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ABSTRACT 33 

 34 

Objectives – To assess anti-cytosolic 5′-nucleotidase 1A (cN-1A/NTC51A) autoantibodies in children 35 

with juvenile dermatomyositis (JDM) and healthy controls, using three different methods of antibody 36 

detection, as well as verification of the results in an independent cohort. 37 

Methods – Anti-cN-1A reactivity was assessed in 34 Dutch JDM patients and 20 healthy juvenile 38 

controls by a commercially available full-length cN-1A ELISA, a synthetic peptide ELISA and by 39 

immunoblotting using a lysate from cN-1A expressing HEK-293 cells. Sera from JDM patients with 40 

active disease and in remission were analysed. An independent British cohort of 110 JDM patients 41 

and 43 healthy juvenile controls was assessed by an in-house full-length cN-1A ELISA. 42 

Results – Anti-cN-1A reactivity was not present in JDM patients’ sera or in healthy controls when 43 

tested with the commercially available full-length cN-1A ELISA or by immunoblotting, both in active 44 

disease and in remission. Also, in the British JDM cohort anti-cN-1A reactivity was not detected. Three 45 

Dutch JDM patients tested weakly positive for one of the three synthetic cN-1A peptides measured by 46 

ELISA. 47 

Conclusion – JDM patients and young healthy individuals do not show anti-cN-1A reactivity as 48 

assessed by different antibody detection techniques.  49 



INTRODUCTION 50 

 51 

Autoantibodies detected in idiopathic inflammatory myopathies can be divided into myositis-specific 52 

(MSA) and myositis-associated autoantibodies. MSA have a high disease specificity, which can be 53 

used to confirm a subtype of myositis, are frequently related to a specific clinical phenotype and, in 54 

some cases, are associated with disease activity or severity (1-3). Anti-cytosolic 5′-nucleotidase 1A 55 

(anti-cN-1A) autoantibodies are present in a large subset of inclusion body myositis (IBM) patients and 56 

not in adults with other forms of myositis. Although anti-cN-1A was initially classified as MSA (4, 5), the 57 

relatively frequent seropositivity in adults with Sjögren’s syndrome and systemic lupus erythematosus 58 

raised questions on the specificity of anti-cN-1A autoantibodies (6). A recent study showed anti-cN-1A 59 

autoreactivity in 27% of patients with juvenile dermatomyositis (JDM) (7). The use of different methods 60 

of detection in different cohorts hampers direct comparisons of sensitivity and specificity of anti-cN-1A 61 

autoantibody reactivity. To assess the presence of anti-cN-1A autoantibodies in JDM and healthy 62 

controls, we used three different methods of antibody detection and substantiated the results in an 63 

independent JDM cohort. 64 

 65 

METHODS 66 

 67 

Patients 68 

Anti-cN-1A autoreactivity was tested in 34 Dutch patients with JDM (22 active disease, 12 remission; 69 

randomly selected from the Dutch JDM Biomarker study) and in 20 healthy controls. Nine of 22 JDM 70 

patients with active disease were retested in remission. Two JDM patients initially tested during active 71 

disease, were retested during a flare. JDM diagnosis was based on the Bohan and Peter criteria for 72 

definite or probable JDM (8, 9). Inactive disease was defined according to the updated PRINTO 73 

criteria (10, 11). Demographic and disease-related parameters from the moment of serum sampling 74 

are presented in Table 1. Samples were stored for up to 9 years at -80 C, anonymized and the results 75 

of ELISA and immunoblotting were assessed by researchers blinded for sample identity. 76 

An independent British cohort was used to validate the data, consisting of 110 JDM patients and 43 77 

healthy subjects aged 16 (randomly selected from the national registry and described elsewhere (3)), 78 

parameters summarized in Table 1(3). Serum samples were stored for up to 19 years at -80 C. 79 

Ethical approval was obtained (regional METC numbers 15-191, 11-499/C and MREC 1/3/22). 80 

 81 

Table 1. Demographic and disease-related parameters from the moment of serum sampling. 82 

 Dutch cohort British cohort 

Active JDM  
(n = 22) 

Inactive JDM  
(n = 12) 

Healthy 
controls  
(n = 20) 

JDM  
(n = 110) 

Healthy 
controls 
(n = 43) 

Baseline data 

Age at diagnosis (years), 
median (IQR) 

4.8  
(3.7 – 9.0) 

6.4  
(4.2 –8.3) 

- 
7.4  

(4.2 –10.6) 
- 

Age at serum sampling (years), 
median (IQR) 

