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Purpose: Some patients with interstitial lung disease (ILD) related to connective 
tissue disease (CTD) have a delayed diagnosis of the underlying CTD when the 
ILD is categorized as idiopathic. In this study, we evaluated the frequency of myosi-
tis autoantibodies in patients diagnosed with idiopathic ILD and investigated the 
clinical significance stemming from the presence of the antibodies. Materials and 
Methods: A total 32 patients diagnosed with idiopathic ILD were enrolled in this 
study. We analyzed a panel of 11 myositis autoantibody specificities in the patients 
using a line blot immunoassay. Then, we divided them into myositis autoantibody-
positive and -negative groups and compared the clinical features and laboratory data 
between the two groups. Results: Of the 32 idiopathic ILD patients, 12 patients had 
myositis autoantibodies encompassing 9 specificities, except for anti-Mi-2 and anti-
PM-Scl 100 (12/32, 38%). Anti-synthetase autoantibodies including Jo-1, EJ, OJ, 
PL-7, and PL-12 were present in 7 patients (7/32, 22%). The group with myositis 
autoantibodies presented more frequently with the symptom of mechanic’s hand 
and showed abnormal pulmonary function test results with low forced vital capaci-
ty, diffusing capacity for carbon monoxide, total lung capacity, and high lactate de-
hydrogenase values in blood when compared with the group without myositis anti-
bodies. Conclusion: We strongly suggest that patients undergo an evaluation of 
myositis autoantibodies, if they are diagnosed with idiopathic ILD in the presence of 
clinical characteristics including mechanic’s hand, arthralgia, and autoantibodies 
which are insufficient to make a diagnosis of a specific CTD category.
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INTRODUCTION

Interstitial lung diseases (ILDs) are a heterogeneous group of diffuse parenchymal 
lung disorders that are frequently caused by infection, environmental or occupa-
tional toxins, certain medications, radiation therapy of the chest, or connective tis-
sue diseases (CTDs).1 Unlike external causative factors such as a pertinent expo-
sure or drug history, a CTD may occasionally confuse the diagnostic process 
because some patients will present with ILD years prior to receiving a diagnosis of 
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tients diagnosed with idiopathic ILD. 

MATERIALS AND METHODS

Patients
A total 32 patients diagnosed with idiopathic ILD were in-
cluded in this study. We collected consecutive serum sam-
ples from patients who were diagnosed with idiopathic ILD 
and for whom fluorescent antinuclear antibody test (FANA) 
or anti-Jo-1 antibody tests were requested at Samsung Medi-
cal Center from April 2013 to October 2013. In this study, 
idiopathic ILD was defined as acute and chronic lung disor-
ders collectively referred to as ILD or diffuse parenchymal 
lung diseases of unknown etiology in which a patient did 
not fulfill the classification criteria for any specific CTD or 
vasculitis, and in whom lung diseases were not potentially 
caused by drugs or occupational-environmental exposure.18 
Screening for CTD and a review of patient history with re-
spect to pulmonary complaints were performed by experi-
enced rheumatologists and pulmonologists. The diagnosis 
was made using the comprehensive clinical evaluation and 
the findings of high resolution computed tomography.

We obtained the clinical information and laboratory data, 
including patient demographic features of age and gender, 
clinical features of pulmonary and extrapulmonary manifes-
tations at the time of diagnosis, smoking history and treat-
ment regimen, white blood cells (WBC), erythrocyte sedi-
mentation rate (ESR), C-reactive protein (CRP), creatine 
kinase (CK), lactate dehydrogenase (LD), rheumatoid factor 
(RF), FANA, anti-neutrophil cytoplasmic antibody (ANCA), 
pulmonary function test (PFT) for forced vital capacity 
(FVC), diffusing capacity for carbon monoxide (DLCO), 
total lung capacity (TLC), and blood gas analysis for partial 
pressure of oxygen in arterial blood (PaO2). 

