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Anti-MDAS antibody-positive dermato-
myositis with lethal progressive interstitial
lung disease and advanced gastric cancer

Dermatomyositis (DM) is an autoimmune inflammatory
disease often associated with internal malignancy and inter-
stitial lung disease, The latter is found in about 50% of
patients with DM and is a life-threatening complication of
the disease [1]. Rapidly progressive interstitial lung disease
(RP-ILD) associated with clinically amyopathic dermato-
myositis (CADM) is often lethal, despite treatment by
corticosteroid therapy combined with immunosuppressive
drugs [2].

A number of autoantibodies can be detected in sera of
patients with DM, some specific to RP-ILD. Recently,
there have been reports that anti-melanoma differentiation-
associated gene 5 (MDAS) antibody predicts a fatal
outcome in patients with DM complicated by RP-ILD
[3]. A close association has been described between the
presence of anti-transcription intermediary factor 1y (anti-
TIF-1v) antibodies and internal malignancy in DM patients
[4]. -

We report a RP-ILD and advanced gastric: cancer in
a case of anti-MDAS antibody-positive and anti-TIF-
1y antibody-negative DM. The patient,. a 64-year-old
Japanese woman, had suffered from photosensitivity, prox-
imal muscle weakness and dyspnea on exertion for the
past 4 weeks. Further evaluations, including electromyo-
graphy, upper endoscopy and thoracoabdominal computed
tomography, revealed DM complicated by interstitial lung
disease, advanced gastric cancer and paraaortic lymph node
swelling. The biopsy specimen from her stomach was
positive for poorly-differentiated adenocarcinoma cells.
Subsequently, the lung disease progressed rapidly, resulting
in a drop of blood oxygenation to a level interfering with
her daily activities. At this point, she was referred to our
hospital.

Physical examination revealed red-to-violaceous, well
demarcated plaques on the face (figure 1A), limbs and
sacrum. Gottron’s papules (figures 1B-E), periungual ery-
thema, and nail-fold bleeding on the hands were found.
Histopathological examination of skin biopsies from the
dorsal interphalangeal joint found hyperkeratosis, atro-
phy and superficial dermal inflammation with overlying
interfacial change (figure /F,G). Laboratory investigations
identified increased levels of serum lactate dehydro-
genase (611 ITU/L), C-reactive protein (5.38 mg/dL),
ferritin (1030 ng/mL), creatine kinase (620 IU/L), aldolase
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(16 U/L), myoglobin (110 ng/mlL), carcinoembryonic
antigen (28 ng/mL), cancer antigen 19-9 (136 U/mL),
KL-6 (1713 U/mL) and surfactant protein-D (105
ng/mL). The oxygen saturation level from a finger probe
was 84%, despite the inhalation of oxygen at a rate
of 3 L per minute by nasal canula. Arterial blood
gas analysis under the same conditions showed mild
hypoxia (pH 7.489; PaO,, 76.2 Torr; PaCO,, 32.3 Torr).
Anti-MDAS antibody was detected by immunoprecip-
itation [5] ‘and specific enzyme-linked immunosorbent
assays. -

Intensive therapies, including steroid pulse (1 g/day for
3 days) and cyclosporine (200 mg/day), were adminis-
tered after the diagnosis of RP-ILD as a complication.
These therapies did not improve her respiratory status
and the serum muscular enzyme levels decreased. Mean-
while; serum ferritin levels were markedly elevated. At 31
days after admission, she died due to respiratory failure,
without starting the treatment for advanced gastric cancer
(figure 1H).

Although we knew there were anti-MDAS autoantibodies
present, the clinical course of the interstitial lung disease
progression was too rapid to rescue. Anti-MDAS antibody
has been described as specific in patients with DM [6], and
patients with this autoantibody have no or only mild mus-
cular symptoms compared to patients with typical DM. The
specific phenotype of palmar papules and cutaneous ulcer-
ations is associated with this autoantibody in adult DM
patients [7]. Our case had moderate muscular symptoms
and palmar papules and it is noteworthy that the patient’s
respiratory status declined, while her muscular symptoms
actually improved. Thus, we should pay close attention
to respiratory status in DM patients who are anti-MDAS
autoantibody-positive.

Another feature in this case was that the serum ferritin level
was elevated in parallel with exacerbation of the respiratory
status. Ferritin, an iron-binding protein, regulates iron stor-
age and homeostasis, as well as proinflammatory cytokine
signaling [8]. Recently, high levels of ferritin have been
associated with the development and prognosis of RP-ILD
in patients with DM [9].

We report a rare case of RP-ILD and advanced gastric can-
cer in a patient with anti-MDAS antibody-positive DM.
Scrupulous attention to lethal RP-ILD must be given to
patients with typical DM, even when complicating mus-
cular disease has shown improvement. The DM patient
described here, whose respiratory status was exacerbated
in parallel with gradual rise of serum ferritin levels under
combined modality therapy, is a dramatic clinical example
of this need. B

— ] —

To cite this article: Yamaoka T, Doi C, Yokomi A, Tanemura A, Murota H, Tani M, Saruban H, Hamaguchi Y, Fujimoto M, Katayama I. Anti-MDAS antibody-positive
dermatomyositis with lethal progressive interstitial lung disease and advanced gastric cancer. Eur J Dermatol 2014 (epub ahead of print) doi:10.1684/ejd.2014.2381

— 256 —



= . -8 ALD
S =
= = -o— CK
3 %
g &
Y
g 3
g g
=
& =4
@ 2
’ Time afterﬁrstv:slt(day)
20 = [ kL6
Ferritin £
200 ? ~& SP-D
-~ = iti
% Ferritin
KL [150 z
w §
SP-D «
s0 E
=
3
T o *

T
10 20 30

. Time after first visit (day)
S;eroid pulse %i"iv ‘H"ér %“é’
Prednisolone 50 mg
Cyclosporine 200 mg

Figure 1. Clinical and histopathological findings, time course of medical treatments, and changes in laboratory data, before and
after treatment. A) Skin lesions of the face‘ howing facial erythema with heliotrope rash. B-E) Discrete red-purple papules
and/or erythematous macules appearing 1e dorsal aspect of fingers, palms, and elbows. F, G) An atrophic epidermis with
hyperkeratosis shows marked vacuolar alteration of basilar keratinocytes, associated with a sparse lymphocytic infiltration around
superficial dermal vessels. H) Correlation between levels of serum markers and treatment with high-dose methylprednisolone
(1 g/day intravenously for 3 days) and cyclosporine (5 mg/kg/day). It is important to note that levels of the muscle marker creatine
kinase (CK) showed a gradual reduction, whlle those of the marker of interstitial lung disease, KL-6, increased. Hematoxylin
and eosin staining; magnification ,) x40, and in (g) x400.
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ABSTRACT: Myostatin, an endogenous negative regulator of skeletal muscle mass,isa ~ H-WRQNTRYSRIEATKIQILSKLRL-NH,
therapeutic target for muscle atrophic disorders. Here, we identified minimum peptides Myostatin ‘”"zib‘_mz’g geptl&’e 7(23AR)

2 and 7 to effectively inhibit myostatin activity, which consist of 24 and 23 amino acids, = , | o= 29.7 (M)
respectively, derived from mouse myostatin prodomain. These peptides, which had the

propensity to form a-helix structure, interacted to myostatin with Ky values of 30—36
nM. Moreover, peptide 2 31gn1ﬁcant1y mcrea.sed muscle mass in Duchenne muscular 2,
dystrophy model mice. ’ i
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B INTRODUCTION which is then stored in the extracellular matrix.>” In circulation,
the C-terminal dimeric myostatin is physiologically inactivated
by some glycoprotems, such as follistatin and follistatin-like 3
(FSTL3)." Indeed, the externally adm1n1stered FSTL3 as well
as N-terminal prodomain inhibits myostatin.® Recently, Cash et
al. demonstrated in 2012 that the N-terminal a-helical region of
FSTL3 interacts with the type I receptor-binding site on
myostatin.'" Likewise, the N-terminal a-helical region of the
prodomain in TGF-f1 binds to its own type I receptor-binding
site, preventing receptor binding.'> In this binding process,
highly conserved Ile and Leu residues in the o-helical region
contribute significantly to form an inactive complex between
mature TGF-1 and the prodomain (Figure 14, underlined
amino acid residues)."®

On the basis of the findings of TGF-f1, myostatin inhibitors
have been investigated with an emphasis on the myostatin
prodomain sequence. For example, Jiang et al. reported that the

Myostatin, also known as growth differentiation factor-8 (GDF-
8), is a member of the transforming growth factor-f (TGF-f)
superfamily proteins and contributes to adult muscle homeo-
stasis as a negative regulatory factor of skeletal muscle growth.
The systemic overexpression of myostatin induces cachexia in
mice,” but a loss of its function markedly increases muscle mass
up to 2-fold in knockout mice." These findings suggest that
myostatin specific inhibitors enable the treatment of muscle
atrophic disorders such as muscular dystrophy, cancer cachexia,
sarcopenia, and disuse muscle atrophy. Therefore, several
studies have attempted to develop myostatin inhibitors using
antimyostatin antibodies or the soluble decoy receptors; for
example, a neutralizing antibody of myostatin increased the
muscle mass and strength in dystrophin-deficient Duchenne
muscular dystrophy model (mdx) mice® and a soluble

myostatin decoy receptor improved adverse effects such as 5 " ° ? ! )
loss of skeletal muscle and cardiac atrophy in tumor-bearing glutathione S transferase-fusion protein bearing a 74 amino acid
mice as well as cachexia.* residue peptide derived from the N-terminal part of the human

