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Figure 1. Muscle inflammation in C protein-induced myositis (CIM). C57BL/6 mice were immunized once with
recombinant human skeletal C protein fragment 2 to induce CIM. A and B, Mononuclear cell infiltration was
found- predominantly in the endomysial site (boxed area) but also in the perimysial site (solid arrows) and
perivascular site (open arrows) (A). Many cells invaded non-necrotic muscle fibers (arrows), while necrotic fibers
were also present (B). Bar in A = 100 wum; bar in B = 25 um. C, Muscle function was evaluated with a rotarod
test 21 days after immunization. Six mice with CIM and 5 control mice treated with adjuvant alone were
examined. Running ability was scored as described in Materials and Methods. Values are the mean and SD score.

* = P <001

fragment, and myositis was studied histologically 21 days
after the immunizaton.

None of the mice treated with adjuvant alone or
immunized without PT developed myositis. We found
that a single immunization of fragments 2 or 4 induced
myositis consistently, and the mean * SD histologic
scores were 2.8 £ 0.2 and 1.0 = 0.3, respectively.
Fragments 1 and 3 induced milder myositis at a lower
incidence, and the mean * SD histologic scores were
0.2 * 0.3 and 0.1 %= 0.2, respectively. Because fragment
2 induced the most severe myositis, it was used as an
immunogen in subsequent experiments.

Histologic analysis of the muscles affected by
CIM showed that mononuclear cells infiltrated predom-
inantly the endomysial site, but also the perimysial and

perivascular sites of the muscle tissue (Figure 1A). Many
mononuclear cells invaded non-necrotic muscle fibers
(Figure 1B). No abnormality in cardiac muscle and other
tissues, including lung and joint tissues, was observed.
Muscle function was assessed clinically with a rotarod
device on day 21. Consistent with the histologic findings
in the muscle tissue, mice with CIM ran for a shorter
time than did control mice, indicating a reduction in
motor function (Figure 1C). .

Inflammation is acute and regresses spontane-

- ously in most animal models of autoimmune diseases. To

study the course of CIM in mice, muscle sections from 4
or 5 mice were examined at various time points after the
immunization. A small number of mononuclear cells

“appeared in 50% of the muscle samples on day 7
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Figure 2. Immunohistochemical findings in muscles of mice with C protein-induced myositis. A and B, Expression of CD4 (green, fluorescein
isothiocyanate) and CD8 (red, Alexa Fluor 647) was examined. Infilirating cells in the endomysial site (arrows) (A) and in the perimysial site
(arrows) and perivascular site (arrowheads) (B) were individually enumerated for calcutating CD4:CD8 ratios. C-H, Expression of CD11b (C and
D), perforin (E), class I major histocompatibility complex (F), interleukin-1a (IL-1c) (G), and tumor necrosis factor « (TNFa) (H) was examined with
immunoperoxidase staining. CD11b-positive cells diffusely infiltrated the endomysial site (arrows) (C) and both the perimysial (arrows) and perivascular
sites (arrowheads) (D). Perforin-positive cells infiltrated around non-necrotic muscle fibers at the endomysial sites (arrows) (E). Muscle fibers reacted to
anti-H2K® monoclonal antibodies (arrows) (F). IL-1a and TNFa were expressed on infiltrating mononuclear cells in muscles (G and H). Bars = 50 um.
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Figure 3. Quantitative immunohistochemical analysis of mononuclear cells in muscles of mice with C protein-induced
myositis. Frequencies of CD8, CD4, CD11b, and B220 cells in the infiltrating mononuclear cells at endomysial, perimysial, and
perivascular sites are shown. Values are the mean = SD percentage of each cell subset and mean x SD CD4:CD8 ratio at 5
inflammatory mononuclear cell foci. The total mononuclear cell counts in the endomysial, perimysial, and perivascular sites

were 1,385, 506, and 543, respectively.

(incidence 50%, mean * SD histologic score 0.6 = 0.7).
Inflammation of the muscle tissue peaked on days 14
and 21 after the immunization (incidence 100%, histo-
logic scores 2.6 * 0.3 and 2.8 * 0.2, respectively) and
started to resolve after day 28 (incidence 100%, histo-
logic score 1.4 * 0.6). On day 49, mononuclear cell

infiltration was absent from most skeletal muscles. On .

days 35, 49, and 63, the histologic scores were 0.5 + 0.6,
0.1 = 0.2, and 0.0 £ 0.0, respectively, and the incidences
of CIM were 38%, 10%, and 0%, respectively.

Other strains of mice were immunized with frag-
ment 2 of the C protein in the same manner as in B6
mice, and the muscles were examined histologically.
Studies of 4 or 5 mice per strain showed that myositis
developed in NZB and SJL/J mice with an incidence
similar to that in B6 mice. However, the mononuclear
cell infiltration was less intense. The mean * SD histo-
logic scores were 1.8 * 0.6 and 1.3 * 0.3 in NZB and
SJL/J mice, respectively. No inflammation was observed
“in the muscles from BALB/c, DBA/1, C3H/He, or
MRL/Mp+/+ mice immunized with C protein frag-
ments.

Immunohistochemical findings in muscles of
mice with CIM. Localization of CD4 and CD8 T cells
was studied with double immnunofluorescence labeling
or immunohistochemical staining of muscle sections.
CD4 cells diffusely infiltrated the endomysial, perimy-
sial, and perivascular sites. In contrast, CD8 cells infil-
trated preferentially the endomysial site (Figures 2A and
B), which was reflected equally well in the CD4:CDS cell

ratios. Double immnunofluorescence staining of CD4
and CDS8 cells showed that the mean += SD CD4:CD8
ratios in the endomysium, perimysium, and perivascular
site were 1.0 = 0.1, 3.3 * 0.3, and 3.5 * 0.4, respectively,
which was consistent with the ratios derived from immu-
nohistochemical staining (Figure 3). The frequency of
CD8-positive cells in endomysial sites was higher than
that in perimysial and perivascular sites, whereas the
frequencies of CD4-positive T cells were similar among
the 3 sites (Figure 3).