The study was approved by the Institutional Review 
Board of our institution.

Measurement of myositis-specific autoantibodies and 
myositis-associated autoantibodies
We examined the recruited patients for a panel of 11 myosi-
tis-associated autoantibody antibodies (MAAs) or myositis-
specific autoantibodies (MSAs). MAAs, which are fre-
quently encountered in rheumatic disorders associated with 
myositis, include anti-Ro52, anti-U1RNP, anti-PM/Scl-100 
and -75, and anti-Ku. MSAs, which are specific for IIMs, 
include anti-synthetase autoantibodies, anti-Mi-2, and anti-

CTD or may have presentations limited to pulmonary mani-
festations of an autoimmune disease.2,3 In these cases, a de-
layed diagnosis or difficult-to-diagnose state of underlying 
CTD sometimes leads to a categorization of ILD as idiopath-
ic or sometimes unclassifiable. However, most importantly, 
CTD-ILD is associated with a more favorable prognosis than 
idiopathic ILD of equivalent severity4 and the prognosis, de-
gree of reversibility, and an optimal therapy also differ for 
each type of CTD.5 Therefore, it is crucial to rigorously eval-
uate the underlying CTD in all patients presenting with ILD.

Idiopathic inflammatory myopathies (IIMs) are a group of 
systemic diseases involving the skeletal muscle and internal 
organs classified within the group of CTDs. Other than skin 
involvement, the lung is the most common extramuscular 
target in IIM6 and the prevalence of ILD in patients with 
IIMs has been reported to be from 20 to 65%.7-9 The only 
prospective study conducted so far revealed a prevalence of 
78%.10 Anti-synthetase syndrome, characterized by myosi-
tis, ILD, fever, Raynaud’s phenomenon, arthritis, and me-
chanic’s hand combined with positive anti-synthetase anti-
body,11 has especially been shown to be associated with 
higher rates of ILD than those without anti-synthetase anti-
body.12 Although it is known that the myopathic manifesta-
tions of IIMs often precede lung involvement, 18% of pa-
tients ultimately diagnosed with IIM-associated ILD did not 
have muscle-related symptoms at the time of radiographical 
or physiological confirmation of lung involvement in one 
series13 and might have been diagnosed as idiopathic ILD.

It will not be sufficient to detect CTD in patients presenting 
with ILD by simply screening for nonspecific autoantibodies, 
such as antinuclear antibody or rheumatoid factor, because it 
has been reported that the prevalence of nonspecific antibod-
ies was not different between the group that developed CTD 
and the group that did not,14 and also antinuclear antibody-
negative patients could still present with autoantibodies to cy-
toplasmic antigens.15 In particular, the autoimmune response 
in myositis is directed to several heterogeneous antigens. 
Many of which are poorly detectable by conventional assays 
because they are expressed in low amounts in cell/tissue ex-
tracts or are highly sensitive to degradation/denaturation.16 
Additionally, myositis autoantibodies are predominantly lo-
calized in the cytoplasm, thus leading to poor representa-
tion in cell extracts.17 

In this study, we evaluated the frequency of myositis au-
toantibodies using an immunoblot assay to detect multiple 
autoantibodies in a sensitive manner, and investigated the 
clinical significance of the presence of antibodies in pa-
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without myositis autoantibodies using a Mann-Whitney test. 
Results were considered significant when the two-tailed p-
value was <0.05 in both continuous and categorical vari-
ables. MedCalc software version 13.0.0.0 (MedCalc Soft-
ware, Ostend, Belgium) was used for the statistical analysis.

