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Abstract

Background: Clinical phenotypes and outcomes in juvenile dermatomyositis (JDM) have been defined by various
myositis-specific autoantibodies (MSAs). One of the recently described MSAs associated with DM is targeted against
the small ubiquitin-like modifier 1 activating enzyme (SAE). We report an anti-SAE autoantibody-positive JDM
patient complicated with interstitial lung disease (ILD).

Case presentation: An 8-year-8-month-old Japanese girl presented with bilateral eyelid edema and facial erythema.
At 8 years 4 months, she had dry cough and papules with erythema on the dorsal side of the interphalangeal joints of
both hands. Her facial erythema gradually worsened and did not improve with topical steroids. At the first visit to our
department at 8 years 8 months of age, she had a typical heliotrope rash and Gottron's papules, with no fever or
weight loss, and a chest computed tomography scan showed ground-glass opacity under visceral pleura. There was
no clinical evidence of myositis, muscle weakness, myalgia, or muscle magnetic resonance imaging (MRI) findings. She
had mild dry cough, without any signs of respiratory distress. Laboratory tests showed no elevated inflammatory
markers. She had a normal serum creatine kinase level with a slightly elevated aldolase level, and serum anti-SAE
autoantibody was detected by immunoprecipitation—western blotting. She was diagnosed with juvenile amyopathic
DM complicated by ILD and received two courses of methylprednisolone pulse therapy followed by oral corticosteroid
and cyclosporin A. We gradually reduced the corticosteroid dose as her skin rash improved after treatment initiation.
There was no progression of muscle symptoms, dysphagia, or disease flare during a 24-month follow-up period.

Conclusions: We report a patient with anti-SAE autoantibody-positive JDM complicated by interstitial pneumonia. This
patient had no progression of muscle symptoms and dysphagia during a 24-month follow-up period, which differs
from previous reports in adult patients with MSAs. There have been no previous reports of pediatric patients with SAE
presenting with ILD. However, ILD seen in this case was not rapidly progressive and did not require cytotoxic agents.
To prevent overtreatment, appropriate treatment choices are required considering the type of ILD.
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Background

Clinical phenotypes and outcomes in juvenile dermato-
myositis (JDM) have been defined by various myositis-
specific autoantibodies (MSAs) [1, 2]. One of the re-
cently described MSAs associated with dermatomyositis
(DM) is targeted against small ubiquitin-like modifier 1
(SUMO-1) activating enzyme (SAE) [3]. Anti-SAE
autoantibody-positive myositis patients have been re-
ported in Caucasian (6—8%) and Asian adults (1-3%)
[3—8] and are associated with severe cutaneous disease,
progressive muscle disease with dysphagia, fever, and
weight loss [9, 10]. It has also been reported that anti-
SAE autoantibody-positive patients were at a lower fre-
quency in the juvenile population (<1%) [11, 12]. It is
rare in children, with the details of its clinical course
often unknown. We report an anti-SAE autoantibody-
positive JDM patient with interstitial lung disease (ILD).