B cells and macrophages were identified by stain-
ing with B220 and CDI11b antibodies, respectively.
CD11b-positive cells were most abundant among the
infiltrating cells in all 3 sites (Figures 2C and D and
Figure 3). Although natural killer cells are also CD11b
positive, our analysis of CD68 and CD11b expression in
serial sections showed that 93.4 = 4.3% (mean * SD) of
CD11b-positive cells were CD68-positive cells, indicat-
ing that the majority of CD11b-positive cells were
macrophages.

B cells were sparse in the muscle tissue, especially
in the endomysial and perimysial sites (Figure 3).
Perforin-positive cells were present mostly (82%)
around non-necrotic muscle fibers at the endomysial site
(Figure 2E) and were sparse in the perimysial and
perivascular sites (results not shown). Thus, the distri-
bution of perforin-positive cells corresponded well to
that of CD8-positive cells. When muscle fibers were
stained with anti-H2K® (class I MHC) and anti-I-AP
(class II MHC) mAD, they reacted to the anti—class I
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" MHC mAb (Figure 2F) but not to the-anti—class II MHC
mADb (results not shown).

Pathologic role of CD8 and CD4 T cells in CIM.
Histologic studies have demonstrated that CD8 T cells
function as effector cells in injury of muscle fibers. To
establish the pathologic role of CD8 T cells, B6 mice
were pretreated by removal of circulating CD8 T cells
using specific mAb. Ten days after injection of the
antibodies for 3 consecutive days, CD8 T cells in the
spleens were depleted to fewer than 2%. The mice were
then immunized with C protein and treated with the
same antibodies every other day for 14 days. The
muscles were examined histologically 14 days after
the immunization, when the frequency of CD8 T cells in
the spleens and lymph nodes was still less than 2%. The
number of CD4 T cells in the spleens and lymph nodes
was maintained in the CD8-depleted mice.

Significantly fewer CD8-depleted mice developed
myositis compared with control mice, with a 33% inci-
dence of disease compared with 100% in controls (Table
1). The histologic scores of the treated mice were
significantly lower than that of the controls. It is known
that CD4 T cells help CD8 T cells develop into mature
cytotoxic T lymphocytes. They also have the potential to
injure muscle fibers. Therefore, CD4 T cells were re-
moved with specific mAb in the same manner as de-
scribed above for CD8 T cells. The pretreated mice
exhibited fewer than 2% of circulating CD4 T cells, and
were then immunized for CIM induction. They also
developed a milder myositis compared with control mice
(Table 1).

Investigation of essential immunologic mediators
in mutant mice. Mice with CIM developed serum anti-
bodies directed to C protein. They also developed
low-titer autoantibodies with a cytoplasmic pattern or
homogeneous and speckled nuclear patterns on Hep-2
staining, which proved to be nonreactive to PM-
associated autoantigens (results not shown). However,
the contribution of these autoantibodies to myositis was
unclear.

The susceptibility of B6 mice to CIM allowed us
to study the contribution of different immune mediators
to myositis using genetic mutant mice. Igg-null mutant
mice developed CIM with features and a frequency
comparable with those in control wild-type (WT) mice
(Table 1). These findings indicate that the functions of B
cells and immunoglobulins are not necessary for the
development of CIM. .

Inflammatory cytokines such as IL-1 and TNFa
are known to be expressed in mononuclear cells infil-
trating the muscles of mice with PM (25,26). Our
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Table 1. Studies of the pathologic features of C protein-induced
polymyositis (CIM) and effects of treatment with intravenous immu-
noglobulin (IVIG)*

Experiment, mouse Incidence of Muscle blocks Histologic score,

group CIM, % involved, %t mean * SD

CDS8 depletion

CD8-depleted 33 25 0.6 = 1.0%

Rat IgG-injected 100 100 1.9+ 06
CD4 depletion

CD4-depleted 60 50 0.7 £ 0.7%

Rat IgG-injected 100 100 2004
Igp-null

Tgu™" 100 95 1706

wWT 100 100 21x07
IL-1-nufl

IL-1a/8™/~ T 14 7 0.1 028

WT 100 100 21x05
TNFa-null

TNFa ™/~ 80 80 1.9+10

wT : 100 90 23*06
IVIG

IVIG-injected 43 36 0.6 * 1.1%

Saline-injected 100 100 23*10

* Mice were immunized with 200 ug of the recombinant C protein
fragments and then examined histologically 14 or 21 days after
immunization. For in vivo depletion of CD8 or CD4 T cells, 5 or 6 B6
mice were treated intraperitoneally with anti-CD8 or anti-CD4 mono-
clonal antibodies, while 5 or 6 control mice were treated with purified
rat IgG. To demonstrate the requirement for humoral inimunity, the
presence of interleukin-1 (IL-1), and the presence of tumor necrosis
factor « (TNFa) for the development of CIM, 5 Igu-null mutant mice,
7 IL-1¢/B-null mutant mice, 5 TNFa-null mutant mice, and 5 wild-
type (WT) B6 mice were studied. IVIG was administered at a dosage
of 400 mg/kg/day intravenously into the tail vein for 5 consecutive days,
from day 3 after immunization. Seven mice were treated with IVIG
and 6 with control saline.

T Calculated as the number of muscle blocks showing myositis divided
by the total number of blocks.

