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FIGURE 4. NKT cells produce Th2 cytokine after a-GalCer adminis-
tration and T. gondii infection. A. NKT cell populations were isolated from
the lamina propria of mice treated (a) or not treated (b: two mice per group)
with a-GalCer on day 8 after infection. The cells were then purified on the
basis of CDId/a-GalCer tetramer staining using anti-allophycocyanin
magnetic beads. The purity of sorted cells was confimed by FACS anal-
ysis. This experiment was repeated twice. B. Purified NKT cells were an-
alyzed for mRNA expression of Thi and Th2 cytokines by real-time RT-
PCR. Results are expressed as the relative increase in the cytokines in NKT
cells from treated mice compared with the untreated NKT cells after nor-
malization with the housckeeping gene. Results are representative of two
independent experiments.

>90% in both a-GalCer-treated (Fig. 4A. a) and untreated (Fig.
4A. b) animals. The mRNA production of different cytokines by
the purified NKT cell population was measured by RT-PCR. The
results are expressed as the relative increase or decrease in mRNA
expression for different cytokines in NKT cells isolated from
a-GalCer-treated mice compared with control infected. but un-
treated. mice. Compared with controls. IL-10, IL-4, and IL-13
mRNA expressions were increased in the NKT cell population
isolated on day 8 from mice treated with a-GalCer and infected
(Fig. 4B). These data indicate that treatment with a-GalCer shifts
the NKT cell cytokine pattern to a Th2-like profile.

The production of IL-10 and IL-4 by NKT cells stimulated with
a-GalCer was increased in the intestines of treated mice. In con-
trast, IL-13 production by NKT cells after treatment with a-GalCer

INTESTINAL NKT CELLS AND PATHOGEN-DRIVEN ILEITIS

did not lead to an increase in this cytokine in the whole intestine
throughout the serial time points after infection.

Role of IL4 in protection against T. gondii-induced death

The contribution of IL-4 production associated with a-GalCer
treatment to interference with the induction of 7. gondii-induced
death was evaluated by a series of experiments using blocking Ab.
Blocking of IL-4 the day before a-GalCer treatment partially re-
versed its beneficial effect. as shown by a 50% survival rate com-
pared with 100% survival of mice in the a-GalCer alone-treated
group (Fig. 5A). These observations suggest a partial role for IL~4
in the protection induced by a-GalCer in this model.

Critical role of IL-10 in protection against T. gondii-induced
ileitis

The contribution of 1L-10 production associated with a-GalCer
treatment in interfering with the induction of T. gondii-induced
death was evaluated using genetically deficient and chimeric mice.
Strikingly a-GalCer treatment had no beneficial effect on protec-
tion in IL-10™~ mice (Fig. 5B). These observations suggest a
pivotal role for IL-10.

To determine whether IL-10 produced by NKT cells was suffi-
cient to suppress lethal intestinal inflammatory lesions, double-
chimeric mice were genecrated. B6 mice were irradiated and
reconstituted by a 50/50% mix of bone marrow cells from
Ja2817/7 (NKT cell-deficient) and IL-10™'" mice. After recon-
stitution, the double-chimeric mice expressed a normal immuno-
logical phenotype, except for the NKT cells that were 1L-107/~
(NKT IL-10""~). These NKT IL-10~/~ chimeric mice and their
appropriate controls (B6 mice, Ja2817/~ and IL-107'" mice)
were treated with a-GalCer the day before infection. NKT IL-
107/~ chimeric mice treated with a-GalCer rapidly lost more
weight than a-GalCer-treated B6 mice (Fig. 5C). indicating that
the lack of IL-10 production by the NKT cells alone conferred
greater susceptibility to the infection.

However, in contrast to what was expected, the decreased pro-
tective effect of a-GalCer treatment in NKT IL-107/" chimeric
mice did not lead to a significant increase in the mortality rate
(80% survival; Fig. 5D). These results, demonstrating the complete
lack of effect of a-GalCer treatment in IL-107'" mice (Fig. 5B)
and a reduced effect of this treatment in NKT IL-107'~ chimeric
mice (Fig. 5, C and D), suggested that other ccll types might be the
source of the IL-10 that is critical for protection. T regulatory cells
(CD4*CD25™ ) that express the transcription factor FoxP3 and are
known as important IL-10 producers were assessed after treatment
with a-GalCer and infection. Interestingly, the number of
CD4"CD25" cells from intestines and MLNs were increased on
days 6 and 9, respectively (data not shown), after infection. and
this correlates with an increased expression of FoxP3 in the intes-
tine on day 6 and in MLNs on day 9 from B6 mice, but not from
Ja281 ™'~ mice (Fig. 6A). The sorted CD4*CD25* cell subpopu-
lation exhibited IL-10 mRNA expression (data not shown). What-
ever the time after infection and the treatment with or without
a-GalCer, the sorted NKT cell population failed to express either
FoxP3 or CD25. To better characterize the implication of these T
regulatory cell subpopulations to the protective process induced by
a-GalCer, the effect of this treatment in mice also treated with
blocking anti-CD25 Abs was studied. Treatment with anti-CD25
abrogated the protection (Fig. 6B), indicating the crucial rolc of
these cells in the anti-inflammatory process induced by treatment
with a-GalCer.
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FIGURE 5. Roles of IL-4 and IL-10 in the protective process. A, Neutralization of IL-4 the day before a-GalCer treatment partially altered its protective
effect. B6 mice were treated with 1 mg of anti-IL-4 Abs 24 h before a-GalCer treatment and 48 h before infection with 7. gondii. Similarly infected
a-GalCer-treated B6 mice and B6 mice treated with rat 1gG were used as controls (eight mice per group). The survival rate of these mice was determined.
Similar results were obtained in another separate experiment. B, a-GalCer treatment fails to protect IL-10~/~ mice. IL-10"/~ mice were treated (eight mice
per group) with 5 ug of a-GalCer i.p. 24 h before infection. As a control. IL-10~/~ mice and B6 mice sham-treated with DMSO alone were infected. and
the survival rates of all mice were determined. C and D, IL-10 produced by NKT is partially responsible for the protective effect of a-GalCer. To assess
the role of IL-10 produced by NKT cells. chimeric mice were generated. B6 mice were irradiated and then received i.v. 1 X 107 bone marrow cells recovered
from femurs and tibias of donor mice. To generate mice in which only NKT cells were devoid of the IL-10 gene. a mixture (50/50%) of bone marrow cells
from Ja2817'" mice and IL-10"'" mice was used for reconstitution (12 mice/group). Control mice were reconstituted with bone marrow from B6.
Ja2817'" or IL-10™" mice (six mice per group). Six weeks later, the efficiency of the reconstitution was determined. Chimeric mice were then infected.
and weight loss (C) and survival rate (D) were recorded. This experiment has been performed twice with similar results.

