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Mice with osteopontin deletion remain predisposed to
collagen-induced arthritis

Osteopontin (OPN), also known as Eta-1 (early T
Iymphocyte activation protein 1), is a secreted phosphoglyco-
protein that has a wide range of functions. Other than collagen,
OPN is the major extracellular matrix protein in bone, and it
has been shown to act as an activator in osteoclasts (1). OPN
also works as a Thl cytokine (2,3). Rheumatoid arthritis (RA)
is a typical bone resorption inflammatory disease, the patho-
genesis of which is thought to stem from Thl hyperactivation
{4). Moreover, we have demonstrated that expression of OPN
is enhanced in arthritic joints of both RA patients (5) and mice
with collagen-induced arthritis (CIA) (6). In addition, it has
been reported that OPN™/~ mice are resistant to experimental
autoimmune encephalomyelitis (EAE) (3) and to anti-type II
collagen (CII) antibody-induced arthritis (CAIA) (7). How-
ever, a conflicting report suggests that EAE, CIA, and CAIA
are fully inducible without OPN (8), and therefore, the role of
OPN in the above inflammatory diseases remains controver-
sial. In order to investigate the role of OPN in the pathogenesis
of RA, we examined its clinical and immunologic effects on
CIA, a murine model for RA, using OPN™~ mice.

OPN~/~ mice were generated (9) and were back-
crossed with DBA/1] mice (Nippon Charles River, Kanagawa,
Japan) for 6 generations to introduce CIA susceptibility. After
backcrossing, the loss of OPN messenger RNA in the OPN~/~
mice was confirmed by reverse transcriptase—polymerase chain
reaction. Additionally, the absence of OPN protein in the
serum of OPN™'~ mice was confirmed by enzyme-linked
immunosorbent assay (ELISA). CIA was induced by estab-
lished methods, as previously described (6). Briefly, 30 male
mice (17 OPN*/* and 13 OPN /" littermates between 6 and
10 weeks of age) were immunized by intradermal injection of
100 pg of bovine CII (MCK, Tokyo, Japan), emulsified with
Freund’s complete adjuvant (Difco, Detroit, MI). On day 21, a
booster injection was given using the same method.

Each week during a followup period of 13 weeks after
the first immunization 3 independent observers assessed the
mice for signs of arthritis. Severity of arthritis was graded on a
1-4 scale as follows: 0 = normal; 1 = swelling and/or redness
in 1 joint; 2 = swelling and/or redness in >1 joint; 3 = swelling
and/or redness in the entire paw; 4 = deformity and/or
ankylosis. Each paw was graded, and the mean scores of the 4
paws were summed, such that the maximum possible score per
mouse was 16. In both groups, of mice, signs of arthritis began
to appear ~3 weeks after the first immunization, and the final
incidence rates reached 100%. Arthritis scores did not differ
significantly between the OPN~/~ and OPN™/" mice (P > (.1)
(Figure 1A).

The mice were killed 13 weeks after the first immuni-
zation. Anteroposterior radiographs of all 4 limbs were ob-
tained with a cabinet soft x-ray apparatus (MX-20; Faxitron,
Wheeling, IL). Radiologic changes were evaluated by 3 inde-
pendent judges under blinded conditions and were graded
from 0 to 3 as follows: 0 = normal; 1 = slight erosion; 2 = bone
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resorption; 3 = joint destruction. The mean scores of the 4
paws were then summed, such that the maximum possible
score per mouse was 12. Radiologic scores did not differ
significantly between the 2 groups (mean * SD 9.3 = 2.1 in the
OPN™/~ mice, 8.3 = 1.5 in the OPN™* mice; P = 0.13).