1 P < 0.05 versus control group.

§ P < 0.01 versus control group.

immunohistochemical analyses showed that these in-
flammatory cytokines were also found in-mice with CIM
(Figures 2G and H). We then studied whether the
presence of IL-1 and TNFa is required for the develop-
ment of CIM, using IL-1a/B double-null mutant and
TNFa-null mutant B6 mice. Most IL-1a/B-null mutant
mice did not develop myositis, and those that did have
myositis developed a mild form (Table 1). The rotarod
score of 7 for the IL-1¢/B-null mutant mice was signif-
icantly higher than that for the 6 WT mice (mean * SD
score 4.7 * 0.5 versus 1.3 * 0.5; P < 0.01). In contrast;
TNFe-null mutant mice were as susceptible to CIM as
the control mice, and the TNFa-null mice had a similar
incidence and severity of myositis (Table 1). These
results. indicate the differential requirements for the
roles of IL-1 and TNFe in the development of CIM.
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Effects of high-dose IVIG treatment. Infusion of
high-dose IVIG is effective treatment of inflammatory
myopathies that are refractory to conventional immuno-
suppressants (27-29). Although several mechanisms of
action for IVIG have been proposed, they have not been
fully characterized. One possibility is that IVIG acts via
suppression of pathogenic immunoglobulins and B cells.
Thus, whether this treatment improves CIM, which does
not depend on humoral immunity for tissue injury, is of

special interest. When mice with CIM were treated with -

high-dose IVIG (400 mg/kg) for 5 consecutive days,
beginning 3 days after immunization, the incidence and
histologic severity of CIM were suppressed significantly
compared with that in control, saline-injected mice
(Table 1).

DISCUSSION

CIM was established as a simple murine model of
PM. A single injection of mice with recombinant human
muscle protein induced severe and clinically significant
inflammation of the skeletal muscles. CD8 T cells were
enriched in the endomysial site (the site of muscle
injury) as compared with their distribution in other sites
of the mouse muscle. CD8 cells expressed perforins
preferentially at the endomysial site. Class I MHC
expression was up-regulated on the muscle fibers. Re-
moval of CD8 T cells significantly suppressed myositis.
Thus, muscle injury in CIM appears to be driven,
primarily, by cytotoxic CD8 T cells, as is assumed in
human PM. In this regard, the new model provides a
clear contrast to the previous EAM model, which ap-
pears to be driven by CD4 T cells. Induction of EAM
requires repeated immunization with a specific mouse
strain having a dysferlin gene mutation that induces
spontaneous muscular degeneration and inflammation.
Sensitivity of B6 mice to CIM prompted the initiation of
genetic studies of the pathologic mechanisms of auto-
immune myositis, which would provide information for
the development of new treatments.

Muscle tissues from mice with CIM contained
more CD4 T cells and macrophages than are found in
patients with PM, which may reflect the acute disease
course of CIM. Although we observed critical participa-
tion by CD8 T cells, CD4 T cells were also important in
the development of CIM. In this regard, it has been
shown that the actions of CD4 T cells are essential for
full differentiation of cytotoxic CD8 T cells (30,31).
Alternatively, CD4 T cells may also injure muscle tissues
directly. This issue should be addressed further in future
experiments.

1311

Severe inflammation was found consistently in
the proximal muscles of the lower extremities, but not in
other sites. Although injection of CFA alone did not
induce myositis, we assume that activation of local
innate immunity by injection of the foot pad with CFA
would contribute to induction of severe myositis. Unlike
inflammation in human PM, inflammation in other
myositis models, such as EAM and cardiac myosin—-
induced myocarditis, is transient (32,33). Because lipo-
polysaccharide injection in the recovery phase of exper-
imental myocarditis can induce a relapse of
inflammation (33), unknown factors might perpetuate
the chronic disease in humans.

An elevation in the levels of creatine kinase (CK)
was found in the mice with CIM. However, since some
mice, including healthy animals, have unexpectedly high
levels of CK, this elevation could be attributed to
uncontrollable hemolysis. Lung involvement in some
patients is characteristic of PM and also of dermatomy-
ositis (DM). However, no abnormality in the lungs was
observed in the mice with CIM. Considering the fre-
quency of lung disease in PM (34), we may have to
undertake extensive studies of this issue using a large
number of animals.

Recombinant C protein was used to confirm its
immunogenicity, as suggested in a rat myositis model
induced by biochemically purified C protein (19). Large-
scale production of recombinant C protein fragments in
the prokaryotic expression system facilitated multiple
experiments to optimize an immunization protocol and
to analyze the pathologic features of myositis. Since at
least 200 pg of the immunogen had to be injected to
induce CIM consistently, we needed to use the back and
foot pads of the mice for immunization.

The rotarod test was useful to assess muscle

‘function in the mice with CIM at a single time point. -

Analysis by Spearman’s rank correlation coefficient
showed that the rotarod score correlated well with the
histologic score (P < 0.001). However, this test was less
useful in evaluating the disease course in these mice,
because the mice could learn how to run for a longer
period of time when the test was repeated. We believe
that the device should be improved so that muscle
function or weakness can be evaluated in an easier way.

Unlike in the EAM model, many strains of mice,
including SJL/J mice, were susceptible to CIM. This fact
confirms the immunogenicity of the C protein and
suggests that mouse strains may have their own hierar-
chy of susceptibility to myositis.

Our observations of CIM induced in the B6 mice
with mutations in inflammatory cytokine genes demon-
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strated the importance of IL-1, but not TNFe, in the
development of myositis. Previous histologic studies of
PM muscle tissue showed that IL-1 and other proinflam-
matory cytokines, including TNFea, IL-6, and
interferon-v, are expressed by mononuclear cells in the
affected muscle tissue (25). IL-1 expression by mono-
nuclear cells accompanies expression of class I MHC
molecules on the muscle fibers and expression of adhe-
sion molecules, such as intercellular adhesion molecule
1 and vascular cell adhesion molecule 1, on endothelial
cells in muscle (35). Thus, we assume that IL-1 expres-
sion of activated macrophages up-regulates expression
of the class I MHC molecules, as well as that of adhesion
molecules and chemokines, on muscle fibers, endothelial
cells, and inflammatory cells. All of these molecules can
trigger CD8-mediated muscle damage. Other studies
have shown that antigen-specific T cell responses are
impaired in IL-1a/B double-null mutant mice (36,37). In
the autoimmune myocarditis model, IL-1 is important
for efficient activation of dendritic cells (DCs) and
priming of CD4 T cells (38). IL-1 may also contribute to
activation of DCs and interacting T lymphocytes.