Discussion mouse small intestine (35). The presence of unconventional NKT
In contrast to B6 mice that develop acute lethal ileitis after oral .cclls, non-CDld-rc.stricted cells, was also described in the large
infection with T. gondii, mice deficient in NKT cells. although intestine (36). In this study it was obscrved that the purified NKT

permissive to parasite replication, are more resistant to this severe cells were mainly of the CD4" phenotype, with doublc-negative
immunopathological manifestation, suggesting a critical role of CD478" cells making up the difference.

these cells in the intestinal inflammation. NKT cells, present in the Upon polyclonal or Ag-specific stimulation through the TCR,
intestine at early stages after infection, can secrete IFN-y that will ~ CDld-restricted NKT cells have the capacity to produce IL-4 and
initiatc a Thl-like immune responsc mediating the lethal ileitis. IFN-y (11). In this model of pathogen-driven ileitis, we observed
The critical role of IFN-y was confirmed by studies showing that  that intestinal CD1d-restricted NKT cells promote an IFN-y re-
mice deficient in IFN-y production do not develop ileitis (27). sponse, as reflected by the marked reduction of IFN-y mRNA ex-

Results from this study show that the harmful effect of NKT pression at serial time points after infection in Ja2817/~ mice
cells can be neutralized by treatment with a single injection of devoid of NKT cells compared with wild-type control mice. This
a-GalCer. When intestinal NKT cells were stimulated by a-Gal- carly IFN-y production by intestinal NKT cells may influence the

Cer the day before infection, minor intestinal lesions developed, Th1/Th2 balance and thus favor the switch toward a local inflam-
and the mice survived the infection. The beneficial effect of a-Gal- matory Thl immune response. Secretion of IFN-y by intestinal
Cer was accompanied by a shift in cytokine production by the NKT cells may induce DC to secrete IL-12. resulting in an in-

intestinal NKT cells toward a Th2 profile (IL-4 and IL-10) and a creased production of IFN-y and TNF-a by lamina propria CD4*
dramatic increase in CD4*CD25*Foxp3* cells in MLNs. Deple- T cells that are important effector cells in the hyperinflammatory
tion of regulatory T cells abrogated the protective effect of treat- process associated with oral T. gondii infection. IFN-y produced
ment with a-GalCer before the infection. This observation indi- by NKT may activate other cell types. such as macrophages and
cates that activation of NKT cells by a-GalCer triggers a neutrophils (37). that will act on NK cells and CD8 T cells to
regulatory T cell response that helps control the inflammatory in- cenhance their IFN-y production. Our data confirmed the findings

testinal discase observed after 7. gondii infection. of previous studies in which NKI1.17 cells were identified as a
We showed for the first time that conventional CD1d-restricted source of IFN-y that is essential to limit parasite replication (32

NKT cells are present in the small intestine of T. gondii-infected 46) and also point out their role in triggering an exacerbated IFN-y

mice: more precisely, they are located within the lamina propria response leading to immunopathology.

compartment. They are not associated with 1ELs in this model, NKT cclls are certainly not the only source of IFN-y. In

contrary to what was described in previous studies that have iden- Ja2817"" mice. characterized by the absence of NKT cells. a lim-

tified NK-like T cclls within the intracpithelial compartment of the ited amount of IFN-y was secreted after infection, followed by a
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FIGURE 6. Implication of regulatory T cells after a-GalCer treatment.

A. An increased number of Foxp3 regulatory T cells in MLNs from a-Gal-
Cer-treated mice was observed. cDNAs obtained from total MLNs of in-
fected B6 and Ja28! ~/” mice treated. or not. with a-GalCer were submit-
ted to quantitative real-time PCR with specific primers and probed for
Foxp3 and actin (five mice per group). After normalization to actin ex-
pression. resulls were expressed as an increase in Foxp3 expression in
a-GalCer-infected B6 or Ja281 ' “mice compared with infected B6 or
Ja281 7/~ mice. This experiment was repeated twice with similar results.
B. B6 mice were depleted of CD257 cells with anti-CD25 mAb i.p. 3 days
before a-GalCer treatment. Twenty-four hours later. all mice were in-
fected. Similarly infected a-GalCer-treated B6 mice. anti-CD25-treated B6
mice, and B6 mice treated with isotype Abs were used as controls (five
mice per group). Results are representative of two independent
cxperiments.

significant increasc in cytokine production with time (day 8). This
late IFN-y production indicates that other cells within the respond-
ing immune population (c.g.. CD4” T cells from the lamina pro-
pria) are specifically activated.and probably are responsible for the
death of 75% of the Ja281™’~ mice and the mild inflammation
abserved in the intestines of surviving mice.

NKT cells can be activated through different pathways. Activa-
tion through TCR ligation by CDld-associated glycolipid is one
possibility. Alternatively, 1L-12 might activate NKT cells diréctly,
in the absence of TCR engagement (38, 39). or might synergize its
cffect to that of TCR engagement (40). The activation pathway
responsible for NKT cells activation after T. gondii infection re-
mains unclear. It is indeed unknown whether TCR engagement by
Toxoplasma Ag or through recognition of self Ag is required. Re-
cently. Brigl et al. (40) have described a model in which NKT cells
in the presence of IL-12 were activated after recognition of self
Ags presented by CDId. IL-12 was first made by DCs in response
to microbial products, and this cytokine. in turn, activated NKT
cells to up-regulate CD69 cxpression and IFN-y production. One
of the potential Toxeplasma Ag responsible directly or indirectly
for NKT activation is the surface Ag-1 (SAGI) protein, the major
surface protein of the parasite. The SAG1 molecule induces the
dominant Ab response during infection (41) and a strong Thl im-
mune response characterized by high levels of IFN-vy production
by CD4 T cell from the lamina propria and CD8 T lymphocytes
(42. 43). SAG1 is a GPl-anchored protein and could be a potential
ligand for CD1d molecule.

The hypothesis of the activation of NKT cells through TCR
recognition of CD 1d-presented Ag is attractive in our model. How-
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ever, after oral infection with T. gondii, CD1~'~ (B6 background)
mice developed an acute and lethal ileitis within 7 days despite the
absence of NKT cells. This suggests that CD1d may act via several
alternative pathways. Besides its activity on NKT cell activation.
CDIld is important for the activation of IELs (33) that down-reg-
ulate the intestinal inflammation after T. gondii infection. Indeed,
upon Ag activation these IEL secrete copious amounts of TGF-8
that participate in the maintenance of gut homeostasis (28). The
lack of CD1 expression leads to the absence of protective 1ELs.
and the absence of regulatory mechanisms overcome the absence
of inflammatory NKT cells. In addition, the CDJd molccule is
expressed on both the apical and the basolateral membranes of
intestinal epithelial cells (44), and its ligation induces 1L-10 se-
cretion by these cells (45). Thus, the regulation of CDI expression
and its recognition by the TCR could play important roles in the
regulation of intestinal inflammatory processes.

In this model of pathogen-driven inflammatory discasé, NKT
cells arc important for the initiation of the robust Thi inflamma-
tory immune response in the intestine after oral parasite infection.
Alternatively, a-GalCer and related glycolipids can modulate NKT
cell responses toward a Th2-like profile (11, 12, 46). Our obser-
vations demonstrate that a-GalCer treatment has an impact on the
intestinal immune response by shifting the cytokine profile pro-
duction by NKT cells toward a Th2 phenotype, resulting in orien-
tation of the lamina propria CD4 response. A single dose of a-Gal-
Cer prevented the development of lethal ileitis after infection with
T. gondii. This treatment resulted in a Th2 immune response char-
acterized by the production of IL-4, IL-10, and IL-13 by intestinal
NKT cells. The major cytokine implicated in this protection is
IL-10, because the beneficial effect of a-GalCer treatment was
completely abrogated in IL-10-deficient mice.

Our data are in full agreement with previous work reporting the
high susceptibility of IL.-10-deficient mice to the development of le-
thal ileitis after oral 7. gondii infection (47). This susceptibility is
associated with the defect of T cells to produce IL-10. because mice
with an inactivation of the IL-10 gene restricted to T cells generated
by Cre/loxP-mediated targeting of the IL-10 gene succumb to severe
immunopathology upon infection with T. gondii (48).