RESULTS
 

One or more autoantibodies encompassing nine specifici-
ties, except for anti-Mi-2 and anti-PM-Scl 100, were pres-
ent in 12 of the 32 patients (12/32, 38%). MSAs with or 
without MAAs were present in eight patients (8/32, 25%) 
and MAAs alone were present in four patients (4/32, 13%). 
Anti-synthetase autoantibodies including Jo-1, EJ, OJ, PL-
7, and PL-12 were present in seven patients (7/32, 22%). 
Among them, anti-Jo-1 and anti-EJ were each encountered 
in two patients, and anti-PL-7, anti-PL-12, and anti-OJ were 
each encountered in one patient. Another myositis-specific 
autoantibody, anti-SRP, was detected in one patient. Al-
though anti-Ro-52 was most frequently detected, being 
found in 12 patients with myositis autoantibodies, it was 
found to mostly occur with other autoantibodies, except in 
one case (Fig. 1).

Clinical characteristics and laboratory findings of patients 
at the time of diagnosis were compared according to the pres-
ence of myositis autoantibodies and the results are summa-
rized in Table 1 and 2, Fig. 2. In terms of clinical characteris-
tics, we found that patients with myositis autoantibodies 
showed a mechanic’s hand more frequently than those with-
out autoantibodies (p=0.027). Other differences were not sig-
nificant. In laboratory findings, WBC, ESR, CRP, CK, PaO2, 
and the frequencies of RF, FANA, and ANCA positivity re-
vealed no statistically significant differences between the 
two groups. However, PFT results for all three parameters, 
FVC, DLCO, and TLC, were significantly lower in the group 
with myositis autoantibodies (p=0.022, 0.006, and 0.008, 
respectively) and also LD was significantly higher in the 
group with myositis autoantibodies (p=0.046). 

All individual cases with myositis autoantibodies are 
summarized in Table 3 with respect to clinical characteris-
tics and progressions. 

DISCUSSION

To our knowledge, this is the first report that evaluates the 

signal recognition particle (anti-SRP).19 Anti-synthetase au-
toantibodies encompass anti-Jo-1 (histidyl-), anti-PL-7 
(threonyl-), anti-PL-12 (alanyl-), anti-EJ (glycol-), and anti-
OJ (isoleucyl-tRNA synthetase).17 For the assessment, a 
line blot immunoassay kit (EUROLINE Myositis Profile, 
Euroimmun AG, Luebeck, Germany), which detects human 
immunoglobulin G autoantibodies in serum, was used ac-
cording to the manufacturer’s instructions. Test nitrocellulose 
strips were printed with lines of purified, biochemically char-
acterized antigens. Each antigen was coated onto a separate 
membrane fragment at the optimized efficiency of antibody 
detection with a specificity from 95% to 100%. The EU-
ROLineScan program, providing automated evaluation, 
was used to recognize the position of the strips, and then 
identify the bands and measure their intensity. The results 
were defined as positive when the signal intensity was more 
than 11. The intensity of autoantibodies are graded into 
weakly (+), moderately (++), and strong (+++) according to 
the signal intensity of 11‒25, 26‒50, and >50, respectively, 
values assigned by the EUROLineScan program which 
was provided by the manufacturer.

Statistical analysis
For categorical variables, clinical information including de-
mographic and clinical features, smoking history and treat-
ment regimen, and laboratory data results including RF, 
FANA, and ANCA positivity were expressed as frequencies 
with percentages. Comparisons were performed between the 
groups with and without myositis autoantibodies using a chi-
square test. For continuous variables, the other laboratory 
data were expressed as a median with 25‒75 percentiles. 
Comparisons were performed between the groups with and 

Fig. 1. Detection of myositis autoantibodies by line blot immunoassay in pa-
tients with idiopathic ILD. Anti-synthetase autoantibodies are shown in bold.  
ILD, interstitial lung disease; MSA, myositis-specific autoantibody; MAA, 
myositis-associated autoantibody; SRP, signal recognition particle.
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patient populations that were diagnosed and categorized 
differently and due to differences in test methodology and 
between target panels of myositis antibodies.12,20,21