Similar to IL-1, TNFa induces expression of class
I MHC molecules on muscle fibers and expression of
adhesion molecules on endothelial cells (39,40). The
results of one report suggested that TNFe released from
infiltrating CD8 T cells in PM muscles was responsible
for the muscle damage (26). However, we found that
CD8 T cells can induce typical myositis without TNFa.
In this regard, experimental myocarditis is suppressed in
both IL-1 receptor- and TNFa receptor-null mutant
mice (38,41), and this model is mediated by pathogenic
CD4 T cells (33,38). Thus, it is important to note the
differences between the 2 murine myositis models.

Our results do not necessarily refute the idea that
TNFa is a therapeutic target in PM. Clinical findings
from sporadic reports suggest that some patients with
PM respond to systemic delivery of anti-TNFa mAb
(42). This fact and our results are similar to the findings
in collagen-induced arthritis (CIA), which is an animal
model of RA. TNFa-null mutant mice are susceptible to
CIA (43), but inhibition of TNFe can improve the
disease (9). Development of arthritis is suppressed in
IL-1¢/B double-null mutant mice (37). Studies are in
progress to investigate the therapeutic effects of IL-1 or
TNFa blockade in CIM.

A high dose of IVIGs, pooled from the plasma of
healthy donors, is commonly administered as treatment
in patients with autoimmune disorders (44). After an
initial study showing that a patient with refractory PM
was successfully treated with IVIG (29), the efficacy has
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been confirmed by a number of studies of patients with
PM and DM (27,28). Currently, IVIG therapy is the only
treatment that does not induce general immune suppres-
sion. The same treatment exerted a minor therapeutic
effect in SJL/J mice in the myositis model (45). Although
immunoglobulins are derived from human sera, the
effect was not due to nonspecific immunomodulation by
a xenogenic protein.

We found that IVIG treatment was markedly
effective in CIM, suggesting its relevance as a model for
human PM. When the treatment was started 8 days after
immunization of the mice, the therapeutic effect ap-
peared milder (results not shown). The mode of action
of IVIGs could vary, and all of the mechanisms have nof
been fully characterized (46—48). Modulation of crystal-
lizable fragment Fcy receptor IIb on phagocytes appears -
to be the primary mechanism for an increase in platelét
counts in patients with immune thrombocytopenia (49).
Theoretically, the treatment could also down-regulate
activating Fcy receptors, increase IgG catabolism, neu-
tralize autoantibodies and inflammatory cytokines, at-
tenuate complement-mediated tissue damage, and mod-
ulate cytokine production by B cells and monocytes.
Because development of CIM does not depend on B
cells or antibodies, the efficacy of IVIG treatment for
this model suggests that down-regulation of B cells or
autoantibody-mediated processes are not a prerequisite
to achieve improvement of PM. Further evaluation
should lead to identification of key molecules for the
effect of IVIG and development of new treatments that
target defined molecules.

Our new model mimics human PM and provides
a useful tool to investigate its pathologic mechanisms. It
holds promise for identification of specific targets that
will lead to the development of new therapeutic ap-
proaches in the treatment of PM, arid will also be useful
for confirming the efficacy of these treatments.
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Objective. We have previously described anti-KS
.autoantibodies and provided evidence that they are
directed against asparaginyl-transfer RNA (tRNA) syn-
thetase (AsnRS). The aim of the present study was to
identify patients with anti-AsnRS autoantibodies and
elucidate the clinical significance of this sixth antisyn-
thetase antibody. In particular, we studied whether it
was associated with the syndrome of myositis (polymy-
ositis or dermatomyositis [DM]), interstitial lung dis-
ease (ILD), arthritis, and other features that had been
previously associated with the 5 other anti-aminoacyl-
tRNA synthetase autoantibodies.

Methods. More than 2,500 sera from patients with
connective tissue disease (including myositis and ILD)
and controls were examined for anti-AsnRS autoanti-
bodies by immunoprecipitation (IP). Positive and con-
trol sera were tested for the ability to inhibit AsnRS by
preincubation of the enzyme source with the serum. The
HIA class II (DRB1, DQA1, DQB1, DPB1) alleles were
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identified from restriction fragment length polymor-
phism of polymerase chain reaction-amplified genomic
DNA.

Results. Anti-AsnRS antibodies were identified in
the sera of 8 patients (5 Japanese, 1 American, 1
German, and 1 Korean) by IP of the same distinctive set
of tRNA and protein that differed from those precipi-
tated by the other 5 antisynthetases, and these antibod-
ies showed specific inhibition of AsnRS activity. Two of
these patients had DM, but 7 of 8 (88%) had ILD. Four
patients (50%) had arthritis, and 1 had Raynaud’s
phenomenon. This antisynthetase was very rare among
myositis patients (present in 0% of Japanese myositis
patients), but it was found in 3% of Japanese ILD
patients. Thus, most patients with anti-AsnRS had
chronic ILD with or without features of connective
tissue disease. Interestingly, all 4 Japanese patients
tested had DR2 (DRB1%1501/1502), compared with 33%
of healthy controls.

Conclusion. These results indicate that anti-
AsnRS autoantibodies, like anti-alanyl-tRNA syn-
thetase autoantibodies, have a stronger association with
ILD than with myositis and may be associated with the
DR2 phenotype.

The aminoacyl-transfer RNA (aminoacyl-tRNA)
synthetases are a family of cytoplasmic enzymes that
catalyze the formation of aminoacyl-tRNA from a spe-
cific amino acid and its cognate tRNA and play a crucial
role in protein synthesis. Autoantibodies to certain of
these synthetases (histidyl-, threonyl-, alanyl-,
isoleucyl-, and glycyl-tRNA synthetases) have been
identified in patients with inflammatory myopathies
(1-6). Among these “antisynthetase autoantibodies,”
the most common is anti-Jo-1 (anti-histidyl-tRNA syn-
thetase [anti-HisRS}), found in 20% of patients with
polymyositis/dermatomyositis (PM/DM) (7-11). Anti-
PL-7 (anti-threonyl-tRNA synthetase [anti-ThrRS])
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and anti-PL-12 (anti-alanyl-tRNA synthetase [anti-
AlaRS]) autoantibodies are less common, found in
3-4% of all patients with PM/DM (4,5,11-13), while
anti-OJ (anti-isoleucyl-tRNA synthetase [anti-IleRS])
and anti-EJ (anti-glycyl-tRNA synthetase [anti-GlyRS])
autoantibodies are the least common, occurring in <2%
(6,14,15), although the frequency may vary in different
populations (16). :

