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Abstract 
Objectives: In the present study, we have sought to establish the clinical and 
immunological characteristics of Japanese patients with interstitial lung dis-
ease (ILD). Methods: Serum samples from 35 patients of ILD were screened 
for autoantibodies using RNA and protein immunoprecipitation assays. Pa-
tients with or without serum antibodies to aminoacyl tRNA synthetases (ARS) 
were assessed clinically and compared. Results: Sera from 12 of 35 (34%) pa-
tients with ILD (mean age at onset = 49.7 yrs; range 27 - 65 yrs) were found to 
contain anti-ARS antibodies (anti-EJ: 3 patients; anti-OJ: 2 patients; an-
ti-PL-12: 3 patients; anti-KS: 4 patients). Nine of the 12 (75%) were female. Six 
(50%) had Raynaud’s phenomenon, 5 (42%) had arthralgia/arthritis and four 
(33%) had rheumatoid factor. Lung biopsy specimens of 8 patients with an-
ti-ARS antibodies were examined histologically in detail. The following was 
determined: Two patients had usual interstitial pneumonia; 3 had non-specific 
interstitial pneumonia; one had organizing pneumonia; one had lymphocyte 
interstitial pneumonia and the remaining patient had desquamative intersti-
tial pneumonia. Age at disease onset was significantly lower and the frequency 
of Raynaud’s phenomenon was significantly greater in these patients com-
pared to anti-ARS-negative patients (49.7 yrs vs. 62.6 yrs, p = 0.004; 50% vs. 
4%, p = 0.003, respectively). Conclusions: These results indicate that the 
presence of anti-ARS autoantibodies correlates with ILD without definite di-
agnosis of connective tissue diseases as well as polymyositis/dermatomyositis 
(PM/DM) with ILD in Japanese patients. 
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Features (IPAF) 

 

1. Introduction 

In patients with idiopathic inflammatory myopathies, several autoantibodies to 
the 8 aminoacyl-tRNA synthetases (anti-ARS antibodies) histidyl (anti-Jo-1), 
threonyl (anti-PL-7), alanyl (anti-PL-12), glycyl (anti-EJ), isoleucyl (anti-OJ), 
asparaginyl (anti-KS), tyrosyl (anti-Ha) and phenylalanyl (anti-Zo) tRNA syn-
thetases have been identified [1]-[11]. Among these, the most common is an-
ti-Jo-1, found in approximately 20% - 30% of patients with polymyositis/   
dermatomyositis (PM/DM). Patients with different anti-ARS antibodies manif-
est certain common clinical symptoms (fever, Raynaud’s phenomenon, arthritis 
and chronic interstitial lung disease (ILD)) together designated anti-synthetase 
syndrome [2]. However, further observation and analysis suggests that each of 
the anti-ARS antibodies is to some degree associated with different clinical ma-
nifestations [2] [8] [12] [13]. 

It has been known for some time that anti-Jo-1 antibodies are more common 
in patients with typical PM/DM, whereas anti-PL-12 and anti-KS antibodies are 
found in patients with ILD without any signs of myositis. Thus, the latter are 
more likely to be associated with the condition of ILD per se without clinical 
evidence of myositis. Recently, anti-ARS antibodies have also been reported in 
patients with idiopathic interstitial pneumonias (IIPs) [13]-[18]. 

In the present study, we have screened sera from patients with ILD on extracts 
of HeLa cells in order to identify anti-ARS and other autoantibodies associated 
with this condition.  

2. Methods 
2.1. Patients and Sera 

Serum samples from 35 Japanese patients with ILD who did not satisfy the clas-
sification criteria of any connective tissue diseases (CTDs) including idiopathic 
inflammatory myopathies were screened for autoantibodies using immunopre-
cipitation (IP) assays from 2000 through 2006. The presence of ILD was eva-
luated by a clinical history, physical examination, chest radiograph/ computed 
tomography and lung function test based on American Thoracic Society/Euro- 
pean Respiratory Society International Multidisciplinary Consensus Classifica-
tion of the Idiopathic Interstitial Pneumonias [19]. Blood samples were obtained 
after the patients had provided written informed consent approved by the Keio 
University Institutional Review Board. 

