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Association of anti-HSC70 autoantibodies with
cutaneous ulceration and severe disease in juvenile
dermatomyositis
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Abstract

Objectives. JDM is an inflammatory myopathy characterized by prominent vasculopathy. AECAs are frequently

detected in inflammatory and autoimmune diseases. We sought to determine whether AECAs correlate with clinical

features of JDM, and thus serve as biomarkers to guide therapy or predict outcome.

Methods. Plasma samples from 63 patients with JDM, 49 patients with polyarticular JIA and 40 juvenile healthy

controls were used to detect anti-heat shock cognate 71 kDa protein (HSC70) autoantibodies, a newly identified

AECA, in ELISA assays. Clinical features were compared between JDM patients with and without anti-HSC70

autoantibodies.

Results. Anti-HSC70 autoantibodies were detected in 35% of patients with JDM, in 0% of patients with JIA

(P<0.0001) and in 0% of healthy donors (P<0.0001). Both the presence of cutaneous ulcers (59% vs 17%,

P<0.002) and the use of wheelchairs and/or assistive devices (64% vs 27%, P< 0.007) were strongly associated

with anti-HSC70 autoantibodies in JDM. High scores on the severity of myositis damage measures at the time of

measurement of anti-HSC70 autoantibodies and an increased number of hospitalizations were also associated with

anti-HSC70 autoantibodies. Intravenous immunoglobulin therapy was used more often in anti-HSC70 autoantibody-

positive patients.

Conclusion. Anti-HCS70 autoantibodies are detected frequently in children with JDM and are novel myositis-

associated autoantibodies correlating with disease severity.

Key words: JDM, vasculopathy, anti-endothelial cell antibodies, heat shock cognate 71 kDa protein,
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Rheumatology key messages

. Anti-HSC70 autoantibodies were detected in 35% of North American JDM patients by ELISA using plasma.

. Anti-HSC70-positive patients with JDM show a marked increased tendency to develop cutaneous ulcers.

. The presence of anti-HSC70 autoantibodies significantly correlates with use of IVIG therapy in JDM patients.
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Introduction

JDM is the most common form of inflammatory myop-

athy in children [1]. Although relatively rare, JDM is

associated with significant morbidity and, in some

cases, mortality [2, 3]. One of the striking pathological

features of involved tissues in JDM is the presence of

prominent vascular and perivascular inflammation. In

many cases, this inflammation is accompanied by

thrombosis and vessel occlusion, which contributes dir-

ectly to the observed clinical features [4, 5]. We recently

reported that children with JDM have detectable autoan-

tibodies to multiple antigens on human endothelial cells

[6]. Among these antigens were molecular chaperones,

such as heat shock cognate 71 kDa protein (HSC70;

also known as HSPA8). Autoantibodies against HSC70

are more commonly detected in children with active, un-

treated disease than in healthy children. We also

reported that these AECAs are rare in children with ju-

venile idiopathic arthritis, another chronic autoimmune

disease affecting children. This has raised the question

of whether an autoimmune response directed to the

vasculature may play a role in the pathobiology of JDM.

A broad spectrum of autoantibodies has been

detected in children with JDM, and many of these auto-

antibodies are linked to specific clinical features [1, 7].

In this study, we sought to determine whether anti-

HSC70 autoantibodies, an AECA, might correlate with

specific clinical features of JDM, and thus serve as sur-

rogate biomarkers to guide therapy or predict outcome.