Characteristic clinical features have been found
in patients with anti-HisRS and other antisynthetase
autoantibodies (1,9,10). These features include myositis,
interstitial lung disease (IL.D), arthritis, Raynaud’s phe-
nomenon, fever with exacerbations, and the skin lesion
of the fingers referred to as mechanic’s hands, and they
appear to form a distinct syndrome referred to as the
“antisynthetase syndrome” (8-11). Although the similar-
ity of the clinical features associated with different
antisynthetases is impressive (17,18), certain differences
have been noted, which must be considered preliminary
due to the small reported number of patients with
non-HisRS antisynthetases (1,9,19). Patients with anti-
AlaRS appear to be more likely than those with anti-
HisRS to have ILD and/or arthritis either without
myositis or with little evidence of muscle disease. Ab-
sence of significant myositis over the full disease course
in patients with anti-HisRS is rare (<5%), although it
may occur. Clinically significant myositis was seen in
60% of US patients with anti-AlaRS (13), whereas none
of 6 Japanese patients with anti-AlaRS autoantibodies
fulfilled criteria for myositis (20). Among patients with
anti-IleRS, 2 of 10 had ILD without evidence of myosi-
tis, and 1 had ILD with subclinical myositis (14). In

addition, antisynthetases may occur in either PM or DM, -

but PM is usually more common with anti-HisRS
(10,16,21), and DM is usually more common with other
antisynthetases, especially anti-GlyRS (15,22).

We recently described anti-KS autoantibodies
and provided evidence that the KS antigen is
asparaginyl-tRNA synthetase (AsnRS) (23). This sixth
antisynthetase was found in sera from 3 patients with
ILD and/or inflammatory arthritis without evidence of
myositis. It immunoprecipitated a 65-kd protein and a
unique tRNA that was distinct from that precipitated by
any previously described antisynthetase or other re-
ported tRNA-related antibody. Each of the 3 sera and
their IgG fractions showed significant inhibition of
AsnRS activity, but did not inhibit any of the other 19
aminoacyl-tRNA synthetase activities.

In this report, we describe the clinical and immu-
nogenetic features of 5 additional patients with anti-
AsnRS autoantibodies, most of whom had the syndrome
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of ILD with arthritis and/or myositis. Immunoprecipita-
tion (IP) and aminoacylation inhibition studies with sera
from these patients provide additional evidence that
anti-KS (anti-AsnRS) reacts with asparaginyl-tRNA
synthetase.

PATIENTS AND METHODS

Sera. Serum samples from a collection of sera from
~800 patients seen at the current or previous collaborating
centers of the authors (Keio University, Tokyo, Japan; Kyoto
University, Kyoto, Japan; Seoul National University, Seoul,
Korea; Ciinic and Research Institute for Rheumatic Diseases
Aachen, Aachen, Germany; University of Oklahoma Health
Sciences Center, Oklahoma City; National Institutes of
Health, Bethesda, MD) or sera referred there for testing were
stored at —20°C and were tested for the presence of anti-
AsnRS autoantibodies. Sera from the following patients were
included: 1) patients with PM or DM according to the criteria
described by Bohan and Peter (24,25); 2) patients with a
condition suggesting the clinical diagnosis of myositis; 3)
patients with ILD who had no evidence of myositis and did not
meet criteria for other connective tissue diseases; and 4)
patients with serum anticytoplasmic antibodies, regardless of
diagnosis. Approximately 1,700 other sera have also been
tested, including sera from patients with other conditions
including systemic lupus erythematosus, systemic sclerosis, and
rheumatoid arthritis, as well as sera from normal subjects.
Many of the sera were tested in studies of other autoantibod-
ies. All samples were obtained after the patients gave their
informed consent, as approved by the corresponding institu-
tional review boards. Stored sera known to contain autoanti-
bodies against synthetases for histidine, threonine, alanine,
glycine, and isoleucine were used as controls.

ILD was considered to be present if an interstitial
infiltrate was observed on chest radiography. DM was consid-
ered to be present if a heliotrope rash and/or Gottron’s
papules were observed.

IP. IP from HeLa cell extracts was performed as
previously described (6,10). Ten microliters of patient sera was
mixed with 2 mg of protein A~Sepharose CL-4B (Pharmacia-
Biotech, Uppsala, Sweden) in 500 ul of IP buffer (10 mM Tris
HCI at pH 7.5, 500 mM NaCl, 0.1% Nonidet P40 {NP40]) and
incubated with end-over-end rotation (Labquake shaker; Lab
Industries, Berkeley, CA) for 2 hours at 4°C. The IgG-coated
Sepharose was washed 4 times in 500 pl of IP buffer using
10-second spins in a microfuge tube, and resuspended in 400 pl
of NET-2 buffer (50 mM Tris HCI at pH 7.5, 150 mM NaCl,
0.05% NP40).

For analysis of RNAs, this suspension was incubated
with 100 wpl of extracts, derived from 6 X 10° cells, on the
rotator for 2 hours at 4°C. The antigen-bound Sepharose was
then collected with a 10-second centrifugation in the mi-
crofuge, washed 4 times with NET-2 buffer, and resuspended
in 300 pi of NET-2 buffer. To extract bound RNAs, 30 ul of
3.0M sodium acetate, 30 ul of 10% sodium dodecy! sulfate
(SDS), and 300 wl of phenol/chloroform/isoamyl alcohol (50:
50:1; containing 0.1% 8-hydroxyquinoline) were added to the
Sepharose beads. After agitation in a Vortex mixer and
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spinning for 1 minute, RNAs were recovered in the aqueous
phase after ethanol precipitation and dissolved in 20 pl of
.electrophoresis sample buffer, composed of 10M urea, 0.025%
bromphenol blue, and 0.025% xylene cyanol FF (Bio-Rad,
Hercules, CA) in Tris-borate~-EDTA buffer (90 mM Tris HCI
at pH 8.6, 90 mM boric acid, and 1 mM EDTA). The RNA
samples were denatured at 65°C for 5 minutes and then
resolved by 7M urea-10% polyacrylamide gel electrophoresis
(PAGE), with silver staining (Bio-Rad).