2.2. Immunoprecipitation (IP) [7] 

The IP assay using HeLa cell extracts was performed for RNAs and protein 
components separately. Analysis of RNAs: Complexes of antibodies and protein 
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A-Sepharose CL-4B beads were incubated with HeLa cells extracts. After wash-
ing with NET-2 buffer (50 mM Tris-HCL, pH 7.5, 150 mM NaCl, 0.05% Nonidet 
P-40) and ethanol precipitation, RNAs were soluble in sample buffer (10 M urea, 
0.025% bromophenol blue, and 0.025% xylene cyanol-FF in TBE buffer (90 mM 
Tris-HCl, pH 8.6, 90 mM boric acid, and 1 mM EDTA)). Then, the RNA sam-
ples were fractionated by 7M urea-10% polyacrylamide gels and subsequently 
silver stained (Bio-Rad Laboratories, Hercules, CA).  

Analysis of proteins: Sepharose beads were incuvated with patients’ sera and 
then [35S] methionine-labeled HeLa cell extracts were added and washed with IP 
buffer. Next, the Sepharose beads were added in SDS-sample buffer (2% SDS, 
10% glycerol, 62.5 mM Tris-HCl, pH 6.8, 0.005% bromophenol blue) and elec-
trophoretically separated by 10% SDS-PAGE. Finally radiolabeled protein were 
visualized by autoradiography.  

Identification of anti-ARS antibodies was determined by comparing the pat-
tern of IP with anti-ARS prototype sera [3].  

2.3. Clinical Features 

The patients whose sera recognized ARS autoantigen were retrospectively inves-
tigated regarding their clinical symptoms, laboratory findings, Uptake in Gal-
lium (Ga) scintigram, lung function testing (percent predicted forced vital ca-
pacity [FVC] and carbon monoxide diffusing capacity [DLco]), bronchoalveo-
lar lavage fluid (BALF) findings and pathological findings in the lung by 
transbronchial lung biopsy (TBLB) or video-assisted thoracoscopic surgery 
(VATS).  

2.4. Statistical Analysis 

All comparisons between each patient group were performed using the 
Chi-square test, with Fisher’s exact test where appropriate. 

3. Results 
3.1. Detection of Autoantibodies in Patients with ILD (Figure 1) 

We screened 35 sera of ILD patients by RNA and protein IP assay. Sera from 12 
(34%) patients (mean age at onset = 49.7 years; range 27-65 years) were found to 
have anti-ARS antibodies (anti-EJ: 3 patients; anti-OJ: 2 patients; anti-PL-12: 3 
patients; anti-KS: 4 patients). 

3.2. Clinical Characteristics in Patients with ILD Who Had  
Anti-ARS Antibodies (Table 1) 

Nine of the 12 (75%) patients studied were female. Six (50%) had Raynaud’s 
phenomenon, 5 (42%) had arthralgia/arthritis, 4 (33%) had rheumatoid factor 
(RF), 3 (25%) also had fever and sicca syndrome, and finally, 2 (17%) also had 
sclerodactyly and anti-nuclear antibody (ANA). The most frequent ARS antibo-
dy was the anti-KS antibody (33%) with no anti-Jo-1 antibody detected. 
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Figure 1. (a) Immunoprecipitation (IP) of nucleic acids with each anti-ARS sera and controls. Urea (7M) and 10% PAGE of phe-
nol-extracted immunoprecipitates from HeLa cell extracts were developed with silver stain. TNA, total nucleic acids, with the 7, 5.8 
and 5.0 S small ribosomal RNAs and the tRNA region indicated. Sera used for IP include: lanes 1-4, anti-EJ (glycyl-tRNA synthetase) 
sera indicated; lanes 5-7, anti-PL-12 (alanyl-tRNA synthetase) sera indicated; lanes 8-10, anti-OJ (isoleucyl-tRNA synthetase) sera 
indicated; lanes 11-14, anti-KS (asparaginyl-tRNA synthetase) sera indicated; and lane 15, control serum indicated (NHS, normal 
human serum). The tRNA pattern with anti-EJ, PL-12, OJ and KS sera is easily distinguishable from that of the other anti-ARS an-
tibodies. (b) IP of proteins with anti-ARS sera and controls. Autoradiogram of 10%. SDS-PAGE of immunoprecipitates from [35S] 
methionine-labelled HeLa cell extracts. Mr, molecular weight markers of the sizes indicated to the left (kDa). The sera used for im-
munoprecipitation are the same as those in Figure 1(a). The same characteristic pattern of protein band was seen with each of the 
four anti-ARS sera. 