Methods

Patients and plasma samples

Plasma of JDM patients under treatment (n¼ 63) were

collected as part of natural history protocols at the

National Institutes of Health (NIH) between 2003 and

2017. The median [interquartile range (IQR)] age of the

patients with JDM (42 females and 21 males) was 11 (9–

16) years. All except one patient without anti-HSC70

autoantibodies had the active disease at the time of

measurement of the autoantibodies in JDM. Disease

course was classified as monocyclic if the patient

achieved remission without evidence of active disease

within 2 years of diagnosis, based on the clinical fea-

tures and laboratory testing; as polycyclic if the patient

had recurrence of active disease after a definite clinical

remission; and as chronic if active disease persisted for

>2 years [8]. Active disease and remission were defined,

respectively, as a physician global score of >0 and as

clinically inactive disease for at least six continuous

months of all treatment [9]. The presence or absence of

symptoms at diagnosis in seven organ systems was

examined using a total symptom score defined as the

number of symptoms present divided by the number of

symptoms evaluated (range, 0–1), as previously

described [8]. For instance, pulmonary system score

was evaluated using the five items (dysphonia, dyspnea

on exertion, dyspnea at rest, interstitial lung disease,

and pneumothorax or pneumomediastinum) or a min-

imum of four out of the five items and was determined

based on the presence or absence of signs or symp-

toms prior to or at diagnosis. Severity of illness at onset,

up to the time of diagnosis, was graded on a

4-point Likert scale as determined by the enrolling phys-

ician, and graded from mild to very severe disease ac-

tivity [1]. The presence of ulceration was determined by

pediatric and adult rheumatologists who enrolled

patients into the study and was defined using the tools

that we validated, including Myositis Disease Activity

Assessment Tool and Cutaneous Assessment Tool.

Plasma from patients with newly diagnosed, untreated

(JIA; n¼49, 39 females and 10 males) and healthy chil-

dren (HC; n¼ 40, 25 females and 15 males) were col-

lected from children attending the General Pediatrics

Clinics at the University of Oklahoma College of

Medicine and the Women and Children’s Hospital of

Buffalo. The median (IQR) age of the patients with JIA

and HC was 11 (7–14) and 12 (9–15) years, respectively.

Children with JIA had the extended oligoarticular or pol-

yarticular phenotypes as assessed using accepted inter-

national criteria [10]. Written informed consent, and,

where appropriate, assent, was obtained from all partici-

pants prior to obtaining samples. This study was

approved by the ethics committee of St. Marianna

University School of Medicine (no. 1710), the University

of Oklahoma Institutional Review Board (no. 12134),

University at Buffalo Institutional Review Board (IRB no.

MOD 00002155) and the National Institutes of Health

Institutional Review Board (05E-N-200, 94-E-0165, 03-E-

0099 and 11-E-0072).

Anti-HSC70 autoantibody detection

ELISA were conducted as described previously [6]. To

detect autoantibodies in plasma to heat shock cognate

71 kDa protein encoded by the HSPA8 gene, each well

of an ELISA plate (Thermo Fisher Scientific, Waltham,

MA, USA) was coated with 0.125mg of HSC70

(StressMarq Biosciences Inc., Victoria, BC, Canada) in a

carbonate buffer (50 mM sodium carbonate, pH 9.6).

The plasma diluted 1:200 with 10% Block Ace was

reacted with the coated recombinant proteins. Optical

density at 490 nm was measured by a microplate reader

(Bio-Rad Laboratories, Hercules, CA, USA). The mean

plus 3 S.D. among the group of healthy donors was

defined as 100 arbitrary binding units (AU) and was

used as a cut-off point for determining reactivity to

HSC70.

Myositis autoantibodies and HLA typing

Sera were tested for myositis-specific autoantibodies

(MSAs) and myositis-associated autoantibodies (MAAs)

using validated immunoprecipitation and immun

oprecipitation–immunoblotting methods at the Oklahoma

Medical Research Foundation laboratory [1]. Anti-Ro52

autoantibodies were detected using ELISA for Ro52
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[11]. Genotyping of HLA Class II (HLA DRB1 and DQA1)

alleles was performed in Caucasian anti-MDA5 autoanti-

body-positive JDM patients [12].

Statistics

Plasma levels of autoantibodies were summarized as

medians and IQR. Categorical variables were presented

as percentages and were compared by Fisher’s exact

test. Continuous variables were compared by the Mann–

Whitney U-test and expressed as medians and IQR. The

frequencies of specific HLA alleles were compared be-

tween the subject groups using the v2 test or Fisher’s

exact test. Because we conducted an exploratory study,

a two-tailed P-value of <0.05 was considered statistical-

ly significant and not corrected for multiple testing.

