = 0.00018). The frequency of HLA-
DRB1%0405 was also high in patients with anti-aaRS
antibody-positive PM/DM, although it was not signifi-
cantly different from that in the other subsets. No
significant differences were found regarding the fre-
quencies of the other alleles.

Frequency of HLA-DRB1*0101/#0405 in patients
with anti-MDA-5 antibody-positive DM compared
with other PM/DM patient subsets. In this study, the
HLA-DRB1*0101 or *0405 allele was identified in all
but 1 of the 17 anti-MDA-5 antibody—positive patients.
In the HLA-DRBI alleles, residues 70-74 of the DR
chain form the third hypervariable region, an important
region for antigen presentation. This amino acid se-
quence is QRRAA, which is a shared epitope motif in
both DRB1*0101 and DRB1*0405. We speculated that
QRRAA may be a critical sequence in the pathophysi-
ology of anti-MDA-5 antibody-positive DM. We con-
sidered the role of both DRB1*0101 and DRB1*0405
in anti-MDA-5 antibody—positive DM. Therefore, the
combined frequency of the DRB1%0101 allele and the
DRB1*0405 allele was compared among patients with
anti-MDA-5 antibody-positive DM, patients with anti-
aaRS antibody-positive PM/DM, and patients with
PM/DM without anti-aaRS antibody or ILD.

As shown in Table 3, the combined frequency of
DRB1*0101 and *0405 was significantly higher in pa-

tients with anti-MDA-5 antibody-positive DM than in
patients with PM/DM without anti-aaRS antibody or
ILD, with an odds ratio (OR) of 42.7 (95% confidence
interval [95% CI] 4.9-370.2, P = 1.1 X 107°), or in
patients with DM without anti-aaR$ antibody or ILD
(OR 32 [95% CI 3.5-293.1}, P = 2 X 107%). The
combined frequency of DRB1*0101 and *0405 was also
higher in patients with anti-MDA-5 antibody—positive
DM than in patients with anti-aaRS antibody—positive
PM/DM (OR 13.3 [95% CI 1.6-112.6], P = 4.5 X 1073)
and patients with anti-aaRS antibody—positive DM (OR
9.3 [95% CI 1.0-86.4], P = 4.4 X 10™%). Moreover, the
frequency of these alleles was higher in patients with
anti-aaRS antibody-positive PM/DM than in patients
with PM/DM without anti-aaRS antibody or ILD (OR
3.2[95% CI 1.1-89], P = 2.4 X 107?),

DISCUSSION

We have demonstrated an association between a
genetic factor and anti-MDA-5 antibody—positive DM.
Specifically, this study shows that HLA-DRB1*0101/
*0405 is associated with susceptibility to anti-MDA-5
antibody-positive DM. HLA-DRB1*0301 is associated
with susceptibility to anti-aaRS antibody-positive
PM/DM in Caucasians. In contrast, the frequency of
HLA-DRB1%*0301 is low, but the frequency of HLA-
DRB1*0405 is relatively high, at ~20%, in the Japanese
population. HLA-DRB1*0405 is associated with suscep-
tibility to anti-aaRS antibody-positive PM/DM in the
Japanese population, whereas HLA-DRB1%0101 is not
(8). In the present study, the frequency of HLA-
DRB1*0405 was high in both anti-MDA-5 antibody—
positive DM and anti-aaRS antibody—positive PM/DM.
In contrast, the frequency of HLA-DRB1%0405 among
patients with PM/DM without anti-aaRS antibody or
ILD was similar to that in healthy controls. Type 1
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