Case presentation

The patient, an 8-year-8-month-old Japanese girl, first
manifested bilateral eyelid edema at 8years 0 months
and facial erythema 2 months later. At 8 years 4 months,
she had dry cough and papules with erythema on the
dorsal side of the interphalangeal joints of both hands.
Her facial erythema gradually worsened and did not im-
prove with topical steroids. She was referred to our de-
partment at 8years and 8 months because of positive
antinuclear antibodies and a chest computed tomog-
raphy (CT) scan showing ground-glass opacity under the
visceral pleura (Fig. 1a). At the first visit to our depart-
ment, she had a typical heliotrope rash and Gottron’s
papules (Fig. 2), with no fever or weight loss. Her child-
hood myositis assessment scale (CMAS) score was nor-
mal (51/52) and there was no clinical evidence of
myositis, muscle weakness, or myalgia. Magnetic reson-
ance imaging (MRI), including T2 weighted image
(T2W1I) and short TI inversion recovery (STIR), of the
lower extremities showed normal findings without any
muscle edema or myositis. An electrocardiogram and an
echocardiogram showed no abnormalities. She had mild
dry cough, without signs of respiratory distress, includ-
ing decreased oxygen saturation. Laboratory tests
showed no elevation of inflammatory markers (Table 1).
Although her serum creatine kinase (CK) level was nor-
mal (91 IU/L, upper limit of normal < 163), her aldolase
level was slightly elevated (9.9 U/L, upper limit of nor-
mal <6.1). Serum Krebs von den Lungen-6 (KL-6) level
was mildly elevated, serum ferritin level was normal.
Anti-P155/140 (transcriptional intermediary factor-1:
TIF1), anti-melanoma differentiation-associated gene 5
(MDAS5), anti-Mi-2, and anti-aminoacyl-tRNA synthe-
tases (ARS) including anti-Jolautoantibodies were all
negative in the enzyme-linked immunosorbent assays
commercially available in Japan. And also anti-nuclear
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Fig. 1 Chest computed tomography (CT) findings. a A ground-glass
opacity was observed in the left segment 6 under the visceral pleura
before treatment. The arrow shows the ground-glass opacity. b
Ground-glass opacity was slightly improved but not progressive 18
months after treatment initiation. The arrow shows the

ground-glass opacity

matrix protein 2 (NXP2) (M]) autoantibody was negative
in the immunoprecipitation- Western Blotting. Serum
anti-SAE autoantibodies were detected using immuno-
precipitation—western blotting (Fig. 3) [4, 13]. The de-
tails of the methods are shown in Supplemental File.
The patient met the 2017 American college of
rheumatology/European league against rheumatism clas-
sification criteria for adult and juvenile idiopathic in-
flammatory myopathies [14] and was diagnosed with
juvenile amyopathic DM complicated by ILD. She re-
ceived two courses of methylprednisolone pulse therapy
followed by oral corticosteroid (20 mg/day, 0.7 mg/kg/
day) and cyclosporin A (150 mg/day, 5 mg/kg/day) ad-
ministration. We gradually reduced the corticosteroid
dose as her skin rash improved after treatment initiation.
There were no new muscle symptoms, dysphagia, calci-
nosis, arthralgia, joint contractors, lipodystrophy, lipoa-
trophy, or periungual capillary changes during the
follow-up period. There was no exacerbation of abnor-
mal findings on chest CT scan (Fig. 1b) at 18 months
from initial treatment, and no increase in serum KL-6
levels during follow-up. There was no flare of disease by
the age of 10years and 7 months, which was 24 months
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Fig. 2 a Facial erythema and heliotrope rash. b Erythematous papules over the dorsal side of the interphalangeal joints of left hand

after treatment initiation. The patient continues to be
prescribed oral corticosteroid (4 mg/day, 0.1 mg/kg/day)
and cyclosporin A (50 mg/day, 1.25 mg/kg/day) at 24
months after treatment initiation.

Discussion and conclusions

Most J]DM patients have MSAs alone or those associated
with specific clinical phenotypes [1, 2]. Although several
phenotypic features are similar in both adult and juven-
ile MSA patients, some important differences exist [15].
For example, the association of an increased risk of ma-
lignancy with anti-p155/140 (TIF1) autoantibody is sig-
nificant in the adults, whereas the association has not
been shown in children [1, 16]. The frequency of each
MSA differs between adult DM and JDM patients. Anti-
synthetase autoantibodies are positive in 20-30% of
adults and are less than 5% in juveniles [2, 15]. On the
other hand, anti-NXP2 (M]) autoantibody is rare in adult

Table 1 Laboratory findings on admission

patients, while it is positive in 20-25% of juveniles [2],
which is the second most frequent MSA in JDM. There
are also differences in the rate of MSAs positivity between
races. Anti-MDAS5 autoantibodies are more common in
the Asian population, and anti-SRP autoantibodies are
seen primarily in the African American teenage girls [17,
18]. Although the same MSAs are present, the prevalence
can vary by age and race, and identifying the clinical char-
acteristics of children with MSAs is crucial to estimate
prognosis and other aspects of the disease.