Serum samples from 10 OPN~~ and 10 OPN*'* mice
were obtained every 2 weeks from week 0 (before immuniza-
tion) to week 12 after the first immunization. The serum levels
of total IgG and of specific antibodies to CII (total IgG and
subclasses IgGl and IgG2a) were measured by ELISA as
previously described (10), with minor modifications. Ninety-
six-well plates were coated with anti-mouse IgG (Caltag,
Burlingame, CA) or bovine CII antigen solution (2 pg/mi).
Nonspecific binding was blocked with phosphate buffered
saline containing 1% bovine serum albumin. Serially diluted
serum samples were incubated for 2 hours at room tempera-
ture. Alkaline phosphatase-conjugated horse anti-mouse IgG
heavy and light chain (Vector, Burlingame, CA} or alkaline
phosphatase—conjugated goat anti-mouse IgGl or IgGZa
(Southern Biotechnology Associates, Birmingham, AL) was
then added, followed by incubation for 2 hours at room
temperature. Color development of p-nitrophenyl phosphate
(Sigma, St. Louis, MO) was monitored at 405 nm with an
ImmunoReader NJ-2000 (Nihon InterMed, Tokyo, Japan). To
establish a standard curve, serial dilutions of sera from
OPN*'* mice with CIA were added to each plate. The
standard was defined as 100 units, and antbody titers of
samples were estimated relative to the standard curve.

The levels of total IgG did not show significant changes
during the course of the study (data not shown). Levels of
anti-CII antibodies became ¢levated beginning at week 4 and
reached a peak between weeks 6 and 8§ after the first immuni-
zation. The differences between the levels of anti-CII antibod-
ies (subtypes IgG, 1gG1, and IgG2a) in OPN*/* and OPN /"
mice during this period were not statistically significant (Figure
1B).

In the present study, we did not discern any significant
differences in either the incidence or the severity of CIA
induced in OPN ™/~ and OPN*/* mice. Hence, we observed no
effects of OPN deletion on CIA, as suggested by Blom et al (8)
and in contrast to the findings reported by Yumoto et al (7),
using another arthritis model, the CAIA model. There are
several conceivable reasons for this contradiction. First, it may
be due to differences in pathogenesis between CAIA and CIA,
regarding their immunologic backgrounds, CAIA occurs inde-
pendently of activation of lymphocytes, and anti-CII antibodies
directly induce only acute inflammation. In fact, no infiltration
of activated lymphocytes is observed in the arthritic joints of
animals with CAIA (11). In contrast, CIA is a well-known
model of chronic arthritis that is dependent on both humoral
and cellular immunity specific for CII, and is especially depen-
dent on Thl activation (4,10). In this study, there were no
notable differences in the serum levels of anti-CII IgG anti-
bodies (total IgG and subclasses IgG1 and IgG2a) between the
2 groups of mice, which suggests that the Th1/Th2 balance in
CIA is not changed by OPN deletion. Therefore, deletion of
the OPN gene may not affect lymphocyte function in CIA,
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Figure 1. A, Arthritis scores in osteopontin-deleted (OPN™") and
OPN*"* mice. Male OPN™* mice (n = 17) and their male OPN~'~
littermates (n = 13) were immunized with type Il collagen (CII) in
complets Freund's adjuvant. Mean scores estimated by 3 observers for
cach paw were summed. Values are the mean and SD. The mean
arthritis score did not differ significantly between the OPN™/~ and
OPN™*/* mice at any time point. B, Changes in serum anti-CII antibody
levels. Serum samples were obtained from OPN*/* mice (n = 10) and
OPN™'~ mice (n = 10) every 2 weeks from before the first immuni-
zation (0 weeks) to 12 weeks after the first immunization. Serum levels
of total IgG and IgG anti-CI1 (data not shown) and of IgG1 and IgG2a
anti-CII were measured by enzyme-linked immunosorbent assay.
Values are the mean and SD. Mean levels did not differ significantly
between the OPN™~ and OPN** mice at any time point.
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allowing arthritis in OPN™'" mice to develop and reach the
same severity as in OPN*/* mice.

