1298 HIRAKATA ET AL

<
en S @
€ O ddmS P e e ®
Saawonz = ;
A El"lummm!& ft{% B

5.88 —

12345678 9101112

tRNA

123456567 89101112

Figure 1. A, Immunoprecipitation (IP) for nucleic acids with anti-KS and control sera. Shown are patterns of transfer RNA (tRNA) resulting from
7M urea-10% polyacrylamide gel electrophoresis (PAGE) of phenol-extracted immunoprecipitates from HeLa cell extract, developed with silver
stain. TNA = total nucleic acids, with the 5.8S and 58 small ribosomal RNAs and the tRNA region indicated. Antisynthetase sera used for IP are
indicated. Lane 1, Anti-histidyl-tRNA synthetase (a Jo-1); lane 2, anti-threonyl-tRNA synthetase (a PL-7); lane 3, anti-alanyl-tRNA synthetase
(a PL-12); lane 4, anti-glycyl-tRNA synthetase (a EJ); lane 5, anti-isoleucyl-tRNA synthetase (a OJ/SS-A); lanes 6-11, anti-KS sera from patients
KS, KN, and NI in the previous study (23) and from patients 1, 4, and 5 in the present study; lane 12, normal human serum (NHS) control. The tRNA
pattern with anti-KS sera is easily distinguishable from that of other antisynthetases. B, IP for proteins with anti-KS and control sera. Autoradiogram
of 10% sodium dodecyl sulfate-PAGE of immunoprecipitates from **S-methionine-labeled HeLa cell extract. Mr. = molecular weight markers.
Antisynthetase sera used for IP are indicated as in A. Anti-KS sera immunoprecipitated a very strong protein band from **S-methionine-labeled
HeLa cell extracts (lanes 6-11), migrating at 65 kd, that was clearly different from the bands immunoprecipitated by sera with the described
antisynthetases.

CT scan showed bilateral basilar interstitial fibrosis, and radiograph. Prednisolone was tapered and discontinued in
pulmonary function tests showed a restrictive pattern with April 1998. He then developed polyarthritis and was treated
decreased DLco. Her muscle weakness gradually improved, with a nonsteroidal antiinflammatory drug. No muscle weak-
and the CK level normalized in January 1996. Prednisolone ness was found, and the CK level was normal (50 IU/liter at the
was tapered and discontinued in March 1996. first visit) throughout his disease course.

Patient 5. The patient, a 64-year-old Japanese man with
a previous history of prostatic carcinoma, was admitted to the
hospital due to bilateral infiltrates on chest radiography. He RESULTS
did not notice cough or dyspnea at that time, but a chest CT Identification of anti-KS (anti-AsnRS) antibod-
scan revealed bibasilar interstitial fibrosis. A transbronchial . . he 3 ients with ILD
lung biopsy was performed, with histology showing usual tes. Ser.a from all 8 patlel‘lt.s (t_ € patl.en S wi
interstitial pneumonia. He was started on prednisolone (40 and/or inflammatory arthritis without evidence of myo-
mg/day), resulting in slight improvement seen on his chest sitis in our previous study [patients KS, KN, and NI; see
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Table 1. Clinical features of 8 patients with anti-KS antibodies*
Patient

KS KN NI 1 2 3 4 5
Age at onset, years/sex 36/F 44/F 61/F 60/F 51/F 72/F 53/F 65/M
Ethnic background Japanese Japanese Japanese Japanese German US Korean Japanese
ILD Yes Yes Yes Yes Yes No  Yes Yes
Myositis No No No No No Yes  Yes - No
DM rash No No No No No Yes  Yes No
Arthritis Yes No No No Yes Yes No Yes
Malignancy No No No No Ovarian cancer No  No Prostate cancer
Raynaud’s phenomenon No Yes No No No No No No
Other autoantibodies No No No Anti-SSA/Ro No No No No

Diagnosis

ILD with arthritis Idiopathic ILD Idiopathic ILD Idiopathic ILD Idiopathic ILD DM DM

ILD with arthritis

*ILD = interstitial lung disease; DM = dermatomyositis.

ref. 23] and the 5 additional patients described above)
were shown to immunoprecipitate a characteristic, iden-
tical pattern of tRNA, with a strong predominant nucleic
acid band of tRNA size, accompanied by a faster faint
band (Figure 1A). This gel pattern of tRNA was clearly
distinguishable from the pattern of tRNA precipitated
by the 5 other described antisynthetases (Figure 1A) and
was identical in mobility and appearance to that of
serum KS, the originally reported anti-KS serum (23)
(Figure 1A).

