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Fig. 3. Time courses of cytokine mRNA expression at the inflamed joints of mice with anti-type Il CL antibody-induced arthritis. The arthritis was
induced in 40 BALB/c mice, and 5 mice each were sacrificed 0, 2, 4, 8, 24, 48, 72 or 96 h after the LPS injection (solid lines). Other 40 mice were
treated with LPS alone, and sacrificed similarly (broken lines). The mRNA levels of IL-6 (A), IL-1B (B), TNF-a (C) and IL-1a (D) at the joints were
determined by quantitative RT-PCR. The quantities of the targeted mRNA were normalized by the quantities of contral 188 rRNA. The normalized
mRNA guantities were compared among the experimental groups. We fixed the mRNA quantities at the fourth hour in the mAbs + LPS group as
100%, and relative mRNA quantities were indicated. Values are means + SEM.

considerable levels of IL-6 and that E-64-d significantly
inhibited the production of IL-6 in a dose-dependent manner
(Fig. 5A and B). The significantly effective concentration of
E-64-d was 10-30 ug ml~", consistent with those of other
reports (24, 28). The production of IL-6 in E11 cells was
markedly enhanced by PMA plus IM, and E-64-d also
decreased the production of IL-6 on stimulation with PMA
plus IM (Fig. 5C and D). In contrast to E-64-d, E-64 and rCS
showed only marginal effects (Fig. 5A-C). Although the MW of
rCS (14 kDa) is much larger than that of E-64 (375.4 kDa) or
E-84-d (342.4 kDa), even a high dose (4000 pg mi~") of 1CS,
equivalent to 100 pg mi~" of E-64-d in molar concentration, did
not affect the production of IL-6 in E11 cells (supernatant IL-6
levels were 432 = 78 and 403 + 37 pg mi™" in the high-dose
rCS-treated and the untreated E11 cells, respectively). Next,
since IL-1a, 1-1B and TNF-a could not be detected in the
supernatants of E11 cells, we examined intracellular levels
of the cytokines by ELISA. Among the three cytokines, IL-1a
(mature form) could be detected in E11 cells. E-64-d de-
creased the production of IL-1o in E11 cells significantly in
a dose-dependent manner (Fig. 6B), whereas E-64 and rCS
did not show significant effects (Fig. 6A). Suppression of
the production of IL-1a by E-64-d was also observed on
stimulation with PMA plus IM (Fig. 6C and D).

Since the inhibitory effects of E-64-d on cytokine production
might have been due to its direct cytotoxicity, we examined the
effects of E-64-d on the viability of E11 celis by a colorimetric
WST-1 assay (29). As shown in Fig. 5(E and F), the three

calpain inhibitors had neither cytotoxic nor proliferative effects
on E11 cells. Finally, we examined the effects of the calpain
inhibitors using crude synoviocytes, which were obtained from
joint tissues of a disease-active RA patient. Consistent with the
results for E11 cells, the crude RA synoviocytes spontaneously
secreted IL-6, which was significantly decreased by E-64-d in
a dose-dependent manner, while E-64 and rCS did not show
significant effects (Fig. 7).

Discussion

We and another group have found a new auto-antibody
against calpastatin in RA patients (12, 13). Calpain, the target
molecule of calpastatin, is a Caz+—dependent cysteine pro-
teinase that cleaves a broad range of substrates (18), and is
considered to participate in the pathogenesis of RA through
the modulation of its substrates. First, calpain converts pro-IL-
1o into its mature form (20). Second, it degrades inhibitor kB
(IxB), leading to the activation of nuclear factor-kB (NF-xB)
(30, 31). Third, it activates neutrophils and promotes granular
exocytosis (21, 32).

To clarify the role of calpain in the pathophysiology of RA,
we treated an animal model of RA with calpain-inhibitory
compounds and examined their biological effects. We found
that the administration of a high dose of E-64-d significantly
ameliorated the clinical arthritis and the histopathological
findings in murine mAb-induced arthritis (Figs 1 and 2).
Cuzzocrea et al. have previously demonstrated that CL-induced
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Fig. 4. Effects of E-64-d on cytokine mRNA expression at the inflamed
joints of mice. The disease-affected mice were treated with a high
dose (9 mg kg™' per day) of E-64-d (white bars) or control diluent
(black bars), until they were sacrificed at the 4th or 48th h after the LPS
injection. The mRNA levels of IL-6 (A), IL-1B (B), TNF-« (C) and IL-1a
(D) at the joinis were determined by quantitative RT-PCR. We fixed the
mRNA quantities at the fourth hour in the control group as 100%, and
relative mRNA quantities were indicated. Values are means * SEM.
*P < 0.05, ¥*P < 0.01.

arthritis was successfully treated with calpain inhibitor |
(N-acetyl-leucyl-leucyl-norleucinal) in rats and that the admin-
istration of calpain inhibitor | reduced the levels of inducible
nitric oxide synthase (iINOS) and cyclooxygenase-2 (COX-2) at
the inflamed joints (33). Since calpain can activate NF-xB
through the degradation of 1xB (30, 31), the therapeutic efficacy
of calpain inhibitor | was assumed to be brought about by the
inhibition of INOS and COX-2, whose gene expression is
induced by NF-«B (34). The contribution of calpain to the
activation of NF-xB has been clearly demonstrated by the work
of Chen et al., in which the transduction of the calpastatin gene
into a macrophage-like cell line inhibited the degradation of kB
and the activation of NF-xB in the cells (31).

IL-6 is recognized as an important factor in the patho-

physiology of RA since it enhances the proliferation and
differentiation of Tand B cells, and IL-6 levels in synovial fluids
correlate with the disease activity of RA patients (35). However,
the relationship between calpain and cytokines such as L-6
has not been well described. In the present study, we
demonstrated that the expression of IL-6 mRNA at the in-
flamed joints of mice was decreased by the administration of
E-64-d (Fig. 4A) and that the production of IL-6 in cultured

synoviocytes was inhibited by E-64-d (Figs 5 and 7). Since
the gene expression of IL-6 can be enhanced by NF-xB (38,
37), one of the reasons why E-64-d inhibited 1L-6 might be its
negative effect on NF-«xB. However, Kagari et al. have reported
that IL-6 was not as responsible for the progression of this
experimental arthritis as TNF-o and IL-1B were (27). There may
be other mechanisms by which £-64-d ameliorated the arthritis.

In the present study, we employed anti-type 1| CL antibody-
induced arthritis, a kind of antibody-transfer model of auto-
immune diseases, since the reproducibility of the disease is
high (25) and cytokine levels change sharply in this modet (27).
In our analysis of the time course of cytokine mRNA expression
at the affected joints (Fig. 3), the IL-6 and IL-1p mRNA levels
showed elevations twice at around 4 and 48-72 h after the
LPS injection (Fig. 3A and B, solid lines), whereas the TNF-o
and IL-1Ta mRNA levels showed early peaks and declined
gradually (Fig. 3C and D). When we examined the effects of
LPS alone, the second peaks of the IL-6 and IL-1f mRNA
levels were not observed (Fig. 3A and B, broken lines). These
results suggest that the peaks at the fourth hour in all the
cytokines, which were not affected by E-64-d (Fig. 4), are
related to the direct effects of LPS, and the second elevations of
IL-6 and IL-1p mRNA levels around the 48th-72nd h, which
were significantly decreased by E-64-d (Fig. 4A and B), are
associated with the local immunclogic reactions induced by
anti-type 1 CLmAbs. The results also imply that calpain may be
responsible for the antibody-induced chronic local inflamma-
tory reactions, but not for the LPS-induced acute systemic
inflammation.