Anti-SAE autoantibody is the recently identified MSA
first reported in 2007 by Betteridge et al. [19]. The target
autoantigens are the SUMO-1 activating enzyme hetero-
dimer consisting of 40kDa SAE1 and 90kDa SAE2 [3,
19]. The frequency of anti-SAE autoantibodies positivity
in adult DM patients has been reported to be 5.5-8% in
the European cohorts and 1.5-3.0% in the Asians [3-8].
The clinical presentation at the onset of the illness was

WBC 4800 /ul AST 27
Neutrophil 33 % ALT 20
Lymphocyte 58 % LDH 296
Hb 13.1 g/dl CcK 91
PLTs 233 /ul Aldorase 9.9
ESR 7 mm/hr CRP 0.1
KL-6 646
PT (INR) 0.93 ferritin 33
APTT 328 sec 19G 1287
FDP 1.0 pg/ml IgA 133
D-dimer 09 pg/ml IgM 87

U/l a3 100 mg/dl

U/l c4 19 mag/dl

U/l CH50 45 U/ml

U/l ANA 1:80

1U/L

mg/dl anti-SAE Ab positive (IP-WB)

U/ml anti-NXP2 Ab negative (IP-WB)

mag/ml anti-MDA5 Ab negative (NR < 32 titer index, EIA)
mag/dl anti-ARS Ab negative (NR < 25, titer index, EIA)
mg/dl anti-TIF1 Ab negative (NR < 32, titer index, EIA)
mg/dl anti-Mi-2 Ab negative (NR < 53 titer index, EIA)

Abbreviation: Ab autoantibodies, ALT alanine aminotransferase, ANA antinuclear antibody, APTT activated partial thromboplastin time, ARS aminoacyl tRNA
synthetase, AST aspartate aminotransferase, CH50 complement hemolytic activity, CK creatine kinase, CRP C-reactive protein, C3 complement component 3, C4
complement component 4, EIA enzyme immunoassay, ESR erythrocyte sedimentation rate, FDP fibrin degradation products, Hb hemoglobin, /gA immunoglobrin A,
IgG immunoglobrin G, IgM immunoglobrin M, IP-WB immunoprecipitation Western blotting, KL-6 Krebs von den Lungen-6, LDH lactate dehydrogenase, MDA5
melanoma differentiation-associated gene 5, NR normal range, NXP2 nuclear matrix protein 2, PLTs platelets, PT (INR) prothrombin time (international normalized
ratio), SAE small ubiquitin-like modifier activating enzyme, TIF1 transcriptional intermediary factor 1, WBC white blood count
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Fig. 3 Immunoprecipitation-Western blotting of anti-SAE autoantibody. Lane1: molecular weight marker, lane2: serum from the patient, lane3:
positive control (serum with anti-small ubiquitin-like modifier 1 activating enzyme (SAE) autoantibody), lane4-6: negative controls (anti-
transcriptional intermediary factor-1 (TIF1) gamma autoantibody; Lane4, anti-melanoma differentiation-associated gene 5 (MDAS5) autoantibody;

——SAE2

—— SAEFE1

characterized by severe cutaneous symptoms and mild
myopathic symptoms. During follow-up, patients
showed the progression of myositis, dysphagia, and sys-
temic symptoms, such as fever, weight loss, and in-
creased inflammatory markers [3, 4, 7, 13]. In addition, a
study on Asian adults showed complications of intersti-
tial pneumonia [4, 13, 20, 21]. The frequency of ILD in
the Asian adult cohort was higher than that in the West-
ern cohort [22]. And their ILD was reported not a rap-
idly progressive type [4, 13, 20].