IL-10 secreted by NKT cells also participated in the protective
effect of a-GalCer treatment, because double-chimeric mice in
which NKT cells alone were impaired in IL-10 secretion were
more susceptible to the development of ileitis than controls after
a-GalCer injection. However, other IL-10-producing cells arc also
implicated. becausc treatment with a-GalCer reduced the mortality
of these double-chimeric mice. Regulatory CD25™ T cells are the
likely candidates, because they are present in the intestine, and the
anti-CD25 treatment blocked the protective effect of a-GalCer
injection.

IL-10 produced by NKT cells has been shown to exert an important
regulatory function in experimental models of different pathologies.
such as diabetes (49) and allergic encephalomyelitis (50). The link
between the shift in the cytokine profile produced by NKT cells to-
ward a Th2 profile and the activation of regulatory CD4* T cells is as
yet unknown. IL-10-producing CD4™ NKT cells arc involved in the
gencration of regulatory CD8* T cells after Ag exposure in the an-
terior chamber of the eye (51). Several reports indicate that NKT cells
may contribute to immunoregulation via DC maturation (52). DC
maturation in the presence of IL-10 may equally induce T regulatory
1 or Th3 regulatory T cells (53). Secretion of IL-4 and IL-10 by
intestinal NKT cells after a-GalCer treatment may act directly on
local DCs during induction of the polarization of the immune re-
sponse and promote a Th2 profile. There is evidence that DCs that
mature in the presence of NKT cells produce greater amounts of IL-10
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and lose the ability to secrete IL-12, a phenotype consistent with a
tolerogenic function (17).

The participation of IL-4 in this process cannot be ruled out. The
role of IL4 seems to be complex in toxoplasmosis. Our data indicate
that npeutralization of IL-4 cannot render a-GalCer-treated mice as
susceptible as wild-type. infected. untreated mice, indicating the par-
ticipation of other cytokine. such as IL-10. In addition, these experi-
ments might indicate, as suggested by Nickdel et al. (54). that IL4-
deficient mice arc more resistant than wild-type mice to the
development of ileitis. However, our data for [L-4 comroborate previ-
ous findings reporting that treatment with a-GalCer or OCH (a syn-
thetic glycolipid that has shorter hydrophobic chain) improves muco-
sal Thi/Th2 cytokine balance by increasing IL-10 and IL-4
production and prevents experimental colitis in mice (55).

The impontant role played by NKT cells in the regulation of the
intestinal immune response has also been previously suggested in a
colitis model induce by chemical agents such as dextran sodium sul-
fate (56) or oxazolone (57). The pathogenic pathway leading to tissue
injury in dextran sodium sulfate-induced colitis and. by extension. in
Crohn's discase was attributed to production of Th1 cytokines such as
IFN-y and to the presence of NKL.1* T cells (56). However. the
pathogenic pathway leading to tissuc injury in oxazolone colitis was
also associated with NKT cells secreting 1L-13 (57).

The presence of IL-10-secreting T regulatory lymphocytes has
been associated with regulation of intestinal inflammation (33),
and in our modcl these cclls may be ultimately responsible for the
protective cffect scen after trcatment with a-GalCer. These data
illustrate the dual potential of NKT cells in orienting distinct (i.c..
Thl or Th2) immune responscs depending on the stimuli used.

After activation with 7. gondii, NKT cells are important medi-
ators of the immune response via a robust IFN-y-mediated effect
that limits parasite replication and allows for parasite clearance.
However, this carly and influential response is not without draw-
backs and can be detrimental to the host. This response, when
uncontrolled, leads to the development of an acute inflammatory
process and death within 7 days of infection in this experimental
model of pathogen-driven ileitis. Our data highlight the crucial role
of NKT cells derived from the gut in the modulation of intestinal
homeostasis.
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Aim: Neuropsychiatric systemic lupus erythematosus (NPSLE) is a serious freatment-resistant phenotype of
systemic lupus erythematosus. A standard treatment for NPSLE is not available. This report describes the
clinical and laboratory tests of 10 patients with NPSLE before and after rituximab treatment, including
changes in lymphocyte phenotypes.

Methods: Rituximab was odministered at different doses in 10 patients with refractory NPSLE, despite
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manifestations, particukarly acute confusional state. Rituximab dlso improved cognitive dysfunction, psychosis
and seizure, and reduced the SLE Disease Adtivity Index Score at day 28 in all 10 patients. These effects
lasted for >>1 year in five patients. Flow cylometric analysis showed that rituximab down regulated CD40 and
CDB80 on B cells and CD40L, CD69 and inducible costimulator on CD4+ T cells.

: Conclusions: Rituximab rapidy improved refroctory NPSLE, as evident by resolution of various clinical signs
Acceplod 30 Ociober 2006 g symptoms and improvement of radiographic findings. The down regulation of functional molecules on B

Publi ine fi
9‘#;?::52" lz'o‘%é ™ and T cells suggests that rituximab modulates the interaction of activated B and T cells through costimulatory

discasc characterised by multiple lesions induced by

activation of autorcactive T cells and overproduction of
autoantibodics by B cells. The involvement of the central
nervous system {(CNS) in SLE is often intractable, complicating
the coursc of the discase in about 12-75% of patients with SLE.
The involvement of the CNS has a negative clinical impact with
a 5-year survival of 55-85% and is associated with poor
prognosis.' ° Neuropsychiatric systemic lupus erythacmatosus
{NPSLE) cxhibits a wide range of symptoms unrelated to SLE
activation, which includc organic and mental disorders, often
associated with impairment of consciousness and/or convul-
sions. These organic disorders may bccome permanent,
cventually leading to long-term or irreversible decline in higher
mental functions.

CNS immunc abnormalitics have an important role in such
discasc states. Therefore, a trial of intensive treatment,
including thc combination of potent immunosuppressive
treatment and plasma cxchange (PE), depending on the discase
type and its severity, may be advisable in an effort to control
autorcactive lymphocytes.’** Although the scverity of NPSLE
corrclates with prognosis, there is no cstablished treatment
protocol and many cases are resistant to trcatment making this
condition difficult to control.

This study describes the results of treatment of patients with
NPSLE who had previously failed to respond to various
immunosuppressants. Qur approach was based mainly on the
use of anti-CD20 antibody (rituximab), a chimcric antibody
that directly targets B cells.”  Rituximab is a biological
preparation  that climinates B cells through a variety of
mechanisms such as antibody-dependent cellular cytotoxicity,
complement-dependent cytotoxicity and apoptosis. Rituximab
has recently been used for the treatment of a variety of SLE

Systcmic lupus crythematosus (SLE) is an autoimmune

www.annrheumdis.com

molecules. These results warrant further analysis of rituximab as treatment for NPSLE,

discasc conditions and good therapeutic response has been
reported.'™"* We investigated the short-term and long-term
responscs to rituximab treatment in 10 patients with NPSLE,
and report that some showed marked improvement following
rituximab treatment. Morcover, the results showed that
rituximab modulated the functional molecules of activated
lymphocytes, implying the cfficacy of anti-CD20 antibody
trcatment for CNS lesions in patients with SLE, otherwise
resistant to other treatments.