IL-1, which stimulates the degradation of cartilage matrices
(28), is also an important mediator of RA. Interestingly, calpain
is crucial for the activation of IL-1a since it processes pro-IL-1a
into its mature form (20). This is confirmed by Fig. 6, which
shows that E-64-d inhibited the production of mature IL-1a in
E11 cells. Therefore, one of the mechanisms by which E-64-d
ameliorated murine mAb-induced arthritis might be the
suppression of ‘conversion of IL-1a. Although we could not
observe the negative effects of E-64-d on IL-1a mRNA
expression in vivo (Fig. 4D), it is not inconsistent because
the conversion of l-1a occurs downstream of the mRNA
transcription.

In the histopathological evaluation, the score for cell
infiltration was significantly decreased by the administration
of E-64-d (Fig. 2A). Calpain contributes to the migration of
fibroblasts through the degradation of cytoskeletal proteins
such as talin (38). Calpain is also associated with the
spreading and polarization of neutrophils by regulating Rho-
family GTPases (39). The chemotactic migration of cultured
fioroblasts was inhibited by E-84-d {40), whereas the
chemotactic movement of neutrophils was enhanced by
calpain inhibitor | (39). Although the two results seem to be
opposite, they at least make sure that calpain plays important
roles in cellular migration. Taken together, these mechanisms
can be applied to the ameliorative effects of E-64-d on murine
mAb-induced arthritis.

Since an excessive amount of calpain is produced in
synovial fluids of RA patients (1, 2) and calpain can degrade
cartilage matrices including proteoglycans (41), the contribu-
tion of calpain to the pathogenesis of RA has been assumed
to occur in the extracellular space. However, we found that
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Fig. 5. Effects of calpain inhibitors on IL-6 production in E11 cells. After E11 cells were incubated with the indicated calpain inhibitors for 24 hin the
presence (C and D) or absence (A and B) of 10 ng mi~' PMA plus 750 ngmi~" IM, the supernatant IL-6 was quantified by ELISA. (E and F) Effects
of calpain inhibitors on viability of E11 cells. After £11 cells were cultured with the indicated calpain inhibitors for 24 h, a colorimetric cell viability
assay was performed with WST-1 solution. Relative cell counts among the groups are indicated. In (A, C and E), concentrations of E-64-d, E-64 and
rCSwere 100 ug mli~'. (B, D and F) Analysis of dose dependency. Values are means + SEM. *P < 0.05, **P < 0.01 versus untreated, ***P < 0.01

versus PMA + IM treated.

non-membrane-permeable E-64 and rCS did not have
significant effects on cytokine production in vivo and in vitro,
compared with lipophilic E-64-d (Figs 1A, 5-7). These results
suggest that the intracellular calpain is more strongly related
to the pathophysiology of RA than the extracellular calpain.
We have previously described that anti-calpastatin anti-
bodies of RA patients were able to block the physiological
function of calpastatin in vitro (12). Theoretically, the blockade
of calpastatin by the auto-antibodies results in the activation of
calpain, feading 1o the above-mentioned induction of various
inflammatory mediators. Although the mechanism by which

the auto-antibodies can interfere with the intracellular calpain-
calpastatin system remains unknown, Menard and el-Amine
have pointed out the existence of extracellular calpastatin in
RA patients, and speculated that the auto-antibodies can bind
to the extracellular calpastatin and indirectly affect the inner
balance of calpain and calpastatin (19).

E-64-d has been used in order to inhibit calpain in vivo and
in vitro. Ray et al. applied E-64-d for the treatment of spinal
cord injury in rats, demonstrating that 1 mg kg™ of intravenous
E-64-d inhibited calpain and alleviated neuronal apoptosis
at the injured spinal cord (23). Tram et al. found that
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Fig. 7. Effects of calpain inhibitors on -6 production in crude RA synoviocyles. Synoviocytes obtained from a disease-active RA patient were
incubated with the indicated calpain inhibitors for 24 h, and then the supernatant IL-6 was quantified by ELISA. In (A), concentrations of E-64-d,
E-64 and rCS were 100 pg mi~". (B) Analysis of dose dependency. Values are means = SEM. **P < 0.01 versus unireated.

parathormone-induced contraction of cultured osteoblasis
was inhibited by E-64-d but not by non-membrane-permeable
E-64-c (24). Since E-64-d and calpain inhibitor | can inhibit
not only calpain but also cathepsin (42, 43), it cannot be
excluded that the effects of the two compounds on the animal
models of arthritis might also be due to the inhibition of
cathepsin. To target calpain more selectively, a trial is ongoing

to treat cultured synoviocytes or an animal model of RA by
transfection of the calpastatin gene.

In conclusion, we demonstrated the ameliorative effects of
E-64-d, a calpain-inhibitory compound, on an animal model of
RA, and presented new evidence for the negative potentiality
of E-64-d on cytokine production. These results suggest that
calpain contributes to the pathophysiology of arthritis and that
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the regulation of the calpain—calpastatin system may be a new
strategy to treat arthritic diseases such as RA.
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Abbreviations

CL collagen

COX-2 cyclooxygenase-2

Ct values cycle numbers to the threshold
FRP follistatin-related protein

kB inhibitor kB

M ionomycin

iINOS inducible nitric oxide synthase
ip. intra-peritoneally

MMP matrix metalloproteinase

MW molecular weight

NF-xB nuclear factor-xB

PMA phorbol 12-myristate 13-acetaie
RA rheumatoid arthritis

rCS recombinant calpastatin

RT reverse transcription

TNF-o tumor necrosis factor-a

WST-1 water-soluble tetrazolium salt-1
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Background. Apoptosis is a crucial element in the be-
havior of mammalian cells in many different situations.
We here report the establishment of a novel mono-
clonal antibody (anti-LHK mAb) that has apoptosis-
inducing activity against colon cancer Colo205 cells.
Merthods. The mechanism of anti-LHK mAb-induced
cell death was assessed by microscopic morphology,
Annexin V/Hoechst 33528 staining, and detection of
DNA fragmentation. The molecular weight of LHK
antigen was determined by Western blotting. Growth
inhibition of Colo205 cells induced by anti-LHK mAb
was determined by in vitro and in vivo studies. Resulss,
Anti-LHK reacted with a 70-kDa antigen and com-
pletely blocked the proliferation of Colo205 cells bear-
ing LHK in vitro in a manner characteristic of apoptosis.
Strikingly, anti-LHK mAb suppressed tumor growth in
a murine peritoneal dissemination model. Conclusions.
LHK antigen, which is restricted to epithelial cells, may
be a novel death receptor that plays a critical role in
controlling the growth, invasion, and metastasis of hu-
man colon cancer cells.