Statistical analyses were performed using GraphPad

Prism version 9.0 (GraphPad Software, San Diego, CA,

USA).

Results

Prevalence of anti-HSC70 autoantibodies in JDM
compared with other rheumatic diseases and
controls

Significant differences in plasma levels and the fre-

quency of autoantibodies to HSC70 were found be-

tween children with JDM and the other groups (Fig. 1).

Autoantibodies to HSC70 were detected in 35% (22/

63) of patients with JDM, in 0% (0/49) of patients with

JIA (P<0.0001) and in 0% (0/40) of HC (P< 0.0001).

Median (IQR) levels of autoantibodies to HSC70 were

86.6 (59.4–104.6) AU for JDM, 51.2 (43.5–62.3) AU for

JIA and 43.2 (28.0–52.0) AU for HC. The median plasma

levels of anti-HSC70 autoantibodies were higher in chil-

dren with JDM than in children with JIA (P<0.0001) and

in HC (P< 0.0001). The ELISA assay exhibited no matrix

effects and was shown to be highly reproducible.

General features of JDM patients with and without
anti-HSC70 autoantibodies

There were no significant differences in demographic char-

acteristics, including age at diagnosis, age at enrolment in

the NIH studies, gender, race, or delay to diagnosis (i.e.

the time from onset of signs or symptoms of myositis to

diagnosis), between JDM patients with and without anti-

HSC70 autoantibodies (Table 1). Patients positive for anti-

HSC70 autoantibodies more often had NT5C1A and/or

anti-Ro52 autoantibodies (69% vs 29%, P< 0.02 and

43% vs 15%, P<0.03, respectively). In contrast, there

were no significant differences in the presence of any

MSAs between JDM patients with and without anti-HSC70

autoantibodies. Furthermore, the presence of anti-HSC70

autoantibodies alone was more frequent in JDM patients

with cutaneous ulcerations compared with that of anti-

HSC70 autoantibodies co-occurring with anti-NT5C1A

and/or anti-Ro52 autoantibodies [89% (8 out of 9) vs 38%

(5 out of 13), P¼ 0.031].

Clinical features of JDM patients with and without
anti-HSC70 autoantibodies

The presence of anti-HSC70 autoantibodies correlated

with multiple clinical features of children with JDM. For

example, cutaneous ulcers and malar erythema were

associated with the presence of autoantibodies against

HSC70 (59% vs 17%, P< 0.002 and 82% vs 54%,

P<0.04, respectively) (Table 2).

Furthermore, a history of fever was also associated

with the presence autoantibodies against HSC70 (50%

vs 17%, P<0.009). Higher median serum levels of lac-

tate dehydrogenase, which is reported to be released

from endothelial cells in response to endothelial cytotox-

icity [13], were found in JDM children with anti-HSC70

autoantibodies (median 488 in those with anti-HSC70 vs

266 in those without, P<0.002). JDM patients with anti-

HSC70 autoantibodies also had higher early pulmonary

scores (median 0.20 vs 0, P<0.04); however, they did

not have an increased frequency of interstitial lung dis-

ease or dyspnea.

Clinical course and medications used in JDM
patients with and without anti-HSC70 autoantibodies

The median number of hospitalizations was higher in

JDM patients with anti-HSC70 autoantibodies than in

FIG. 1 Results of ELISAs for anti-HSC70 autoantibodies

The dashed line of 100 arbitrary units indicates the cut-

off values for anti-HSC70 autoantibody positivity. The

average plus 3 S.D. among the group of healthy donors

defined as 100 arbitrary units was 0.603 (optical dens-

ity). The continuous lines indicate median and interquar-

tile range of anti-HSC70 autoantibody levels. Plasma

samples from 63 patients with JDM, 49 patients with

JIA, and 40 sex- and age-matched healthy children (HC)

were used for ELISA assays. Anti-HSC70 autoantibodies

were detected in 35% of patients with JDM, in 0% of

patients with JIA, and in 0% of HC.
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those without (median 2.0 vs 1.0, P<0.04) (Table 3).