A very strong band from **S-methionine-labeled
HeLa cell extracts (Figure 1B), migrating at 65 kd, that
was also identical in mobility to that of serum KS, was
found by IP for all 8 sera, with 5 representative sera
shown in Figure 1B. This was clearly different from the
characteristic bands immunoprecipitated by sera with
the other described antisynthetases (Figure 1B).

Five of the newly recognized anti-KS antibody-
positive sera were tested for their ability to inhibit the in
vitro enzymatic function of AsnRS (aminoacylation of
tRNA*™), Four of the 5 new anti-KS sera significantly
inhibited (by >50% at 10 minutes) AsnRS activity
compared with normal serum or other controls (serum
from patient KS by 87%, serum from patient KN by
99%, serum from patient NI by 91%, serum from patient
1 by 82%, serum from patient 2 by 100%, serum from
patient 3 by 18%, serum from patient 4 by 87%, and
serum from patient 5 by 91%). This inhibition was strong
and comparable with that seen with serum KS, for 4 of
the 5 new anti-KS sera. Purified IgG from the third new
serum (from patient 3) showed significant, but not
strong, inhibition (52%) that increased at 20 minutes (to
84%).

There was no significant inhibition of other syn-
thetases. Normal control serum and anti-KS-negative
myositis serum did not show significant inhibition of

AsnRS, although sera with other antisynthetases inhib-
ited the expected enzymes. These results indicated that
sera with anti-KS by IP showed specific inhibition of
AsnRS, further supporting previous data indicating that
anti-KS reacted with AsnRS.

Clinical findings. The clinical features of the 5
newly identified patients (patients 1-5) and the 3 pa-
tients with anti-AsnRS reported previously (patients KS,
KN, and NI) (23) are summarized in Table 1. All
patients with anti-AsnRS antibodies were middle-aged
or elderly, and 7 of them were women. Five patients
were Japanese, 1 was from the US, 1 was German, and
1 was Korean. Seven of these 8 patients (88%) had ILD,
documented in each case by both chest radiography and
pulmonary function tests. In addition, 2 patients had
myositis and a diagnosis of DM. Their clinical courses of
ILD were classified as the chronic type. Four patients
(50%) had nonerosive arthritis or arthralgia. Raynaud’s
phenomenon was seen in only 1 patient. None of the
patients had sclerodactyly or overlap syndromes with
other connective tissue diseases. Malignant diseases
(ovarian carcinoma and prostatic carcinoma) were ob-
served in 2 patients. Regarding other autoantibodies,
anti-SSA/Ro antibodies were detected in only 1 patient.

Anti-AsnRS was found in 0% of Japanese pa-
tients with myositis, but was found in 3% of Japanese
patients with “idiopathic” ILD. Thus, most patients with
anti-AsnRS antibodies had chronic ILD with or without
features of PM/DM or other connective tissue disease.

Immunogenetic features. The HLA class II gene
was determined in 4 Japanese patients (Table 2). All 4
patients had DR2 (DRB1*1501 or DRB1*1502) com-
pared with 33% of healthy local controls. It should be
noted that all patients with anti-AsnRS antibodies had
DR2, but the frequency of DR2 did not reach statistical
significance (P > 0.05).
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Table 2. HLA class II genes in Japanese patients with anti-KS
autoantibodies

Patient
KS KN NI 1
DR 2/5 211 2/2 2/4
DRB1* 1502/1101 1501/0101 1502/1502 1501/0405
DQA1* 0103/0501 0102/0101 0103/0103 0102/0303
DQB1* 0601/0301 0602/0501 0601/0601 0602/0401
DPB1* 0901/1401 0201/0501 0901/0901 0201/0402
DISCUSSION

We have identified anti-KS (anti-AsnRS) auto-
antibodies in 8 patients with ILD and DM, by IP of the
same distinctive set of tRNA and protein that differed
from those precipitated by the other 5 antisynthetases.
Most of the anti-KS sera showed specific inhibition of
the enzyme target, AsnRS, without inhibiting other
synthetases.