MATERIALS AND METHODS

Patients

The study subjects were 10 patients who had been previously
diagnosed with SLE based on the American College of
Rheumatology criteria.”” The inclusion criteria were (1) the
presence of a highly active diseasc and (2) CNS lesions resistant
to conventional treatment. None of the patients showed
improvement in CNS-related symptoms in response to conven-
tonal immunosuppressive trcamment such as intravenous
cyclophosphamide pulse treamment (IV-CY), cyclosporine A
(CsA), PE and immunoadsorption therapy. All paticnts
completed the course of anti-CD20 antibody trcatment
described in this study. Patients 1-8, and patients 9 and 10
were  treated  at  the  University of Occupational and
Environmental Health  Hospital and  Kyoto  University
Hospital, respectively, from 2000 to 2005. Informed consent
was obtained from all patients in accordance with the
Abbrevigtions: CNS, central nervous system; FACS, fluorescence-
adtivated cell sorter; NPSLE, neuropsychiatric systemic lupus
erythematosus; PBS, phosphate-buflered saline; PE, plasma exchange; SIE,
systemic lupus erythematosus; SLEDAL, SIE Disease Adtivily Index; SPECT,
single-photon-emission computed tomogrophy
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regulations of the aforcmentioned two hospitals, and rituximab
was administered in accordance with the study protocol
approved by the cthics committee of cach hospital.

Treatment protocol

Paticnts 1-5 and 10 were treated with 375 mg/m? rituximab once
awcek for 2 weeks, and paticnt 9received a single administration
of the same dosc. Patients 6 and 7 reccived 500 mg rituximab
once. a week for 4 weeks, while patient 8 was treated with
1000 mg once biweckly for 4 weeks. Blood pressure and ECG
were monitored within the first 3.5 h of the administration to
check for any reaction to the drug infusion.

Assessment

Clinical symptoms and weatment-induced adverse reactions
were assessed before reatment, every weck during treatment,
cvery week within 1 month after treatment and once monthly
thereafter. Laboratory tests included blood count, crythrocyte
sedimentation rate, liver and rcnal function tests, urinary
protein, scrum complement titre and autoantibody level (such
as anti-ds-DNA antibody). To cvaluate the impact of rituximab
on CNS lesions. we mcasured the immunoglobulin (1g)G index
and interleukin (IL}6 level in the cerebrospinal fluid, MRI,
cerebral flood flow scintillator (single-photon-emission com-
puted tomography (SPECT), and '®FTG-positron ecmission
tomography. To assess SLE activity, the SLE Discase Activity
index (SLEDAL was determined before and after treatment.
The level of expression of functional molecules on the
lymphocyte ccll surface was asscssed by flow cytometry.

Flow cytometry :
Mononuclear cells were isolated from peripheral blood using
lymphocyte separation medium (ICN/Cappel Pharmaccuticals,
Aurora, Ohio, USA). After washing twice with phosphate-
buffered saline (PBS), the cells were incubated in blocking
buffer (0.25% human globulin, 0.5% human albumin
{Yoshitomi. Osaka. Japan), and 0.1% NaN; (Sigma Aldrich, St
Louis, Missouri, USA) in PBS) and lcft to stand in a 96-wcll
plate at 4% for 15 min. In the next step, the cells were
incubated in 100 pd of fluorescence-activated cell sorter (FACS)
solution (0.5% human albumin and 0.1% NaN, in PBS) and
then treated with fluorcescein isothiocyanate-labelled mouse
IgG, and antihuman CD40, CD6Y, inducible costimulator
(1ICOS). €CD19, CD4 (Pharmingen, San Diego, California,
USA), CD80 (Chemicon Euwrope, Chandlers Ford, UK), or
CDI0L (Ancell, Bayport, USA) antibody, and left to react for
30 min at 4. The cells were washed three times with FACS
solution and analysed using FACScalibar (Becton-Dickinson,
San Josc, California, USA).

Statistical analysis

All data were expressed as mecan (SD). Differences between
data collected before and after treatment were examined for
statistical significance using the Student’s 1 test. p<0.05
denoted the presence of a significant difference.

RESULTS

Characteristics of patients

Table 1 summarises the NPSLE classification and laboratory data
of the 10 patients. All patients were females with a mean (range)
age of 31 (20-55) years. The mean (range) duration of illness
from the onset of SLE to administration of rituximab was
9.6 ycars (3 months to 25 years). Immunosuppressants uscd for
trcatment before enrollment in the rituximab protocol included
CsA, cydophosphamide, mizoribine, and azathioprine. In addi-
tion, five patients with intractable discase did not respond to the
combination trcatment, and thus received PE as well,

471

With regard to CNS-rclated symptoms, acute confusional
state was noted in 5, psychosis in 4, scizures in 2, mood
disorders in 2, and onc patient cach had headache, demyelinat-
ing syndrome, myclopathy, anxicty disorder and cognitive
dysfunction, bascd on the NPSLE classification of the Amcrican
College of Rheumatology.” ™ MRI findings included abnormal
signals in the cercbral white matter in six patients. SPECT
showed reduced cercbral blood flow in cight paticnts. Although
a high 1gG index™® was noted in five patients (>0.66), an
increase in 16 was confirmed in only one patient.

Scrious hacmolytic anaemia, cardiomyopathy-associated
decreased  cardiac function, muscle pain, mucocutancous
disorders, peripheral neural deficits such as abnormal sensation
and ncurogenic bladder were also seen in these patients, in
addition to the CNS-related changes (tables | and 2). In all
participants, conventional immunosuppressive therapy pro-
duced cither no improvement of symptoms or only a poor
response. The SLEDAL values (range, 2-49) reflected the
presence or absence of organ system-specific activity, with
large scores representing involvement of CNS and low scores
reflecting  haematological activity. In the present  study,
involvement of organs was limited to thosc that could be
confirmed objcctively, while subjective signs such as fatigue
and paresthesia were not recorded. Thus, using this approach,
the SLEDALI scores of patients with objective signs reflecting
multiple involvement of CNS were high whercas those of
patients with subjective symptoms only were low. In our study,
patients 1 and 3 had multiple CNS signs, paticats | (49 points)
and 3 (37 points) had scizures, psychosis and organic brain
syndrome. On the other hand, patient 2 had MRI abnormatity
in the medulla oblongata but had only paresthesia as a
subjective symptom (2 points), and paticnt 7 had MRI
abnormality in the dorsal medulla spinalis and paralysis of
the lower extremities, mood and anxicty disorders. However,
the SLEDAL scores of both patients were based on subjective

symptoms, and thus the scores were low (2 and 3, respectively).

Clinical outcome

At the start of rituximab trcatment, patients were treated with
low to moderate doscs of corticosteroids  (15-40 mg  of
prednisolone, 1-3 mg betamethasone), and continued to usc
this treatment during the rituximab arm of the study. However,
immunosuppressants were stopped at entry to the study in all
patients except for paticnt 8 who continued her treatment of
50 mg azathioprine. The postrituximab follow-up period was 7-
45 months. Table 2 provides details of the clinical symptoms
and laboratory 1ests before and 28 days after rituximab
trcatment  (unless othcrwise indicated in  the 1able).
Improvement in the skin and mucocutancous lesions was fast,
and the cjection fraction recovered from 44% to 72.1% in
paticnt 4. All patients showed improvement in hacmatopenia
and complement tire and marked falls in PE-resistant
autoantibodics after treatment. Analysis of SLE activity before
and after the treatment showed a significant decrease in
SLEDAI from 19.9 (range, 49-2) before treatment to 6.2 (range,
15-0) after wreatment (p=0.013, fig 1). Morcover, SLEDAI
decreased to 0 in 9 of the 10 patients at 1-6 months after
rituximab wcatment.