Second, the differences may depend on the murine
genetic backgrounds. DBA/1] mice, used in the present study,
are highly susceptible to CIA. Blom et al induced CIA in a
strain with the B10Q allele, which is also susceptible to CiA
(8), whereas Yumoto and colleagues used mice of the C57BL6/
129 background (7), which are normally resistant to CIA. As
shown in studies of CIA with addition of interleukin-18
(IL-18) and of IL-1 receptor antagonist-deficient mice (12,13),
susceptibility to cytokines differs among strains. The role of
OPN deletion could be determined by genetic backgrounds.

Third, the lack of an effect of OPN .deletion may be
due to compensation or substitution of the OPN gene function
by 1 or more other gene(s): in knockout mice, it is understood
that the influence of the deleted gene can sometimes be
compensated or substituted for by other similar genes. Al-
though surrogates for OPN have not been described, other
bone matrix proteins or cytokines might fuifill this function.

In conclusion, OPN is not indispensable in the induc-
tion of CIA. However, considering the limitations in studies
using knockout mice and previous reports on OPN as a
cytokine and a factor in osteoclast activation (1,2,9), the role of
OPN in RA and other human inflammatory diseases remains
open to dispute.
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Chronic Active EBV Infection and Hypersensitivity to Mosquito Bites:
Pathophysiology and Pharmacology
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Abstract: Hypersensitivity to masquito bites (HMB) is characterized clinically by intense skin reactions at
mosquito bite sites with severe systemic symptoms. Another important feature is the high mortality rate due to
complications, such as malignant NK cell-lineage granular lymphoproliferative disorder (NK-GLPD) and
hemophagocytic syndrome (HPS). Previous studies have indicated that chrenic active Epstein-Barr virus
infection (CAEBYV) is closely associated with HMB and its malignant complications. We and other groups have
recently shown the abnormal oligoclonal expansion of EBV-infected NK cells in the periphery of HMB
patients, which contributes to the pathogenesis of pleiotropic symptoms in HMB. To explore the therapeutic
possibility, we have examined the anti-viral drugs on the symptoms, and some drugs have been emerging as
the candidates for the treatment for HMB. In this brief review, we show the recent progresses in the studies
elucidating the intricate web among CAEBV, NK-GLPD and HMB. The pathophysiology and pharmacology
regarding CAEBV and HMB should also be generally important in viral-associated rheumatic diseases and
their therapeutics. i

Keywords: Chronic active Epstein-Barr virus infection (CAEBV), NK cell-lineage granular lymphoproliferative disorder (NK-

GLPD), hypersensitivity to mosquito bites (HMB), anti~viral therapy.

INTRODUCTION

Epstein-Barr virus (EBV), belonging to herpesviridae, is
a ubiquitous virus in humans, and most individuals are
affected by their early adulthood {1-3]. Whereas the primary
infection with EBV in infancy is usually asymptomatic,
approximately 50% of primary infections in early adulthood
exhibit acute inflammatory diseases known as infectious
monenucleosis (IM). IM is characterized by fever, sore
throat, cervical lymphadenopathy with a diagnostic elevation
of atypical lymphocytes in the periphery. On the other hand,
in rare cases, EBV causes chronic active EBV infection
(CAEBYV) in apparently immunocompetent hosts. CAEBV
is characterized by chronic or recurrent IM-like symptoms,
an abnormal pattern of anti-EBV antibodies (increased anti-
viral capsid antigen (VCA) and early antigen (EA), in the
absence of anti-Epstein-Barr virus nuclear antigen (EBNA)).
CAEBYV is a high-mortality, high-morbidity disease with
life-threatening malignant complications, such as
lymphomas and hemophagocytic syndrome, and the patients
have poor prognosis.

Whereas, in IM, EBV commonly infects B lymphocytes
via a receptor designated CD21 or complement receptor 2
(CR2), predominant population infected with EBV in
CAEBV are T or NK cells, but not B cells, with unknown
receptors/mechanisms {4]. CAEBYV patients can be classified
into two groups, i.e., T-cell type and NK-cell type, and each
group has distinct clinical features [5). Among them,
interestingly, NX-cell type CAEBV is known to be closely

*Address correspondence to this author at the Kobe Biotechnology Center,
Kobe University, 1-5-6 Minatojima-minamimachi, Chuo-ku, Kobe, Hyogo
650-0047, Japan; Tel: +81 78 304 6027; Fax: +81 78 304 6028; E-mail:
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1573-3971/05 $50.00+.00

associated with a characteristic allergy reaction to mosquito,
called “hypersensitivity to mosquito bites (HMB)” [6].