Several interesting characteristics of the previ-
ously studied antisynthetases have been described: 1)
they are associated with a distinctive clinical syndrome
referred to as the antisynthetase syndrome, 2) they are
directed at functionally related enzymes (performing the
same function for different amino acids), 3) they do not
cross-react with other synthetases, and 4) they tend to be
mutually exclusive. Anti-AsnRS antibodies seem to have
the same features. No serum with any other antisyn-
thetase has had antibodies to AsnRS, and none of the 8
anti-AsnRS sera reported here showed signs of reaction
with other synthetases. The mechanism of this phenom-
enon remains unknown.

Multiple tRNA bands immunoprecipitated by
anti-AsnRS were found on urea-PAGE. The patterns of
tRNA for each of the 8 patients were very similar, highly
restricted compared with total tRNA, and distinctive
compared with the pattern of other anti-aminoacyl
tRNA synthetase autoantibodies. These bands are likely
to represent different forms of tRNA for asparagine,
which can include tRNA with different asparagine anti-
codons (uracil-uracil-adenine, uracil-uracil-guanine) or
tRNA with the same anticodon but differences in other
parts of the sequence. Most sera with anti-HisRS, anti-
ThrRS, anti-GlyRS, and anti-IleRS had not been de-
scribed to react directly with tRNA, suggesting indirect
precipitation of tRNA. However, approximately one-
third of anti-HisRS~positive sera were reported to con-
tain autoantibodies recognizing tRNAMS (28). Most
anti-AlaRS sera react directly with the sets of tRNAA!?
with the inosine-guanine-cytosine anticodon (29). We
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previously found that the 3 original anti-KS (anti-
AsnRS) sera did not immunoprecipitate any RNA from
deproteinized HeLa extracts (23). This suggests that
anti-AsnRS antibodies can precipitate tRNA®" indi-
rectly, through its affinity for AsnRS, although the
possibility of conformational epitopes on the tRNA has
not been excluded (28). Further analysis will be neces-
sary to determine the sequence and specificity of tRNA
immunoprecipitated by anti-AsnRS.

The specific inhibition of AsnRS function by
most of the sera found to have anti-KS is consistent with
findings observed for other antisynthetases. It should be
noted that our anti-KS sera also demonstrated inhibition
of enzymatically active recombinant AsnRS (30). Most
sera with any of the 5 reported antisynthetases specifi-
cally inhibit the aminoacylation of the respective tRNA,
indicating inhibition of the enzymatic function of the
synthetase (3,5-7,12). This functional inhibition may
indicate that the autoantibodies are recognizing the
active sites of the synthetases. In contrast, it has been
reported that animal antisera raised against synthetases
do not consistently show such inhibition, suggesting that
active sites tend not to be immunogenic for animals (31).
Hypothetically, this could relate to relative conservation
of the active site. However, there might be an alternative
mechanism for inhibition. For example, binding of anti-
bodies outside the active site may alter the structure of
the enzyme or interfere with enzyme activity sterically.
Further studies of the precise epitope on the aminoacyl-
tRNA synthetase might help to explain the development
of these autoantibodies.

Each of the 5 previous antisynthetases was first
identified in patients with myositis and then found to be
associated with ILD. In previous studies, these autoan-
tibodies were associated with myositis with a high fre-
quency of ILD (50-80%) and arthritis (50-90%)
(1,2,17,18), as well as an increase in Raynaud’s phenom-
enon (60%), fever with exacerbations (80%), and the
skin lesion of the fingers referred to as mechanic’s hands
(70%) when compared with the overall population of
patients with myositis (9-11). The similarities between
patients with different antisynthetases have been noted,
whereas certain differences have been found, which
must be considered preliminary due to the small re-
ported number of patients with non-HisRS antisyntheta-
ses. Absence of significant myositis over the full disease
course in patients with anti-HisRS is rare (<5%) (32),
whereas patients with anti-AlaRS are more likely than
patients with anti-HisRS to have ILD and/or arthritis
without clinical evidence of myositis (19). Anti-ThrRS
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resembles anti-HisRS more than anti-AlaRS in Japa-
nese patients (33).