Key words: anti-LHK mAb, apoptosis, Fas, colon
cancer

Introduction

Monoclonal antibodies (mAbs) are accepted as ideal
adjuvant therapeutic agents for some diseases. In 1989,
two groups independently isolated the same mouse-
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derived antibody, designated anti-Fas' and anti-APO-1
mADb,? respectively, which had a cytotoxic effect on vari-
ous human cell lines.'? Fas belongs to the tumor necro-
sis factor receptor (TNF-R) family.>* The mechanism of
cell death induced by Fas signaling is apoptosis. Fur-
thermore, Fas is broadly expressed in a variety of nor-
mal organs and tissues, including hematopoietic cells
and various normal and cancer epithelial cells.” It is well
known that colon cancer cells express relatively lower
levels of Fas and are more resistant to the Fas system
than normal colonic epithelial cells.S In fact, Moller and
colleagues® reported that Fas-negative subpopulations,
which occur rarely in colon adenomas and normal cells,
are common in colon cancers. In the immune response
to neoplasms, cytotoxic T lymphocytes (CTLs) are
activated by tumor cells and thereafter express
Fasligand(L) on their own surfaces. FasL-expressing
CTLs then bind to Fas-expressing target cells, and the
binding induces the intrinsic apoptotic pathway in tu-
mor cells. In contrast, it has been reported that colon
cancer cells also express functional FasL on the surface
and kill Fas-expressing Jurkat cells in a Fas-mediated
manner as “Fas counterattack”.” This converse phe-
nomenon suggests that colon cancer cells can kill CTLs
infiltrating around them through the Fas system and
escape from immunological rejection.

Although it appears that an anti-Fas strategy is not
feasible for the treatment of patients with colon cancers
because of Fas resistance and its fatal side-effects,
apoptotic cell death is still potentially of importance for
clinical application. Here we report our establishment
and analysis of a novel antibody (anti-LHK) that had a
cytotoxic effect on Fas-resistant Colo205 colon cancer
cells.
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Methods

Reagenis and antibodies

Recombinant human (rh) interferon (IFN)-y, with a
specificity of 4 x 10° units/mg, was kindly provided by
Shionogi Pharmaceutical (Osaka, Japan); th TNF-o (1.7
x 107units/ml) and the murine mAb anti-TNF-R 1gG2a
were purchased from GenZyme (Cambridge, MA,
USA). Ethidium bromide, propidium iodide (PI), cyclo-
heximide (CHX), Hoechst 33528, and dithiothreitol
were purchased from Sigma-Aldrich Chemical (St.
Louis, MO, USA). The murine mAb anti-Fas IgM
(CHI11) was purchased from MBL (Nagoya, Japan).
Fluorescein iso thiocyanate (FITC)-conjugated goat
polyclonal anti-mouse IgM or IgG was purchased
from Tago (Burlingame, CA, USA). [*S]-methionine
was purchased from ICN Pharmaceuticals (Irvine, CA,
USA). Dispase was purchased from Boehringer
Mannheim Biochemicals (Indianapolis, IN, USA).
Block ace was purchased from Dainihon Pharmacen-
ticals (Osaka, Japan). Streptavidin-enzyme conjugates
(Vectastatin ABC kit) were purchased from Vector
Laboratories (Burlingame, CA, USA).

Mice

BALB/c and C.B.17 severe combined immunodefi-
ciency (SCID) mice (6-8 weeks old, male) were pur-
chased from Japan Clea (Tokyo, Japan). The mice were
maintained in the Animal Care Facility of Keio Univer-
sity. The review board of the University has approved
our experimental animal studies.

Cell lines and human tissues

The human colon cancer cell lines (Colo205, WiDr, HT-
29, and Caco2) and the human gastric cancer cell line
(KATO-IIT) were purchased from ATCC (Rockville,
MD, USA). The mouse myeloma cell line Sp2/0 was
kindly given by Dr. S. Aiso (Keio University). The hu-
man hepatoma cell line derived from hepatitis B virus
(HBV)-infected patients (Alexander) and the cervical
epidermoid carcinoma cell line (HeLa) were kindly
given by Dr. H. Saito (Keio University). The human T-
cell leukemia cell tine Jurkat was kindly given by Dr.
Kayagaki (Juntendo University, Tokyo). The cell cul-
ture and all assays in this study were performed in
RPMI 1640 or DMEM supplemented with 10% fetal
calf serum (FCS), 2mM glutamine, 1% penicillin/strep-
tomycin, and 2 mercapto ethanol (ME) (5 x 10-°M). All
normal human tissues and tumor tissues were obtained
from biopsied or surgical specimens. The diagnostic cri-
teria for the histological examinations were based on
the Japanese classification of colorectal carcinoma (6%

edition) of the Japanese Society for Cancer of the Colon
and Rectum. Written informed consent was obtained
from all patients prior to the study and all experiments
were approved by the Committee on Human Subjects
of Keio University Hospital.

Preparation of mAb

Before immunization, 1 x 107 Colo205 cells were
stimulated with 100 U/m! human rhIFN-y for 48 h. Then,
6-week-old BALB/c mice were immunized intraperito-
neally with IFN-y-stimulated Colo205 cells (4.0 x 107)
four times, every 3 weeks. Four days after the last injec-
tion, spleen cells of immunized mice were fused with
Sp2/0 cells by the standard hybridization technique. A
hybridoma cell (termed B3D11-H12) producing an
mADb with cytotoxicity to Colo205 cells was cloned twice
by limiting dilution at a concentration of 0.3 cells
per well. After the injection of B3D11-H12 cells into
the -abdominal cavity of BALB/c mice, ascites were
purified. The mAb was termed anti-LHK mAb, and
its isotype was determined by enzyme-linked
immunosorbent assay (ELISA; Biomeda, Foster City,
CA, USA).

Immunoprecipitation

Prior to the immunoprecipitation assay, cell extracts
were prepared from 5 x 10° Colo205 cells in methionine-
free minimal essential medium, which were first labeled
with [*S]-methionine (500pCi; ICN Pharmaceuticals)
overnight. Cells were then harvested, washed with TBS
(10mM Tris-Cl, 150mM NaCl, pH 7.5), resuspended
in lysis buffer (50mM Tris-buffered saline, pH 7.6,
I150mM NaCl, 0.5% Triton X-100, 1mM phenyl
methylsulfonyl fluoride [PMSF], 10mM iodoacetamine,
10pg/ml leupeptin, 10ug/ml pepstatin, and 10ug/ml
aprotinin), and sonicated three times for 40s each time
with a Branson sonifer (Branson Ultrasonics, Danbury,
CT). The supernatants were centrifuged at 15 000rpm
for 10min to remove soluble debris and used as sources
of antigen. An immunoprecipitation assay was per-
formed as described before."” Ten micrograms of anti-
LHK mAb or isomatched anti-mouse IgM was
incubated with 2ug of protein A-Sepharose beads or
protein A-Agarose beads (Sigma-Aldrich) pre-swollen
in 500 ul of IPP buffer (500mM NaCl, 0.1% Nonidet P-
40 [Wako Chemicals, Tokyo, Japan], 10mM Tris-Cl, pH
8.0) overnight at 4°C in a microfuge tube with end-to-
end rotation. The antibody-coated beads were washed
three times with 500ul of IPP buffer, and then 400l of
IPP buffer was added and the antibody-coated beads
were incubated for 2h at 4°C with 200 ul of [S]-labeled
cell extract, which was equivalent to 5 x 10° Colo205
cells. After three washes, the beads were heated at 95°C
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in sodium dodecyl sulfate (SDS) sample buffer
(62.5mM Tris-Cl, 2% SDS, 5% 2-mercaptoethanol,
10% glycerol, 0.005% bromphenol blue, pH 6.8) for
5Smin to extract the bound proteins. The proteins were
loaded onto 10% polyacrylamide-SDS gel and sub-
jected to electrophoresis. The gel was then soaked for
30min in 0.5 M sodium salicylate, dried, and exposed to
X-ray film (XAR-5 film; Eastman Kodak, Rochester,
NY, USA) with an intensifying screen at =70°C.