In the study by Nakashima, et al.,20 anti-ARS antibodies 
were detected in 10.7% of idiopathic interstitial pneumonia 
using an enzyme-linked immunosorbent assay (ELISA) 
system with a mixture of six recombinant ARS antigens, 
and in the study by Watanabe, et al.,12 6.6% were positive 

presence of various myositis autoantibodies in Korean idio-
pathic ILD patients. Our study showed that, among idio-
pathic ILD patients, 38% were found to have myositis auto-
antibodies. Compared to other studies investigating myositis 
autoantibodies in groups of idiopathic ILD patients, this 
proportion is quite high. However, the prevalence of myosi-
tis autoantibodies in idiopathic ILD has been reported to 
vary widely, mainly due to the enrollment of heterogeneous 

Table 1. Clinical Characteristics of All Patients at the Time of Diagnosis

Characteristic
Myositis autoantibody (+) (n=12) Myositis autoantibody (-) (n=20)

p value
n (%) n (%)

Age at onset (yrs) 57.0 [44.5‒71.5] 67.5 [59.5‒74.5] 0.155
Female (%)   6 (50.0) 10 (50.0) 0.715
Smoking history*   7 (63.6)   7 (36.8) 0.299
Pulmonary symptoms 11 (91.7) 18 (90.0) 0.638
    Dyspnea 11 (91.7) 11 (55.0) 0.076
    Cough   7 (58.3) 15 (75.0) 0.554
    Sputum   3 (25.0)   7 (35.0) 0.843
    Finger clubbing   3 (25.0)   2 (10.0) 0.529
Extra-pulmonary symptoms   9 (75.0)   9 (45.0) 0.197
    Weight loss   2 (16.7) 1 (5.0) 0.638
    Arthralgia   3 (25.0)   3 (15.0) 0.815
    Mechanic’s hand   4 (33.0) 0 (0.0) 0.027
    Dry mouth 0 (0.0)   3 (15.0) 0.433
    Non-specific cutaneous symptoms† 1 (8.3) 1 (5.0) 0.706
Treatment (Pd. or Azathioprine)   8 (66.7)   6 (30.0) 0.097

Pd, prednisolone. 
Values are expressed as median [25–75 percentiles] or number of data (percentage). 
*The numbers of patients included for smoking history are 11 patients in the autoantibody positive group and 19 patients in the negative group. 
†Non-specific cutaneous symptoms include periungual erythema, urticarial, and Darier’s sign. There were no patients with pathognomic cutaneous fea-
tures such as Gottron papules or sign and Heliotroph rash. 

Table 2. Laboratory Findings of All Patients at the Time of Diagnosis 

Parameter
Myositis autoantibody (+) Myositis autoantibody (-)

p value
No. of patients Results No. of patients Results

WBC (103/uL) 12  8140 [6020‒9890] 19  8250 [6360‒9055] 0.598
ESR (mm/hr) 12 38.0 [19.5‒47.0] 15 29.0 [13.7‒63.5] 0.769
CRP (mg/dL) 12 0.38 [0.07‒0.70] 17 0.32 [0.06‒0.60] 0.722
LD (IU/L) 12   473.0 [427.5‒592.5] 16   380.0 [298.7‒475.0] 0.046
CK (IU/L) 11      70 [59.2‒136.0] 16   82.0 [40.7‒117.0] 0.572
RF (n) 12 3 (25.0) 20 4 (20.0) 0.912
PaO2 (mm Hg) 10 85.7 [79.8‒88.2]   9 93.1 [86.8‒95.3] 0.060
PFT
    FVC (%Pred.) 10 60.0 [54.0‒73.0] 18 74.5 [64.0‒87.0] 0.037
    DLCO (%Pred.)   8 45.0 [42.0‒55.0] 15 66.0 [55.0‒75.2] 0.008
    TLC (%Pred.)   9 57.0 [54.7‒73.0] 15 81.0 [64.2‒94.7] 0.007
FANA (%) 12 8 (66.7) 20 14 (70) 0.843
ANCA (%)   7 1 (14.3) 14   7 (50) 0.266