For protein studies, antibody-coated Sepharose was
mixed with 400 pl of **S-methionine-labeled Hela extract
derived from 2 X 10° cells and rotated at 4°C for 2 hours. After
4 washes with IP buffer, the Sepharose was resuspended in
SDS sample buffer (2% SDS, 10% glycerol, 62.5 mM Tris HCI
at pH 6.8, 0.005% bromphenol blue). After heating at 90°C for
5 minutes, the proteins were fractionated by 10% SDS-PAGE,
enhanced with 0.5M sodium salicylate, and dried. Labeled
proteins were analyzed by autoradiography.

Aminoacylation. Aminoacylation inhibition reactions
were performed as described previously, with minor modifica-
tion (6,26). Six microliters of HeLa cell extract diluted 1:10 in
Tris buffered saline was incubated with 3 ul of a 1:10 dilution
of serum for 2 hours at 4°C. This was combined with 17 ul of
reaction solution (50 mM Tris HCl at pH 7.5, 0.02M NaCl,
0.01M MgSO,, 1 mM dithiothreitol) containing 8 units of
yeast tRNA, 3 pl of **C-asparagine or other *H-labeled amino
acid, and 1 ul of 200 mM cold amino acid. Ten-microliter

" aliquots were tested at 10 minutes and 20 minutes, spotted
onto filter paper treated with 5% trichloroacetic acid (TCA),
washed 5 times with 5% TCA, then with ethanol, then dried
for counting, Results of inhibition testing were expressed as
the percent inhibition of the average activity seen with the
normal serum included in that experiment, as follows: % in-
hibition = [(average counts per minute with normal serum) —
(cpm with test serum)] X 100/(average cpm with normal
serum). Inhibition of >50% compared with the activity with
normal serum was considered significant. In previous studies,
although nonspecific effects on aminoacylation reactions by
serum were common, nonspecific inhibition was usually
<25%, and inhibition >50% reliably reflected specific anti-
body effects (6,7,12,13,26).

DNA typing of the HLA class IT (DRB1, DQAL, DQB1,
DPB1) alleles by polymerase chain reaction (PCR)-restriction
fragment length polymorphism (RFLP). Genomic DNA was
isolated by phenol extraction of SDS-lysed and proteinase
K-treated peripheral blood leukocytes, and then amplified by
the PCR procedure using an automated PCR thermal cycler
(PerkinElmer Cetus, Norwalk, CT). The primers used for
specific amplification of the polymorphic exon 2 domains of
the DRB1, DQA1, DQB1, and DPBI1 genes were previously
described (27). Amplified DNA was digested by all-specific
restriction endonucleases and subjected to electrophoresis
using a 12% polyacrylamide gel. Digested fragments were
detected by staining with ethidium bromide, and HLA geno-
types were determined on the basis of the RFLP patterns
generated as previously described (27).

Other. Ouchterlony double immunodiffusion was per-
formed as described previously, using HeLa cell extract as
antigen (10).

Cases. Patient 1. The patient, a 61-year-old Japanese
woman, noticed chest pain, followed 3 months later by dyspnea
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on mild exertion. Chest radiography and computed tomo-
graphy (CT) scanning showed bilateral basilar infiltrates. The
patient had hypoxemia, with a restrictive pattern on pulmonary
function tests. No muscle weakness was observed, and the
creatine kinase (CK) level was normal (67 IU/liter). A lung
biopsy specimen obtained by video-assisted thoracic surgery
showed mild interstitial chronic inflammation and interstitial
fibrosis lacking a temporal heterogeneity pattern, and a diag-
nosis of fibrotic nonspecific interstitial pneumonia was made.

Patient 2. The patient, a 51-year-old German woman,
developed a nonproductive cough and dyspnea on exertion.
Chest radiography showed bibasilar interstitial fibrosis, and
pulmonary function tests showed a restrictive pattern with
decreased diffusing capacity for carbon monoxide (DLco). A
diagnosis of ILD was made, and the patient’s pulmonary
function remained stable throughout her disease course. She
had polyarthralgia and developed erythema and keratosis of
the palms and fingers consistent with mechanic’s hands, but no
cutaneous scleroderma, Raynaud’s phenomenon, or DM rash -
(Gottron’s papules or heliotrope rash) was observed. No
muscle weakness was found, and the CK level was normal (56
IU/liter at the first visit) each time it was measured. When the
patient was age 58 years, ovarian carcinoma was found, and
surgery with subsequent irradiation was performed. She died
of metastatic ovarian carcinoma at age 63 years.

Patient 3. The patient, a 72-year-old American woman,
developed an itchy red eczematous rash that was thought to be
due to a medication for hypertension. The rash was soon
accompanied by progressive weakness, myalgias, mild dyspnea, .
and difficulty swallowing. She was started on prednisone and
methotrexate, and 6 months after the rash had first appeared,
she was referred to the Arthritis and Rheumatism Branch of
the National Institute of Arthritis and Musculoskeletal and
Skin Diseases, National Institutes of Health. There was a
widespread maculopapular rash of the trunk, extremities, and
head, and Gottron’s papules were observed. Proximal muscle
weakness was present, and her CK level was 358 [U/liter.
Magnetic resonance imaging of the thighs showed both atro-
phy and probable inflammation on the STIR images. A biopsy
of the deltoid muscle showed changes of an active inflamma-
tory myopathy. No malignancy was identified. She was treated
with pulse methylprednisolone. However, her muscle weakness
and rash were not significantly improved, and infectious com-
plications limited the therapeutic options. Her disease course
was subsequently complicated by herpes zoster and the
Ramsay-Hunt syndrome as well as by skin infections and
cellulitis, mastoiditis, heart failure, and a cerebrovascular
accident. .