Hypersensitivity to mosquito bites (HMB), also referred
as ‘severe’ hypersensitivity to mosquito bites, is not a
common disease mostly affecting Asians. When an
individual possessing HMB is bitten by a mosquito, the
skin around the bitten sites form deep ulcers with systemic
high-grade fever. Another important feature of HMB is its
frequent malignant complications known as NK celi-lincage
granular lymphoproliferative disorder (NK-GLPD), which is
now suggested to be related to NK-cell type CAEBV,
complicated with HMB patients [6, 7].

To date, a number of excellent reviews have already been
published regarding the clinical manifestations and etiology
of CAEBYV [1, 2, 8]. In this brief review, we highlight the
association between HMB and CAEBV from the patho-
physiological aspects, and try to elucidate how CAEBV
forms the characteristic clinical manifestations in HMB.
Recent trials for pharmacological treatments for this illness
are also described. :

OLIGOCLONAL EXPANSION OF EBV-INFECTED
NK CELLS IN HMRB

In the periphery of HMB, the population of CD36-
positive, CD3-negative large granular lymphocytes {L.GL),
which is suggested to be NK cells, is remarkably increased
up to 30 - 60% in total PBMC (Fig. 1) [6, 9]. PCR
amplification of EBV-DNA as well as in situ hybridization
of EBV-encoded small nuclear RNA (EBER)-1 indicate that
these NK cells are infected with EBV (Fig. 2) [9]. Southemn
blot hybridization using a probe detecting EBV terminal
repeat detects multiple bands, indicating that these NK cells

© 2005 Bentham Science Publishers Lid.
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Fig. (1). Abnormal increase in CD56(+)- CD3(-)- NK cells in HMB. (A} LGL morphology in HMB patients. May-Gruenwald-Giemsa
staining shows the morphology of large granular lymphocytes (LGL) with azurophillic granules and abundant cytoplasm under light
microscopy (X1, 000). [Reproduced with permission from Ohshima ez al. (2002)]. (B) The expression of CD3 and CD56 in peripheral
blood mononuctear cells (PBMC) from patients with HMB/CAEBV was assessed by two-color FACS analysis. [Reproduced with
permission from Ishii er al. (2003)).
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lack the expression of CD21 (Ishii et al., unpublished LATENCY OF EBV INFECTION IN HMB
observation), an EBV receptor for infecting B cells [11], it

still remains unsolved how EBV infects NK cells, although Three distinct forms of EBV latent gene expression in B
aiternative routes and mechanisms for viral entry have been cells have been demonstrated and designated as Latency I, II,
proposed [12, 13]. Recent it has been indicated that the and III (Table 1) [3]. Burkitt's lymphoma and gastric
formation of immunological synapses during early steps of . carcinoma are classified into “latency I”, which is
NK cell attack on EBV-infected B cells leads to the trans- characterized by the expression of EBV-encoded RNA
synaptic acquisition of CD21 on a membrane patch, which (EBER)-1, -2, and EBNA-]. Additional expression of latent

is causative of EBV infection in NK cells [14]. membrane protein (LMP)-] is observed in “latency II”,
which contains nasopharyngeal carcinoma, Hodgkin’s

. S
o o
Bt .
._ “E o
* 2l .‘ ® .
< . . e .
. s ® B
» _ :
§‘ -
: - S .
* .
L . -
» '

Fig. (2). Detection of EBERI] expression in NK cells fron-'t HMB/CAEBYV patients by in sitn hybridization. In situ hybridization was
performed using the DIG-labeled antisense EBER1 oligoprobe. Strong signals, indicated as stained cells, were observed in 90% of
cytospinned NK cells (X200). [Reproduced with permission from Ohshima et al. (2002)].
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Table 1. Latent Gene Expression in EBV-Iinfected cells
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EBER

EBNA-1 EBNA-2 LMP-1 LMP-2

Latency | +

Burkitt’s lymphoma

Gastric carcinoma

Latency 11 +

Nasopharyngeal carcinoma

Hodgkin’s disease

T/NK-GLPD

HMB

Latency I +

Infectious mononucleosis
(IM)

B-cell iymphoproliferative
disorders

disease and T-/NK-GLPD. Latency I (IM, B cell
lymphoproliferative disorders, etc) is characterized by
expression of all viral latent genes.