Use of wheelchairs and/or assistive devices was associ-

ated with the presence of anti-HSC70 autoantibodies

(64% vs 27%, P<0.007), as was the use of wheelchairs

in the observation period and at last follow-up (55% vs

22%, P< 0.02 and 18% vs 2%, P<0.05, respectively).

Lastly, JDM patients with anti-HSC70 autoantibodies

had higher Myositis Damage Index severity of damage

scores than those without at the time of measurement

of the autoantibodies (median 8.0 vs 5.0, P¼0.01).

JDM patients with anti-HSC70 autoantibodies more

often received IVIG compared with those without (95%

vs 73%, P< 0.05). There was no association of the pres-

ence of anti-HSC70 autoantibodies with disease course,

other medications or response to treatment (Table 3). It

is notable that few patients with JDM achieved complete

clinical response or remission in this study.

Differences in human leucocyte antigen allele
associations in JDM patients with and without

anti-HSC70 autoantibodies

A weak association was observed between HLA class I or

II alleles and the presence of anti-HSC70 autoantibodies.

The presence of autoantibodies against HSC70 was asso-

ciated with the presence of HLA-C*04 [16.7% vs 0%,

odds ratio (OR) not calculable, P¼0.04] and a decrease in

the frequency of HLA-DPB1*0401 [17.7% vs 47.1%, OR

0.24 (95% CI: 0.07, 0.91), P¼0.04].

Discussion

The presence of prominent vascular and perivascular in-

flammation is a notable feature of JDM and contributes

directly to the clinical manifestations of the disease [2, 4].

We have recently reported that, similar to other vasculiti-

des, patients with JDM have autoantibodies directed

against a broad range of antigens in and/or on endothelial

cells [6]. We also found that autoantibodies to an endothe-

lial cell antigen, heat shock protein cognate 70 (HSC70),

were more common and detected in higher titres in chil-

dren with newly diagnosed, untreated disease than in chil-

dren who had achieved remission. Here we sought to

explore clinical associations with anti-HSC70 autoantibod-

ies and found that anti-HSC70 autoantibodies occur fre-

quently in JDM and are associated with multiple features

of disease severity.

TABLE 1 General features of JDM patients with and without anti-HSC70 autoantibodies

Anti-HSC70 positive (N 5 22) Anti-HSC70 negative (N 5 41) P-value

Age at diagnosis, median (IQR), years 8.6 (7.0–10.9) 8.0 (6.3–12.4) 0.8

Age at enrolment, median (IQR), years 10.7 (8.8–14.6) 11.2 (8.6–15.8) 0.9
Delay to diagnosis, median (IQR), months 3.5 (2.0–6.8) 5.0 (2.0–8.3) (N¼40) 0.3
Follow-up, median (IQR), years 2.8 (1.9–6.4) 3.1 (1.1–7.1) 0.8

Female, n/N (%) 12/22 (55) 30/41 (73) 0.2
Race, n/N (%)

White 14/22 (64) 28/41 (68) 0.8
Black 3/22 (14) 4/41 (10) 0.7
Hispanic 1/22 (5) 2/41 (5) 1.0

Asian 0/22 (0) 1/41 (2) 1.0
Biracial or multiracial 4/22 (18) 6/41 (15) 0.7

Myositis-associated autoantibodies, n/N (%) 15/22 (68) 16/41 (39) <0.04
Anti-NT5C1A 11/16 (69) 10/35 (29) <0.02
Anti-Ro52 9/21 (43) 6/40 (15) <0.03

Anti-Ro 6/22 (27) 4/41 (10) 0.08
Anti-U1RNP 1/22 (5) 2/41 (5) 1.0

Anti-PM-SCL 0/22 (0) 1/41 (2) 1.0
Myositis-specific autoantibodies, n/N (%) 20/22 (91) 34/41 (83) 0.5