WBC, white blood cell; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; LD, lactate dehydrogenase; CK, creatine kinase; RF, rheumatoid factor; 
PaO2, blood gas analysis for partial pressure of oxygen in arterial blood; PFT, pulmonary function test; FVC, forced vital capacity; DLCO, diffusing capacity 
for carbon monoxide; TLC, total lung capacity; Pred., predicted; FANA, fluorescent antinuclear antibody test; ANCA, anti-neutrophil cytoplasmic antibody.
Values are expressed as median [25–75 percentiles] or number of data (percentage). RF normal value: <14 IU/mL, n: the number of available cases.
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pared to that of a highly specific IIP method or in-house 
immunoblot, although it did not have enough sensitivity for 
the non-anti-Jo-1 anti-ARS antibodies.17,22 In comparison 
with the ELISA results (Orgentec, Mainz, Germany), per-
formed as routine clinical test in our laboratory and only 
available for the anti-Jo-1 among autoantibodies evaluated 
in this study, the patient sample which had weakly positive 
anti-Jo-1 autoantibody on the line blot immunoassay (case 
no. 2 in Table 3) had a negative result on the ELISA test, 
while only a strong positive anti-Jo-1 autoantibody (case 
no. 1 in Table 3) was detected by the ELISA test (data not 
shown). A previous study reported that the prevalence of 
myositis autoantibodies was greater than 50% among IIM 
patients when investigated using the same commercial line 
blot assay kit as the one used in the current study23 and the 
results seem to indicate the high sensitivity of the commer-
cial line blot assay. 

The group with myositis autoantibodies showed the me-
chanic’s hand and abnormal pulmonary function test re-
sults, with low FVC, DLCO, and TLC, and higher LD val-
ues in the blood samples than the group without myositis 
autoantibodies. Although CTD-ILD is known to be associ-

for six anti-ARS antibodies in idiopathic interstitial pneu-
monia using an RNA immunoprecipitation procedure 
(IPP). Another study by Fischer, et al.21 showed that 24% of 
patients presenting with idiopathic interstitial pneumonia 
and features of anti-sythetase syndrome were positive for 
anti-PL-7 or PL-12 antibodies. In this study, we included a 
significant number of patients who had positive serological 
results on the FANA and ANCA tests. Many patients had 
clinical characteristics of CTD including mechanic’s hand 
and arthralgia in addition to the presence of autoantibodies 
related to specific CTD categories but these findings were 
insufficient to make a diagnosis of a specific CTD category 
such as undifferentiated connective tissue disease (UCTD) 
or IIM. This explanation is supported by the short disease 
duration, as shown in Table 3. 

The line blot immunoassay, the diagnostic method used 
in this study, also seemed to detect a higher proportion of 
myositis autoantibodies among idiopathic ILD patients com-
pared to other studies that used the RNA IPP or ELISA.12,20 
According to the previous reports, evaluating myositis auto-
antibodies by commercial line blot assay, especially anti-
Ro52 anti-Ku, was known to have higher sensitivity com-

Fig. 2. Distribution of the four continuous variables which showed significant differences between the groups with and without myositis autoantibodies (p 
value<0.05). (+): patients with myositis autoantibodies, (-): patients without myositis autoantibodies. LD, lactate dehydrogenase; FVC, forced vital capacity; 
DLCO, diffusing capacity for carbon monoxide; TLC, total lung capacity.
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between anti-synthetase antibody specificity and distinctive 
phenotypic features. In our cases, both patients with anti-
Jo-1 had joint impairment, which was not seen in both pa-
tients with anti-PL7/PL12. The anti-Jo-1 patients also had 
higher CK levels (data not shown) than those of the patients 
with anti-PL7/PL12, showing that the presence of the anti-
Jo1 antibody results in more severe myositis and joint im-
pairment than with anti-PL7/PL12.26 Also, our case with 
anti-OJ showed a spontaneous improvement in symptoms 
and PFT results, in agreement with a previous study report-
ing that anti-OJ-positive patients had good clinical charac-
teristics, such as a lack of Raynaud’s phenomenon and a 
good response to corticosteroid treatment.27 No patient pre-
sented with more than one anti-ARS antibody simultaneous-
ly. Patients with anti-SRP can present with an acute onset of 
severe myopathy with significant muscle enzyme elevation, 