As described above, in HMB the infection of EBV is
observed in NK cells, but not in B ¢ells nor in T cells [6,
9]. Infected NK cells show the expression of EBER, EBNA-
1 and LMP-1 in the absence of LMP-2, suggesting that the
EBYV infection on these NK cells in HMB is latency 1I. The
viral-associated membrane proteins, such as LMP-1, can
serve as a target antigen for EBV-specific cytotoxic T
lymphocyte (CTL) activity, and the question remained how
the infected NK cells escape from the attack by CTL and
maintain the abnormal proliferations.

Possible Mechanisms For Abnormal Expansicn of NK
Cells

How EBV-infected NK cells can abnormally proliferate
in HMB periphery? They must escape from the
immunological surveillance by CTL response. It was
reported that, in HMB patient, CTL response is greatly
reduced not only against EBV-infected patients’ NK cells
but also against B-lymphoblastoid cell lines (B-LCL),
suggesting that CTL itself is impaired for unknown
mechanisms [15]. We have previously revealed the
augmented expression of Fas-ligand (Fas-L) in EBV-infected
NK cells and resultant increase in secreted soluble Fas-L
(sFas-L) in the sera [9]. It is well-known that T cells,
including CTL, constitutively express Fas, and therefore
EBV-infected NK cells might make a counterattack against
CTL by means of Fas-L on their cell surface as well as
secreted sFas-L, which leads to the vulnerability of CTL
response in HMB. Such mechanisms for evading CTL
response can be observed in the tumorigenesis [16]. We can
suppose that the abundant expression of membrane-bound
Fas-L as well as sFasL may contribute to various organ and
tissue damages, such as skin ulcer and liver dysfunction,
often observed in HMB or CAEBV.,

Although the expression of Fas on the NK cell
membrane is not altered, these EBV-infected NK cells show
resistance against Fas-induced apoptotic cell death [9]. This
is caused by the enhanced expression of Bel-2, a major anti-
apoptotic regulator, in EBV-infected NK cells {reviewed in
Kirkin et al.,, 2004 [17]). This result seems to be reasonable
because LMP-1, expressed in these NK cells, is reported to
induce the expression of Bel-2 [18].

Another important feature in EBV-infected NK cells is
augmented proliferation response to interleukin (IL)-2 [9,
19]. CD23, a high affinity IL-2 receptor, is detected to be
highly expressed in these EBV-infected NK cells, whereas
normal NK cells only express a low affinity IL-2 receptor,
composed from P and y chains, and does not essentially
possess CD25 [9]. This observation is supported by a
previous report showing that LMP-1 leads to the enhanced
expression of CD25 via NF-xB dependent pathway in
Hodgkin cell lines [20, 21]. This aberrant response to IL-2
may be also responsible for the abnormal proliferation of
EBV-infected NK cells.

Summarized with these facts, we can speculate that
abnormal expansion of EBV-infected NK cells should be
achieved by (I) enhanced expression of both membrane-
bound Fas-L and soluble Fas-L, which may cope with CTL
response, by (II) abundant expression of Bcl-2, which is
responsible for the resistance of Fas-induced apoptosis, and
by (II1) aberrant expression of CD25, which contributes to
IL-2 dependent abnormal proliferation of these cells (Fig. 3).