Similar to other TGF-f8 superfamily members, the myostatin myostatin pr'odc?n}ain (position: 19-92 in 1§he prodor.nain)
precursor protein is cleaved in two during protein synthesis by significantly inhibits the myostatin activity.”” In our inves-

a furin-like protease (i.e., the N-terminal prodomain and the C- tigations on t}.1e. key peptide sequence responsible for selective
terminal active domain).® Then mature myostatin, which is myostatin inhibition from the same prodomain using a series of
composed of the dimerized C-terminal domain by a disulfide fusion proteins with the antibody Fc fragment, we found a short
bridge, can bind to activin type II receptors (ActRII). Binding fragment sequence consisting of 29 amino acid residues located
: 15
results in the recruitment of type I receptors, ALK4 or ALKS at positions 19~47 in the prodomain. ~ Intramuscular injection
(ALK, activin receptor- hke kinase), to stimulate the canonical of this fragment peptide ameliorated not only muscle atrophy
Smad? signaling pathway.5™® but also reduced muscle absolute force in the caveolin 3-
Structural analysis has revealed that two separated N-

terminal prodomains can assemble with the C-terminal Received: July 31, 2014
homodimeric myostatin to form an inactive secreted complex, Published: January 8, 2015
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Figure 1. (A) Structures of peptides 1—6 and SB431542. Prodomain sequences of human TGF-$1 and mouse myostatin are shown at the top.
Underline denotes highly conserved amino acids in the prodomain sequence of several TGF-f superfamily members. Numbers added to the top of
an amino acid indicate the position of the prodomain sequence in mouse myostatin except for peptide 6 (human myostatin). (B) In vitro luciferase
reporter assay to evaluate the human myostatin inhibitory activities of peptides 1—4. (C) In vitro luciferase reporter assay to evaluate the dose-
dependent inhibitory activity of peptides 2 on human myostatin. (D) Western blotting for phosphorylated Smad2 (P-Smad2) to evaluate the
inhibitory activities of peptides 2—5 on myostatin signaling. (E) Human myostatin prodomain-derived peptide 6 corresponding to mouse-derived
peptide 2 does not show a significant inhibitory activity to human myostatin in the luciferase reporter assay. Cell line, HepG2; peptide concentration,
30 4M (B,D,E); positive control (SB, SB431542) concentration, 5 uM; myostatin concentration, 10 ng/mL (0.4 nM); incubation, 8 h (B,C,E) or 1 h

(D). Data (n = 3) are shown as means + SD.

deficient limb-girdle muscular dystrophy 1C model mice. This
sequence contains the sequence corresponding to the a-helical
region of the aforementioned TGF-f1 prodomain, which is
necessary to recognize mature TGF-f1 (Figure 1A).

In the present study to discover the minimum peptide
sequence required to exhibit human myostatin inhibitory
activity, a series of peptides based on 29 amino acid sequence
derived from the mouse myostatin prodomain were synthesized
using a 9-fluorenylmethoxycarbonyl (Fmoc)-based solid-phase
peptide synthesis method and their antimyostatin activities
were examined.

B RESULTS AND DISCUSSION

First, we synthesized six peptides: mouse-derived peptides 1
(position: 20—40), 2 (position: 20—43), 3 (position: 24—46), 4
(position: 28—46), 5 (position: 26—41), and human-derived
peptide 6 (position: 20—43). To evaluate whether these
peptides affect the human myostatin-mediated downstream
transcriptional response, we conducted transient transfection
assays using a myostatin-responsive (CAGA),-luc reporter in
HepG2 cells.'® After preincubation of recombinant human
myostatin with or without these peptides for 1 h in the culture
medium, the mixture was added to HepG2 cells. Myostatin (10
ng/mL, 04 nM) induced strong reporter activities in this
cellular assay (Figure 1B), but SB431542 (S uM, Figure 1A),
which is a potent kinase inhibitor for ALK4, ALKS, and
ALK?7," completely blocked this myostatin-induced transcrip-
tional activity. Among the synthesized peptides, peptide 2 (30
4#M) showed a significant inhibitory activity (Figure 1B), which
was dose dependent with an ICy, value of 4.1 uM (Figure 1C).
Peptides 3 and 4, in which several N-terminal amino acid
residues from peptide 2 were truncated, exhibited weak
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inhibitory activities (Figure 1B). Peptide 1, in which three C-
terminal amino acid residues from peptide 2 were truncated,
failed to show a significant inhibitory activity (Figure 1B).
These results suggest that peptide 2 is one of the minimum
effective sequences to elicit an inhibitory activity.

Next, the inhibitory effects of these peptides on Smad2
phosphorylation, which is induced by myostatin binding onto
the activin type II receptor in HepG2 cells, were examined. The
phosphorylation of Smad2 after 1 h of stimulation with
myostatin was notably suppressed in the presence of not only
SB431542 but also peptide 2 (Figure 1D). Peptides 3 and 4
showed weak and only a slight inhibition, respectively, which is
consistent with the above-mentioned reporter assay (Figure
1B). In addition, shorter peptide 5, which consisted entirely of
a sequence corresponding to the critical a-helical region of the
TGEF-p1 prodomain for TGF-$1 binding proposed by Walton
et al,"® did not affect the phosphorylation induced by
myostatin (Figure 1D). These results indicated that the
additional N- and C-terminal parts existing in peptide 2
compared to peptide § were important to induce the myostatin
inhibitory activity. Intriguingly, it was noteworthy that peptide
6, a human myostatin prodomain sequence corresponding to
peptide 2 derived from a mouse sequence, did not show a
significant inhibitory effect on human myostatin signaling
(Figure 1E). This difference of inhibition between two species
suggests that RY (positions 26 and 27 in the mouse
prodomain) versus KS (positions 26 and 27 in the human
prodomain) sequence is crucial for inhibiting the myostatin
activity and human-derived prodomain might suppress the
myostatin function with broader propeptide region because full-
length or 74 amino acid residues };rodomain peptides are
known to inhibit myostatin activity."* This is probably the

DOI:10.1021/jm501170d
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reason why any human-derived small peptide inhibitor (20—25
amino acid residues) has not been discovered to date. In this
reporter assay, peptide 2 did not display any reporter activity in
the absence of myostatin (Supporting Information (SI), Figure
S1).

To more exactly determine the minimum peptide sequence
that exerts an effective myostatin inhibitory activity, we
synthesized a series of additional peptides 7—13 (Figure 2A)

A)

20 43
peptide 2 AWRQNTRYSRIEAIKIQILSKLRL -amide
peptide 7 WRQNTRYSRIEAIKIQILSKLRL-amide
peptide 8 RQONTRYSRIEAIKIQILSKLRL-amide
peptide 9 NTRYSRIEAIKIQILSKLRL-amide
peptide 10 RYSRIEAIKIQILSKLRL -amide
peptide 11 SRIEAIKIQILSKLRL-amide
peptide 12 AWRQNTRYSRIEAIKIQILSKLR-cmide
peptide 13 AWRQNTRYSRIEAIKIQILSKL-amide
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Figure 2. (A) Structures of shorter peptides 7—13. Numbers added to
the top of the amino acid indicate the position in the prodomain
sequence of mouse myostatin. (B) In vitro luciferase reporter assay to
evaluate the myostatin inhibitory activities of peptides 7—11 compared
to that of peptide 2. (C) In vitro luciferase reporter assay to evaluate
the myostatin inhibitory activities of peptides 12 and 13 compared to
those of peptides 1 and 2. Cell line, HepG2; peptide concentration, 30
UM; positive control (SB, SB431542) concentration, S #M; myostatin
concentration, 10 ng/mL (0.4 nM); incubation, 8 h. Data (n = 3) are
shown as means + SD.

and evaluated their inhibitory activities using the same reporter
assay with HepG2 cells (Figure 2B). Peptide 7, which lacks the
N-terminal Ala residue (position 20 in the prodomain) from
peptide 2, showed a similar inhibitory activity as peptide 2,
indicating that the N-terminal Ala residue is not important for
the myostatin inhibition. However, all other N-terminal
truncated peptides 8—11 without the Trp residue at the 2-
position (position 21 in the prodomain) in peptide 2 showed
prominently weaker activities than peptides 2 and 7, and no
activity in the case of peptide 11 without RY sequence
(positions 26 and 27). Additionally, N-terminal acetylated and
C-terminal free peptides 7 (Ac-7 and 7-OH, respectively)
exhibited the same inhibitory activities as peptide 7 (SI, Figure
S2). These results suggest that the Trp residue at position 21 of
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the prodomain sequence, in addition to mouse-derived RY
sequence at positions 26 and 27, plays an important role in the
myostatin inhibitory activity.

On the other hand, the significance of the C-terminal amino
acid residues on the inhibitory activity in peptide 2 was a little
ambiguous. The inhibitory activity showed a gradual decrease
according to the level of truncation from the C-terminus
(Figure 2C). Namely compared to peptide 2, peptides 12 or 13
(30 uM each) with a truncation of one (Leu) or two (Arg-Leu)
amino acid residues showed 81 or $9% inhibition of the
myostatin activity, respectively. As mentioned above, peptide 1
with a truncation of three amino acid residues lost its significant
inhibitory activity. Although the observed weaker activity in
these peptides might be attributed to not conserving the Leu
residue (position 43 in case of myostatin Frodomain), which is
responsible for the TGF-A1 inactivation, > peptides 12 or 13
still have a significant inhibitory activity. Therefore, the
minimum sequence required for myostatin recognition exists
in position 21—42 or 2143 of the prodomain sequence, and
these sequences are not consistent with that necessary for TGE-
1 inactivation.'® From these experiments, peptide 2 (position
20—43), which is consists of 24 amino acid residues, is the most
potent small inhibitor among all the myostatin prodomain
fragment peptides synthesized in the present study.