Anti-p155/140 (TIF-1) 7/22 (32) 16/41 (39) 0.8

Anti-NXP-2 6/22 (27) 11/41 (27) 1.0
Anti-MDA5 6/22 (27) 3/41 (7) 0.06
Anti-Mi-2 1/22 (5) 1/41 (2) 1.0

Anti-KS 0/22 (0) 1/41 (2) 1.0
Anti-HMGCR 0/22 (0) 1/41 (2) 1.0

Anti-Jo1 0/22 (0) 1/41 (2) 1.0

Categorical variables were analysed by Fisher’s exact tests and are presented as count/total (percentage). Continuous
variables were analysed by the Mann–Whitney U-test and are expressed as median (IQR [Q1–Q3]). Myositis-associated
autoantibodies (n) include anti-Ro (10), anti-Ro52 (15), anti-NT5C1A (21), anti-U1RNP (3) and anti-polymyositis-scleroderma

antibodies (1). Myositis-specific autoantibodies (n) include anti-p155/140 (23), anti-NXP-2 (17), anti-MDA5 (9), anti-Mi-2 (2),
anti-KS (1), anti-HMGCR (1) and anti-Jo1 (1) autoantibodies. HMGCR: 3-hydroxy-3-methylglutaryl-CoA reductase; IQR:
interquartile range; Jo1: anti-histidyl tRNA synthetase; MDA5: melanoma differentiation associated protein-5; NT5C1A:

cytosolic 5’-nucleotidase 1A; NXP-2: nuclear matrix protein-2; PM-SCL: polymyositis-scleroderma; TIF-1: transcription
intermediary factor 1.
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We found that anti-HSC70 autoantibodies are seen

in 35% of children with JDM, which is higher than

what we previously observed [6] and may reflect a

larger number of patients with severe disease in the

current cohort or a difference in the ethnogeographic

distribution of these autoantibodies in JDM patients.

Importantly, the presence of anti-HSC70 autoantibod-

ies was also associated with cutaneous ulceration, a

manifestation of vasculopathy in JDM [5], raising the

question of whether these autoantibodies may be

associated with other forms of vasculopathy and/or

vasculitis. However, there were no significant associa-

tions between anti-HSC70 autoantibodies and calcino-

sis, which may be driven by smouldering vascular

disease in JDM [4, 14], nor was there an association

with periungual capillary dilatation, a predominant vas-

culopathic feature, which was present in almost all of

the JDM patients in our cohort. Furthermore, anti-

HSC70 autoantibodies have also been observed in

chronic inflammatory illnesses without vasculitis, for in-

stance, myasthenia gravis [15].

Anti-HSC70 autoantibodies were also associated with

multiple measures of disease severity in JDM, including

use of wheelchairs and/or devices, number of hospitaliza-

tions and scores on the severity of myositis damage

measures, which highlights the potential of anti-HSC70

autoantibodies as a predictor of disease severity and

poor prognosis in JDM. Patients with anti-HSC70 autoan-

tibodies were also more likely to have been treated with

IVIG than patients who were autoantibody-negative.

TABLE 2 Clinical features of JDM patients with and without anti-HSC70 autoantibodies

Clinical features, ever present Anti-HSC70 positive
(N 5 22)

Anti-HSC70 negative
(N 5 41)

P-value

Skin involvement, n/N (%)
Cutaneous ulcer 13/22 (59) 7/41 (17) <0.002
Periungual capillary dilatation 22/22 (100) 38/41 (93) 0.5

Malar erythemaa 18/22 (82) 22/41 (54) <0.04
Oedema 9/22 (41) 7/41 (17) 0.07

Calcinosis 12/22 (55) 16/41 (39) 0.3
Systemic involvement, n/N (%)

Weight loss 11/22 (50) 21/41 (51) 1.0

Fever 11/22 (50) 7/41 (17) <0.009
Muscle involvement, n/N (%)