Rituximab treatment was also effective against CNS lesions
in all paticnts. In particular, the consciousness state of all the
five paticnts who were in acute confusional state before
treatment, improved rapidly after the trcatment. For example.-
the GCS score of patient 1 improved from 7-11 to 15 after
5 days of treatment, and that of patient 2 from 3 to 14 after
2days of treatment.  This rapid rccovery was clinically
significant. In addition, even in three patients who were in a
dazed state and nceded 10 be woken up before rituximab
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Table 1 Characteristics of 10 female potients with neuropsychiatric systemic lupus erythoematosus ot study entry
Age Ousaben o G indax /18
Potiers  (yaord disecae  Previous wotsent NP chma licctives ML/SPECY bo/ml Chmicl caonestabions DN
\ 35 19yeon  CS 40 mg, pube 14), V-CY (2. VX Acuss carhsiond siow, minse, Noand /dbearnd Not done/nct done Fewor, bo¥gue, rephrific 49
{10 mgl CsA {300 mg, 3 years), AZ paychosa syndrome, bulopania, bw Hb,
{100 mg, 2 months), MIX {8 mg/w. high ESR, CH50, artids ONA T
4 monhy, PE {11}, A (15}
2 S5  25ymon  C5(i0wg, pbed NOYI7),PE(]  Acul cochsano] siom 1, W cheormol 073t/1.8 Pomshaso of fingan, severs 2
ANA, onti<h DNA t
3 4 I months 550 mg), V-CY {11 PE(2, A (3) Acum conhusionol sale, winse 14, 11/ dbroront 046/318¢ ia. low Hb, 37
[} ¥a, profrerio,
AN, onfi<h DMA §
. 0 Vyer G5 (50mgh GA{1Smg, | m Headoche Noemal/ ret dore 1051 /31 Four, Digue, skin rosh, ckpacio, 16
l-&q:o'n.CA}’ manNAyl
5 M Jymn  CS{60 mg). V-CY (8] MZ(150 mg, Demnyelinating syndrame t, it/ rormol 0851/0.9 Semory déicl, phaommisvy, 16
25 monds) mash ke, lymphocytopenio,
Ca!
X 22ys0n  CS {40 mg), MZ {150 mg, 22 yean) Maod disarder " Normad/dbrormd Q54N s Polyneuropcthyy, mnadar poin, 17
¢ skin rouh, leukopanio, a\t&
. DoAY
7 2 7yson  CS {60 mg, pube 3}, V-CY {1 4), MTX Mydopotry, mood dosorder, 8, (8/ abeormad Q801/47 Periungud erythoamo, sukepanic 3
{introtheccl 30 mg), MZ {300 mg, 2 yeon)  anxiaty dsorder
8 -4 9 mordhs €S 145 ), IVCY (6] AZ{50 mg, | month} Paychosis, cogritve dpfundion 8/ abnorml 056/1.0 l;w y , alopeda, 18
b, i
9 o 8 mordhy  CS {60 mg, pubse 31, VCY, OFFP {4 Acute confusonal sae, 8/ cbnormod 0981 /42 Fover, lymphodenopathy, low Hb, 28
psychaa ymphocytopenio, high ESR, ans-
St
10 b7 17 yeon 5 {40 mg, puim 2), AZ {100 mg by}, CsA  Acule rfusional wam, Nomdl/dbaormd 0.60/2.4 Severs AHA, CHS0 | 8
{300 mg, 1 maneh), tv-CY {2). PE {4) prychosis
The divease ackivey was high in ol paients and none had respondad © ond i P
AMA, autimmune hoemolysic anaemio.; AZ azdhioprine; CS, coni id; GA, oyclosporine; CY, cydophosphomide; OFFP, double filrasion ph harasis; ESR, eryth di ion rate; Hb,
h globin: (A, i dsarption, MTX, mesh ML mizoribine; PE, plama exchang SEOAL, Sﬂmthpnﬁy‘wmmbum-mvyhdu,va.nmnm
For v-CY. PE andIA, sumbers in porentheses represnt the number of treotments. for €5, CaA, AZand MZ, the dosas in porenthaes represent maximum dosage. For VCR in pasient | end MTX in potient 7. the dose
inparenteses expresses oxd dosage. MR finding: 11, small oreos of increamd signal intnsity secondary 0 microinfortion 8, focd areas of sgnal intensity in grey marer |Am J Rosnigandl 1985; 144:1027-31)

Table 2 Clinical outcomes of neuropsychiatric systemic lupus erythoematosus after anti-CD20
antibody tredment
Other NS manifestations
¥eatments of fective NPSLE  Durafion
Dose of shudy entry findings ofter  of remission
Patient  rituximab img} before ofter rectment {m)
1 375 mg/m*  Bet 1.0 Consci Completo recovery  Improvement of 22
doy 1,8 disorder, seizws,  {GCS 7-11=15/5  SPECT
psychosis doys)
2 375 mg/m*  Beat ).S Consciousness Improved No lolkw-up data 18
day 1,15 disorder ONIcOUSNess
3 375 mg/m®  Bet1.0 Comciousness Complete recovery  No improvement 23
doy 1.8 disorder, seizure ﬁsa-.wz in MRl ond SPECT
)
4 375mg/m®  mPSL20  Heodach Resokution of WG 29
doy 1,8 headoche index {1.05
R —0.84/4 w}
s 375 mg/m*  Bet1.25 Paresthesia of Resobstion of Improvement of 7
day 1,8 fingens, oes ond  poresthesia neck MRJ
Ioft pracordiak-bock
é 500 mgday Bet25 w:m, Improvement of Inprolanemof 7
1,815, 22 deprossive gdte
7 500 mgday Bet1.25 Rns'sdho!h Redhction of pores's, lnproanawo’ 14
1,815 22 lower limbs, muxcle improvement of SPECT,
okness, deprosive tde improvement of
depressive sicle {SDS 58—50/2 w}  1gG index {0.80
~0.72/3 m}
8 1000 mgday Bet 1.25, AZ Piychosis, cognitive impr of improvementof 11
115 ™ 50 dyshinction psydhosis (BPRS SPECT
26-+7/8 w)
9 5 mg/m?  PSLAS Comsci Comph y  lmpr of 10
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10 375 mg/m*  Bet3 Consci Complete recovery  No significont 4
day 1,8 disorder, improvement in
aroplexy
Bet, betomethasone; BPRS, brief psychidric miing a:do CNS ceniral nervous sysiem; GCS, Glasgow Coma Scale; m-
PRL, mefhybradfmdone, MRI, mognetic resonanos imaging; NPSLE, neuropsychiatric systemic lupus erythosmakosus;
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Figure 1 Systemic ly hoematasus disease odivity index (SLEDAI)
score before and 28 days after rituximab treatment. A decrease in SLEDAJ
score was detected in 9 of the 10 potients. Dota are mean {SD). "p<0.05.

trcatment, became alert the next day (patient 2) or after a few
days of treatment (patients 9 and 10). Furthermore, rituximab
also improved neuropsychiatric symptoms such as psychosis
and mood disorder within a few weeks to a few months after
treatment. For example. the Brief Psychiatric Rating Scale,
which is used for the assessment of schizophrenia, markedly
decreased in patient 8 from 26 to 7 points within 2 months,
together with recovery of communication skills. In addition,
paticnts | and 9 showed rchabilitaton into socicty after
rituximab trcatment although they had scrious ncuro-
psychiatric symptoms before trcatment. In addition to the
improvement in SLE activity and clinical symptoms, rituximab
also improved the quality of life of the patients.