To understand the effect of the peptide secondary structure
on the myostatin inhibitory activity, the circular dichroic (CD)
spectra of peptides 2—$, 7, and 8 were measured in the absence
or presence of 2,2,2-trifluoroethanol (TFE) because it is known
that TFE generally promotes a helical structure formation of
peptides.”® Peptide 2 showed characteristic absorptions at 208
and 222 nm with increasing concentrations of TFE in 20 mM
sodium phosphate buffer (pH 7.4), indicating that these
peptides have the propensity to form an a-helix structure under
at least 10% TFE-containing condition (Figure 3A). Peptide 3
did not display a typical a-helical nature, while less active
peptides 4 or S in Figure 1 showed similar a-helicity compared
with peptide 2, respectively (SI, Figure S3A). In addition, N-
terminal unprotected peptides 7 and 8 also exhibited the similar
spectrum to peptide 2, and N-terminal acetylation of these
peptides (Ac-7 and Ac-8) did not affect their secondary
structures (SI, Figure S3B). Moreover, we synthesized peptide
2-derived fragment peptides 2N (AWRQNTRYSRIE-amide)
and 2C (AIKIQILSKLRL-amide) and their N-terminal
acetylated peptides (Ac-2N and Ac-2C) to more precisely
determine the structural property of peptide 2 and measured
their CD spectra (SI, Figures S3C). The results indicate that
the N-terminal part of peptide 2 (2N) has a random coiled
structure, whereas the C-terminal part (2C) has the slight a-
helical structure although peptide 2C did not show any
inhibitory activity (data not shown). Moreover, there was no
influence of N-terminal acetylation to the peptide secondary
structure (SI, Figure S3D).

Next, we performed surface plasmon resonance (SPR) assay
to investigate the affinity of peptides 2, 7, and 8 to myostatin.
Sensorgrams and their fitting curves of peptides were depicted
in Figures 3B (peptide 2) and SI, Figure S4 (peptides 7 and 8),
and the kinetic parameters [the binding dissociation constant
(Kp) and the rate constants of association (k,,) and
dissociation (k)] of interaction with myostatin in respective
peptides are described in Figure 3C. Myostatin inhibitory
peptides 2 and 7 showed potent affinities to myostatin with Ky
values of 35.9 and 29.7 nM, respectively (Figure 3C). These
values were at least 3-fold higher affinity than less effective

DOI:10.1021/jm501170d
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Figure 3. (A) CD spectra of peptide 2 in the presence of 0—20% TFE
solution prepared in 20 mM sodium phosphate buffer (pH 7.4);
peptide concentration, 5 uM. (B) Sensorgrams and their fitting curves
of peptide 2 to surface plasmon resonance (SPR) assay to analyze the
affinity with myostatin; peptide concentrations, 6.25, 12.5, 25, 50, and
100 nM from the bottom sensorgram. Serial concentrations of
peptides in HBS-P buffer (10 mM HEPES, pH 7.4, 300 mM NaCl,
0.005% (v/v) surfactant P20) were injected over myostatin-
immobilized CMS sensor chip. (C) Kinetic parameters of interaction
with myostatin in peptides 2, 7, and 8. The binding dissociation
constant (Kp) and the rate constants of association (k) and
dissociation (k.¢) were determined with BlAevaluation software 3.0
from respective fitting curves based on sensorgrams.

peptide 8 lacking Trp residue at position 21 of the prodomain.
These results correlate with the result of luciferase reporter
assay shown in Figure 2, repeatedly suggesting that the Trp
residue at position 21 plays an effective role in the direct
binding of peptides 2 and 7 to myostatin for the significant
inhibitory activity.

To further examine whether peptide 2 affects the weight of
skeletal muscles in mdx mice (five week old males), we
administrated 40 uL of the peptide solution (0.75 mM peptide
2 in saline) into the tibialis anterior (TA) muscle of the mice
via an intramuscular injection. The treatments were repeated 2
weeks later in the same muscle. Then 4 weeks after the last
treatment, the muscles were collected and weighed. Compared
to muscles treated with saline, the weight of the treated muscles
with the peptide showed 1.20 =+ 0.03-fold increase (mean +
SD) (Figure 4), suggesting that inhibition of the myostatin
function by peptide 2 can increase the weight of skeletal
muscles in mdx mice as shown in previous reports.21

B CONCLUSION

We synthesized a series of peptides derived from mouse
myostatin prodomain. Peptides 2 and 7, which consist of 24
and 23 amino acid residues, respectively, exhibited a potent
myostatin inhibitory activity. Structure analysis revealed that

1547

pe

p
(left TA) (right TA)
B) 5
E g0
3 L
% 70 Tl )
2 L‘\\ e mice
% 60 P 41
Tl A e
2 %0 e --A--3
S 40
£
=2
@D
Z 30 . .
peptide 2 saline
(left TA) (right TA)

Figure 4. (A) Appearance of tibialis anterior (TA) muscles of mdx
mice 3 after treatment with peptide 2 (left TA) or the vehicle (saline,
right TA). Peptide solution (40 L, 0.75 mM peptide 2 in saline) was
intramuscularly injected into the tibialis anterior muscle of respective
mice 1—-3. Treatment was repeated 2 weeks later in the same muscle.
Their muscles were collected and weighed 4 weeks after the last
treatment. (B) Weight of the treated muscles in respective mice 1—3
(n=3).

these peptides have the propensity to form a-helical structures
in the presence of at least 10% TFE. Moreover, Trp residue
(position 21) and mouse-derived RY sequence (positions 26
and 27) in the N-terminal random coiled parts in these
peptides played an important role in the effective myostatin
inhibition as well as their C-terminal a-helical region that was
identical between mouse and human sequences. Further
biological evaluations revealed that peptide 2 significantly
increased muscle mass (about 20%) in Duchenne muscular
dystrophy model mice. In the future, we plan to conduct a
detailed structure—activity relationship study based on peptide
7 to obtain a more potent inhibitor and a long-lasting activity in
vivo.

EXPERIMENTAL SECTION

Reagents and solvents were purchased from Wako Pure Chemical
Industries (Osaka, Japan), Sigma-Aldrich (St. Louis, MO), Watanabe
Chemical Industries (Hiroshima, Japan), and Tokyo Chemical
Industries (Tokyo, Japan). All were used as received. Sterile
Dulbecco’s Modified Eagle’s Medium (DMEM) and fetal bovine
serum (FBS) were purchased from Nacalai Tesque (Kyoto, Japan) and
Life Technologies (Carlsbad, CA), respectively. Sterile 100 mm dishes
and 24/96-well clear/white-wall plates were purchased from Iwaki
(Tokyo, Japan) and Corning (Cambridge, MA), respectively.
Polyethylenimine (PEI) transfection reagents were purchased from
Polysciences (Warrington, PA).

1. Synthesis of Peptide Derivatives. As previously reporte
the Fmoc-NH-SAL resin (50—100 mg, 0.028—0.047 mmol) and
Fmoc-amino acids (0.084—0.141 mmol) were sequentially coupled
using the N,N’-diisopropylcarbodiimide (DIPCI, 0.084—0.141 mmol)-
1-hydroxybenzotriazole (HOBt, 0.084—0.141 mmol) method for 2—3
h in DMF (1.0 mL) after removing each Fmoc group with 20%
piperidine-N,N'-dimethylformamide (DMF) (1.5 mL, 20 min) to
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obtain protected peptide- resins. The resins were treated with TFA—
m-cresol—thioanisole—EDT (4.0 mL, 40:1:1:1) for 150 min at rt. The
TFA salts of peptides 1—13 were obtained by preparative RP-HPLC
purification in a 0.1% aqueous TFA—~CH,CN system and solubilized
in dimethyl sulfoxide (DMSO) as 3 mM stock solutions for biological
evaluation. High-resolution mass spectra (TOF MS ES+) were
recorded on a micromass LCT (see SI). The synthesized peptides
were >95% pure (RP-HPLC analysis at 230 nm, see SI).

2. Luciferase Reporter Assay. HepG2 cells were cultured in
DMEM (Nacalai Tesque) containing 10% FBS (Life Technologies)
and nonessential amino acids (Sigma). The cells were seeded at 7.5 X
10* cells per well in the 24-well plates the day before transfection. The
cells were transfected using polyethylenimine (Polysciences). After 28
h of transfection, the medium was exchanged to DMEM containing
0.3% FBS, and the cells were incubated for 18 h at 37 °C under 5%
CO,. Each synthesized peptide was dissolved with DMSO, diluted by
adding DMEM containing recombinant myostatin (Wako) and 0.3%
FBS (final concentration: 30 uM peptide, 10 ng/mL (0.4 nM)
myostatin, and 1% DMSO), and incubated for 1 h. Cells were treated
with a peptide solution and incubated at 37 °C under 5% CO,. After 8
h, cells were washed with PBS. The lysates were prepared, and the
luciferase activity was measured using a luciferase assay system
(Promega, Madison, W1, USA) according to the standard protocol.
SB431542 (Wako) was used as a positive control and underwent the
same manipulation (final concentration, S uM). The results were
corrected for the f-galactosidase activity (pCH110; GE Healthcare).
Each experiment was carried out in triplicate. Values are presented as
the mean + SD (n = 3).

3. Western Blotting. HepG2 cells were seeded at 1.5 X 10° cells
per well in 12-well plates and incubated for 24 h. The medium was
exchanged to DMEM containing 0.3% FBS, and cells were incubated
for 18 h at 37 °C under 5% CO,. Each synthesized peptide was
dissolved with DMSO, diluted by adding DMEM containing myostatin
(Wako) and 0.3% FBS (final concentration; 30 #M peptide, 10 ng/mL
(0.4 nM) myostatin and 1% DMSO), and incubated for 1 h. Cells
were treated with the peptide solution and incubated at 37 °C under
5% CO,. After 1 h, cells were washed with PBS and lysed in 200 uL of
TNE buffer [10 mM Tris (pH 7.4), 150 mM NaCl, 1 mM EDTA, 1%
Nonidet P-40, 1 mM PMSF, 5 ug/mL leupeptin, 30 unit/mL
aprotinin, 2 mM sodium vanadate, 40 mM NaF, and 20 mM f-
glycerophosphate]. The lysates were boiled for S min in sample buffer,
separated by sodium dodecyl sulfate—polyaclylamide electrophoresis
(SDS-PAGE) in 8% polyacrylamide gels, and transferred to Hybond-C
extra membranes (GE healthcare). The membrane was probed with
primary antibodies; antiphosphorylated Smad2 (2000, our own
make) or antiff-actin (x4000, Sigma). The primary antibodies were
detected with horseradish peroxidase conjugated secondary antibodies
and chemiluminescent substrate (Pierce) and visualized with imaging
system (Image Quant LAS-4000, GE-healthcare).