Distal weakness 16/22 (73) 27/41 (66) 0.8
Proximal and distal weakness 16/22 (73) 27/41 (66) 0.8
Muscle atrophy 12/22 (55) 16/41 (39) 0.3

Lung involvement, n/N (%)
Dyspnea on exertion 13/22 (59) 15/41 (37) 0.1

Dyspnea at rest 1/22 (5) 9/41 (22) 0.1
Interstitial lung disease 4/22 (18) 2/41 (5) 0.2

Joint involvement, n/N (%)

Arthralgia 16/22 (73) 33/41 (80) 0.5
Arthritis 14/22 (64) 24/41 (59) 0.8

Gastrointestinal involvement, n/N (%)

Regurgitation 8/22 (36) 11/41 (27) 0.6
Abdominal paina 13/22 (59) 13/39 (33) 0.06

Early total symptom score, median (IQR) 0.33 (0.23–0.38) 0.28 (0.20–0.35) 0.2
Early muscle score 0.43 (0.29–0.57) 0.43 (0.29–0.57) 0.5
Early joint score 0.50 (0.50–1.0) 0.50 (0.50–1.0) 0.9

Early cutaneous score 0.38 (0.33–0.44) 0.38 (0.31–0.44) 0.9
Early gastrointestinal score 0.13 (0–0.25) 0 (0–0.13) 0.09

Early pulmonary score 0.20 (0–0.20) 0 (0–0.20) <0.04
Early constitutional score 0.38 (0.25–0.69) 0.25 (0.25–0.5) 0.6

Muscle enzymes (highest value), median (IQR), IU/l

AST 122 (48–202) 85 (46–127) 0.3
ALT 58 (38–107) 54 (30–127) 0.7

LDHb 488 (346–808) 266 (207–377) <0.002
CK 1154 (286–3537) 800 (278–3082) 0.7

Severity at onset, median (IQR) 2.0 (2.0–3.0) 2.0 (2.0–3.0) 1.0

Categorical variables were analysed by Fisher’s exact tests and are presented as count/total (percentage). Continuous

variables were analysed by the Mann–Whitney U-test and are expressed as median (IQR [Q1–Q3]). aIn those with the his-
tory during the follow-up period after onset of first symptom. bAll values of LDH were adjusted for the NIH upper limit of
normal for LDH in adults, which is 226 U/l. ALT: alanine aminotransferase; AST: aspartate aminotransferase; CK: creatine

kinase; IQR: interquartile range; LDH: lactate dehydrogenase.
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Although it is reported that cutaneous ulcers occur in

patients with JDM whose disease is more resistant to im-

munosuppressive therapy [16], there was no significant

difference between histories of cutaneous ulcers and the

use of IVIG regardless of whether JDM patients had auto-

antibodies against HSC70 (data not shown). This sug-

gests that patients with anti-HSC70 autoantibodies may

show poor response to standard first-line measures of

glucocorticoids plus MTX because of more tenacious dis-

ease independent of cutaneous ulceration. This finding

raises the question of whether anti-HSC70 autoantibodies

might be used as a biomarker to select patients likely to

have a more severe or intractable disease. In addition,

the question arises as to whether autoantibodies to

HSC70 interfere with MTX therapy as HSC70 binds MTX

and is involved in its transport into the cells [17, 18].

We report that anti-HSC70 autoantibodies are a novel

MAA that are not associated with any particular MSA

but co-occur frequently with the MAA anti-NT5C1A and

anti-Ro52. We did not see a significant association with

anti-MDA5 autoantibodies, even though anti-MDA5 posi-

tive patients frequently have cutaneous ulceration [19].

Anti-NT5C1A autoantibodies occur more often in

patients with pulmonary symptoms at diagnosis and

have the potential to be a predictor of severe disease

[20]. Similarly, the presence of anti-Ro52 autoantibodies

has relevance to interstitial lung disease and has the po-

tential to be used as a predictor of disease severity and

poorer prognosis [11]. Interestingly, anti-HSC70 autoan-

tibodies are not associated with pulmonary manifesta-

tions of disease. Here, questions remain as to the

association between anti-HSC70 autoantibodies and

anti-Ro52 autoantibodies. Ro52 ELISA assay may be

affected by matrix effects (i.e. high levels of IgG, choles-

terol and rheumatoid factor) and/or lead to false posi-

tives in the presence of other autoantibodies, such as

anti-SS-A/Ro, anti-SS-B/La and anti-Jo1 autoantibodies.