5.4  
(3.8 –11.7) 

12.7  
(9.4 –15.2) 

11.0  
(7.3 –16.0) 

9.4  
(5.7 –13.8) 

13.4  
(10.9 –14.8) 



Female sex, No. (%) 13 (59.1%) 7 (58.3%) 14 (70%) 71 25 (52) 

Onset of disease to sampling 
(months), median (IQR) 

0  
(0 –2.5) 

75.3  
(39.9 –106.5) 

- 
46.9  

(11.3 –132.1) 
- 

Autoimmune comorbidity, No. 
(%) 

0 (0%) 0 (0%) - 1 - 

Other autoantibodies# 

No. (%) ANA positive 11 (52.4%) 4 (36.4%) - - - 
 No. (%) ENA positive 1 (5%) 2 (20%) - 

No. (%) MSA positive 4 (19%) 2 (40%) 52 (47%) 

Anti-NXP2 positive 1 1 22 

Anti-TIF1γ positive 2 0 14 

Anti-PL12 positive 1 0 0 

Anti-Jo1 positive 0 1 1 

Anti-MDA5 positive 0 0 7 

Anti-HMGCR positive 0 0 3 

Anti-Mi2 positive 0 0 2 

Anti-PL7 positive 0 0 1 

Anti-SAE positive 0 0 1 

Anti-SRP positive 0 0 1 

Disease activity¶ 

CMAS (0-52), median (IQR) 28 (12.3 – 44.5) 52 (51.3 – 52.0) - 45 (31.5 – 52.0) - 

PGA (0-10), median (IQR) 6 (2.6 – 7.0) 0 (0) 2.15 (0.7 – 5.1) 

CK (IU/liter)‡, median (IQR) 374 (112.5 – 
3222.8) 

118 (97.5 – 
142.3) 

110.5 (64.0 – 
824.5) 

Medication, number of patients (%) 

Steroids only - - - 4 (4%) - 

Steroids + other 
immunomodulatory drug(s) 

6 (27%) - 36 (33%) 

Other immunomodulatory 
drug(s) only 

1 (5%) 4 (33%) 11 (10%) 

None 15 (68%) 8 (67%) 14 (13%) 
#Dutch cohort: missing data on ANA testing in 1 active and 1 inactive JDM patient; on ENA testing in 2 83 

active and 2 inactive JDM patients, on MSA testing in 1 active and 7 inactive JDM patients. No data 84 

available on ANA and ENA testing in the British cohort. Dutch cohort: MSA (Euroimmun DL 1530-85 

6401-4 G) and ENA (Euroimmun DL1590-6401-3 G) were tested by lineblot. ANA was tested by 86 

immunofluorescence on HEp-2 cells. British cohort: MSA tested by immunoprecipitation with 87 

confirmation by ELISA for anti-MDA5, anti-NXP2 and anti-HMGCR. 88 

¶Dutch cohort: missing data on CMAS in 6 active JDM patients and on PGA in 3 active JDM patients. 89 

‡Reference value for serum CK-level < 170 IU/L 90 

 91 

JDM = juvenile dermatomyositis, IQR = interquartile range, ANA = antinuclear antibody, ENA = 92 

extractable nuclear antigen, MSA = muscle specific antibody, anti-NXP2 = anti-nuclear matrix protein 93 

2, anti- TIF1γ = anti-transcriptional intermediary factor 1γ, CMAS = Childhood Myositis Assessment 94 

Scale (a lower score reflecting more weakness), PGA = Physician Global Assessment scale (a higher 95 

score reflecting more active disease), CK = creatine kinase 96 

 97 

Full-length cN-1A ELISA 98 

The anti-cN-1A ELISA based on recombinant full-length cN-1A antigen was performed using the 99 

commercially available kit according to the manufacturer’s instructions (EA 1675-4801G, 100 

EUROIMMUN Medizinische Labordiagnostika AG, Lübeck, Germany). The development and 101 



validation of this ELISA have been described elsewhere (12). The results were evaluated semi-102 

quantitatively as a ratio (optical density (OD) at 450 nm of the sample/OD450 of the calibrator (cut-off), 103 

a ratio of ≥ 1 was deemed positive). 104 

Anti-cN-1A reactivity was established in the independent British cohort with an in-house ELISA at the 105 

University of Bath, using 0.4 μg/ml recombinant cN-1A protein (OriGene, TP324617: cytosolic IA 106 

(NT5C1A) expressed in HEK293) per well, 250-fold diluted serum samples, with goat anti-human IgG 107 