4. Measurement of the Circular Dichroic Spectra. CD spectra
of the synthetic peptides were obtained at 25 °C using a Jasco J-1500
CD spectrometer (JASCO, Japan) in a quartz cell with a 0.5 cm path
length. Spectra were collected between 190—250 nm with a scan speed
of 100 nm/min, a response time of 1 s, and a bandwidth of 1 nm.
Peptide samples with a final concentration of 5 4M were prepared in
20 mM sodium phosphate buffer (pH 7.4) containing 0—20% 2,2,2-
trifluoroethanol (TFE). The baseline scan, which was acquired by
measuring the buffer alone, was subtracted from the experimental
readings. CD data, which were collected every 0.1 nm, were the
average of nine scans. The normalized CD data was expressed in the
mean residue ellipticity (deg cm® dmol™) and plotted as functions of
wavelength.

5. Surface Plasmon Resonance (SPR) Assay. The binding
dissociation constant Ky, the association rate constant k, and the
dissociation rate constant k. of peptides were determined by SPR
using Biacore X (GE Healthcare). Recombinant myostatin, (carrier-
free, R&D Systems) was dissolved in 10 mM sodium acetate (pH 5.5)
at a final concentration of 1 yg/mL and immobilized onto CMS sensor
chip activated by the amine coupling kit (GE Healthcare) according to
the instruction. About 650 response units (RU) of myostatin were
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coupled to flow cell 2. Flow cell 1 was not treated at all and was served
as a reference. Each peptide was diluted in HBS-P buffer (10 mM
HEPES, pH 7.4, 300 mM NaCl, 0.005% (v/v) surfactant P20), which
was also used as running buffer. A serial concentrations of peptides
were injected at 25 °C and a flow rate of 20 sL/min. Association and
dissociation were measured over 120 s; 1 M NaCl was used for
regeneration. To determine each parameter, BIAevaluation software
4.1 was used. All sensorgrams were fitted to a 1:1 (Langmuir) binding
model.

6. Intramuscular Administration of Peptide 2 into Anterior
Tibialis of mdx Mice. Animal studies were approved by the Animal
Research Committee of Tokyo University of Pharmacy and Life
Sciences. Peptide solution (40 uL of the 0.75 mM peptide 2 in saline)
and saline (control) were intramuscularly injected into left and right
tibialis anterior muscle of 5-week-old mdx mice, respectively. After 2
weeks, the treatment was repeated for the same muscle. Then 4 weeks
after the last treatment, the muscles were collected and weighed.
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constant; MS, mass spectrometry; RP-HPLC, reversed-phase
high-performance liquid chromatography; PEI, polyethyleni-
mine; P-Smad2, phosphorylated Smad2; SDS-PAGE, sodium
dodecyl sulfate—polyacylamide electrophoresis; SPPS, solid-
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tibialis anterior; TFA, trifluoroacetic acid; TFE, 2,2,2-
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Cytokine profiles in polymyositis and
dermatomyositis complicated by rapidly progressive
or chronic interstitial lung disease
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Abstract

Objective. PM and DM are often complicated by interstitial lung disease (ILD). In this study we aimed to
evaluate various serum cytokines in patients with PM/DM with ILD so as to clarify the differences in
pathophysiology between anti-melanoma differentiation-associated gene 5 antibody-associated LD
(anti-MDAS5-ILD) and anti-aminoacyl tRNA synthetase antibody-associated ILD (anti-ARS-ILD).

Methods. We evaluated the serum cytokine profiles of 38 patients with PM/DM and compared the cyto-
kine profiles of the non-ILD and ILD subsets as well as the anti-MDA5-ILD and anti-ARS-ILD subsets.

Results. The myositis intention-to-treat activity index score, which indicates whole disease activity, sig-
nificantly correlated with serum IL-6, IL-8, TNF-o and IP-10. These cytokine levels were significantly higher
in the ILD subset than the non-ILD subset and were lower in the ILD subset following treatment. By
multivariate analysis, TNF-o. was the most significant cytokine [P =0.0006, odds ratio (OR) 1.4, ClI 1.1,
2.2] associated with PM/DM with ILD. IL-8 levels were significantly higher in anti-MDAS5-ILD than .in anti-
ARS-ILD, although IL-6, TNF-o. and IP-10 levels were high in both subsets. IL-8 was the most significant
cytokine (P=0.0006, OR 1.5, Cl 1.1, 3.0) associated with anti-MDA5-ILD by multivariate analysis.
Moreover, the ratio of IL-4 to IFN-y was lower in anti-MDAS5-ILD than in anti-ARS-ILD.

Conclusion. IL-6, IL-8, TNF-a and IP-10 are associated with global disease activity in PM/DM. These
cytokine levels were high, especially in the ILD subset. Serum IL-8 levels and the balance between IL-4
and IFN-y may contribute to the differences in pathophysiology between anti-ARS-ILD and anti-MDA5-

ILD.

Key words: polymyositis, dermatomyositis, interstitial lung disease, TNF-«, IL-6, IL-8.

Introduction

PM and DM are idiopathic inflammatory myopathies that
are characterized by inflammation of the muscles, skin,
lungs and heart [1, 2]. PM and DM are classified as
autoimmune diseases because several types of
myositis-specific autoantibody (MSA) are detected and
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immunosuppressive therapy such as corticosteroids is ef-
fective [3]. PM and DM are occasionally complicated by
interstitial lung disease (ILD) [4]. ILD is one of the prog-
nostic factors in PM/DM [5].

With regard to cytokines, IL-1a, IL-1B, IL-18, TNF-o,
IFN-oo and IFN-y are highly expressed in the muscle
tissues of PM/DM patients [6]. Dendritic cells, macro-
phages, lymphocytes, muscle fibres and endothelial
cells of capillaries synthesize these cytokines in the
muscle tissues of patients with PM/DM. In ILD with PM/
DM, it has been reported that serum CRP and the
IFN-y-inducible chemokines C-X-C motif ligand 9
(CXCL9) and CXCL10 are associated with anti-dJo-1 anti-
body-associated ILD in which myositis is frequently

© The Author 2014, Published by Oxford University Press on behalf of the British Society for Rheumatology. All rights reserved. For Permissions, please email: journals.permissions@oup.com
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complicated {7]. Serum biomarkers such as cytokines and
chemokines could be affected by the whole disease
status, including myositis, dermatitis and ILD, in PM/DM.
However, the precise differences in the cytokine profiles
between myositis and ILD in PM/DM remain unknown.

In PM/DM, complication with ILD is associated with
anti-aminoacyl-tRNA synthetase (ARS), including Jo-1
antibody or anti-melanoma differentiation-associated
gene 5 (MDAS) antibody [4, 8]. In particular, rapidly pro-
gressive ILD (RP-ILD) is an intractable and life-threatening
complication. Clinically amyopathic DM (CADM) patients
with anti-MDAS antibodies have frequent complications
with RP-ILD, especially in Japan [9-11], where it is clas-
sified as acute interstitial pneumonia and reflects diffuse
alveolar damage upon pathological examination. In con-
trast, chronic ILD is frequently observed in anti-ARS anti-
body-associated PM/DM, which responds well to
treatment with corticosteroids. The response to treatment
and the mortality rate are different between anti-MDAS5
antibody-associated ILD (anti-MDA5-ILD) and anti-ARS
antibody-associated ILD (anti-ARS-ILD) [4].
Hyperferritinaemia is usually revealed in RP-ILD with
anti-MDAS5 antibodies but not in anti-ARS antibody ILD
[10, 11]. Although the pathogenesis of RP-ILD with anti-
MDAS antibodies has been tentatively attributed to a cyto-
kine storm triggered by a viral infection, especially in the
skin and lungs, its exact mechanism is unknown [10, 12].
In addition, the differences in pathophysiology between
these two antibody-associated ILD subsets remain
unknown.

Therefore we investigated the characteristics of the
cytokine profiles in PM/DM with and without ILD. In add-
ition, we compared the cytokine profiles of anti-MDA5
antibody ILD and anti-ARS antibody ILD and clarified the
differences in pathophysiology between these two sub-
sets of patients.

Patients and methods

Patients

In this study, patients who were admitted to Tokyo
Women's Medical University Aoyama Hospital from 1992
to 2010 were retrospectively examined. We found that 124
patients had been diagnosed with PM, DM or CADM. Of
these 124 patients, 78 and 46, respectively, were compli-
cated with and without ILD. Of the 78 patients with ILD,
anti-ARS antibodies and anti-MDA5 antibodies were de-
tected in 17 and 14, respectively. To clarify the differences
in pathophysiology and cytokine profile between anti-
MDAS5 antibody ILD and anti-ARS antibody ILD, patients
without either anti-MDA5 or anti-ARS were not enrolled in
this study. Serum samples were obtained from 11
anti-ARS antibody-positive patients and 10 anti-MDA5
antibody-positive patients. Of 46 patients without ILD,
sera were obtained from 17 patients. In 10 patients with
anti-MDAS antibody ILD or anti-ARS antibody ILD and 29
without ILD, the volume of the serum samples was too
small to measure various cytokines. These 38 patients
were enrolled in the present study. They were diagnosed

www.rheumatology.oxfordjournals.org

as having PM/DM or CADM based on the criteria of Bohan
and Peter [13] or Sontheimer [14], respectively. Specific
rashes, including heliotrope rash, Gottron’s sign or
Gottron’s papules, were used to define DM and CADM.
In general, CADM patients present with typical skin
lesions and amyopathy or hypomyopathy for >6
months. A subset of the CADM group in this study
included patients who developed ILD within the first 6
months of the study. All of the 38 enrolled patients
suffered from skin rashes, myopathy or respiratory symp-
toms (or a combination thereof).