Immunohistochemistry

Serial sections (6um) from the fresh frozen tissues were
air-dried for 2-3h, fixed in acetone for 10min at room
temperature, and immunostained immediately. After
the blocking of nonspecific binding sites with Block ace
(Dainippon Pharmaceutical) for 10min at 37°C, the sec-
tions were incubated with purified mouse anti-LHK
IgM mAb (1 pg/ml) or isomatched mouse IgM (1 pg/ml,
as a negative control) for 30min at 37°C, then with
biotinylated goat anti-mouse IgM for 30min at 37°C,
and finally with streptoavidin-enzyme conjugates
(Vectastatin ABC kit). The localization of LHK antigen
was visualized by incubation with diaminobenzidine
solution, and faint counterstaining was performed with
Mayer’s hematoxylin.

Flow cytometry

An immunofluorescence technique' was used to esti-
mate the quantity of the LHK antigen, Fas, or TNF-R
expression by flow cytometry. Cultured cells were
washed in phosphate-buffered saline (PBS) and sus-
pended in 50ul of staining buffer (PBS containing 2%
FCS and 0.1% NaN,), then Spg/ml of each primary
antibody (anti-LHK, anti-Fas, anti-TNF-R) or isotype-
matched control antibody (polyclonal mouse IgM or
1gG) was added, and the samples were placed on ice for
20min. FITC-conjugated goat anti-mouse IgM or goat
anti-rat IgG was stained for 20min. Samples were re-
washed in staining buffer and suspended at 1 x 10° cells/
ml in 50l of PBS. Fluorescence intensity on the surface
was then analyzed using a FACScan (BD Sciences,
San Jose, CA, USA). Changes in LHK antigen, Fas, and
TNF-R expression after pretreatment with 100 U/ml
IFN-y for 48h were also assessed. In addition, early
apoptotic cells were detected by flow cytometric analy-
sis, using FITC-labeled Annexin V, a protein with high
affinity for phosphatidylserine exposed upon the cell
membrane in the early apoptotic phase."

Morphological analysis

Approximately 5 x 10 cells were seeded in 25-cm? cul-
ture flasks and incubated with isotype-matched control

IgM (1pg/ml), anti-LHK mAb (1pg/ml), anti-Fas IgM
(1pg/ml), or TNF-a (50ng/ml) in complete medium for
12h, then washed twice with PBS. After exposure, the
cells were trypsinized and harvested. Cell viability
was counted by trypan blue staining. Morphological
changes caused by these mAbs were observed by phase-
contrast microscopy. In addition, apoptotic cells were
assessed morphologically by staining with Hoechst
33258 (Sigma-Aldrich).

Demonstration of DNA laddering

DNA fragmentation was visualized by the method of
Sellins and Cohen,” with some modification. Briefly,
cells (5 x 10%) cultured for 3h with anti-LHK mAD (1 pg/
ml) or isotype-matched control IgM (1ug/mi) were
lysed in 1ml of DNA extraction solution containing
20mM  Tris-HCl (pH 7.4), 01M NaCl, 5mM
ethylenediamire tetraacetic acid [EDTA], and 0.5%
SDS. The lysates were incubated with 100pg/mi pro-
teinase K at 37°C for 16h. After incubation, the
enzyme-digested cell lysates were carefully mixed with
1ml of phenol/chloroform (1:1) and centrifuged at
15000¢ for 20min. DNA in the aqueous phase was incu-
bated with Spg/ml DNase-free RNase A at 37°Cfor 1h
and again extracted with phenol/chloroform. DNA was
collected by precipitation with 1ml isopropanol and
0.1ml NaCl at -20°C overnight. After centrifugation,
the resulting DN A was dissolved in 10mM Trs-HCl and
1mM EDTA, and its concentration was determined at
260nm by spectrophotometry. DNA electrophoresis
was carried out in 1.2% agarose gels containing 1pg/ml
ethidium bromide, and DNA banding was visualized by
exposing the gels to UV light.

Inhibition of Colo205 cell proliferation by
anti-LHK IgM

Colo205 cells and Fas-sensitive Jurkat cells (5 x 10¢
cells/well) were incubated with the isotype-matched
control IgM, anti-LHK mAbD, anti-Fas IgM, or rh' TNF-o.
at various concentrations in 100l of complete medium
in a 96-well round culture plate for 24h at 37°Cina 5%
CO, incubator. Then cells were labeled with [*H] thymi-
dine by the addition of 50ul of complete medium
containing 0.5uCi of [*H]-thymidine for 4h. The radio-
activity incorporated was counted in a liquid scintilla-
tion counter to quantify the level of DNA synthesis.

Preparation of isolated epithelial cells from
the intestinal mucosa

Human colonic epithelial cells were isolated from sur-
gical specimens as previously described.'* Briefly,
resected samples of colonic mucosa were dissected from
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the underlying musculature and washed in calcium-
and magnesium-free Hanks' balanced salt solution
(CMF-HBSS). Tissues were then treated with 1mM
dithiothreitol (Sigma-Aldrich) in CMF-HBSS for
1Smin at 22°C. After three washes with CMF-HBSS,
the tissue pieces were incubated twice in CMF-HBSS
containing 1mg/ml dispase (Boehringer Mannheim
Biochemicals, Indianapolis, IN, USA) for 30min at
37°C. During the treatment, epithelial cells and
intraepithelial lymphocytes were released from the tis-
sues. The cell suspensions resulting from dispase treat-
ment were washed twice, pelleted, and resuspended in
3ml of 100% Percoll (Pharmacia Biotech, Piscataway,
NJ, USA). Three-ml layers of 60%, 40%, and 30%
Percoll were layered successively on top prior to cen-
trifugation at 1500 rpm for 30 min at 4°C. Cells at the top
0/30% layer interface contained more than 95% pure
epithelial cells. Cells were washed three times in RPMI,
and viability was determined by trypan blue exclusion.

Xenograft model of Colo205 cells

A xenograft model of human colon cancer was made as
previously reported.”” Briefly, cultured Colo205 cells
were harvested and the pellet of cells obtained by cen-
trifugation was suspended in RPMI 1640 with 10% FCS
to a concentration of 1 x 107 cells/ml. Aliquots of 5 x 10¢
cells were injected into the peritoneal cavities of 8
week-old BALB/c SCID mice. Twenty-four hours after
the injection, 500ng of anti-LHK IgM or control
mouse I1gM mAb in 0.5ml of RPMI 1640 was injected
intraperitoneally into Colo205-transplanted mice, and
the injection was repeated weekly. The dosage was
selected based on the preliminarily observed effects of
several doses. Eight weeks after the first injection,
mice were killed by cervical dislocation. The peritoneal
tumors were dissected out and the total volumes
were measured. Tumor volumes were calculated by us-
ing the formula (A x B%2), where A and B are tumor
caliper measurements expressed in millimeters, and
A > B. The volume of tiny nodules in the mesentery
was negligible, because they were less than 0.2mm in
diameter.

Statistical analysis

The values for results were expressed as means + SD.
Groups of data were compared by the Mann-Whitney
U-test for correlations between the frequency of LHK*
cells and histology of colon cancer, and tumor numbers
and tumor volume examined in the xenograft model,
and by the y* test for the frequencies of abdominal
masses and peritoneal dissemination in the xenograft
model. Differences were considered to be statistically
significant when P was less than 0.05.