Patient 4. The patient, a 53-year-old Korean woman
with intermittent episodes of productive cough due to bron-
chiectasis, noticed easy fatigability and myalgia in 1994 and
later developed muscle weakness and was admitted to Seoul
National University Hospital in February 1995. Proximal mus-
cle weakness in her extremities and a dark pigmentation over
the extensor surface of both knees were observed. The CK
level was elevated at 3,808 1U/liter. The findings on electro-
myogram and muscle biopsy were consistent with inflamma-
tory myopathy. A diagnosis of DM associated with ILD was
made, and she was treated with prednisolone (60 mg/day). Her
muscle enzyme levels gradually normalized, and her muscle
weakness improved. Her chest radiograph and high-resolution
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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 3°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 TS
hospital due to bilateral infiltrates on chest radiography. He RESUL
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 . . . .
lung biopsy was performed, with histology showing usual ies. Sera from all 8 patients (the 3 patients with ILD

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 T2[F  S3(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
HelLa 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-S) 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” TLD. 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 Il genes in Japanese patients with anti-KS
autoantibodies

Patient
KS KN NI 1
DR 2/5 2/1 212 - 2/4
DRB1* 1502/1101 1501/0101 1502/1502 1501/0405
DQAI1* 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 S 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 § 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

HIRAKATA ET AL

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

—199—



CLINICAL SIGNIFICANCE OF ANTI-AsnRS AUTOANTIBODIES

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 IT 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

1301

(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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Longterm Effect of Intermittent Cyclical Etidronate
Therapy on Corticosteroid-Induced Osteoporosis in
Japanese Patients with Connective Tissue Disease:

7-Year Followup

SHINIJI SATO, TETSUYA TAKADA, YUMIKO KATSUKI, NORIKO KIMURA, YUKO KANEKO, AKIRA SUWA,

MICHITO HIRAKATA, and MASATAKA KUWANA

ABSTRACT. Objective. To determine the efficacy and safety of intermittent cyclical etidronate therapy of up to 7

years for corticosteroid-induced osteoporosis.

Methods. One hundred two Japanese patients who originally participated in a 3-year prospective ran-
domized study were enrolled into an open-label followup study. All patients had received > 7.5 mg of
prednisolone daily for at least 90 days before entry into the original study and were randomly assigned
to 2 treatment arms: E, those receiving etidronate disodium (200 mg per day) for 2 weeks together with
3.0 g of calcium lactate and 0.75 g of alphacalcidol daily; and C, controls receiving only the latter.
Endpoints included changes from baseline in bone mineral density (BMD) of the lumbar spine and the
rate of new vertebral fractures.

Results. The mean (+ SD) lumbar spine BMD had increased by 5.9% + 8.8% (p = 0.00007) and 2.2%
+ 5.8% (p = 0.013) from baseline after 7 years in groups E and C, respectively. This improvement in
BMD in group E was significantly better than in group C (p = 0.02). The frequency of new vertebral
fractures was lower in group E, resulting in reduction of the risk of such new fractures by 67% at year
7 (odds ratio 3.000; 95% confidence interval, 0.604-14.90; p = 0.18). There were no severe adverse
events in group E during our study.

Conclusion. Our results indicate that longterm (up to 7 years) intermittent cyclical etidronate therapy
is safe and effective for prevention and treatment of corticosteroid-induced osteoporosis in patients with

connective tissue diseases. (First Release Nov 15 2007; J Rheumatol 2008;35:142-6)

Key Indexing Terms:

CORTICOSTEROID-INDUCED OSTEOPOROSIS

BONE MINERAL DENSITY

Longterm corticosteroid treatment in patients with connective
tissue disease (CTD) causes osteoporosis as the major adverse
event. Bisphosphonate therapy has proven to be effective in
both prevention and treatment of corticosteroid-induced
osteoporosis (CIOP)!*. Guidelines for treating patients with
CIOP recommend the use of bisphosphonates as a first-line
drug’. Nitrogen-containing bisphosphonates, such as alen-
dronate or risedronate, have proven efficacy for both preven-
tion and treatment of CIOP. However, use of these bisphos-
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BISPHOSPHONATE
CONNECTIVE TISSUE DISEASES

phonates is associated with gastrointestinal adverse events®.
We previously conducted a 3-year prospective randomized
study to determine the efficacy and safety of etidronate (the
first available nitrogen-free bisphosphonate) for treating
CIOP’. Although longterm followup (7 y1s) of intermittent
cyclical etidronate therapy in patients with postmenopausal
osteoporosis has been reported?, few studies are available on
the longterm effects of etidronate in patients with CIOP.
Further, there are no reports on the continued effectiveness
and safety of etidronate for CIOP in patients with CTD. For
this reason, we have followed up the original 3-year prospec-
tive study for an additional 4 years to determine the longterm
efficacy of intermittent cyclical etidronate for treating CIOP
in patients with CTD.

MATERIALS AND METHODS

Patients. In the original 3-year study, 102 patients with different CTD were
enrolled (56 with systemic lupus erythematosus; 12 rheumatoid arthritis; 10
polymyositis/dermatomyositis; 9 vasculitis syndrome; 8 adult-onset Still dis-
ease; 5 polymyalgia rheumatica; 1 systemic sclerosis; and 1 Sjogren’s syn-
drome). Patients’ ages ranged from 21 to 73 years and they had been taking
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> 7.5 mg of prednisolone (PSL) daily for at least 90 days. The resuits of this
study have been reported elsewhere’.