Few pediatric cases with anti-SAE antibody have been
reported to date, with less than 1% of the juvenile myo-
sitis cohort. Only 3 patients (0.7%) had anti-SAE auto-
antibodies among 379 juvenile myositis patients in the
United Kingdom (UK) cohort [11]. Of the three patients,
two presented with typical rash and limited or no muscle
involvement but subsequently developed weakness and
raised muscle enzymes. Skin diseases were persistent in
both patients. In contrast, the third patient presented
with seven-month history of myalgia and weakness with
no rash. Myositis was diagnosed based on elevated
muscle enzymes with consistent MRI and muscle biopsy
findings. This patient developed typical cutaneous fea-
tures of JDM 2 years later [11].

Our patient showed typical cutaneous findings of
JDM, no muscle weakness, and ILD. Although typical
cutaneous symptoms have been previously reported in
juvenile patients with anti-SAE autoantibodies, no juven-
ile patients with ILD have been reported. Our patient
had non-rapidly progressive (RP) type ILD, similar to
the adult Japanese patients with this autoantibody [4, 13,
20]. We have shown that the Asian patients with anti-
SAE autoantibodies could have ILD, even in juvenile pa-
tients. There have been few reports of pediatric patients

from Asia. An association between anti-SAE autoanti-
body and HLA-DRB1*04-DQA1*03-DQB1*03 haplotype
in adult patients with DM has been reported [3], pos-
sibly as one of the reasons for the racial differences in
phenotype and frequency of these MSA-positive pa-
tients. Although the patient had no dysphagia during the
24-month follow-up, other symptoms were similar to
those reported in adults, and therefore, we must be cau-
tious about whether muscle weakness or dysphagia will
occur in this patient in the near future.

In the Japanese patients, the frequency of anti-MDA5
autoantibody-positive patients is even higher in JDM
patients [23]. Adult DM or JDM with anti-MDA5
autoantibody-positive patients are often complicated with
ILD, which usually shows an RP type with poor prognosis
[18, 23]. Therefore, combination therapy using three im-
munosuppressive agents, including corticosteroids, calcine-
urin inhibitors, and cyclophosphamide, is recommended
from the early stage of illness for adult DM patients with
ILD [24]. When a patient is complicated with ILD, we tend
to opt for potent immunosuppressive therapy to improve
the prognosis. However, depending on the differences in
MSAs, the ILD may not show the RP type, as observed in
this patient with anti-SAE autoantibody. Prognostic factors
for RP-ILD include positive anti-MDA5 autoantibody,
the deterioration of CT findings on a weekly basis, and
elevated serum ferritin, KL-6, and IL-18 levels [18, 25].
For patients complicated with ILD without these prog-
nostic factors, the possibility of non-RP-ILD should be
considered along with the possibility that combination
therapy of immunosuppressive agents may be over-
treating these patients. As in our patient, JDM patients
with ILD should be carefully evaluated before making
appropriate treatment choices.
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The precise role in disease pathogenesis or the differ-
ence in the frequency between adults and children of
this autoantibody are not well understood. However,
usually, patients with a specific MSAs are relatively
homogeneous in clinical manifestations, response to
therapy, and prognosis. This case report might help the
better understandings of the clinical course or prognosis
of this anti-SAE autoantibody positive patients and fur-
ther studies are required to understand well in this
autoantibody.”

We report a patient with anti-SAE autoantibody-
positive JDM complicated by ILD. The patient had no
progression of muscle symptoms and dysphagia during a
24-month follow-up period, which differs from the pre-
vious reports in adult patients with MSA. There have
been no previous reports of pediatric patients compli-
cated with ILD. However, ILD identified in our patient
was not a RP type and did not require a cytotoxic agent.
Further studies are needed to determine the characteris-
tics of the clinical course in pediatric patients with anti-
SAE autoantibodies.
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