In all of the enrolled patients, disease status was active
upon admission, so the physicians decided to begin im-
munosuppressive therapy or to increase the intensity of
therapy, such as treating with intermediate or high-dose
prednisolone or adding additional immunosuppressive
agents. Disease duration was defined as the time between
the appearance of PM/DM-associated symptoms and
admission. The clinical data were obtained from medical
records at the time the serum samples were obtained. In
addition, serum was obtained from 15 healthy controls
(HCs). This study was approved by the ethical committee
of Tokyo Women’s Medical University. All patients and
controls provided written informed consent according to
the Declaration of Helsinki.

Evaluation of muscular and extra-muscular
manifestations

Myositis was evaluated by manual muscle testing, creat-
ine kinase (CK) and electromyography. MRl and muscle
biopsy of the extremities was carried out if necessary.
Dermatitis and arthritis were evaluated by physical exam-
ination. If necessary, dermatologists evaluated the skin
eruptions and performed a skin biopsy. Pulmonary dis-
ease was assessed by chest radiography and high-reso-
lution CT. Pulmonary function was also evaluated if
findings were revealed in the lung. Cardiac function was .
evaluated by electrocardiography and echocardiography.
Scintigram and myocardial biopsy were conducted if ne-
cessary. Enteropathy was assessed by gastrointestinal
endoscopy and colonoscopy. A malignancy survey was
performed for all of the patients.

Evaluation of pulmonary function and
classification of ILD

Pulmonary function was evaluated from the arterial
oxygen tension (PaO,)/fractional inspired oxygen (F,0,)
ratio (i.e. P/F ratio), alveolar-arterial oxygen difference
(A-aD0y) and vital capacity percentage (%VC). RP-ILD
was defined as a progressive dyspnoea that developed
rapidly, over days to weeks, after the onset of respiratory
symptoms. Chronic ILD was defined as a progressive dys-
pnoea that developed slowly, over months [15, 16].

Evaluation of disease activity for PM/DM/CADM

Disease activity was evaluated using the myositis disease
activity core set, which the International Myositis
Assessment and Clinical Studies (IMACS) group has pro-
posed and recommended [3, 17, 18]. Muscular symptoms
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and extra-muscular complications were measured using
the myositis activity assessment visual analogue scales
(MYOACT) and the myositis intention-to-treat activity
index (MITAX). Constitutional, cutaneous, skeletal, gastro-
intestinal, pulmonary, cardiac and muscular disease ac-
tivity were included in both the MYOACT and MITAX. The
MITAX score was the MITAX sum score divided by the
total score of 63 points. The details of clinical information
required for the estimation of MITAX and MYOACT were
available in the medical records. The MITAX and MYOACT
were estimated retrospectively by physicians in charge or
evaluators who were blinded to the results of cytokine
profiles in reference to the medical records information.

Evaluation of MSAs

Anti-MDAS5 antibody was detected with the use of an
ELISA using recombinant MDA5 as an antigen, as
described previously [9]. Anti-ARS antibodies, including
Jo-1, EJ, PL-7, PL-12 and OJ, were measured with RNA
immunoprecipitation assays. The other MSAs were de-
tected through immunoblots using the Myositis Profile
Euroline antibody test system for the in vitro determination
of antibodies against myositis-associated antigens in
human serum (Euroimmun, Libeck, Germany).

Measurement of cytokines

Serum samples were stored at —80°C. The levels of
serum cytokines, including IL-18, IL-2, IL-4, IL-6, IL-8,
IL-10, IL-12, IL-13, IL-17, TNF-a, IFN-o, [FN-y and [FN-
v-inducible 10-kDa (IP-10), were measured by multiplex
assay using the Milliplex MAP Human Cytokine/
Chemokine Panel (EMD Millipore, Waltham, MA, USA),
Bio-Plex 200 System and Bio-Plex Manager software ver-
sion 6.0 (Bio-Rad Laboratories, Hercules, CA, USA).

Statistical analysis

Statistical analyses were performed using the chi-square
test for the comparison of frequencies, Fisher's exact test
was used when appropriate and the Mann-Whitney U test
was used for the comparison of median values.
Correlation coefficients were established by employing
Spearman’s correlation coefficients. Multiple linear re-
gression analysis was performed when appropriate. The
Wilcoxon signed-rank test was performed when compar-
ing the cytokine levels of patients with active ILD and the
cytokine levels after improvement. The data were
analysed using JMP software (SAS Institute, Cary, NC,
USA). P-values <0.05 indicated statistical significance.

Results

Clinical characteristics of the enrolled patients

A total of 38 patients was enrolled in this study (Table 1).
The median age was 52 years and 74% of the participants
were female. The number of PM, DM and CADM cases
was 12, 14 and 12, respectively. The median disease dur-
ation was 4 months. The frequency of ILD, cardiomyop-
athy and malignancy was 55%, 13% and 3%,
respectively. The positivity rate of anti-ARS antibody,
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anti-Mi-2 antibody, anti-MDA5 antibody and anti-signal
recognition particle (SRP) antibody was 32%, 3%, 26%
and 5%, respectively. The median MITAX score was 0.19.

Comparison of cytokine levels in PM/DM/CADM
and HCs

To investigate the characteristics of cytokine profiles in all
of the PM/DM/CADM patients, the levels of each cytokine
were compared in PM/DM/CADM patients and the HCs
(Table 2). Serum IL-1B, IL-2, IL-4, IL-6, IL-8, IL-10, TNF-o,
IFN-a, IFN-y and IP-10 were significantly higher in PM/
DM/CADM patients than HCs. IL-12, IL-13 and IL-17
levels did not differ between PM/DM/CADM patients
and HCs.

Correlations between each cytokine level in PM/DM/
CADM

We estimated the correlations between each cytokine
level in PM/DM/CADM. As shown in Table 3, IL-18 levels
were significantly (P < 0.001) correlated with the levels of
IL-2, IL-6, IL-12 and IFN-y. Moreover, the correlation be-
tween IL-2 and IL-12 and between IL-6 and TNF-a was
significant (P <0.001). IL-10 levels were significantly
(P <0.001) correlated with the levels of TNF-o, IFN-y
and IP-10.

Correlation between cytokine levels and whole
disease activity

We evaluated the association between each cytokine level
and the MITAX score, which is an indicator of both mus-
cular and extra-muscular disease activity. The MITAX
score was significantly correlated with the level of IL-6
(r«=0.59, P <0.0001), IL-8 {(rs=0.34, P<0.05), IL-10
(r«=0.36, P<0.05), TNF-o. (rs=0.53, P <0.0001) and
IP-10 (rs=0.35, P <0.05).

TasLe 1 Clinical characteristics of the enrolled patients

Age, median (IQR), years 52 (39-58)
Female, n (%) 28 (74)
PM, DM, CADM, n 12, 14,12

Disease duration, median (IQR), months 4 (2-7)

ILD, n (%) 21 (55)
Cardiomyopathy, n (%) 5(13)
Malignancy, n (%) 13
Myositis specific autoantibodies, n (%)
Anti-ARS 12 (32)
Anti-Mi-2 1)
Anti-MDA5 10 (26)
Anti-SRP 2 (5)

MITAX, median (IQR) 0.19 (0.11-0.30)

A total of 38 patients were enrolled in the present study.
IQR: interquartile range; ILD: interstitial lung disease;
CADM: clinically amyopathic DM; ARS: aminoacyl-tRNA
synthetase; MDA5, melanoma differentiation-associated
gene 5; SRP: signal recognition particle; MITAX: myositis
intention-to-treat activity index.
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Comparison of clinical characteristics of the non-ILD
subset and the ILD subset

To investigate the cytokine profiles in PM/DM/CADM-
associated ILD, clinical characteristics and cytokine
levels were compared between the non-complicating
ILD (non-ILD) subset and the ILD subset (Table 4).
Regarding the differences between the two subsets, the
constitutional visual analogue scale (VAS), cutaneous VAS
and MITAX scores were higher in the ILD subset than in
the non-ILD subset. However, CK levels and the muscular
VAS score were lower in the ILD subset. These findings
could reflect the high frequency of CADM in the ILD
subset.

TasLe 2 Cytokine levels in PM/DM/CADM patients and
HCs

PM/DM/CADM HCs
(n =38}, median {(n = 15}, median
(IQR), pg/ml (range), pg/mi

IL-1p 0 (0-0.5)* 0 (0-0)
iL-2 1.0 (0.4-1.8)* 0.2 (0-0.9)
IL-4 0.5 (0-3.0 0 (0-3.1)
IL-6 4.3 (1.0-7.3)*" 0 (0-1.3)
IL-8 16.1 (11.8-26.7)™* 1.7 (0.9-6.0)
IL-10 6.6 (1.6-13.8)™ 0 (0-0)
IL-12 0.8 (0-2.8) 0 (0-13.6)
IL-13 0 (0-0) 0 (0-0)
L-17 0.5 (0-1.3) 1.1 (0-6.9)
TNF-a 16.8 (10.6-29.3)"** 2.0 (0.6-4.3)
IFN-o. 12.2 (6.5-33.2)"" 1.6 (0-4.7)
IFN-y 1.6 (0.4-3.1)"* 0.5 (0.9-1.6)
IP-10 5706 (1622-13195)** 67 (45-583)

Statistical analyses were performed using the Mann-Whitney
U test to compare the PM/DM/CADM subset and HCs.
*P <0.01 and **P <0.001. IQR: interquartile range; CADM:
clinically amyopathic DM; HCs: healthy controls; IP-10: IFN-
y-inducible 10-kDa protein.

