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Abstract

Anti-nuclear matrix protein-2 (NXP2) antibody is associated with 
the severe, chronic myositis phenotype in juvenile dermatomyositis 
(JDM). Although hyperproduction of type I interferon is considered 
to play an important role in JDM, sequential changes in biomarkers 
associated with this pathophysiology have not yet been described 
in detail. An 8-year-old boy who presented with muscle weakness, 
heliotrope rash, and Gottron’s papules was diagnosed with JDM. 
With regard to myositis-specific autoantibodies, anti-NXP2 was 
detected. Although the increase of serum myogenic enzymes was 
modest at onset, two courses of methyl-prednisolone (mPSL) pulse 
therapy followed by oral prednisolone and methotrexate were insuf-
ficient to initiate remission. Therefore, additional treatment, with 
intravenous cyclophosphamide (IVCY) and intravenous immuno-
globulin (IVIG) was required to obtain a favorable outcome. We 
also retrospectively evaluated serum concentration of several cy-
tokines: interleukin (IL)-6, soluble tumor necrotizing factor recep-
tor (sTNFR)-1, sTNFR-2, IL-18, and CXC-motif chemokine ligand 
(CXCL)-10. The cytokine profile of this patient at onset showed a 
CXCL-10-dominant pattern. Additionally, sequential evaluation of 
CXCL-10 revealed an aberrantly high level of CXCL-10 persistent 
despite two courses of mPSL pulse therapy, and the level of this cy-
tokine only gradually decreased after initiation of IVCY and IVIG. 
The hyperproduction of CXCL-10, presumably reflecting the hy-
perproduction of type I interferon in the affected tissue, may persist 
for a certain period, even after the initiation of multiple courses of 

mPSL pulse therapy. With regard to the fact that anti-NXP2 is as-
sociated with subcutaneous calcification, our data suggest the im-
portance of aggressive intervention in cases of anti-NXP2-positive 
JDM as well as the need for the development of a more pathophysi-
ologically specific treatment.
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Introduction

Juvenile dermatomyositis (JDM) is a rare, systemic autoim-
mune disease characterized by inflammation, weakness of 
the proximal muscles, pathognomonic skin rashes, includ-
ing heliotrope rash, and Gottron’s papules with onset dur-
ing childhood [1]. Recent identification of novel myositis-
specific autoantibodies (MSAs) frequently detected in JDM, 
such as anti-transcriptional intermediary factor 1γ (TIF1γ), 
anti-melanoma differentiation associated gene-5 (MDA5), 
and nuclear matrix protein-2 (NXP2), has provided further 
understanding of the clinical characteristics of JDM [2-4]. 
Anti-NXP2 antibody is detected in 15-23% of patients with 
JDM and is associated with a severe phenotype that involves 
contracture and weakness of the muscles and subcutaneous 
calcification [2, 3].

The pathophysiology of JDM is regarded as a combination 
of various mechanisms: vasculopathy based on autoimmunity 
and subsequent ischemic changes, activation of dendritic cells 
and upregulation of type I interferon, as well as endoplasmic 
reticulum stress in affected tissues [1]. Hyperproduction of 
type I interferon is regarded as the central pathogenesis of 
JDM, and can be applied to the assessment of disease activity 
and represents a potential target of future specific treatments 
for JDM. Here, we describe a case of anti-NXP2-positive JDM 
in which the patient presented with typical symptoms and 
was treated by glucocorticoids, methotrexate and additional 
intravenous cyclophosphamide (IVCY) and high-dose immu-
noglobulin. We demonstrate his clinical course, histological 
findings, as well as serum cytokine profile and the time course 
of changes in CXC-motif chemokine ligand (CXCL)-10, an 
interferon-induced protein.
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Case Report