Results

Anti-LHK mAb induces apoptosis

To establish novel mAbs, with cytotoxicity against co-
lon cancer cells, BALB/c mice were immunized with
IFN-y-stimulated Colo205 colon cancer cells. Among
more than 10000 hybridoma cells, one clone produced
an mAb that had cytotoxicity against Colo205 cells. The
isotype of the mAb was proven to be IgM, and the mAb
was designated anti-LHK antibody. Anti-LHK mAb
was purified to homogeneity, and the purified anti-LHK
mAb killed Colo205 cells as well as crude culture super-
natant or ascites of mice undergoing intraperitoneal in-
jection of hybridomas. Anti-LHK mAb was added to
Colo205 cells cultured in complete media at the concen-
tration of 1pg/ml, and cells were observed sequentially
by phase-contrast microscopy. Budding, which is a char-
acteristic of the apoptotic process,' was observed 3h
after the start of culture (Fig. 1A, upper right) and cell
death was induced 12 h after the culture (Fig. 1A, lower
right). In contrast, cell death was not induced in
Col0205 cells cultured in the presence of control IgM
(Fig. 1A, upper and lower left). Next, suppression of
proliferation of Colo205 cells treated with anti-LHK
mADb was assessed using [*H]-thymidine. The prolifera-
tion of Colo205 cells was markedly suppressed by anti-
LHK mAb in a dose-dependent manner (Fig. 1B).

To confirm the mechanism of cell death induced by
anti-LHK mAb, three types of assays for apoptosis were
performed. Hoechst 33528 staining of DNA revealed
morphological features characteristic of apoptosis in
Colo205 cells: fragmented and condensed nuclei were
observed after 12h of treatment with anti-LHK mAb
(Fig. 2A). In the electrophoresis of DNA extracted
from Colo205 cells treated with anti-LHK mAb, DNA
fragmentation was visualized as DNA ladders (Fig. 2B).
In the double-staining of Annexin V/propidium iodide
(P1), Colo205 cells treated with anti-LHK mAb for 12h
were mainly Annexin V-/PI* cells and Annexin V+/PI*
cells, as were many of those treated with CHX (Fig. 2C).
These results suggest that apoptosis was critically in-
volved in the mechanism of anti-LHK-induced cell
death.

The antigen for anti-LHK mAb

Because Fas and TNF receptor (TNF-R) are known to
be cell death receptors that induce apoptotic cell death,
we next assessed whether the mechanism of anti-LHK
mAb-induced apoptosis of Colo205 cells was identical
to those of anti-Fas or TNFo. Phase-contrast micro-
scopic time-course observation revealed that anti-LHK
mADb and TNFa, but not anti-Fas mAb (CH11), had
strong cytotoxicity for Colo205 cells (Fig. 3A, left). In
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Fig. 1. A Morphological changes and proliferative responses
of Colo205 cells induced by anti-LHK monoclonal antibody
{mADb). Dying Colo205 cells observed under a phase-contrast
microscope. Three h (upper left)y and 12-h (lower left) with
control IgM (Ipg/ml) and 3h (upper right) and 12h (lower
right) with anti-LHK mAb (1 ug/ml). x120. Arrows indicate
budding phenomena. B Suppression of proliferative responses
of Colo205 cells induced by anti-LHK mAb at various
concentrations

sharp contrast, anti-Fas mAb and TNF«, but not anti-
LHK mAb, showed cytotoxicity toward to Jurkat cells,
a human T-cell leukemia cell line (Fig. 3A, right). In
the analysis of proliferation using [*H|-thymidine, anti-
LHK mAb, but not anti-Fas and TNFq, blocked the

B Cont Anti-
IgM LHK

- Annexin V—

Fig. 2A~C. Anti-LHK-induced apoptosis. A Hoechst 33528
staining revealed morphological changes characteristic of
apoptosis in Colo205 cells after treatment for 12h with anti-
LHK mAb (1pg/ml; left). Not observed after treatment for
12h with control 1gM (1pg/ml; right). x120. B DNA ladders
produced in Colo205 cells after culture with anti-LHK mAb
(1 ug/ml; righr) for 12h. They were not observed after culture
control (cont) IgM (1pg/ml; middle). Left, size markers.
C Double-staining of Colo205 cells with Annexin V and
propidium iodide (PI). Colo205 cells incubated for 12 h with
control (cont) IeM (1 pg/mi; upper), anti-LHK mAb (1 pg/ml;
middle), or cycloheximide (CHX; 100ng/ml; lower) were
stained with Annexin V and PI

proliferation of Colo205 cells in a dose-dependent man-
ner (Fig. 3B, upper). With Jurkat cells, the result corre-
sponded with that of the microscopic observation (Fig.
3B, lower). Because Fas expression is reported to be
upregulated by IFN-y treatment,”” we further investi-
gated the modification of LHK antigen and Fas by
IFN-y treatment. As shown in Fig. 4, Fas expression
on ColoZ05 cells was significantly upregulated by exog-
enously added IFN-y, whereas LHK antigen was not
affected at all. To further compare LHK, Fas, and TNF-
R, we examined the expression profiles of LHK antigen,
Fas, and TNF-R on various human cancer cell lines by
flow cytometry. Although LHK antigen was markedly
expressed on Colo205 cells, it was also expressed on
other colon cancer cell lines, such as WiDr, HT?29, and
Caco2, albeit to a lesser extent (Fig. 5). Furthermore,
LHK was moderately to highly positive on the gastric
cancer cell line Kato-III, marginal on Jurkat cells, and
negative on hepatocellular carcinoma Alexander cells
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Fig. 3A,B. Distinct sensitivities of Colo205 and Jurkat cells to cell death induced by anti-LHK mAb, anti-Fas mAb, and tumor
necrosis factor-a. (TNFo). A Morphological changes of Colo205 cells and Jurkat cells induced by anti-LHK mAb (1pg/ml), anti-
Fas mAb (CHI11; 1pg/ml), and TNFo (50 ng/ml) after culture for 12h. x120 B Proliferative responses of Colo205 cells and Jurkat
cells to control IgM, anti-LHK mAb (triangles; pg/ml), anti-Fas mAb (large squares: pg/ml), and TNFo (small squares; ng/ml).
Cells were cultured in the presence of control IgM, anti-LHK mAb, anti-Fas mAb, or TNFe, at various concentrations in triplicate

for 48h, and then labeled with [*H]-thymidine for a further 4h

and uterine cervical cancer Hel.a cells. Based on these
expression profiles, LHK was clearly distinguishable
from Fas and TNF-R.

The molecular mass of LHK antigen was next as-
sessed by immunoprecipitation assay. LHK antigen
from Colo205 cells was specifically immunoprecipitated
under reducing conditions and subjected to SDS-
polyacrylamide gel electrophoresis (SDS-PAGE), using
protein A-Sepharose beads (Fig. 6; lane 2, isomatched
anti-mouse IgM; lane 3, anti-LHK mAb) and protein A-

Agarose beads (lane 4, isomatched anti-mouse IgM;
lane 5, anti-LHK mAb), where it appeared as a main
band of 70kDa (Fig. 6). Although several other bands
were also observed, the band of 70kDa was found only
in lanes of anti-LHK, and not in lanes of control IgM by
two different methods. Collectively, the results suggest
that LHK antigen is a novel molecule that is distinct
from Fas and TNF-R.