(Sigma, dilution 1 in 30,000) as secondary antibody. Each plate contained positive and negative 108 

controls. A cut-off of 5SD above the negative controls was deemed positive. 109 

 110 

cN-1A peptide ELISA 111 

Details on the development and test characteristics of the cN-1A peptide ELISA have been published 112 

elsewhere (4, 13). In short, three synthetic peptides of 23 amino acids derived from the sequence of 113 

cN-1A were used as target antigens in this ELISA, further called peptide 1, 2 and 3. We used 2,000-114 

fold diluted rabbit anti-human IgA, IgG, IgM, Kappa, Lambda (Dako P0212) as secondary antibody. 115 

Each plate contained a positive control (serum of an IBM patient with anti-cN-1A autoantibodies) and 116 

for each serum background reactivity was determined without a coated peptide. The serum 117 

background was subtracted from the peptide values. Sera were considered anti-cN-1A-positive when 118 

OD450 values were 3SD above the average of negative controls. 119 

 120 

Preparation of cell lysates and western blotting 121 

A stably transfected cN-1A-expressing Flp-In T-REx HEK-293 cell line was cultured in DMEM (Gibco) 122 

with 10% fetal calf serum, 15 µg/mL blasticidin and 300 µg/mL hygromycin. cN-1A expression was 123 

induced by adding 1 µg/mL doxycycline to the medium. A Flp-In T-REx 293 control cell line was 124 

cultured in DMEM (Gibco) with 10% FCS, 15 µg/mL blasticidin and 100 µg/mL zeocin. Cells were 125 

harvested 24h after induction and lysates were prepared in SDS-PAGE sample buffer by sonication for 126 

10 minutes, with 30 second intervals. After heating for 5 minutes proteins were separated in 12% 127 

SDS-PAGE gels (lysate from one T75 flask loaded per 10 cm wide gel). 128 

After electrophoresis, the separated proteins were blotted on a Protran nitrocellulose blotting 129 

membrane (GE Healthcare Life Science), stained with Ponceau S (0.1% Ponceau S in 5% acetic acid) 130 

and cut in 3 mm wide strips. The blot strips were blocked in blocking buffer (5% non-fat dry milk, 5% 131 

sheep serum in PBST) for 1h at room temperature and incubated with 100-fold diluted JDM and 132 

healthy control sera in blocking buffer (1h, room temperature). An anti-cN-1A-positive IBM patient’s 133 

serum and a commercial rabbit anti-NT5C1A antibody (Atlas HPA050283) were used as positive 134 

controls, both 5,000-fold diluted. The blots were washed three times with blocking buffer and 135 

incubated for 1h with the secondary antibody (IRDye 800CW Goat anti-Human IgG, or IRDye 800CW 136 

Goat anti-Rabbit IgG), 5,000-fold diluted in blocking buffer. The blots were washed twice with PBST 137 

and once in PBS before visualisation of bound antibodies by the Li-Cor Odyssey imager. 138 

Anti-cN-1A reactivity of all sera was analysed by the incubation of two blots in parallel, one containing 139 

lysate from cN-1A expressing cells and another containing lysate from the control cells lacking 140 

detectable levels of cN-1A, to account for possible background staining or staining of other proteins. 141 



Sera were considered anti-cN-1A-positive when a band appeared at the proper position on the cN-1A-142 

containing blot strip, but was absent on the control blot. 143 

 144 

Statistics 145 

We used descriptive statistics with IBM SPSS Statistics 25 and GraphPad Prism (GraphPad Software) 146 

for visualisation. 147 

 148 

Patient and Public Involvement statement 149 

Patients were not involved in the design of this study but participants in the Dutch JDM biomarker 150 

study and British JDM Cohort and Biomarker Study are informed about the results of the study by 151 

regular updates via the national patient organizations. 152 

 153 

RESULTS 154 

 155 

Anti-cN-1A autoantibodies were not detected in JDM and healthy controls using the full-length cN-1A 156 

ELISA (Figure 1) or the full-length cN-1A-containing cell lysate immunoblotting assay (results not 157 

shown; see Supplemental Figure S1 for a representative example). The peptide ELISA showed no 158 

anti-cN-1A reactivity in healthy controls, whereas weak, borderline reactivity with synthetic cN-1A 159 

peptides was seen for three JDM patients with active disease (one patient showed reactivity with 160 

peptide 1, two with peptide 3) (Figure 1). In the independent validation cohort, we did not detect anti-161 

cN-1A autoantibodies in the JDM patients and healthy control subjects. 162 

Comparison of repeated sampling in patients with active disease followed by remission showed no 163 

anti-cN-1A reactivity with any of the three detection methods both in active and inactive JDM in 8/9 164 

patients. The remission sample of one patient showed weak anti-cN-1A reactivity in the peptide ELISA 165 