Investigations

An 8-year-old boy presented with a 3-month history of muscle 
weakness and a rash on his limbs and eyelids. He had progres-
sive muscle weakness which left him unable to get up from a 
squatting position without support of his hands, and he was also 
unable to open the screw cap on plastic bottles. On examination, 
he had low-grade fever, weakness of the proximal muscles of 
the legs and arms, heliotrope rash, Gottron’s papules and ery-
thema over his knees and elbows (Fig. 1a-c). His height was 118 
cm (-1.2 SD) and body weight was 19.4 kg, giving a body mass 
index of 13.8. Laboratory findings (Table 1) showed elevated as-
partate aminotransferase (AST), lactate dehydrogenase (LDH), 
and aldolase levels, although the creatine phosphokinase (CPK) 
level was within the normal range. Although the patient was 
negative for C-reactive protein, his erythrocyte sedimentation 
rate (ESR) and ferritin, serum β2-microglobulin (β2MG), and 
soluble interleukin-2 receptor (sIL-2R) levels were elevated. 
The antinuclear antibody (ANA) titer was 1:640, and he was 
positive for the anti-NXP2 autoantibody evaluated through im-
munoprecipitation and Western blotting [5], but negative for 
other autoantibodies such anti-SS-A, anti-SS-B, anti-Sm, anti-
ribonucleoprotein (RNP), anti-double-stranded DNA, anti-Jo-1, 
anti-Mi-2, anti-MDA5, and anti-TIF1γ. The patient underwent 
magnetic resonance imaging for high-intensity areas throughout 
all skeletal muscles using T2-weighted and short tau inversion 
recovery (STIR) images (Fig. 1d). The childhood myositis as-
sessment scale (CMAS) [6] was scored as 23, although there 
was difficulty in obtaining sufficient cooperation.

We carried out muscle biopsy from the left biceps brachii 
muscle, with the histological findings as follows. Hematoxylin 
and eosin staining revealed a collection of atrophic fibers with 
basophilic cytoplasm and enlarged nuclei in the perifascicular 
areas, indicating perifascicular atrophy. No apparent endomy-
sial fibrosis was observed. Minimal lymphocyte infiltration 
was observed in the perivascular area, and macrophages were 

scattered throughout the perimysium (Fig. 2a). Immunohis-
tochemical analysis revealed, in addition to the expression of 
human leukocyte antigen (HLA)-ABC with perifascicular en-
hancement, the expression of myxovirus-resistance protein A 
(MxA), which is a diagnostic marker of dermatomyositis in 
terms of muscle pathology [7], and membrane attack complex 
(MAC) deposition in the endomysial capillaries, which is also 
diagnostic of dermatomyositis (Fig. 2b-d).

Diagnosis

Based on the observations of typical skin rush and muscle 
weakness, increase in serum myogenic enzyme, positivity for 
anti-NXP2 antibody, and typical histological findings, we di-
agnosed the patient with JDM.

Treatment

We then administered two courses of methyl-prednisolone 
(mPSL) pulse therapy followed by 1 mg/kg/day prednisolone 
and weekly oral methotrexate (MTX). Laboratory findings of 
muscle-derived enzymes showed transient improvement af-
ter treatment; however, a subsequent increase in aldolase was 
observed. We, therefore, additionally provided six courses of 
IVCY and intravenous immunoglobulin (IVIG) therapy. As a 
result, the laboratory findings for aldolase, β2MG, and sIL-
2R gradually improved and oral prednisolone was successfully 
decreased.

Follow-up and outcomes

The patient’s muscle weakness also gradually improved, and 
his CMAS was about 37 at 4 months and 41 at 9 months after 
admission, which was sufficient for activities of daily life. He 
has been followed up for 24 months to date, and although one 
mild relapse occurred, presumably due to non-adherence to the 

Figure 1. Skin manifestations. (a) Heliotrope rash, (b) Gottron’s papules and (c) erythema over the knees. (d) Magnetic reso-
nance imaging showing T2-weighted and short tau inversion recovery (STIR) images of the lower limbs.
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Table 1.  Laboratory Results

WBC 5,450/µL TP 8.4 g/dL CRP 0.38 mg/dL
Neutrophils 3,270/µL Albumin 3.3 g/dL ESR - 1 h 45 mm
Lymphocytes 1,800/µL AST 71 IU/L ESR - 2 h 61 mm
RBC 4,370 × 103/µL ALT 20 IU/L Ferritin 373.9 ng/dL
Hb 11.0 g/dL LDH 912 IU/L Serum β2MG 4.77 µg/mL
PLT 421 × 103/µL CK 136 IU/L Urine β2MG 4.55 µg/L

Aldolase 33.4 IU/L sIL-2R 3,338 U/mL
PT-INR 1.03 Amylase 67 IU/L IgG 3354.7 mg/dL
APTT 36.8 s BUN 11.6 mg/dL IgA 334.1 mg/dL
Fib 250 mg/dL Creatine 0.22 mg/dL IgM 66.1 mg/dL
D-dimer 5.7 mg/dL Na 137 mEq/L KL-6 258 U/mL
AT III 81% K 4.2 mEq/L NTproBNP 337.4 pg/mL