ated with a more favorable prognosis than idiopathic inter-
stitial pneumonia of equivalent severity,4,5 there are few 
publications that found significantly better PFT results in 
both the CTD-ILD or UCTD-ILD groups at diagnosis or 
during the clinical course.12,24 In this study, a significant 
number of patients who had positive serological results on 
the FANA and ANCA tests were included. These patients 
may potentially be classified as UCTD. This might have in-
fluenced the difference in PFT between groups, although 
we compared the groups with or without myositis autoanti-
bodies. 

In our study, the anti-synthetase antibodies were the most 
frequent of the myositis autoantibodies, supporting many 
case reports describing anti-synthetase antibody-positive 
ILD without myositis.25 Many previous reports on patients 
with anti-synthetase syndrome have revealed an association 

Table 3. Summary of Autoantibody Profiles, Clinical Characteristics, and Progressions in Individual Patients with Myositis 
Autoantibodies

Case no. Age/sex Autoantibodies 
(intensity)

Pulmonary 
manifestations

Extrapulmonary 
manifestations

Disease 
duration (yrs) Treatment Clinical outcome

   Myositis-specific autoantibodies

  1 55/F Jo-1 (+++) Dyspnea, cough Arthralgia, 
  mechanic’s hand 2.0 Pd and  

  azathioprine Response to Pd

  2 42/M Jo-1 (+) Dyspnea, cough Polyarthralgia,   
  mechanic’s hand   0.04 Pd and  

  azathioprine Response to Pd 

  3 39/F EJ (+++), 
Ro-52 (+) Dyspnea Mechanic’s hand 4.2 Pd and 

  azathioprine Response to both

  4 76/M EJ (+++) Dyspnea, sputum None 1.0 Conservative 
  management No change

  5 59/F OJ (+) Dyspnea, cough Arthralgia 0.1‒0.2 Conservative 
  management

Spontaneous 
  improvement in  
  symptoms and PFT

  6 79/F PL-12 (++) Dyspnea, cough,  
  finger clubbing None 0.6‒0.7 Conservative 

  management No change

  7 47/M PL-7 (+) Dyspnea Mechanic’s hand,  
  periungal erythemia 0.1‒0.2 Pd Response to Pd

  8 54/M SRP (+), 
Ro-52 (++)

Dyspnea, finger  
  clubbing None 0.1 Azathioprine 

  or pirfenidone
No response to 
  either

   Myositis-associated autoantibodies

  9 62/F PM-Scl75 (+), 
Ro-52 (++)

Dyspnea, cough,  
  sputum Wt. loss 1.0 Pd Response to Pd

10 72/F Ro-52 (+++) Dyspnea None 0.1 Pd Rapid progression,  
  death

11 71/M PM-Scl75 (++) Dyspnea, cough,  
  sputum Wt. loss 0.8 Pd No response to Pd

12 39/M Ku (++) Finger clubbing None 0.2 Conservative 
  management No change

Pd, prednisolone; SRP, signal recognition particle; PFT, pulmonary function test. 
Pirfenidone: 5-methyl-1-phenyl-2(1H)-pyridone, an oral derivative of pyridine that exhibits anti-fibrotic properties in fibrotic diseases. Intensity of auto-
antibodies are graded from (+) to (+++) according to the signal intensity value of 11–25, 26–50, and >50, respectively, as assigned by the EUROLineScan 
program which was provided by the manufacturer.
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which enables the simultaneous detection of multiple anti-
bodies would be an useful diagnostic method because it is 
both efficient and objective. 
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