In the present study, 7 of 8 patients (88%) with
anti-AsnRS autoantibodies had ILD, some with other
associated features of connective tissue disease including
arthritis and Raynaud’s phenomenon. In this respect,
anti-AsnRS appears to resemble anti-AlaRS more than
anti-HisRS. It is noteworthy that the 2 patients with both
anti-AsnRS and myositis were among the 3 patients
- from outside Japan, while none of 5 patients from Japan
had myositis. Thus, as with patients with anti-AlaRS, for
patients with anti-AsnRS, the frequency of ILD without
myositis may be higher in Japanese patients. However,
most of the group of patients with ILD without myositis
who were tested in this study were from Japan.

The features of these 8 patients with anti-KS
appeared to reside within the spectrum of the antisyn-
thetase syndrome that has been associated with other
antisynthetases. ILD is one of the most important fea-
tures of the antisynthetase syndrome, and Raynaud’s
phenomenon and arthritis, as seen in some patients with
anti-AsnRS, are also likely to be part of the syndrome.
The syndrome associated with anti-AsnRS may be one
end of the spectrum of patients with antisynthetase. This
highlights the clinical importance of looking for such
antibodies in patients with ILD even if there are no signs
of myositis or connective tissue diseases.

The typical cutaneous features of DM were ob-
served in 2 patients with anti-AsnRS antibodies. PM has
been reported to be much more common (60-80% or
more) than DM in patients with anti-HisRS in most
studies, whereas DM was most frequent with anti-GlyRS
(15) and was also found to be common among patients
with anti-AlaRS (13). Like anti-GlyRS and anti-AlaRS
antibodies, anti-AsnRS antibodies were more associated
with DM in the small number of patients available.

Malignancy has been reported to be unusual in
patients with antisynthetases. In our studies, 2 patients
were found to have malignancy during their disease
course. However, malignancy in these patients may not
be related to the DM or ILD, since these malignancies
occurred separated in time from each other.

Immunogenetic studies of connective tissue dis-
ease have been performed, but HLA associations pro-
duced conflicting results. However, a strong correlation
of HLA class II antigens with some autoantibodies has
been reported (34). With regard to antisynthetase anti-
bodies, HLA-DR3 (DRB1*0301), DQA1*0501, or
DQA1*0401 was found to be significantly increased in
myositis patients with antisynthetases (9,21). In Japa-
nese patients, we have reported that 7 of 9 patients
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(78%) with anti-HisRS tested had the HLA class II
DRB1*0405;DQA1*0302;DQB1*0401 haplotype, com-
pared with 22% of healthy controls (odds ratio [OR] 13,
P = 0.002), while 4 of 7 patients (57%) with anti-AlaRS
had the DRB1*1501;DQA1*0102;DQB1*0602 haplo-
type, compared with 9% of healthy controls (OR 14, P =
0.006) (35). Interestingly, all 4 Japanese patients tested
had DR2 (DRB1*1501/1502), compared with 33% of
healthy controls, although a definite statistical associa-
tion could not be established. These results suggest that
the stronger association of anti-AlaRS and anti-KS with
ILD may be related to the DR2 phenotype. However, it
has been noted that different ethnic groups exhibit
different immunogenetic profiles that link with specific
autoantibodies (36). Therefore, further studies including
analysis of more patients with anti-KS antibodies in
different ethnic groups and major histocompatibility
complex-restricted T cell responses could provide im-
portant clues for understanding the possible mechanisms
for the development of antisynthetase antibodies.

The mechanism for the association of antisyn-
thetases with ILD is unknown, but it seems to be related
to etiologic factors (37). Recently, a new association of
anti-HisRS—positive PM and ILD was reported in a
patient with hepatitis C virus infection (38). It was
hypothesized that viruses might interact with the syn-
thetases and induce autoantibodies by molecular mim-
icry or antiidiotype mechanisms in the anti-HisRS-
positive patient with myositis associated with ILD (3,39).
Another mechanism for generating autoantigenic
epitopes of synthetase by granzyme B cleavage in apo-
ptosis was also described recently (40,41). However,
these proposed mechanisms remain speculative, and
further studies could provide important clues for under-
standing the possible mechanisms for the development
of these antibodies. Studies of these antibodies may
provide insight into the etiologic and pathogenetic
mechanisms of ILD and myositis.
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