TRIALS FOR TREATMENT OF CAEBV AND HMB

Regarding treatment for CAEBV, several trials have been
reported [22, 23]. However, these reports have been
anecdotal and no definite treatments have been established so
far. In our recent study, several anti-herpesvirus drugs have
been tested to the proliferation both of oligoclonally
expanding EBV-infected NK cells in HMB patient and of
malignant EBV-infected NK cell lines [10]. In results, only
two anti-viral drugs, vidarabine and foscarnet, but not
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prqlifefation

apoptosis

EBV-NK

Ishii et al.

Fig. (3). Schematic representation showing the mechanisms underlying the abnormal expansion of EBV-infected NK cells in HMB.
Three mechanisms are suggested here; (1) enhanced expression of both membrane-bound Fas-L and soluble Fas-L, coping with CTL
response; (II) abundant expression of Bcl-2, inhibiting Fas-induced apoptosis; (IH) aberrant expression of CD25 (a high-affinity IL-2

receptor), enhancing 1L-2 dependent abnormal proliferation.

acyclovir nor gancyclovir, selectively and potently inhibit
the proliferations of EBV-infected NK cells in HMB, which
are oligoclonally expanding at a preneoplastic stage (Fig. 4).
On the other hand, none of these drugs have suppressive
effect on the proliferation of malignant EBV-infected NK
cell lines, which have completely transformed into
malignant stages. These results suggest that the proliferation
of NK cells in HMB is still dependent on the EBV activity,
whereas that of NK malignant cell line is independent of
EBV. Therefore it is suggested that the anti-viral drugs
might be useful for preventing CAEBV at the preneoplastic
stage from the progression of the desperate clinical course.

Vidarabine is also reported to be effective for improving
the general symptoms in CAEBV [24]. In our institute, we
have successfully treated a CAEBV/HMB patient
exacerbating her diseases (Ohshima er al., manuscript in
preparation). Her symptoms are dramatically improved and
acutely increased NK cell count is restored to a steady level.
Based on. these laboratorial and clinical observations,
vidarabine has been emerging as a good candidate for
treating CAEBV/HMB diseases.

REMAINING QUESTIONS
Regarding CAEBV and HMB, plenty of significant

progresses have recently been made thanks to the continuous
efforts of many researchers. However, several questions have

still remained to be solved. Among them, one of the most
fundamental is how HMB is caused. Why can only the
mosquito, but not other insects, cause severe
hypersensitivity? Because EBV-infected NK cells are
abnormally expanding in the periphery of HMB patients,
one can assume that these NK cells are responsible for the
pathogenesis in HMB. However, a recent study has
suggested that CD4{+)-T cells, but not EBV-infected NK
cells nor CD8(+)-T cells, infiltrate the bitten sites and
contribute to primary skin reactions at the local areas as well
as systemic symptoms [25]. Further investigations are
necessary for elucidating how EBV-infection in NK cells is
related to the characteristic clinical manifestation in HMB.

Abnormally expanding NK cells are generally
oligoclonal. Once they transformed into malignancy (NK-
GLPD), they showed monoclonal expansicn. To date, the
molecular switch of the clonality in NK cells have not been
identified. Because HMB shows poor prognosis exclusively
due to its malignant complications, it is highly desirable to
detect the molecular identity of this switch, Controlling the
switching in oncogenesis, combined with anti-viral therapy,
must dramatically improve the prognosis of these diseases.
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EE #t274#+rFr (OPN) OFFGRHEBIEEL EEOMAEC>VWTbhbhOWERES
FULATHE L. OPNBEELIERAE24>—BOY 1 b A4 v THEH, &I, BHEMELLZER
PeBWTHEORFOVEL2ELTHIORT WS,

R OWEERS S, OPN HEIRROBHL « 5, gV vy, SRUBHEL ST XIUER
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KBVWTLHPREEIMHOEE, $230EELOENAFELTEHEEINTL S,

(F=0—-pF . Fr57+£rFr, BEAK BHL 2 E BHVY<y, SRESHE

OSTEOPONTIN IN BONE-RESORBING DISEASES
Yukihike SAEKI

Abstract | reviewed recent reports including our data regarding osteopontin (OPN) in various bone-
resorbing diseases. OPN is categorized as a kind of cytokines with diverse biological functions and known
as one of the key molecules for osteoclastic bone-resorption. Recent investigations have revealed
that OPN plays a crucial role for the pathogenesis, especially bone destruction, in bone-resorbing
diseases such as osteoporosis, rheumatoid arthritis, and multiple myeloma. OPN might be both a useful
diagnostic biomarker and a potential therapeutic target for these bone-resorbing diseases.