Study design. In the original 3-year prospective randomized study, all patients
were randomly assigned to one of 2 investigational groups. Patients in the
etidronate group (E) received 200 mg/day etidronate disodium (Didronel,
Sumitomo Pharmaceuticals, Osaka, Japan) for 2 weeks, together with 3.0 g of
calcium lactate and 0.75 ug of alphacalcidol (Alfarol, Chugai Pharma-
ceuticals, Tokyo, Japan) daily for 90 days. This cycle was repeated 28 times
during the 7-year observation period. Patients were instructed to take their
medication with water at bedtime. The control group (C) received only 3.0 g
of calcium lactate and 0.75 ug of alphacalcidol daily for 90 days. In the fol-
lowup study, the patients were to continue taking the same treatments to
which they had been assigned earlier. However, a change of treatment was
allowed if their doctor decided that it was necessary for treatiment. All patients
had provided written informed consent. :

Bone mineral density (BMD) and radiological measurements. Lateral and
anteroposterior lumbar and thoracic spine radiographs were taken and evalu-
ated at Keio University Hospital at baseline and every year for 7 years. All
lumbar and thoracic spine images were evaluated by experienced physicians
who were blinded to treatment assignments. The diagnosis of vertebral frac-
ture and osteoporosis was based on the criteria defined by the Japanese
Society for Bone and Mineral Research in 199610, A vertebral fracture was
defined as: (1) The ratio of the central height (C) to the anterior height (A) of
the vertebra was less than 0.8, or the ratio of C to the posterior height (P) was
less than 0.8. (2) The ratio of A to P was less than 0.75. (3) A crushed verte-
bra was recorded when its height was reduced by more than 20% in either A,
C, or P compared with the adjacent vertebrae.

Classification of BMD. was based on the following criteria: Normal
BMD: > 80% of the young adult mean (YAM). Osteopenia: between 70% and
80% of YAM. Osteoporosis: < 70% of YAM.

This definition of osteoporosis (ie., < 70% of YAM) also corresponds to
the osteoporosis criteria recommended by the World Health Organization
[less than —2.5 standard deviation (SD) of YAM]. All BMD measurements
were made by dual-energy x-ray absorptiometry using an XR-36 (Norland
Medical Systems, Fort Atkinson, WI, USA). Because we had already docu-
mented changes in bone formation and bone absorption markers in the origi-
nal 3-year prospective randomized study, we did not monitor biochemical
markers of bone turnover in this followup study.

Statistical analysis. The baseline characteristics and homogeneity of the
patients’ background in an intent-to-treat population was compared between
the 2 investigational groups by chi-square test, Student’s t-test, and Mann-
Whitney U-test, as appropriate. Regardless of whether patients were still
receiving the assigned medication, all available BMD data were used to per-
form an intent-to-treat analysis. If the measurement of the lumbar spine BMD
at 7 years was not available, the measurement obtained at the time closest to
this was used in the analysis. The patients whose BMD data could not be eval-
uated correctly because of previous compression fractures are exciuded from
the analysis. The primary efficacy analysis was based on the differences
between the 2 investigational groups in the percentage change of lumbar
spine BMD (L2-LA4) from baseline to last measurement. The percentage
change of BMD from the baseline was compared by an analysis of variance
model (SPSS version 14.0). The comparison of percentage change of BMD
between the 2 groups was calculated by Student’s t-test. Odds ratios adjusted
by menopausal status stratum as a factor were calculated for differences of the
incidence of vertebral fractures at 7 years between the 2 treatment groups.
Significance level was set at 5% and all results expressed as mean + SD.

RESULTS

At the beginning of this followup study, 7 patients in group E
and 6 patients in group C could not be included because of
death or loss to followup. There were no significant differ-
ences between groups in baseline characteristics in that subset
of patients whose data could be used for an intent-to-treat

analysis (43 and 45 in groups E and C whose BMD data were
available, respectively; Table 1). During 7 years, the average
daily dose of PSL in each year was not significantly different
between the 2 groups. The number of patients taking steroid
in groups E and C was also not significantly different (Table
2). During the followup study, there were no adverse events in
either group. However, 2 patients in group E and one in group
C died due to progression of their underlying CTD or infec-
tion during this study. Ten patients in group C began to receive
bisphosphonate as well as alphacalcidol and calcium lactate
because their rheumatologist decided that they would benefit
from such treatment. On the other hand, only 1 patient in
group E was changed from etidronate to alendronate.

After 7 years of treatment, the mean (= SD) percentage
change in BMD of the lumbar spine in group E (5.9% + 8.8%)
was significant compared to baseline (p = 0.00007). This was
also the case, albeit to a lesser extent (2.2% + 5.8%), in group
C (p = 0.013; Figure 1). This improvement of BMD was sig-
nificantly greater in group E than in group C (p = 0.02).

In a separate analysis of premenopausal and post-
menopausal women, both of these subgroups of group E
showed an increase in the mean percentage change in BMD
during their treatment course. In premenopausal women, both
groups E and C had significant increases of lumbar spine
BMD from baseline at 7 years (p = 0.001 and p = 0.02,
respectively). These increases were significantly higher in
group E than C in a subgroup of premenopausal women
(6.7% +9.1% vs 2.3% + 4.5%; p = 0.04). Although the post-
menopausal subgroup of group E showed an increase in
BMD of the lumbar spine, this failed to achieve significance
(2.8% + 8.0%; p = 0.23). BMD of this subgroup in group C
remained at baseline (-=0.03% + 7.60%; p = 0.99). There were
also no significant differences between the 2 groups in this
respect.

Analysis of the subgroups based on the baseline BMD
revealed that the osteoporosis + osteopenia subgroup in group
E showed a significant increase of the lumbar spine BMD
from baseline at 7 years (p = 0.0009). This increase was sig-
nificantly greater in group E than in group C at 7 years (7.8%
+9.5% vs 2.0% + 6.3%; p =0.04). Both E and C groups of the
normal BMD subgroup showed significant increases in lum-
bar spine BMD at year 7 (3.9% + 7.7%, p = 0.03 and 2 4% +
5.6%,p = 0.03, respectively). Again, there were no significant
differences between the 2 groups (p = 0.40).

The mean percentage change in lumbar spine BMD in
group E improved from baseline by approximately 5% over
the 7 years (Figure 2). Although group C showed no decrease
of BMD from baseline, the increase in group E was signifi-
cantly greater than in group C at 7 years (p = 0.02).

Six patients in group C had a total of 11 new vertebral frac-
tures during the followup period (Table 3), whereas only 2
patients in group E had a total of 3 new fractures. At year 7,
cyclic etidronate therapy had reduced the risk of new vertebral
fracture by 67% [odds ratio (OR) 3.00; 95% confidence inter-
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