Cl 99 mEq/L
Anti-nuclear antibody 1:640 Anti-NXP2 antibody +
Anti-dsDNA antibody - Anti-Jo-1 antibody -
Anti-Sm antibody - Anti-ARS antibody -
Anti-SS-A antibody - Anti-TIF1γ antibody -
Anti-SS-B antibody - Anti-MDA5 antibody -
Anti-CCP antibody 0.8 U/mL Anti-Mi-2 antibody -
Anti-U1-RNP antibody -

WBC: white blood cell count; RBC: red blood cell count; Hb: hemoglobin; PLT: platelets; PT-INR: prothrombin time-international normalized ratio; 
APTT: activated partial thromboplastin time; Fib: fibrinogen; AT III: antithrombin III; ds: double-stranded; Sm: Smith; SS: Sjogren’s syndrome; CCP: 
cyclic citrullinated peptide; RNP: ribonucleoprotein; TP: total protein; AST: aspartate aminotransferase; ALT: alanine aminotransferase; LDH: lactate 
dehydrogenase; CK: creatine kinase; BUN: blood urea nitrogen; NXP: nuclear matrix protein; ARS: aminoacyl-tRNA synthetases; MDA5: melanoma 
differentiation associated gene-5; Ig: immunoglobulin; sIL-2R: soluble interleukin-2 receptor; TIF1γ: transcriptional intermediary factor 1γ; CRP: C-
reactive protein; ESR: erythrocyte sedimentation rate; β2MG: β2-microglobulin; NTproBNP: N-terminal proB-type natriuretic peptide.

Figure 2. Muscle biopsy findings. (a) Hematoxylin and eosin staining showing perifascicular atrophy with atrophic basophilic 
fibers at the periphery of the fascicles in addition to minimal perivascular infiltration of lymphocytes. Immunohistochemical stain-
ing for (b) human leukocyte antigen (HLA)-ABC, (c) myxovirus-resistance protein A (MxA) showing the expression of interferon-
induced protein, and (d) membrane attack complex (MAC) showing complement deposition in the endomysial capillaries.
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medication, the patient has been stable and has not developed 
calcinosis to date.

Additional investigations

We also retrospectively evaluated the serum concentration of 
several cytokines using the Bioplex multiplex assay system 
(Bio-RAD, CA, USA). Human cytokine assay kits for IL-6 
(#171B5006M), soluble tumor necrotizing factor receptor 
(sTNFR)-1, sTNFR2 (#171BL034M and #171BL035M), IL-18 
(#171B6023M) and CXCL-10 (#171B5020M) were individually 
purchased and each cytokine was mixed and evaluated in accord-
ance with the manufacturer’s recommendations. The assays were 
performed on serum samples from healthy adults (n = 8), from a 
patient with systemic juvenile idiopathic arthritis (sJIA) (n = 1, 
four samples obtained before treatment initiation), patients with 
Kawasaki disease (n = 6), and this patient (two samples obtained 
before treatment initiation, and a further 16 consecutive sam-
ples). Compared to healthy adults, the cytokine profile of the sJIA 
showed an IL-18-dominant pattern, while that for Kawasaki dis-
ease showed an increase in IL-6 and sTNFR, which was consist-
ent with previously reported results [8, 9] (Fig. 3a). The cytokine 
profile for our patient before treatment initiation showed a notice-
ably CXCL-10-dominant pattern (Fig. 3a). Additionally, the time 
course of CXCL-10 concentration showed continuing elevation. 
Interestingly, although transient decreases in serum CXCL-10 af-
ter the two courses of mPSL pulse were observed, it remained 
increased for a certain period, and only gradually decreased after 
the administration of IVCY and IVIG (Fig. 3b).