We also assessed the effects of rituximab weatment by
comparing the findings of MRI and SPECT before and after
trcatment. In four patients {paticnts 1, 6, 7 and 8), rituximab
treatment improved cercbral blood flow as determined by
SPECT; in patient 1, such improvement was noted at the carly
stage of treatment and paralleled the improvement in clinical
symptoms. For patient 5, rituximab trcatment resulted in
improvement in the abnormal findings in T2-weighted images
of the cervical cord on MRI, along with the improvement in
sensory deficits duc to inflammation at the same site. For
patient 9, rituximab trecatment resulted in reduction of the
high-intensity lesion in the hcad MRI T2-weighted image.

Four of our paticnts had peripheral neuropathies in addition
to CNS lesions. Treatment with rituximab resulted in remission
or marked improvement of paresthesia in patient 2, radiculo-
pathy in paticnt 4, ulnar ncuropathy in patient 6, and
neurological bladder in patient 9. Rituximab also improved
quality of life bascd on improvement of peripheral neuropathy-
related symptoms although such symptoms tended to persist
after treatment.

While the overall therapeutic effect of rituximab was excellent,

some patients developed relapse after long-term remission. Six of

the 10 patients showed reactivation of SLE including reappear-
ance of CNS-related symptoms. For patient 1, remission was
maintained with low-dosc steroid for 22 months after rituximab
treatment. However, the paticnt showed recurrence associated
with an increase in autoantibodics and proteinuria. Recurrence
was alsonoted 18 months after treanment in patient 2, associated
with hacmolysis. Both patients 1 and 2 required retreatment with
rituximab. At 23 months after completion of rituximab treat-
mcent, patient 3 showed worsening of the head MRI findings and
cerebrospinal  fluid  abnormalitics and  developed  witnessed
scizure attacks. In paticnt 5, a reduction in the steroid dose was
followed by recurrence of CNS-related symptoms after 7 months.
Generalised skin rashes appeared in paticnt 9 after 10 months
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and paticnt 10 reported worsening of lupus headache after
4 months. Patients 3 and 5 reccived 1V-CY treatment, and patient
9 and 10 required an increase in the steroid dosc. However, four
patients (paticnts 4, 6, 7 and 8) maintain a remission state at the
tine of writing this report (at 35 months in patient 4, at
7 months in paticnt 6, at 19 months in paticnt 7 and 16 months
in paticnt 8) after the complction of rituximab treatment.

Adverse effects

Of the 10 patients, wo developed pneumonia, one had herpes
zoster, onc developed chickenpox and one had intractable
infection of decubitus ulceration. These infections were
successfully controlled with antibiotics.

Phenotypic analysis of SLE lymphocytes

T cells and B cells are activated by antigen stimulation via T cell
receptors and  signals from  costimulatory molecules. The
responsible costimulatory molecules, such as CD40/40L, CD80,
CD86/CD28 and ICOS/B7h, are known to be expressed in
patients with active SLE.*'=*

We performed scrial analysis of the expression of functional
molecules in cight patients with SLE before and after rituximab
trcatment by flow cytometry. Rituximab trcatment resulied in
rapid disappearance of CD20. a specific antigen to B cells,
marked decrease in CD19-positive cells, within several days to
2 weeks after trcatment. Rituximab also resulted in rapid falls
in the percentages of CD40-expressing and CD80-cxpressing
CD19 cclls within | day and both were hardly detected after the
sccond day (fig 2). The expression levels of these molecules
were stll low at 3 months after complction of rituximab
treatment. .

We also assessed the cffects of reatment on the expression
levels of CD4UL (a costimulatory molccule on CD4-positive
cells), ICOS and CD69 (an carly activation antigen). While only
three paticnts showed high expression of these molecules
before treatment, rituximab reatment reduced the expression
levels of these molecules in all three patients (fig 3), suggesting
that rituximab docs not only affect B cells but also T cells in
paticnts with SLE.

DISCUSSION

To date, reports on rituximab treatment for autoimmune
discases have covered various conditions, including RA, SLE,
dermatomyositis,  Sjigren's  syndrome  and  vasculitis. 7
Rituximab trcatment resulted in improvement, manifested by
a decrease in the British Discase Activity score and SLE DAL
score, of arthropathy, ncphropathy, thrombocytopenia and
hacmolytic anacmia.''*

Although few reports described the cfficacy of rituximab
trcatment in patients with SLE with CNS lesions," ' *' 1o our
knowledge, there are no published reports that provide detailed
analysis of the effects of such weatment in a large group of
patents. Rituximab has a large molccular weight of 146 kDa,
and hence cannot readily cross the blood-brain barricr:
therefore, it is unlikely to rcach the cercbrospinal fluid
following systemic administration. We measured rituximab
concentration in the cercbrospinal fluid of patient 8 at 24 h
after trcatment. The value (0.3 pg/ml) was slightly higher than
the lower detection limit of the assay, whercas the serum
concentration was 279 ug/ml. Based on this finding, we assume
that the central effects of rituximab are mediated through
another mechanism, not through antibody-dependent cellular
cytotoxicity and/or complement-dependent cytotoxicity. ¥

To asscss autorcactive lymphocyte activity, we determined the
expression of various functional molecules on the surface of
peripheral blood lymphocytes before and after rituximab weat-
ment by using flow cytometry. We previously proposed that
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rituximab could regulate SLE discase activity and correct
autoimmunc abnormalitics.* The present results showed a rapid
decrease in the expression of functional surface molecules and
maintenana of long-term control following rituximab treatment
(fig 2). Specifically, a marked decreasce in the proportion of CD40-
cxpressing and CD8U-cxpressing cells was detected on the day
after inidation of rituximab reatment. In this regard, Leng e al”’
found CD40 overexpression in CD19 cells in paticnts with
rhcumatoid arthritis compared with hcaithy controls. Others

CD40L
" Patient 2
CD69
e
Patient 6
ICOS
Patient 7

3 months

also reported that the percentage of CD80-positive cells among
activated B cell subset was higher in SLE than the controls.*
These results suggest that the target of rituximab trecatment is
activated B cells. Anolik ¢t af” examined B cell phenotypes after
rituximab weatment and reported that the proportion of
autorcactivv memory B cclls was decrcased after rituximab
trcatment. Considered together, the above results and those of
the present study suggest that T cell activation is negatively
influenced by a rapid decreasc in B cell o T cell stimulation in

Figure 3 Changes in expression of

guticanal molecuglees oneapDA-posiﬁve cells
induced by rituximab treatment. The
expression of CD40L (patient 2}, CD69
(potient 6) and KCOS (patient 7} on CD4-
posifive cells was measured before (day 0)
and 28 days aher rityximab treatment.
Percentoges represent the percentoge of
CD4-positive cells expressing the functional
molecules.

Day 28
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parallcl with the loss of B cells. Our results also showed that
rituximab down regulated CD4OL. 1ICOS and CD69 on CD4-
positive cells in patients with active SLE (fig 3). Sfikakis er al™ also
reported that rituximab treatment decreased CD40L and CD6Y
expression in patients with SLE. These results imply that
rituximab could climinate B cclls bearing functional molecules
and inhibit the interaction between these B cells and activated T
cclls by down regulating costimulatory molecules, and also
possibly by redudng the production of cenain cytokines and
complement activation, which could Icad to rapid improvement
of CNS manifestations of the discase.