TasLe 3 Correlations in each cytokine in PM/DM/CADM

Analysis of cytokines that contribute to LD in PM/
DM/CADM

The levels of IL-4, IL-6, IL-8, IL-10, TNF-« and IP-10 were
significantly higher in the ILD subset than the non-ILD
subset (Table 4). To reveal the cytokines that contribute
to ILD, multiple linear regression analysis was performed.
The existence of ILD was the dependent variable.
Independent variables included the above-described
cytokines determined to be significant by univariate ana-
lysis. In addition, the multivariate analysis was adjusted
with the muscular VAS and cutaneous VAS to reveal spe-
cific cytokines associated with pulmonary disease activity.
TNF-o was the cytokine that was most significantly asso-
ciated with ILD in PM/DM/CADM [P =0.0006, odds ratio
(OR) 1.4, Cl 1.1, 2.2]. No other cytokines were significantly
associated with ILD in multivariate analysis.

Comparison of cytokine profiles of the anti-ARS-ILD
subset and anti-MDAS-ILD subset

To reveal the pathophysiological differences between
anti-ARS-ILD and anti-MDAS5-ILD, clinical characteristics
and cytokine levels were compared between the two sub-
sets. As shown in Table 5, in the anti-MDAS-ILD subset,
the frequency of CADM complicated with RP-ILD was
high and PM was not observed. The cutaneous VAS and
pulmonary VAS scores were significantly higher in the
anti-MDAS5-ILD subset than in the anti-ARS-ILD subset,
although the MITAX score and pulmonary function did
not differ between the two subsets.

Regarding the cytokine levels, the IL-8 level was signifi-
cantly higher in the anti-MDA5-ILD subset than the anti-
ARS-ILD subset. Lower levels of IL-4 and higher levels of
IL-10 and IFN-o were found in the anti-MDAS-ILD subset
than in the anti-ARS-ILD subset, although these differ-
ences did not reach significance (P <0.10). IL-8, TNF-o
and IP-10 levels were high in both subsets and did not
significantiy differ between the two subsets.

TNF-o  IFN-o

IL-10

IL-4 IL-6 IL-8
IL-1p — - - - -
IL-2 0.72%*  — - - -
IL-4 0.40° 043"  — - -
IL-6 0.55™* 042* 023  — -
IL-8 0.11 0.19 0.01 0.47% —~
IL-10  0.15 0.42=  0.09 0.39*  0.44*
IL-12 067 075"  0.31 033 017
iL-13  0.39*  0.33" 0.27 0.22 0.08
IL-17  0.04 028 -0.09 -0.13 0.32*
TNF-o.  0.30 0.34* 0.43* 072"  0.41*
IFN-« 0.6 0.09 0.13 0.26 0.14
IFN-y 031 0.42*  0.04 0.42~  0.28
P-10  —0.02 0.13 0.37 0.42*  0.32

0.37* - - - - - -
0.15 0.33* — - - - -
0.42* 0.42 0.26 - - - -
0.56" 0.16 015 -022 — - —_
0.21 0.02 0.17 0.05 0.11 - -
0.58™* 0.43"  0.31 037 036" 021 -—
0.60™* —0.06 0.007 -0.09 0.7 025 0.17

Statistical analyses were performed using Spearman’s rank correlation coefficient. *P <0.05, P <0.01 and P <0.001.
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To determine the cytokines that contributed to the
pathophysiology of anti-MDAS antibody ILD and anti-
ARS antibody ILD, multiple linear regression analysis
was performed. The existence of anti-MDA5 antibody
positivity was the dependent variable. Independent vari-
ables included IL-4, IL-8, IL-10 and IFN-a levels, for which
the P-value was <0.10 in the univariate analysis. IL-8 was
the cytokine that was most significantly associated with
anti-MDAS5 antibody ILD (P=0.0006, OR 1.5, Cl 1.1, 3.0).
In addition, IL-4 level was inversely associated with anti-
MDA5 antibody ILD (P=0.01, OR 0.8, ClI 0.6, 0.98).
Moreover, the ratio of serum IL-4 to IFN-y, which may
reflect a balance between T helper 1 (Th1) and 2 (Th2)
cells, was lower in anti-MDA5 antibody ILD (median

TasLe 4 Comparison of the non-ILD subset and the ILD
subset: clinical characteristics and cytokine profiles

Non-ILD
subset
(n=17)
Age, years 57 (40-64) 50 (37-56)
Female, n (%) 11 (65) 17 (81)
Duration, months 4 (2-13) 3 (2-6)
PM, DM, CADM, 9,6, 2 3,8,10
n (%)
CK, tu/t 1389 (417-4938) 285 (92-1573)*

VAS of disease activity, mm

Constitutional 14 (9-18) 50 (16-63)*
VAS
Muscular VAS 26 (10-42) 0 (0-38)
Cutaneous VAS 0 (0-46) 26 (12-42)
Skeletal VAS 0 (0-0) 0(0-22)
Gastrointestinal 0 (0-0) 0 (0-0)
VAS
Pulmonary VAS 0 (0-0) 37 (25-52)**
Cardiac VAS 0 (0-17) 0 (0-0)
MITAX 0.11 (0.05-0.16) 0.29 (0.16-0.38)***
Cytokines, pg/ml
IL-18 0 (0-2.1) 0 (0-0.5)
IL-2 0.2 (0.02-6.0)  1(0.7-1.6)
IL-4 0 (0-1.0) 1.3 (0.5-4.1)**
IL-6 1 (0.4-5.4) 5.4 (2.1-10.7
iL-8 11.8 (9.2-21.9) 18.2 (14.2-29.4)"
IL-10 2.0 (0-9.5) 9.3 (5.2-20y*
IL-12 0.2 (0-20.5) 0.9 (0.2-2.5)
IL-13 0 (0-0) 0 (0-0)
IL-17 0.7 (0.3-1.3) 0.4 (0-1.2)
TNF-a 10.8 (8.6-15.5) 26.7 (17.6-36.7)"
IFN-o 13.6 (11.0-25.7) 8.4 (5.1-35.6)
IFN-y 1.6 (0.4-3.1) 1.6 (0.5-3.8)
IP-10 2767 (853-9121) 9134 (3985-18931)**

Values are given as median (interquartile range) unless
stated otherwise. Statistical analyses were performed using
the Mann-Whitney U test and Fisher’s exact test to compare
the non-ILD and ILD subsets. *P<0.05, *P<0.01 and
=*p ~0.001. ILD: interstitial lung disease; CADM: clinically
amyopathic DM; VAS: visual analogue scale; MITAX: myo-
sitis intention-to-treat activity index; IP-10: IFN-y-inducible
10-kDa protein; CK: creatine kinase.
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0.16) than in anti-ARS antibody ILD (median 2.0), although
this difference was not significant (P=0.07).

Prediction of fatal outcome due to ILD by serum
cytokine levels

To predict a fatal outcome due to ILD, we estimated the
cut-off levels of serum cytokines with all the ILD patients
using a receiver operating characteristic (ROC) curve. The
predictive cytokines included IL-8, IL-10 and IFN-o, which
had high levels in anti-MDAS5 antibody ILD. Fatal outcome
due to ILD was found in four patients with anti-MDAS5 anti-
body ILD, but none were found in patients with anti-ARS-
ILD. The cut-off levels of serum cytokines (sensitivity, spe-
cificity) were as follows: IL-8, 29.7 pg/ml (100%, 94%); IL-
10, 13.1pg/ml (100%, 71%); IFN-a, 37.0pg/ml (100%,
18%). Serum IL-8 was the most useful predictive cytokine
for fatal outcome due to ILD.

In most patients without ILD, the cytokine levels were
below the cut-off values, but a few patients had cytokine
levels above the cut-off values. In the non-ILD subset with
IL-8 levels above the cut-off value, all three patients had
DM. All patients without ILD survived even if cytokine
levels were above the cut-off values.

Comparison of cytokine profiles in active ILD status
and improved ILD status

Clinical data and sera were also obtained after improve-
ment of ILD in six patients (three with anti-ARS antibody
and three with anti-MDAS antibody). We compared dis-
ease activity and cytokine levels between the active ILD
status time point and the improved ILD status time point in
these six ILD patients.

As shown in Fig. 1, the MITAX and pulmonary disease
activity VAS scores were significantly (P <0.05) lower
when the ILD status improved than when active, as ex-
pected. IL-6, TNF-a, IFN-o, IFN-y and IP-10 levels were
significantly (P < 0.05) decreased when the ILD status im-
proved (Fig. 1). IL-1B, IL-2, IL-4 and IL-8 levels also
decreased after improvement of ILD, although the differ-
ences were not significant.

Discussion

We have identified the cytokine profiles associated with
PM, DM and CADM. IL-6, IL-8, IL-10, TNF-a and {P-10
levels were associated with the global disease activity of
PM/DM/CADM in the present study. These results were
consistent with those of previous studies [19, 20]. Serum
biomarkers could be affected by the activity of several
diseases, including dermatitis, myositis and ILD in PM/
DM/CADM. The present study demonstrated that TNF-o
was the most significant cytokine in ILD with PM/DM/
CADM. In idiopathic pulmonary fibrosis (IPF), activated
macrophages and TNF-o play a crucial role in pulmonary
inflammation and/or fibrosis [21-23]. We speculate that
TNF-a produced by activated macrophages and mononu-
clear cells could be associated with the development of
ILD as well as myositis and dermatitis with PM/DM/
CADM.
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In general, activated macrophages are classified into
three subsets: classically activated macrophages,
wound-healing macrophages and regulatory macro-
phages [24]. Classically activated macrophages produce
pro-inflammatory cytokines such as IL-1 and IL-6. IFN-y
produced by Th1 cells or natural killer cells, along with
TNF-o from antigen-presenting cells, can stimulate clas-
sically activated macrophages. In contrast, wound-heal-
ing macrophages play a role in the release of pro-fibrotic
mediators and in the deposition of collagen. IL-4 pro-
duced by Th2 cells or granulocytes can promote the ac-
tivation of wound-healing macrophages. |L.-4 is the most
powerful inducer of wound-healing macrophages in IPF
patients [25]. The imbalance between classically activated
macrophages and wound-healing macrophages might
cause the differences in pathophysiology between RP-
ILD and chronic ILD in PM/DM/CADM.