3.3. Pulmonary Characteristics of ILD Patients with Anti-ARS  
Antibodies (Table 1) 

All patients manifested a restrictive pattern in pulmonary function testing. Se-
rum KL-6 levels (cut off level was 500 U/mL) were high in 10 patients (but one 
patient had no available data). BALF analysis revealed that 4 patients had an 
elevated lymphocyte ratio (>20%) and 6 had an inverted CD4+/CD8+ T cell ratio 
(data not shown). Lung biopsy specimens of 8 patients with anti-ARS autoanti-
bodies were examined in detail by histology. It was determined that 3 had 
non-specific interstitial pneumonia (NSIP), 2 patients had usual interstitial 
pneumonia (UIP), one had organizing pneumonia (OP), one had Lymphocyte 
interstitial pneumonia (LIP) and the remaining patient had desquamative inters-
titial pneumonia (DIP). Six patients were treated with prednisolone alone and 
one with prednisolone and other immunosuppressants for respiratory symp-
toms, which were thereby improved in 4 of them (57%). 
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Table 1. Clinical and pulmonary characteristics features of ILD patients with anti-ARS antibodies. 

No. 1 2 3 4 5 6 7 8 9 10 11 12 

age/gender 53/F 61/F 58/M 27/M 65/M 58/F 36/F 47/F 32/F 35/F 63/F 61/F 

Fever (−) (+) (−) (−) (−) (−) (−) (+) (+) (−) (−) (−) 

Skin manifestation (−) (−) (−) (−) (−) (−) (−) (−) (−) (−) (−) (−) 

Arthritis/arthralgia (+) (−) (+) (−) (+) (−) (+) (−) (−) (−) (+) (−) 

Muscle weakness (−) (−) (−) (−) (−) (−) (+) (−) (−) (−) (−) (−) 

Raynaud’s phenomenon (+) (+) (+) (−) (−) (+) (−) (+) (−) (−) (−) (+) 

Sclerodactyly (−) (−) (−) (−) (−) (+) (−) (+) (−) (−) (−) (−) 

Sicca syndrome (−) (+) (−) (−) (−) (+) (−) (−) (−) (−) (+) (−) 

ANA (+) (−) (−) (−) (+) (−) (−) (−) (−) (−) (−) (−) 

RF (−) (+) (+) (−) (−) (−) (+) (−) (−) (−) (+) (−) 

Anti-ARS EJ PL−12 EJ OJ KS KS KS PL−12 OJ PL−12 EJ KS 

Other antibodies (−) SSA (−) (−) (−) (−) (−) (−) (−) SSA (−) (−) 

%VC (%) 78 65 78 74 67 85 35 56 36 74 86 n.d. 

DLco/VA 
ml/min/Torr/l) 

5.2 5.0 3.0 5.9 4.3 4.2 n.a. 4.5 4.1 4.2 4.9 n.a. 

KL-6 (U/ml) 231 1620 957 1410 1470 1520 n.a. 742 1700 7080 2040 1230 

Pathological findings OP NSIP DIP UIP n.a. LIP n.d. UIP NSIP n.a. NSIP n.d. 

Uptake in Gallium  
scintigram 

(+) (+) (+) (+) (+) (−) (+) (−) n.d. n.d. n.d. n.d. 

PSL (mg/day) (−) 40 60 60 40 (−) (−) (−) 50 Pulse/70 60 (−) 

Immunosuppressant (−) (−) (−) (−) (−) (−) (−) (−) (−) (+) (−) (−) 

Outcome nca slpb nc impc slp nc slp nc imp imp imp nc 

ANA: anti-nuclear antibodies, RF: rheumatoid factor, UIP: Usual interstitial pneumonia, NSIP: non-specific interstitial pneumonia, OP: organizing pneu-
monia, DIP: desquamative interstitial pneumonia, n.a.: not available, n.d.: not done, Pulse: steroid pulse therapy, anc: no change, bslp: slowly progressive, 
cimp: improved. 

3.4. Comparison of Clinical Features in ILD Patients with or  
without Anti-ARS Antibodies (Table 2) 

Age at disease onset was significantly lower and the frequency of Raynaud’s 
phenomenon was significantly higher in patients with anti-ARS antibodies than 
in those without (49.7 yrs vs. 62.6 yrs: p = 0.004, 50% vs. 4%: p = 0.003, respec-
tively). Patients who were judged as UIP histopathologically were lower in an-
ti-ARS positive group although there was no statistically significance (25% vs. 
59%: P = 0.20) 

4. Discussion  

We have determined that 34% of Japanese patients with ILD had anti-ARS anti-
bodies. This is relatively high compared with previous reports for IIPs [13] [15], 
highlighting the importance of anti-ARS testing in patients with ILD as well as 
PM/DM with ILD. 
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Table 2. Comparison of clinical features of ILD patients with or without anti-ARS antibodies. 