At present, there is no treatment strategy for patients with
NPSLE who fail to respond to conventional therapics. In such
paticnts, large doses of steroids are provided on long-term
basis, and IV-CY is administered continuously. Our study
showed that rituximab is usctul as a new reaunent for such
cases. However, recurrence after rituximab treatment was
noted in our paticnts, as has been reported previously in
patients with rheumatoid discases.® Two of our patients who
expericnced  recurrence  received  rituximab  re-treatment.
Howcever, these patients experienced recwrence at 18 and
22 months after rituximab treatment, suggesting that remis-
sion could be maintained for a comparatively long period of
time with rituximab trcatment. Further studies are nceded to
develop strategics for the prevention of recurrence and counter
measures for inhibiting the production of antichimeric anti-
bodics.'” * There is also a need to investigate the long-term
cffects of rituximab treatmient and its organ specificity.
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Autoantibodies to Asparaginyl-Transfer RNA Synthetase
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Objective. We have previously described anti-K$S
autoantibodies and provided evidence that they are
directed against asparaginyi-transfer RNA (tRNA) syn-
thetase (ASnRS). The aim of the present study was to
identify patients with anti-AsnRS autoantibodies and
clucidate the clinical significance of this sixth antisyn-
thetase antibody. In particular, we studied whether it
was associated with the svadrome of myositis (polymy-
ositis or dermatomyositis DM, interstitial lung dis-
case (ILDY, arthritis, and other features that had been
previously associated with the § other anti—aminoacyl-
tRNA synthetase autoantibodies.

Methods. More than 25300 sera from patients with
connective tissue discase (including mywositis and ILD)
and controls were examined for anti-AsnRS autoanti-
bodics 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
HLA class L (DRBL, DQAL DQBIL. 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 identificd 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 arc 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 synthetascs) have been
identificd in paticnts with inflammatory myopathices
(1-6). Among these “antisynthetasc autoantibodics,”
the most common is anti-Jo-1 (anti-histidyl-tRNA syn-
thetase [anti-HisRS]), found in 209 of patients with
polymyositis/dermatomyositis (PM/DM) (7-11). Anti-
PL-7 (anti-thrconyl-tRNA synthetasc [anti-ThrRS])
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and anti-PL-12 (anti-alanyl-tRNA synthctase [anti-
AlaRS]) autoantibodics are less common, found in
3-4¢: of all patients with PM/DM (4.5,11-13). while
anti-OJ (anti-isolcucyl-tRNA synthetase [anti-lleRS])
and anti-EJ (anti-glycyl-tRNA synthetase [anti-GlyRS))
autoantibodics arc the least common, occurring in <2%
(6.14,15), although the frequency may vary in different
populations (16).

Characteristic clinical features have becn found
in patients with anti-HisRS and other antisynthctase
autoantibodies (1.9.10). Thesc features include myositis,
iterstitial lung discase (ILD), 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 differcnces
have been noted. which must be considered preliminary
due to the small reported number of patients with
non-HisRS antisynthetases (1.9,19). Paticnts with anti-
AlaRS appcear to be more likely than those with anti-
HisRS 10 have ILD and/or arthritis either without
myositis or with little evidence of muscle discase. Ab-
sence of significant myositis over the full discase course
in patients with anti-HisRS is rare (<5%¢), although it
may occur. Clinically significant myositis was seen in
60%e of US paticnts 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
antisynthetascs, especially anti-GlyRS (15,22).

We recently described anti-KS autoantibodies
and provided cvidence 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. [t immunoprecipitated a 65-kd protein and a
unigque 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 1eG fractions showed significant inhibition of
AsnRS activity, but did not inhibit any of the other 19
aminoacyl-IRNA synthetase activitics.

In this report. we describe the clinical and immu-
nogenctic features of 5 additional patients with anti-
AsnRS autoantibodics, most of whom had the syndrome

HIRAKATA ET AL

of [LD with arthritis and/or myositis. Immunoprecipita-
tion (IP) and aminoacylation inhibition studics 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, Scoul.
Korea; Clinic and Research [nstitute for Rheumatic Discases
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 1o 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 tissuc discases: 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 instity-
tional review hoards. 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 mAf Tris
HCI at pH 7.5. 500 mAf 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 ul of IP buffer using
10-second spins in a microfuge tube. and resuspended in 400 i
of NET-2 buffer (50 mM Tris HCl at pH 7.5, 150 mAf NaCl.
0.05% NP40).

For analysis of RNAs, this suspension was incubated
with 100 ul 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 ul of NET-2 buffer. To extract bound RNAs, 30 ul of
3.0M sodium acetate, 30 ul of 10% sodium dodecyl sulfate
(SDS), and 300 ul of phenolichloroform/isoamyl alcohol (50:
50:1; containing 0.1% 8-hydroxyquinolinc) 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, 0.0255
bromphenol blue. and 0.025% xylene cyasol FF (Bio-Rad.
Hercules, CA) in Tris-boratc-EDTA buffer (90 mM Tris HCl
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 7 urea-10% polvacrylamide 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 % 107 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 0.5 sodium salicylate, and dried. Labeled
proteins were analyzed by autoradiography. .

Aminoacylation. Aminoacylation 1nhibition 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 (S0 mM Tris HCL at pH 7.5, 0.02M Nadl,
0.01M MgSO,. | mM dithiothreitol) containing 8 units of
veast IRNA, 3 ul of C-asparagine or other *H-labeled amino
acid. and 1 pl of 200 mA 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 3% 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 m that experiment. as follows: . in-
hibition = |(average counts per minute with normal serum) —
(cpm with test serum)} > 1004average cpm with normal
scrum). Inhibition of =507 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 ant-
body effects (6,7.12,13.26).

DNA typing of the HLA dass IHHDRB1, DQAL DQBI.
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 DRBI, DQA1. DOBI, and DPBI genes were previously
described (27). Amplified DNA was digested by all-specific
restriction endonucleases and subjected 1o electrophoresis
using a 12% polyacrvlamide 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 6l-year-old Japanese
woman, noticed chest pain, followed 3 months later by dyspnea

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 [Ufliter). 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 31-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 puimonary
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
[U/ltter 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 ycars.

Patient 3. The patient, a 72-year-old American woman,
developed an itchy red eczematous rash that was thought 10 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 1o the Arhritis and Rheumatism Branch of
the National Institute of Arthritis and Musculoskeletal and
Skin Discases, 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 IU/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 identificd. 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
fevel was elevated at 3,808 tU/iter. 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 aucleic acids with anti-KS and control sera. Shown are patterns of transfer RNA (1RNA) resulting from
TM urca-10% polyacrylamide gel clectirophoresis (PAGE) of phenol-extracted immunoprecipitates from HeLa cell extract. developed with silver
stain. TNA = total nucleic acids, with the 5.85 and 35S small ribosomal RNAs and the tRNA region indicated. Antisynthetase sera used for 1P are
indicated. Lanc 1. Anti-histidyl-tRNA synthetase (a Jo-1): lane 2, antithreonyl-tRNA synthetase (a PL-7): lane 3, anti-alanyl-tRNA syathetase
(a PL-12): lanc 4. anti-glycyl-tRNA synthetase (a EJ): lanc 5. anti-isoleucyl-tRNA synthetase (a 0J/SS-A); Jancs 6~11. anti-KS sera from paticnts
KS. KN. and NI in the previous study (23) and feom patients 1, 4, and § in the present study: lance 12, normal human serum (NHS) control. The tRNA
pattern with anti-KS sera is casily distinguishable from that of other antisynthetases. B, IP for proteins with anti-KS and control sera. Autoradiogram
of 107 sodium dodeey! 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 scra 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
antisvnthetases.

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 DLeo. 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 [U#iter at the
was tapered and discontinued in March 1996. first visit) throughout his disease course.