This study also revealed differences in the cytokine pro-
files of anti-ARS-ILD and anti-MDAS5-ILD. In patients with
these antibody types, it has been reported in previously
that clinical manifestations, response to therapy and

prognosis of ILD vary in PM and DM [4]. Anti-MDA5-ILD
is more intractable and life threatening than anti-ARS-ILD,
especially in East Asia. Until now, the details of these dif-
ferences in pathophysiology have remained unknown. We
found that {L-4 levels were low in anti-MDAS-ILD patients
and HCs, whereas they were higher in anti-ARS-ILD pa-
tients. The ratio of serum IL-4 to IFN-y was also lower in
anti-MDAS antibody ILD than in anti-ARS antibody ILD. in
anti-MDAS-ILD, the cytokine balance was skewed more
dominantly to a Th1 profile than in anti-ARS-ILD. The bal-
ance between Th1 and Th2 cytokines may contribute to
the differences in activated macrophage type, the severity
of pulmonary inflammation and the response to treatment
in anti-ARS-ILD and the anti-MDAS5-ILD.

However, IL-8 levels were higher in anti-MDAS-ILD than
anti-ARS-ILD. As the present study indicates, serum IL-8
is a useful predictor for fatal outcome due to ILD. The IL-8
levels in bronchoalveolar lavage fluid correlated with the
severity of pneumocystis pneumonia [26]. In addition,
plasma IL-8 levels were associated with the severity of
acute lung injury (ALI/ARDS [27, 28]. IL-8-related

TaeLe 5 Comparison of the anti-ARS-ILD subset and the anti-MDA5-ILD subset: clinical characteristics and cytokine

profiles

Anti-ARS-ILD subset (n=11)

Anti-MDA-5-ILD subset (n=10)

Age, years 51 (44-56) 49 (25-58)

Female, n (%) 10 (90) 7 (70)

Duration, months 3 (2-6) 3 (3-6)

PM, DM, CADM, n 3,6,2 0,28

RP-ILD, n (%) 2(18) 8 (80)™*

CK, U/l 1443 (285-2170) 97 (50-228)""*

VAS of disease activity, mm
Muscular VAS 35 (10-42) 0 (0-11)
Constitutional VAS 39 (15-64) 50 (17-61)
Cutaneous VAS 13 (0-33) 42 (20-44)y*
Skeletal VAS 0 (0-24) 0 (0-22)
Gastrointestinal VAS 0 (0-0) 0 (0-0)
Puimonary VAS 27 (20-48) 47 (34-74)*
Cardiac VAS 0 (0-0) 0 (0-0)

MITAX 0.25 (0.11-0.38) 0.30 (0.21-0.38)

Pulmonary function
P/F ratio, torr
A-aDO,, mmHg
%VC, %

Cytokine, pg/ml
IL-4
IL-6
1L-8
IL-10
TNF-o
INF-«

INF-y
1P-10

373 (350-426) (n=10)
16 (5-26) (n=10)
71 (52-93) (1=8)

3.2 (1.1-9.2)

5.4 (1.0-10.6)

14.4 (12.3-24.5)
6.8 (3.9-14.2)

29.8 (19.6-41.7)
5.6 (1.2-9.7)

1.4 (0.4-2.8)

8024 (2979-19 199)

379 (212-450) (n=8)
21 (3-33) (1=8)
87 (71-104) (n=7)

0.7 (0-1.8)
5.7 (3.2-16.8)

26.0 (17.8-39.1)™
13.4 (8.5-40.8)*

23.5 (15.6-31.1)
33.7 (6.4-51.1)"

2.2 (0.5-6.1)

10960 (4369-19 003)

Values are given as median (interquartile range) unless stated otherwise. Statistical analyses were performed using the
Mann-Whitney U test and Fisher's exact test. *P <0.10, **P <0.05 and **P <0.01. ARS: aminoacyl-tRNA synthetase; ILD:
interstitial lung disease; MDAS: melanoma differentiation-associated gene 5; RP-ILD: rapidly progressive ILD; MITAX: myositis
intention-to-treat activity index; P/F ratio: arterial oxygen tension (PaO,)/fractional inspired oxygen (FiO,) ratio; A-aDO,:
alveolar-arterial oxygen difference; %VC: vital capacity percentage; IP-10: IFN-y-inducible 10-kDa protein; CK: creatine kinase.
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neutrophil elastase may play a role in the pathogenesis of
ALI/ARDS. Alveolar macrophages activated by some anti-
gens, microbes and autoimmune stimuli are induced to
produce IL-8, which stimulates neutrophils and thereby
induces fibrosis in the lungs [29]. Diffuse alveolar
damage has been found in both ALI/ARDS and anti-
MDAS5-ILD. The common pathophysiology could result
from the activated alveolar macrophages and neutrophils
in these two diseases. IL-8 could be a key cytokine and a
target for therapy in anti-MDA5-ILD.

IFN-o and IFN-o-inducible genes are associated with
the whole disease status of PM/DM [30, 31]. Serum IFN-
a levels were also high in anti-MDA5-ILD in the present
study. Previous studies have reported that IFN-o may be
more closely and strongly associated with puimonary dis-
ease status in anti-MDAS5-ILD [12]. The MDAS protein
plays a role in the innate immune system. MDAS initially
recognizes picorna viruses, such as the Coxsackie virus,

and induces antiviral responses by inducing the produc- -

tion of type | IFNs and TNF-a [32]. Hyperferritinaemia is
revealed not only in macrophage activation syndrome
(MAS), but also in RP-ILD with anti-MDA5 antibodies
[10, 11, 38]. The pathophysiology of MAS involves the

Fia. 1 Comparison of disease activity and cytokine levels
in patients with active ILD status and improved ILD status

MITAX (pg/mb) TNF-a

0.6 80
0.5 1
0.4 60+
0.3 40+
0.2 1
01 20- \

0 0

Anti-ARS-ILD  Anti-MDA-5-ILD ABt-ARS-ILD  Anti-MDA-5-ILD
Pulmonary VAS (pe/mi) IFN-a
120-]

60~
50~ 100+
40- 80
30- 60+
20~ \ 40+

10- 20+

0~ 0- %_4

Anti-ARS-ILD  Anti-MDA-5-ILD Anti-ARS-ILD  Anti-MDA-S-ILD

(pg/mi) IL-6 @gmD) IP-10

6| 20000~
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40- 15000
30- 10000-

20- i

10- X 5000-

0- Z

Anti-ARS-ILD  Anti-MDA-S-ILD Anti-ARS-ILD  Anti-MDA-S-ILD

Statistical analyses were performed using the Wilcoxon
signed-rank test to compare the active ILD status group
and the improved ILD status group. MITAX, pulmonary
VAS, IL-6, TNF-q, IFN-o and IP-10 levels were significantly
(P < 0.05) decreased when the ILD status improved.
MITAX: myositis intention-to-treat activity index; VAS:
visual analogue scale; IP-10: IFN-y-inducible 10-kDa
protein.
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lack of regulation of T lymphocytes and excessive produc-
tion of cytokines such as TNF-q, IL-1B IL-6 and IL-18,
resulting in the activation of macrophages. The activated
promotion of IFN-oo and TNF-a via MDA5 protein may
cause stimulation of Th1 cells and macrophages as well
as the development of a cytokine storm in the lungs in
patients with anti-MDAS5-ILD.

There are several limitations to this study. First, this
study was retrospectively conducted. The MITAX and
MYOACT scores were retrospectively estimated.
Secondly, patients with PM and DM were combined and
classified into the non-ILD subset. In general, the patho-
physiology of PM is distinct from that of DM, although
some cytokines, including IL-6, TNF-a and IP-10, are
commonly associated with the inflammation of muscle
tissue in both PM and DM. Thirdly, PM/DM-ILD patients
without either anti-MDAS or anti~ARS were not enrolled in
this study. Some results might be not valid in the whole
aspect of PM/DM-ILD. Finally, some patients were being
treated with intermediate or high-dose prednisolone at the
time of serum collection. These medications could influ-
ence the measurement of cytokine levels, although almost
all patients were being treated with low-dose prednisol-
one (0.1-0.2mg/kg/day) or with symptomatic therapy
when serum was collected.

In conclusion, IL-6, IL-8, IL-10, TNF-« and IP-10 are
associated with global disease activity in PM, DM and
CADM. These cytokine levels were high, especially in
ILD with PM/DM. Serum IL-8 levels and the balance be-
tween IL-4 and IFN-y may contribute to the differences in
pathophysiology between chronic ILD (anti-ARS-ILD) and
RP-ILD (anti-MDA5-ILD).

Rheumatology key messages

o IL-6, IL-8 and TNF-a are associated with disease

activity in PM/DM.
e Serum IL-8 is a useful predictor for fatal outcomes
due to ILD with PM/DM.
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Calcinosis in juvenile dermatomyositis is influenced
by both anti-NXP2 autoantibody status and age at
disease onset

Sarah L. Tansley', Zoe E. Betteridge?, Gavin Shaddick®, Harsha Gunawardena®,
Katie Arnold®®, Lucy R. Wedderburn®® and Neil J. McHugh®, on behalf of the
Juvenile Dermatomyositis Research Group

Abstract

Objective. Calcinosis is a major cause of morbidity in JDM and has previously been linked to anti-NXP2
autoantibodies, younger age at disease onset and more persistent disease activity. This study aimed to
investigate the clinical associations of anti-NXP2 autoantibodies in patients with JDM stratified by age at
disease onset.

Methods. A total of 285 patients with samples and clinical data were recruited via the UK Juvenile
Dermatomyositis Cohort and Biomarker Study. The presence of anti-NXP2 was determined by both
immunoprecipitation and ELISA. Logistic regression analysis was performed to assess the age-dependent
relationship between anti-NXP2 and the development of calcinosis and disease activity measures.