 Anti-ARS positive (n = 12) Anti-ARS negative (n = 23) P value 

Age at onset (mean±SD) 49.7 ± 13.7 62.6 ± 10.6 0.004 

Male/ female 3/9 12/11 0.16 

Fever (%) 25 17 0.67 

Arthralgia/Arthritis (%) 42 35 0.73 

Raynaud’s phenomenon (%) 50 4 0.003 

Sclerodactyly (%) 17 13 1.00 

Sicca syndrome(%) 25 9 0.31 

KL-6 elevation (%) 91 87 1.00 

ANA (%) 17 17 1.00 

RF (%) 33 22 0.69 

Histopathologically UIP (%, n/total available data) 25 (2/8) 59 (10/17) 0.20 

ANA: anti-nuclear antibodies, RF: rheumatoid factor, UIP: Usual interstitial pneumonia. 

 
Patients who possess ILD sometimes show clinical features of CTDs and/or 

immunological laboratory findings but do not satisfy the classification criteria of 
CTDs [15] [16] [17] [18]. In 2010, Fischer et al. have proposed the terminology 
of “lung-dominant CTD” for patients with IIPs with CTDs features (i.e. IIPs 
without definite diagnosis of CTDs) [20]. Recently, European Respiratory Socie-
ty/American Thoracic Society Research made a statement to use the terminology 
of “interstitial pneumonia with autoimmune features (IPAF)” for the same IIPs 
subset [21] [22]. Our series of ILD with anti-ARS antibodies almost fulfill the 
consensus diagnostic criteria of IPAF (Table 1) although not strictly because 
some patients were not performed HRCT or surgical lung biopsy. 

Several reports have noted strong associations between the presence of an-
ti-ARS antibodies, especially anti-OJ, anti-PL-12 and anti-KS antibodies, and 
ILD [2] [8] [12]. In our series, anti-KS antibodies were the most frequent with 
anti-PL-12 and anti-EJ next highest in frequency in patients with ILD. These 
findings are similar to previous reports investigating anti-ARS antibodies in pa-
tients with IIPs, where anti-EJ and anti-PL-12 antibodies were found to be 
present at high frequency in three reports [13] [15] [16] with 2 cases of anti-KS 
in another study [14].  

Regarding comparisons of clinical features between anti-ARS-positive and 
-negative ILD patients, a distinguishing feature of the former was a high fre-
quency of Raynaud’s phenomenon (but no differences in frequency of other 
clinical features characteristic of anti-ARS syndrome (fever, arthralgia/arthritis 
and ILD)). Another distinctive clinical feature was younger onset in an-
ti-ARS-positive patients, also similar to findings in a previous report for IIPs 
[15]. These observations suggest that anti-ARS antibodies might be associated 
with ILD patients without definite diagnosis of CTDs occurring at a younger age 
together with Raynaud’s phenomenon and these patients might become definite 
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PM/DM during long-term observation. Moreover, It might be possibly exist ILD 
patients without definite diagnosis of CTDs among patients who was diagnosed 
as IIPs especially in patients with younger age and good responses to steroids or 
immunosuppressants. Because the sample size of this study was small, further 
accumulation of samples would be required to confirm these observations. 

It has been reported that pathological findings on lung biopsies from IIPs pa-
tients with anti-ARS antibodies are mainly cellular or fibrotic NSIP [15] [16] 
[17]. However, our pathological diagnosis showed a wide variety of phenomena 
and there were no distinct trends towards a high frequency of NSIP. Any dis-
crepancy between our findings and previous reports might be due to the small 
sample size in our study. To clarify characteristic pathological lung findings in 
patients with anti-ARS-positive ILD requires further study. 

5. Conclusion 

These results indicate that anti-ARS autoantibodies are found in association with 
ILD without definite diagnosis of CTDs as well as PM/DM with ILD in Japanese 
patients and may be linked to ILD occurring at younger age together with Ray-
naud’s phenomenon. Further careful observation will be needed to clarify the 
true characteristics of anti-ARS-positive patients who manifest solely respiratory 
symptoms.  
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