We next analyzed LHK antigen expression on human
colon cancer cells and normal colonic epithelia by im-
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Fig. 4. Modulated expression of LHK, Fas, and TNF-receptor

(R) by exogenously added interferon-y (IFN-y). The expres-
sion of LHK antigen (upper). Fas (middle), and TNF-R
(lower) on Colo205 cells was determined after 48h of culture
with INF-y (100 U/ml)

munohistochemical and flow cytometric analysis. Inter-
estingly, immunochistochemistry revealed that LHK
was expressed on epitheia in normal colonic epithelial
cells (Fig. 7A, upper) and other epithelial cells such as
tongue, esophagus, stomach, small intestine, pancreas,
and skin, whereas it was never expressed in liver, spleen,
tonsil, thymus, lung, heart, and kidney (data not
shown). In assessing the expression of LHK antigen on
human colon cancer tissues, we found that some colon
cancer tissues expressed less or no LHK antigen (Fig.
7A, lower). This tendency was confirmed by flow
cytometric analysis, using freshly isolated cancer and
normal epithelial cells (Fig. 7B). To assess this in detail,
we stained many colon cancer tissues and normal epi-
thelial cells and found that the reactivity of anti-LHK
mAD decreased significantly in parallel with the dedif-
ferentiation of colon cancer (normal epithelial cells vs
poorly differentiated adenocarcinoma; P < 0.001; Table
1), indicating a relationship between LHK antigen and
the malignant potential of colon cancer;

Table 1. Immunohistochemical reactivity of anti-LHK mAb
decreased in proportion with dedifferentiation of colon cancer

% Positive LHK

Histology

Normal colonic epithelial cells

Tubular adenoma with severe dysplasia
Well-differentiated adenocarcinoma
Moderately differentiated adenocarcinoma
Poorly differentiated adenocarcinoma

100% (61/61%)
100% (10/10)
74% (28/38)
49% (19/39)
40% (8/20)

*Number of mice with positive staining/number of mice examined

Therapeutic effect of anti-LHK mAb in a xenograft
model of human colon cancer

Finally, we examined the therapeutic effect of anti-
LHK mAb, using a xenograft model of Colo205 cells.
BALB/c SCID mice that had received injection of 1 x
10¢ Colo205 cells intraperitoneally and had been treated
with 1mg of anti-LHK mAb weekly were kilted 8 weeks
after the cell injection. We then examined the frequency
of appearance of abdominal masses and tiny nodules
in the mesentery (peritoneal dissemination) and com-
pared the mean volumes of the tumors. An abdominal
mass was observed in 7 of 17 (41%) mice treated with
anti-LHK mAb, but in 16 of 18 (89%) mice treated with
control IgM (P < 0.01). The risk ratio was 0.46 (95%
confidence interval, 0.26-0.84; P < 0.05). Peritoneal dis-
semination (Fig. 8) was observed in 2 of 17 (12%) mice
treated with anti-LHK mAb and in 8 of 18 (44%)
mice treated with control IgM (P < 0.01). The risk
ratio was 0.26 (95% confidence interval, 0.07-1.07;
not significant). Mean tumor numbers were 1.0 + 1.41
and 3.3 + 2.91, respectively (P < 0.01). Mean total
tumor volumes were 188.5 + 88.6 and 514.8 + 152.5mm?,
respectively (P < 0.05). These results indicate that
anti-LHK mAb also exerts tumorcidal activity in
vivo.

Discussion

The goal of the present study was to establish a novel
mAD capable of killing colon cancer cells that are
resistant to Fas-induced apoptosis. We established
an anti-LHK mAb produced by a hybridoma from
mice immunized with Colo205 colon cancer cells. The
mechanism of anti-LHK mAb-induced cell death was
demonstrated to be apoptosis. The LHK antigen was
a novel protein of 70kDa that is distinct from Fas and
TNF-R. Interestingly, the expression of LHK in colon
cancer tissues decreased significantly in parallel with
their grade of dedifferentiation. Furthermore, we
demonstrated that the anti-LHK mAb suppressed
tumor growth in a murine peritoneal dissemination
model.
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Apoptotic cell death is morphologically characterized
by membrane blebbing, shrinkage involving nuclear
margination, and chromatin condensation. Moreover,
the nuclear apoptotic events known as DNA ladder
formation; that is, degeneration of chromatin induced
by endogenous nuclease activation, have become a bio-
chemical hallmark of apoptosis.'® These characteristics
were also observed in Colo205 cells treated with anti-
LHK mAb, indicating that the mechanism of anti-LHK-
induced death in the Colo205 cells was apoptosis. This

analyzed by flow cytometry

was supported by two further assays for apoptosis;
namely, Hoechst 33528 and Annexin V/PI staining.
Fas is functionally expressed on the basolateral sur-
face of colonic epithelial cells regardless of their posi-
tion along the crypt axis. In contrast to the normal
epithelium, colon cancer cell lines are mostly resistant
to Fas-induced apoptosis. In the normal situation,
senescent epithelial cells in the gut mucosa are elimi-
nated by apoptosis, but it is not yet clear how apoptosis
is induced in these cells. Thus, death receptors including
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Fig. 6. Immunoprecipitation of LHK antigen on Colo205
cells. Lane 1, marker; lane 2, isotype-matched control IgM-
conjugated protein A-Sepharose beads; lane 3, anti-LHK
IgM-conjugated protein A-Sepharose beads; lane 4, isotype-
matched control IgM-conjugated protein A-agarose beads;
lane 5, anti-LHK mAb-conjugated protein A-Agarose beads

Fas may be involved in this elimination system. This
may also be the case with the LHK antigen, because the
expression of LHK in colon cancer and normal tissues
decreased significantly in parallel with their grade of
dedifferentiation. Indeed, these observations indicate
that this mAb may not be ideal for cancer therapy, but,
rather, that LHK antigen may be useful as a marker of
malignancy for patients with colon cancer, because its
down-regulation may enable colon cancer cells to es-
cape from apoptosis. Of note, the expression of LHK
antigen on colon cancer cells in patients with liver me-
tastasis was marked, suggesting a useful predictor for
their prognosis.

In the analysis of the LHK antigen, we first ainied to
clarify whether LHK antigen was distinguishable from
Fas and TNF-R. We concluded that LHK antigen is a
novel death receptor, for the following reasons. First,
the molecular mass of LHK is 70kDa, whereas those of
Fas, TNF-R1, and TNF-R2 are 48, 55, and 75kDa, re-
spectively. Second, the expression profiles from immu-
nohistochemistry and flow cytometry revealed that Fas
and TNF-R were broadly expressed on various cells,
including hematopoietic cells and fibroblasts, whereas
LHK was restricted to epithelial cells in the gastrointes-
tinal tract and skin. Regarding the difference between
LHK and Fas, it is noteworthy that Fas, but not LHK,
was significantly upregulated on Colo205 cells by IFN-y,

and that Colo205 and Jurkat cells differed in their sen-
sitivity to cell death induced by anti-LHK and anti-Fas
(CH11) mAbs. Furthermore, because the TNF-R family
is a still-growing group of homologous transmembrane
proteins, it was important to assess whether or not LHK .
is identical to other recently-described molecules, such
as TNF-related apoptosis-inducing ligand (TRAIL) re-
ceptors, DR3, DR4, and DRS, Like LHK, but unlike
Fas ligand, TRAIL appears to preferentially induce
apoptosis in tumor cells over normal cells.' Five distinct
receptors for TRAIL have been identified (TRAIL-R1,
R2, R3, R4, and osteoprotegrin [OPG]). Only TRAIL-
R1 and R2, which bear a cytoplasmic death domain,
can induce apoptosis. The latter three are thought to
be nonsignaling decoy receptors and to be related
to the regulation of apoptotic cell death via TRAIL
systems.# Unlike LHK, TRAIL-R1 and R2 are
expressed in most tissues, such as spleen, thymus,
peripheral blood lymphocytes, activated T cells,; and
small intestine. The molecular masses of TRAIL-R1
and R2 were 46 and 52kDa, respectively, indicating that
LHK is also distinguishable from TRAIL receptors.
Further study involving the direct cloning of the LHK
molecule will be needed to resolve this issue.