Results. We identified anti-NXP2 autoantibodies in 56 patients (20%). While in all patients younger age at
disease onset was associated with an increased risk of calcinosis and this relationship was nearly linear,
anti-NXP2 autoantibodies substantially increased the risk of calcinosis across all ages (P =0.025) and were
detectable prior to calcinosis development. Children with anti-NXP2 autoantibodies had a greater degree
of weakness (median lowest ever Childhood Myositis Assessment Score 29.6 vs 42) and were less likely to
be in remission at 2 years post-diagnosis. No difference in disease activity was seen 4 years post-
diagnosis.

Conclusion. Children diagnosed at a young age have a high risk of calcinosis regardless of autoantibody
status. However, the presence of anti-NXP2 autoantibodies substantially increases the risk of calcinosis
across all ages and is associated with disease severity.

Key words: juvenile dermatomyositis, autoantibody, calcinosis, age.

Introduction '
(known as anti-p140 or P140) in JDM were strongly asso-

ciated with the development of calcinosis, a major cause of
morbidity [1]. The presence of autoantibodies to a 142 kDa
antigen (anti-MJ) in JDM has also been shown by others to
be associated with a severe disease course, worse func-

Our group has previously demonstrated that antibodies to
a 140 kDa protein detected by protein immunoprecipitation
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tional status and persistent disease activity [2]. It is now
clear that the target of these autoantibodies is a 140kDa
protein, NXP2 (molecular weight 140 kDa). Anti-NXP2 auto-
antibodies are common in JDM and identifiable in 13-23%
of patients [1, 2].

JDM is a heterogeneous disease and autoantibodies
are potentially useful biomarkers to divide patients into
homogeneous subgroups and inform on prognosis. Anti-
NXP2 autoantibodies are of particular interest, given their
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Introduction

Polymyositis and dermatomyositis are rare connective tissue
diseases, with unknown etiologies, which belong to the idiopathic
inflammatory myopathies (IIMs). The typical clinical features are
symmetrical and include proximal weakness of skeletal muscles
and infiltrating mononuclear cells seen in muscle biopsies, and
may be accompanied by skin rash. The diagnosis of IIMs in 29%
of patients is accompanied by other connective tissue diseases
(CTDs), such as systemic sclerosis (SSc), systemic tupus erythema-
tosus (SLE), and rheumatoid arthritis (RA) [1], suggesting that
[IMs are associated with general autoimmunity.

PLOS ONE | www.plosone.org

Although most immunogenetic IIM investigators have focused
on the polymorphic genes of the major histocompatibility complex
(human leucocyte antigen [HLA]) [2], new genetic markers have
been identified outside the HLA region. For example, the R620W
polymorphism of the protein tyrosine phosphatase N22 gene
(PTPNZ22), one of the most well-documented risk genes for several
autoimmune diseases specific for Caucasians [3], was found to be
associated with IIMs in British Caucasian patients [4]. Moreover,
we have recently shown that a polymorphism (rs7574865) in the
signal transducer and activator of transcription 4 gene (STAT4) is
associated with adult-onset polymyositis and dermatomyositis in a
Japanese population [5]. After being identified as a risk gene for
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SLE and RA [6], STAT4 was also associated with susceptibility to
a number of other autoimmune diseases, irrespective of ethnicity
[7]. These observations strongly suggested that IIMs share an
‘autoimmune-prone’ genetic background with other autoimmune
diseases.

BLK encodes a B lymphoid-specific tyrosine kinase of the Src
family, which is involved in B cell receptor-mediated signaling and
B cell development [8]. The risk allele (A) of rs13277113
(rs13277113A) within the C80yf153-BLK region of chromosome
8p23-p22 was originally identified in SLE patients by a genome-
wide association study (GWAS) [9]. This polymorphism is
associated with low levels of BLK mRNA and high levels of
C8orf13 mRINA, which encodes a ubiquitously expressed gene of
unknown function [9]. An association between C8orf13-BLK
polymorphisms and SLE was first identified in North Americans
of European descent and in Swedish populations [9], and was later
replicated in both European [10] and Asian populations [11].
Subsequently, other autoimmune diseases, such as SSc [12,13] and
RA [14], were shown to be associated with polymorphisms in
C8o1f13-BLK.

The contribution of C801f153—-BLK appears to be prominent in
Asian populations, in which the risk allele rs13277113A is the
major allele. Indeed, the allele frequency of rs13277113A is
approximately 0.65 in the Japanese population [11,12], compared
with approximately 0.25 in North American and European
populations [9,13,14]. In Japanese SLE patients, a positive
association between disease susceptibility and this polymorphism
in C8orf13-BLK was confirmed with an OR of 2.44 [11], whereas
the OR was 1.39 in Caucasian populations [9]. A similar increase
in OR was observed in Japanese SSc patients compared with
Caucasian patients [12,13].

Therefore, genetic variants of C8orflI3-BLK could strongly
contribute to lowering the disease threshold for autoimmune
diseases, and particularly in Asian populations. In this study, we
investigated whether C80113-BLK variants contribute to disease
susceptibility in Japanese polymyositis/dermatomyositis patients
and assessed any potential additive effects between C8orf13-BLK
and STAT4 in the susceptibility to polymyositis/dermatomyositis.

Patients and Methods

Subjects

This study was reviewed and approved by the research ethics
committees of both the Tokyo Women’s Medical University
(TWMU) and National Center of Neurology and Psychiatry
(NCNP) and complied with the Helsinki Declaration.

We enrolled patients who had probable or definite myositis
based on the criteria of Bohan and Peter [15] and who were 18
years of age or older at disease onset. For our study, dermatomy-
ositis patients included those with clinically defined amyopathic
dermatomyositis who fulfilled the traditional criteria of Sonthei-
mer [16]. Patients with myositis overlapping with other CTDs,
such as RA, SLE, and SSc, were excluded from the study because
these CTDs have previously been associated with C80rf13-BLK
variants [9-14]. Patients with inherited, metabolic, or infectious
myopathies and with inclusion body myositis were also excluded.
All patients underwent a muscle biopsy.

The polymyositis/dermatomyositis patients were recruited from
two different institutions: 138 (46 polymyositis and 92 dermato-
myositis patients) were recruited from the Institute of Rheumatol-
ogy, TWMU (Tokyo, Japan), and 339 (237 polymyositis and 102
dermatomyositis patients) were recruited from the National
Institute of Neuroscience, NCNP (Kodaira City, Tokyo, Japan).
In total, 477 patients with adult-onset polymyositis/dermatomy-
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ositis (69.8% female) were retrospectively investigated, including
283 polymyositis patients (68.3% female) and 194 dermatomyositis
patients (71.1% female). The mean ages of the polymyositis and
dermatomyositis patients were 51.4%15.8 and 52.3%16.5y,
respectively. None of the patients were genetically related.

As controls, we enrolled healthy unrelated individuals from the
Tokyo area (n = 656; 57.1% female; mean age = 38.611.9 years).
All patients and control subjects were Japanese individuals, and
they were living in the central part of mainland Japan (Honshu).

For a sub-analysis of association between the C8orf13—-BLK
rs13277113 polymorphism and the presence or absence of
interstitial lung disease (ILD) or serological status, 138 polymyo-
sitis/dermatomyositis patients recruited from TWMU were
evaluated. The presence of ILD was confirmed or excluded by
computed tomography (CT), high-resolution CT, if available, and
spirometry. For serological analysis, the only association between
the possession of the anti-Jo-1 antibody and C8orf13-BLK
rs13277113A was analyzed, because not all patients were screened
for other myositis-specific autoantibodies (MSAs).

Genotyping

To date, rs13277113 within C8orf13-BLK and the related single
nucleotide polymorphism (SNP) have shown the strongest
association with several autoimmune diseases [9-14]. Given this
background, and our previous findings, the C8orfl13-BLK
rs13277113 and STAT4 rs7574865 genotypes were determined
using a TagMan fluorogenic 5'-nuclease assay, according to the
manufacturer’s instructions (Applied Biosystems, Carlsbad, CA,
USA). End-point fluorescence was measured with an ABI Prism
7900 HT Sequence Detection System (Applied Biosystems). In the
disease subgroups and the control group, none of the SNPs
deviated from Hardy-Weinberg equilibrium.

Statistical analysis

Association analyses were performed using chi-square tests for
2x2 contingency tables. Bonferroni’s correction was applied for
association analyses between the C80rf13-BLK polymorphism and
the three clinical subsets (polymyositis, dermatomyositis, and
polymyositis/dermatomyositis patients versus controls) and was
expressed as Peorr. The odds ratios (ORs) and 95% confidence
intervals (95% ClIs) were also determined. A logistic regression
model was applied to assess gene—gene interactions between
C8orfl 3-BLK rs13277113 and STAT# rs7574865 by using SPSS
(Statistical Package for the Social Sciences) software version 19.0
(SPSS, Chicago, IL, USA) and to determine the additive effects of
these two SNPs. Regression analysis accounted for the combina-
tion of the genotypes from both loci; thus, each individual had 0-4
risk alleles when considering both SNP sites. The ORs were
computed using a logistic regression model, with individuals
carrying O or 1 risk allele as a reference. The difference in the
C80rf13—-BLK and STATY risk allele counts between the patients
and control subjects was analyzed using Fisher’s exact test.
Statistical analyses were conducted using SPSS version 19.0
(SPSS).

Power calculations were performed using the Quanto software
(http://hydra.usc.edu/gxe/) for case—control analysis, using a
significance level of 0.05. Power was calculated to be 0.78 using
the ORs previously reported in Japanese collagen disease [12] and
the present study, as well as the sample size and risk allele
frequency in the present study. Under the same parameter
settings, 503 patients would be needed to demonstrate an OR of
1.44, at an alpha of 0.05, with power of 0.8. Similarly, to gain
power of 0.9, 665 patients would be needed.
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