These effects were not investigated in the prior study of

Ro52 in juvenile myositis [11]. Future analyses utilizing

direct comparison of these and other autoantibodies are

TABLE 3 Disease outcomes and medications used in JDM patients with and without anti-HSC70 autoantibodies

Disease outcomes and medications,
ever present

Anti-HSC70 positive
(N 5 22)

Anti-HSC70 negative
(N 5 41)

P-value

Ever hospitalized, n/N (%) 17/22 (77) 24/41 (59) 0.2
Median number of hospitalizations, median (IQR) 2.0 (0.5–4.5) (N¼19) 1.0 (0–1.5) (N¼39) <0.04
Wheelchair/devicea use, n/N (%) 14/22 (64) 11/41 (27) <0.007

Wheelchair use, n/N (%) 12/22 (55)c 9/41 (22)c <0.02
4/22 (18)d 1/41 (2)d <0.05

Disease activity at final assessment, median (IQR),
median (IQR)

1.0 (1.0–2.0) 1.0 (1.0–1.0) 0.1

Physician global activity scoreb, median (IQR) 2.3 (1.5–3.9) 2.5 (1.7–3.5) 0.7
Physician global damage assessmentb, median (IQR) 2.2 (1.0–3.8) (N¼21) 1.4 (0.7–2.7) (N¼30) 0.07

Myositis Damage Index severity of damage scoreb,
median (IQR)

8.0 (5.0–14.0) (N¼21) 5.0 (2.0–7.0) (N¼29) 0.01

CHAQ scoreb, median (IQR) 2.1 (1.0–4.7) 2.6 (1.1–4.7) 0.6
MMT8 score (left)b, median (IQR) 74.0 (66.0–80.0) (N¼21) 72.5 (66.5–77.3) (N¼32) 0.6
MMT8 score (right)b, median (IQR) 74.0 (66.0–80.0) (N¼21) 75.0 (66.5–78.0) (N¼32) 0.9

CMAS scoreb, median (IQR) 42.5 (34.8–48.3) (N¼20) 44.0 (38.3–49.0) (N¼30) 0.4
Disease course, n/N (%)

Monocyclic course 0/16 (0) 2/27 (7) 0.5
Polycyclic course 2/16 (13) 3/27 (11) 1.0
Chronic continuous course 14/16 (88) 22/27 (81) 0.7

Response to treatment
Complete clinical response, n/N (%) 1/22 (5) 7/40 (18) 0.2

Remission, n/N (%) 0/22 (0) 1/40 (3) 1.0
Prednisone discontinuatione, n/N (%) 0/22 (0) 3/40 (8) 0.5
Total number of medications used, median (IQR) 7.0 (5.3–8.0) (N¼22) 6.0 (4.0–7.3) (N¼40) 0.2

Medications received, n/N (%)
Oral steroids 22/22 (100) 40/40 (100) 1.0

Intravenous pulsed steroids 20/22 (91) 30/40 (75) 0.2
Methotrexate 21/22 (95) 39/40 (98) 1.0
Intravenous immunoglobulin 21/22 (95) 29/40 (73) <0.05

Other DMARDs 22/22 (100) 39/40 (98) 1.0

Categorical variables are analysed by Fisher’s exact tests and are presented as count/total (percentage). Continuous varia-
bles are analysed by the Mann–Whitney U test and are expressed as median (IQR [Q1–Q3]). aWheelchair, bed bound and
other assistive devices are included. bEvaluation at the time of measurement of anti-HSC70 autoantibodies. cIn the obser-

vation period. dAt last follow-up. eDiscontinuation of prednisone in first 12 months of treatment. CHAQ: childhood HAQ;
IQR: interquartile range; CMAS: Childhood Myositis Assessment Scale.
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required to determine which are the most reliable and

clinically useful in predicting disease severity.