Finally, we assessed the therapeutic effect of anti-
LHK mAD in a murine peritoneal dissemination model.
Although targeting specific death receptors in cancer
therapy may have therapeutic effects on tumors, the
clinical use of both TNF and FasL (or anti-FAS mAbs)
has been prevented by their toxic side effects. The sys-
temic administration of certain doses of TNF causes a
severe inflammatory response syndrome that resembles
septic shock, and injection of agonistic antibody to Fas
in tumor-bearing mice can be lethal, apparently because
of the induction of apoptosis in hepatocytes. Although
TRAIL showed promising efficacy in a preclinical study
and was suggested to be a safer agent than TNF and
FasL»** a report indicated that human primary hepato-
cytes were also efficiently killed by TRAIL signaling.?
In our murine model, anti-LHK mAb treatment had
a potent tumoricidal effect. Importantly, no mice died
or showed apparent adverse effects, such as severe
inflammatory response syndrome, fulminant hepatic
failure, or damage of normal colonic epithelial cells
(data not shown). Of course, we cannot conclude that
anti-LHK mAb is an effective and safe agent for the
treatment of patients with colon cancer. Further investi-
gation will be needed to clarify the mechanism of action
of anti-LHK mAb before its clinical trials.

In conclusion, LHK antigen, which is uniquely re-
stricted to epithelial cells in the gastrointestinal tract
and skin, may be a novel death receptor that is critically
involved in controlling the growth, invasion, and me-
tastasis of human colon cancer cells. Therefore, this
study might provide a basis for the practical application
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Fig. 7A,B. LHK expression in normal
human colonic epithelial cells and co-
lon cancer cells. A LHK antigen in
normal human colonic epithelial cells
(upper) and colon cancer cells (lower)
was visualized by immunohistochemis-
4 try. x100. B Flow cytometric analysis
of freshly isolated human normal co-
lonic epithelial cells (upper) and colon
— LHK—‘—"— g cancer cells (lower) is demonstrated
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Fig. 8. Reduction of peritoneal dissemination in a murine
xenograft model by anti-LHK mAbD treatment. Colo205 cells
(5 x 10%) were injected into the peritoneal cavities of 8-week-
old BALB/c severe combined immunodeficiency (SCID)mice.
Twenty-four hours after the injection, 500 ug of anti-LHK IgM
or control (conr) mouse IgM mAb was injected intraperito-
neally into Colo205-transplanted mice. The injection was re-
peated weekly for 8 weeks then mice were killed by cervical
dislocation. Tiny nodules in the mesentery were observed in
mice treated with control IgM, but not in mice treated with
anti-LHK mAb
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of therapy using anti-LHK mAb for the treatment of
patients with colon cancer.
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Abstract
Objective
The clinical and laboratory features of seven Japanese patients with anti-aminoacyl-tRNA synthetase (ARS)
autoantibodies against PL-7 (anti-threonyl-tRNA synthetase) were analyzed and compared with previously published
findings.

Methods
Serum samples from 1,135 Japanese patients with various autoimmune diseases were screened for anti-PL-7 antibodies
using RNA and protein immunoprecipitation assays. The patients whose sera contained anti-PL-7 antibodies were
assessed regarding clinical symptoms and clinical course. '

Results
Sera from seven patients were found to have anti-PL-7 antibodies. These autoantibodies were associated with
polymyositis/dermatomyositis (PM/DM) and/or interstitial lung disease (ILD). The clinical diagnoses of these seven
patients were PM - systemic sclerosis (SSc) overlap (5 patients), DM (1 patient) and idiopathic pulmonary fibrosis
(IPF) (1 patient). All patients had ILD with a chronic course and six also had arthritis (85%) and five sclerodactyly
(71%). '

Conclusions
These results indicate that anti-PL-7 autoantibodies are closely associated with PM-SSc overlap as well as ILD,
arthritis and sclerodactyly in our series of Japanese patients.

Key words
Polymyositis/dermatomyositis (PM/DM), interstitial lung disease (JILD), anti-aminoacyl-tRNA synthetases (ARS)
antibodies.
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Introduction

The aminoacyl-tRNA synthetases are a
set of cellular enzymes, each of which
catalyzes the formation of aminoacyl-
tRNA from a specific amino acid and
its cognate tRNA. Autoantibodies to
six anti-aminoacyl-tRNA synthetases
(anti-ARS) have been identified in pa-
tients with inflammatory myopathies,
as follows: anti-histidyl (anti-Jo-1),
anti-threonyl (anti-PL-7), anti-alanyl
(anti-PL-12), anti-glycyl (anti-EJ),
anti-isoleucyl (anti-OJ), and anti-as-
paraginyl (anti-KS) tRNA synthetases
(1-10). Among these anti-ARS antibod-
ies, the most common, anti-Jo-1, are
found in approximately 20-30% of poly-
myositis/dermatomyositis (PM/ DM)
patients (8, 10-11).

Each of these anti-ARS antibodies has
been reported to be associated with a
similar syndrome. This syndrome is
characterized by myositis with a high
frequency of interstitial lung disease
(ILD) (50-80%) and arthritis (50-90%),
as well as an increase (compared with
the overall myositis population) of
Raynaud’s phenomenon (60%), fever
with exacerbations (80%), and the skin
lesions of the fingers referred to as
“mechanic’s hands” (70%) (1,7). Al-
though the similarity of clinical fea-
tures in patients with different anti-
ARS antibodies is striking, further ob-
servation and analysis has shown that
there are certain differences in clinical
symptoms associated with each of the
anti-ARS antibodies.

Hirakata ef al. examined clinical fea-
tures of anti-synthetase syndromes in
detail and reported that anti-Jo-1 anti-
bodies are common in patients with
myositis, but anti-PL-12 and anti-KS
antibodies are found in patients with
ILD without any signs of myositis (10).
The latter are more likely to have ILD
and/or arthritis without clinical evi-
dence of myositis (10,12-13).
Anti-PL-7 antibodies are the first non-
Jo-1 anti-ARS, found in patients with
PM/DM accompanied by ILD, the fre-
quency of which is low (2). In previous
studies, this antibody was found in only
3-4% of all patients with PM/DM (2,6,
8,14). Targoff et al. reported that pa-
tients with anti-PL-7 antibodies had a
high incidence of arthritis and ILD
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(15). However, the presence of anti-
PL-7 antibodies and their clinical sig-
nificance has not been reported in Jap-
anese patients so far.

In the present study, we describe the
clinical and laboratory features of Jap-
anese patients with antibodies against
anti-PL-7 and review previously pub-
lished reports from elsewhere.

Patients, materials and methods
Fatients and sera

Serum samples were obtained from
1,135 Japanese patients suspected of
having connective tissue diseases seen
at the current or previous collaborating
centers of the authors between 1990
and 2000. These included 120 with
PM/DM, 400 with systemic lupus ery-
thematosus (SLE), 192 with systemic
sclerosis (SSc), 58 with rheumatoid
arthritis (RA), 101 with mixed connec-
tive tissue disease (MCTD)/overlap
syndrome, 114 with idiopathic pulmo-
nary fibrosis (IPF), and finally, 150
patients who had arthritis or erythema
but did not meet the criteria for other
connective tissue diseases.