(peptide 2), while his active disease sample was negative. Two JDM patients initially tested during 166 

active disease were retested during a flare: they tested negative for anti-cN-1A autoantibody reactivity 167 

with all three methods of detection at both moments. 168 

The low number of JDM patients with weak anti-cN-1A reactivity made a reliable comparison of clinical 169 

features between the anti-cN-1A positive and -negative patients impossible. 170 

 171 

Figure 1. Full-length and peptide cN-1A ELISA results. 172 

The dotted line shows the cut-off values. The cut-off value for the synthetic peptide ELISA was 173 

calculated based upon the data for healthy adult control samples (mean + 3SD), cN-1A positivity was 174 

defined as a value of >0.80 for peptide 1, >0.13 for peptide 2 and >0.19 for peptide 3; each plate 175 

contained a positive control (IBM). 176 

HC: healthy control (n = 20); IBM: inclusion body myositis (n = 1); JDM A: active juvenile 177 

dermatomyositis (n = 22); JDM R: juvenile dermatomyositis in remission (n = 12). 178 

 179 

DISCUSSION 180 

 181 



Anti-cN-1A autoantibodies were not detected by full-length cN-1A ELISA and immunoblotting in JDM 182 

patients or healthy juvenile controls, a finding that was substantiated in a large independent cohort. 183 

The absence of anti-cN-1A autoantibodies in JDM was observed both for samples of patients with 184 

active disease and in remission. In three of 34 Dutch JDM patients (8.8%) weak anti-cN-1A reactivity 185 

was found with the peptide ELISA. Very low level anti-cN-1A reactivity has been detected previously in 186 

up to 5% of diseased control groups using the same cN-1A peptide ELISA.(13)  187 

Our conclusions are in contrast with the conclusions of a recent study of Yeker and co-workers (7), in 188 

which a large JDM cohort was assessed by immunoblotting with lysates of transfected HEK-293 cells 189 

expressing cN-1A. Anti-cN-1A reactivity was found in 83/307 (27%) of JDM patients, 11/92 (12%) of 190 

healthy controls, 11% of polymyositis patients, 35% of patients with overlap syndromes and 27% of 191 

juvenile idiopathic arthritis patients. The presence of anti-cN-1A autoantibodies was related to more 192 

severe disease in JDM. However, our results are in line with the findings of addressable laser bead 193 

immunoassay with a full-length human recombinant protein in a cohort of 40 JDM patients (14), 194 

showing anti-cN-1A reactivity in none of these patients. An intermediate percentage (2/12, 17%) of 195 

anti-cN-1A reactivity was observed in an Asian cohort of JDM patients using full-length recombinant 196 

ELISA, with confirmation using immunoprecipitation (15). 197 

It remains to be established whether the differences observed between JDM cohorts reflect 198 

heterogeneity of anti-cN-1A production among cohorts or are due to the different assays applied. 199 

Generally, studies using immunoblotting to detect anti-cN-1A antibodies have higher sensitivity and 200 

lower specificity than the full-length cN-1A ELISA. The full-length cN-1A ELISA might miss linear 201 

epitopes, reducing sensitivity. However, specificity is higher than the peptide ELISA as the secondary 202 

antibody targets the IgG isotype only. The large differences in sensitivity and specificity of anti-cN-1A 203 

autoantibody detection with the various methods are summarized by Amlani et al (14) A head-to-head 204 

comparison of the different methods of anti-cN-1A antibody detection in a large international cohort 205 

should be performed to establish a well-validated gold standard. In clinical practice, high specificity of 206 

anti-cN-1A autoantibodies in the context of idiopathic inflammatory myopathies is more important than 207 

high sensitivity, as the presence of anti-cN-1A autoantibodies can be an extra argument to diagnose 208 

IBM instead of another idiopathic inflammatory myopathy that would require immunosuppressive 209 

therapy. 210 

 211 

CONCLUSION 212 

 213 

With a combination of detection methods, anti-cN-1A autoreactivity was not detected in JDM patients 214 

and juvenile healthy subjects. An international gold standard for anti-cN-1A antibody testing should be 215 

established, as the large variation in specificity of anti-cN-1A autoantibody detection hampers its use 216 

in clinical practice.  217 
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