Our study also raises the question of the extent to which

anti-HSC70 autoantibodies contribute to the observed

pathology in JDM, and specifically to the vasculopathy.

Complement and immunoglobin deposits in vessel walls

are documented features of JDM [21] and of DM [21, 22],

and it is tempting to speculate that autoantibodies

directed to endothelial cells could directly contribute to the

vascular injury. However, it is just as plausible that AECAs

are formed in response to the vascular injury, while still

playing a role in the ongoing inflammatory process. We

are becoming increasingly aware that cellular and tissue

damage by itself can drive autoantibody formation [23].

For example, in a mouse model of experimental myositis,

tissue damage was caused by CD8þ T cells and type I

interferons, but not by CD4þ T cells, B cells or autoanti-

bodies, and anti-transcriptional intermediary factor 1

(TIF1)c autoantibody production followed the development

of experimental myositis [24]. Interestingly, HSC70 is also

known to modulate viral infectivity and its presence corre-

lates with virus-induced host immunoprotective responses

[25]. As infectious diseases have also the potential to be a

significant risk factor for JDM pathophysiology, further

studies are needed to assess the roles of anti-HSC70

autoantibodies in infection events in JDM [26, 27].

It is reported that anti-HSC70 autoantibodies are

detected in other autoimmune and inflammatory diseases,

including Behçet’s disease, systemic sclerosis, Kawasaki

disease, inflammatory bowel diseases, myasthenia gravis

and immune thrombocytopenic purpura [15, 28–32].

Associations with disease severity in other autoimmune

diseases is currently unknown. For instance, in myasthenia

gravis, decreased titres of anti-HSC70 autoantibodies

have been associated with clinical improvement; however,

the presence of anti-HSC70 autoantibodies was not corre-

lated with disease severity [15]. To clarify whether anti-

HSC70 autoantibodies are associated with clinical features

and treatment response and/or are involved in the patho-

physiology of other autoimmune and inflammatory dis-

eases is important.

It is reported that HLA-C polymorphisms have shown

independent associations with specific subsets of RA,

specifically RA patients with vasculitis [33]. Among RA

patients with vasculitis, the frequency of HLA-C*04 was

significantly diminished. Furthermore, the incidence of

granulomatosis with polyangiitis was significantly associ-

ated with HLA-DPB1*0401 allele frequency [34]. Thus,

the presence of anti-HSC70 autoantibodies and their as-

sociation with HLA alleles in other forms of vasculopathy

may link these observations. These associations deserve

further investigation. Since high throughput next gener-

ation genotyping has been implemented, HLA data at

high resolution will be increasingly available and allow a

more detailed analysis of potential associations with

implicated HLA antigens in larger patient cohorts.

A limitation of the current study is our small patient

sample size, few patients with inactive disease or remis-

sion, few patients with low disease severity and the

small number of patients with specific co-morbidities

such as retinitis or gastrointestinal ulcers. Thus, it was

impossible to determine whether there was a true asso-

ciation between anti-HSC70 autoantibodies and these

rare clinical complications. Furthermore, this is a retro-

spective study, which may be insufficient for biomarker

studies. In addition, no correction for multiple testing

was performed. Further studies using larger numbers of

patients and understanding of JDM-related disease phe-

notypes, including other vasculitic symptoms in particu-

lar, and comparative studies between races could more

clearly determine the clinical significance of anti-HSC70

autoantibodies in patients with JDM.

In conclusion, we have demonstrated that anti-HCS70

autoantibodies are detected in more than a third of chil-

dren with JDM. These autoantibodies correlate with mul-

tiple measures of disease severity, suggesting that they

may serve as useful clinical biomarkers to detect chil-

dren who will require therapies to augment or comple-

ment standard first-line treatment with glucocorticoids

and methotrexate.
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