PM/DM was diagnosed based on the
criteria of Bohan and Peter (16). The
assessment of muscle weakness was
performed using a manual muscle test
(17). The diagnosis of SSc was based
on the criteria for the classification of
SSc defined by the American College

of Rheumatology in 1980 (18). ILD

was considered to be present if an inter-
stitial change was observed on both
chest radiography and computed tomo-
graphy (CT) or a restrictive pattern
found on pulmonary function testing in
patients with IPF or PM/DM.

Detection of anti-PL-7 antibodies

The immunoprecipitation (IPP) from
Hel.a cell extracts was performed as
previously described (1, 6). For analy-
sis of RNAs, 10 pl of patient sera was
mixed with 2 mg of protein A-Seph-
arose CL-4B (Pharmacia Biotech AB,
Uppsala, Sweden) in 500 pl of IPP
buffer (10 mM Tris-HCI, pH 8.0, 500
mM NaCl, 0.1% Nonidet P-40) and
incubated with end-over-end rotation
(Labquake shaker; Lab Industries,
Berkeley, CA) for 2 h at 4°C. The IgG-
coated Sepharose was washed 4 times



in 500 Wl of IPP buffer using 10-second
spins in a microfuge and was re-
suspended in 400 tl of NET-2 buffer
(50mM Tris-HCl, pH 7.5, 150mM
NaCl, 0.05% Nonidet P-40). This sus-
pension was incubated with 100 ul of
extracts, derived from 6x10% cells, on
the rotator for 2 h at 4°C. The antigen-
bound Sepharose beads were then col-
lected by centrifugation for 10 s in the
microfuge, washed 4 times with NET-2
buffer, and resuspended in 300 pl of
NET-2 buffer. To extract bound RNAs,
30 ul of 3.0 M sodium acetate, 30 pl of
10% SDS, 2 pl of carrier yeast tRNA
(10 mg/ml; Sigma, St. Louis, MO) and
300 ul 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 spinning for 1 min,
RNAs were recovered in the aqueous
phase after ethanol precipitation and
dissolved in 20 pl of electrophoresis
sample buffer composed of 10 M urea,
0.025% bromophenol blue, and
0.025% xylene cyanol-FF in TBE
buffer (90 mM Tris-HCI, pH 8.6, 90
mM boric acid, and 1 mM EDTA). The
RNA samples were denatured at 65°C
for 5 min and then resolved in 7 M
urea-10% polyacrylamide gels, which
were then silver-stained (Bio-Rad Lab-
oratories, Hercules, CA).

For the protein studies, antibody-coat-
ed Sepharose beads were mixed with
400 pl of [**S] methionine-labeled
HeLa extracts derived from 2x10° cells,
and rotated at 4°C for 2 h. After four
washes with TPP buffer, the Sepharose
beads were resuspended in SDS - sam-
ple buffer (2% SDS, 10% glycerol,
62.5 mM Tris-HCI, pH 6.8, 0.005%
bromophenol blue). After heating (90°
C for 5 min), the proteins were frac-
tionated by 10% SDS-PAGE, enhanced
with 0.5 M sodium salicylate, and
dried. Radiolabeled protein compo-
nents were analyzed by autoradiogra-
phy.

With these assays, anti-ARS, anti-sig-
nal recognition particle, anti-Mi-2,
anti-SSA, anti-SSB, anti-UI-RNP,
anti-Scl-70, anti-PM-Scl and anti-Ku
autoantibodies are detectable in com-
parison with corresponding standard
sera (1). We also examined anticen-

tromere antibody by ELISA (Medical
& Biological Laboratories Co., Ltd.
Nagoya, Japan).

Clinical features

Clinical information was retrospective-
ly assessed in all PM/DM patients as
well as non-PM/DM patients positive
for anti-PL-7 antibodies. Clinical find-
ings included clinical symptoms, serum
creatine kinase (CK) level, electromyo-
gram (EMG), muscle biopsy, chest ta-
diograph and chest CT. The resolution
of the myositis symptoms was defined
as having both improvement of muscle
weakness on a manual muscle test and
the normalization of serum CK level.
The two groups of PM/DM patients
with or without anti-PL-7 antibodies
were compared. Moreover, our cases
were compared with those previously
reported in the literature.

Statistical analysis

All comparisons between the two pa-
tient groups were performed using the
x? test. Significance level was set at
5%.

Results

Identification of anti-PL-7 antibodies
Of the 1,135 sera tested, samples from
seven patients were found to immuno-
precipitate a characteristic identical
pattern of tRNAs. Representative ex-
amples are shown in Figure 1. This pat-
tern of tRNAs was clearly distinguish-
able from those precipitated by the five
other described anti-synthetases and
identical in mobility and appearance to
anti-PL-7 standard serum (Fig. 1a). The
same sera also immunoprecipitated a
protein band from [*S] methionine-
labeled HeLa cell eXtracts migrating at
80 kDa. This was clearly different from
those immunoprecipitated by sera reac-
tive with the other described anti-syn-
thetases (Fig. 1b). Thus, it is concluded
that they contained anti-PL-7 antibod-
ies.

Clinical features of patients with
anti-PL-7 antibodies

Clinical features of the 7 patients with
anti-PL-7 antibodies are summarized in
Table 1. Five patients were clinically
diagnosed as having PM-SSc overlap
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syndrome and the other two as DM and
IPE. Six (86%) had muscle weakness
and arthritis. Four (57%) had Ray-
naud’s phenomenon. It was of note that
5 patients had scleroderma: the extent
of skin thickness was diffuse scleroder-
ma in 2 (29%), proximal scleroderma
in one (14%) and sclerodactyly alone in
2 (29%). Although two (29%) had
mechanic’s hands, sclerodactyly of
these patients was clearly distinguished
from mechanic’s hands. All 7 patients
were diagnosed as having ILD from the
results of chest radiography and chest
CT or pulmonary function testing. One
patient had anti-SS-A antibodies and
another had anticentromere antibodies.

Characteristics of myositis in patients
with anti PL-7 antibodies

The characteristics of 6 patients suffer-
ing from myositis are summarized in
Table II. Only one patient manifested a
DM rash and was accordingly diag-
nosed as having DM. The maximum
level of CK (IU/l) was relatively low
throughout the clinical course (maxi-
mum CK was 2,830 TU/l, seen in pa-
tient #1). EMG was performed in all 6
myositis patients and all showed a my-
ogenic pattern: low-amplitude poly-
phasic units of short duration and rest-
ing fibrillation, complex repetitive dis-
charges and positive sharp waves in
needle EMG. The muscle biopsy re-
vealed atrophic fibers, active necrosis
with regeneration and infiltration of
lymphocytes in all 3 patients tested.
The administration of prednisolone
(PSL) alone without other immunosup-
pressant in 5 resulted in an improve-
ment of both muscle strength and ser-
um CK value in all. One patient had no
PSL medication due to concomitant
tuberculosis infection. PSL was tapered
gradually and 3 patierits maintained in-
active myositis by continuing on a low
dose of PSL. Two patients (#1 and #3)
died of cardiac failure and respiratory
failure due to bacterial infection. The
duration of the disease was 159 months
and 44 months in these latter patients.
All 7 PM/DM patients had ILD, classi-
fied as chronic course. The symptoms
of ILD preceded muscle involvement
in 5 patients.

Frequencies of several clinical mani-