Discussion

JDM is a heterogeneous disease and autoantibodies are poten-
tially useful biomarkers by which to divide patients into ho-
mogeneous subgroups and provide information on prognosis. 
Anti-NXP2 was first identified from a JDM cohort and report-
ed in 1997 as anti-MJ. Espada et al [10] suggested an associa-
tion between anti-NXP2 and a significant compromise in func-
tional status characterized by muscle contracture and atrophy. 
Furthermore, studies of other independent cohorts in France 
and the UK subsequently revealed that anti-NXP2 was associ-
ated with a severe subtype of JDM in which patients developed 
severe muscular disease with a lower remission rate [3, 11]. 
Furthermore, the association between anti-NXP2 and a high 
frequency of calcinosis was reported [3, 12]. Additionally, sev-
eral risk factors for a refractory clinical course among patients 
with anti-NXP2-positive JDM have been reported. Wang et al 
[13] reported an analysis of 26 anti-NXP2-positive JDM cases 
and found that edema, skin ulcers, significant muscle weak-
ness, low CD4/CD8 ratio and high serum ferritin level at dis-
ease onset were associated with a refractory clinical course. 
Importantly, the serum levels of muscular enzymes at onset 
did not provide a basis for differentiating clinical outcomes. In 
our case, the increases in serum muscular enzymes were only 
modest, and no edema or ulcers were observed. On the other 
hand, significant muscle weakness and increases in serum fer-

ritin level were observed, and the response to initial treatment 
was limited. It appeared that our patient was at a comparatively 
high risk and aggressive treatment including IYCY, IVIG in 
addition to mPSL pulse and short MTX therapy was necessary.

The association of type I interferon with JDM pathophys-
iology has been the subject of a considerable amount of re-
searches. Plasmacytoid dendritic cells were shown to be the 
predominant subsets of inflamed muscle tissue [14], and serum 
interferon-α activity was also reported to be elevated [15]. The 
global gene expression pattern in the peripheral blood cells 
of JDM patients shows a subset of type I interferon-inducible 
genes [16, 17]. To investigate the pathophysiology, we car-
ried out cytokine assays of IL-6, sTNFR1, sTNFR2, IL-18 
and CXCL-10 [18], and observed a solely CXCL-10-dominant 
pattern. As CXCL-10 is a chemokine that attracts lymphocytes 
to production sites and, at the same time, belongs to the inter-
feron-induced protein family, the increase in CXCL-10 may 
be the result of excessive type I interferon. In fact, a previ-
ous report showed an increase in serum CXCL-10 along with 
disease activity in JDM patients [19]. Additionally, we found 
that the increase in serum CXCL-10 was more prolonged than 
expected, and persisted even after multiple courses of mPSL 
pulse therapy. This indicated that the disease activity of JDM 
lasted for a certain period, even after the serum concentrations 
of myogenic enzymes were within their normal ranges.

The development of calcinosis in JDM is associated with 
delayed diagnosis, a chronic disease course and inadequately 
treated disease [20, 21]. It is also associated with a lower age 
at disease onset and anti-NXP2 positivity [3, 12]. As calcifi-
cation is regarded to result from chronic inflammation, our 
finding showing a persistent increase in CXCL-10 in a patient 
with JDM with anti-NXP2 antibodies who received compara-
tively aggressive treatment might have an impact on the future 
management of this disease in terms of the importance of the 
adequate induction of clinical remission. Further, our findings 
appear to support the further progress toward to more disease-
specific agents to reduce the interferon-induced pathophysiol-
ogy, such as Janus-kinase inhibitors, which have recently been 
reported to be effective in the treatment of JDM [22, 23]. Fur-
ther investigation is required to prove this hypothesis.

Learning points

A continuous increase in CXCL-10 in this patient implies the 
need for aggressive intervention in anti-NXP2-positive JDM 
patients. Moreover, the development of a pathophysiologically 
specific treatment is desirable.
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Figure 3. (a) Cytokine profiling of healthy adults (n = 8), a patient with systemic juvenile idiopathic arthritis (sJIA) (n = 1, four sam-
ples obtained before treatment initiation), patients with Kawasaki disease (n = 6), and this patient (two samples obtained before 
treatment initiation, and a further 16 consecutive samples). (b) Clinical course of the patient. Content of treatment, sequential 
changes in serum creatine kinase (CK, IU/L), aldolase (IU/L), soluble interleukin-2 receptor (sIL-2R, IU/L) beta-2 microglobulin 
(β2MG, µg/dL) levels, as well as retrospectively evaluated serum CXC-motif chemokine ligand (CXCL)-10 levels (pg/mL) are 
shown. The gray arrows on the vertical axis indicate the upper limits of Aldorase, sIL-2R, and β2MG, as well as the average 
CXCL-10 in healthy adults.
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