Paticnt 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
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 ies. Sera f 08 . he 3 . ith ILD
lung biopsy was performed, with histology showing usual ies. Sera from all 8 patients (the 3 patients wit
interstitial poeumonia, 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: scc

RESULTS
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Table 1. Clinical features of N patienis with anti-KS antibodics®

1299

Paticnt

KS KN NI 1 : 2 3 4 5
AL al ORSCL YCaresea 36F WF 61/F 607/F SI/F 124F  S3F 63/M
Ethnic background Japanese Japanese Japanese Japancse German US Korcan Japanese
ILD Yos Yes Yes Yes Yes No  Yos Yes
Myositis No No No No No Yes  Yos No
DM rash No No No No No Yes  Yes No
Arthritis Yeos 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 Ne  No No
Other autoantibodies No No No Anti-SSA/Ro No No No No

Diagnosis

11D with arthritis Idiopathic ILD  Idiopathic ILD Idiopathic ILD Idiopathic ILD DM DM

ILD with arthritis

©ILD = intenstitial lung discase: 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 § 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
HcelLa 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 scra. with 3 represcentative sera
shown in Figure 1B. This was clearly different from the
characteristic bands immunoprecipitated by sera with
the other desceribed antisynthetases (Figure 1B).

Five of the newly recognized anti-KS antibody-
positive sera were tested for their ability to inhibit the in
vitro cnzymatic function of AsnRS (aminoacylation of
tIRNAM™). Four of the 5 new anti-KS sera significantly
inhibited (by >30% at 10 minutes) AsnRS activity
comparcd with normal scrum or other controls (serum
from paticnt KS by 87¢¢, scrum from paticnt KN by
99%¢. serum from patient NI by 919, serum from patient
1 by 82%. scrum from patient 2 by 100%, serum from
paticnt 3 by 18%. scrum from patient 4 by 879, and
serum from patient 5 by 914¢). This inhibition was strong
and comparable with that scen with serum KS, for 4 of
the 5 new anti-KS sera. Purified IgG from the third new
serum (from paticnt 3) showed significant, but not
strong. inhibition (524%) that increased at 20 minutes (to
8d%e).

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

AsnRS, although sera with other antisynthetases inhib-
ited the expected enzymes. These results indicated that
scra 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 3
newly identified patients (paticnts 1-5) and the 3 pa-
tients with anti-AsnRS reported previously (patients KS,
KN, and NI} (23) are summarized in Table 1. All
paticnts with anti-AsnRS antibodics were middle-aged
or clderly, and 7 of them were women. Five patients
were Japanese, 1 was from the US, | was German. and
| was Korean. Seven of these 8 patients (88%) had ILD.
documented in cach case by both chest radiography and
pulmonary function tests. In addition, 2 paticnts had
myositis and a diagnosis of DM. Their clinical courses of
ILD were classified as the chronic type. Four patients
(50%) had noncrosive 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 discases. Malignant discases
(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 Japancse pa-
ticnts with myositis, but was found in 3%z of Japanese
paticnts with “idiopathic™ ILD. Thus. most paticnts with
anti-AsnRS antibodies had chronic ILD with or without
features of PM/DM or other connective tissuc discase.

Immunogenetic features. The HLA class 11 genc
was determined in 4 Japanese paticnts (Table 2). All 4
patients had DR2 (DRBI1*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 geaes in Japanese paticnts with anti-KS
autoantibodics

Paticnt
KS KN NI 1
DR 25 2/l 22 2/4
DPRBI* 1SU2 1101 15010101 1302/1502 1501414035
DOAL* 05103051 NI2:0101 01030103 010220303
DOBI* 06010301 06020501 U601/0601 0602/0401
DPI3Y 09011401 02010501 Q9010901 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 thosc precipitated by the other 5 antisynthetases.
Most of the anti-KS sera showed specific inhibition of
the cnzyme target, AsnRS, without inhibiting other
synthctascs.

Several interesting characteristics of the previ-
ously studied antisynthetases have been described: 1)
they arc associated with a distinctive clinical syndrome
referred to as the antisynthetase syndrome, 2) they are
dirccted 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 10 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 synthetascs. The mechanism of this phenom-
c¢non remains unknown.

Multiple tRNA bands immunoprecipitated by
anti-AsnRS were found on urca-PAGE. The patterns of
tRNA for cach 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 autoantibodics. These bands are likely
1o represent different forms of tRNA for asparagine,
which can include tRNA with different asparaginc 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-GIyRS, and anti-llcRS 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 autoantibodics recognizing tRNAH® (28). Most
anti-AlaRS sera react directly with the sets of IRNAA®
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™M" 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 scra 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 ¢nzymatic function of the
synthetase (3.5-7,12). This functional inhibition may
indicate that the autoantibodics are recognizing the
active sites of the synthetases. In contrast, it has been
reported that animal antiscra raised against syntherases
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 studics of the precise cpitope 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 1o be
associated with ILD. In previous studics, these autoan-
tibodics were associated with myositis with a high fre-
quency of ILD (50-809) and arthritis (50-90%¢)
(1,2,17.18), as well as an increase in Raynaud's phenom-
enon (60%), fever with exacerbations (809). and the
skin lesion of the fingers referred to as mechanic’s hands
(70%) when compared with the overall population of
paticnts with myositis (9-11). The similaritics between
paticnts with differcnt antisynthetases have been noted,
whercas certain differences have been found. which
must be considered preliminary duc to the small re-
ported number of patients with non-HisRS antisyntheta-
ses. Abscnce of significant myositis over the full disease
course in paticnts with anti-HisRS is rare (<59%) (32).
whereas patients with anti-AlaRS arc 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 anu-HisRS more than anti-AlaRS in Japa-
nese patients (33).

In the present study, 7 of 8 patients (88%z) with
anti-AsnRS autoantibodics had ILD, some with other
associated features of connective tissue disease including
arthritis and Ravnaud’s phenomenon. In this respect,
anti-AsnRS appcears 1o resemble anti-AlaRS more than
anti-HisRS. [t is noteworthy that the 2 paticnts 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 Japancse 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. LD is one of the most important fea-
turcs of the antisynthetase syndrome, and Raynaud's
phenomenon and arthritis, as scen in some patients with
anti-AsnRS. are also likely to be part of the syndrome.
The syndrome associated with anti-AsnRS may be one
cnd of the spectrum of patients with antisynthetase. This
highlights the clinical importance of looking for such
antibodices in paticnts with ILD even if there are no signs
of myositis or connective tissuc discases.

The typical cutancous 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
studics. whereas DM was most frequent with anti-GlyRS
(15) and was also found 10 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
paticnts with antisynthetases. In our studies, 2 patients
were found to have malignancy during their discase
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 conncctive tissue dis-
case have been performed, but HLA associations pro-
duced conflicting results. However. a strong correlation
of HLA class Il antigens with some autoantibodies has
been reported (34). With regard to antisynthetase anti-
bodics, HLA-DR3 (DRB1*0301), DQA1*0501, or
DOQA1*0401 was found to be significantly increased in
myositis paticnts 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 11
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 thc DRBI1*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 immunogenctic profiles that link with specific
autoantibodies (36). Therefore, further studies including
analysis of more paticnts with anti-KS antibodics in
different ethnic groups and major histocompatibility
complex-restricted T cell responses could provide im-
portant clucs for understanding the possible mechanisms
for the development of antisynthetase antibodics.

The mechanism for the association of antisvn-
thetases with ILD is unknown, but it secms to be related
to etiologic factors (37). Recently, a new assaciation 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 paticnt with myositis associated with ILD (3,39).
Another mechanism for gencrating autoantigenic
cpitopes 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 antibodics. Studies of these antibodies may
provide insight into the etiologic and pathogenctic
mechanisms of ILD and myositis.
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