(Key Words : osteopontin, osteoclast, osteoporosis, rheumatoid arthritis, multiple myeloma)
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Table 1 Diverse Biological Functions of Osteopontin ha, ChooHEERML, OPN
Cell/Tissue,” |Biological Functions Reference HA sy EOES5ICLOE
Organ . _ . . BT L 2 BRINCE O TEE
Bone reguration of the deposition of minerals 4, 5 e -

mechanical stress signal transduction 6 KIS HEICEEb > T B T LA
osteoclast attachment 7, 8 Baihs,
bone resorbing diseases (osteoporosis, rheumnatoid {9—15
arthritis, multiple myeloma) -
Immunological |early component of type-l1 immunity 16 B RRIE R R
System augmentation of IL-12 and IFNg production B, Ei1PEES S SRINA
suppression of IL-10 production A
macrophage chemoattractant 17, 18 ®DRL turn-over &, #fE
augmentation of antibody production 19, 20 EhTWV3, Lidi-T, EEN
Thlldise:;ses (rheumatoid arthritis, multiple 21 (BEET) BAWET2-0Ici
myeloma . . L )
Cardiovascular |restenosis 22, 23 BEREBFRRD 7 v 2HRL
System plague formation, calcification 24, 25 ndhifsolty, Fo3 v
cardiomyopathy 26 T e o
Renal System |suppression of NO synthesis 27 ABEREL, BRRARC S HH
prevention of mineral precipitation 28 NE BRREEEEELECE
glomerulonephritis 29—31 h 3. BHRINEESESE, ()3
Brain ischemia 32 " ]
Granulomatous|wound bealing, tuberculosis, sarcoidosis 33—36 Ko b0, (2) RERD LD,
Tissues BEEEOb DD, KEL{ I
Tumors transfomation, carcinoma 37-41 CABCLATES, 2, Xk
LEHOBERNHESR NG e R
e voRbaEA2ERES
Thrombin Clesvage 2607, HENKLOLLTHEZOBHL £ SEH
LDBDDDDDD- X 7 SHERLER! B5, WIRKEHOSDELTHE, BEY 9= F (RA)
e II 7 % ’aml ERUBETE ) oo F RRBNS S, i, EEEOD
' : : 3 t o boE LTRESEREFHENET OGRS,
B, ChosoBRREEREICSVT, OPN oS
Hydrox. i Iniegn Ca Heparin .
N (o] Lo ] ETET BHENSS LN,

{avfl, avfil, avps e}

Fig. 1 A Schematic Structure of Osteopontin

R M K X 4 v 2B 5hE RGDELFIR &
o, o, AAVOLADEYOFE TS AL RILE
OBV KA 4 v b5, BULOBRILEIIC
BB b,

BEERICLZBRNETS OPN OBRE|

B, Fic/ 2T reoREAVWETEICLD,
BEHEREC L 2BERNOSTFRENALH LLE-TE
72 WEBHRL L 2BREORERTF v 7THS, B
ADOEZICIHIOPN LavB3A 5 v L OEEM
SBHREFZONTWVWS, EBiCavB3A v 7 7Y v
TR TIoEAEEET I LEEERICL 2EBR
RiMmEHEsHh 29, %4, OPN/ w2 To 2o RIC
BLuTREFOKERENBEEIR, B34 vFrU v
/92T e ATHEFCEEOREARIHFES
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EOEBEFVTHINEBH=Y 2ic B8 2FRINT
OPN / w7 7O b= oA THIFERIH~XTHEICT
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BOBHL £ SECBI 2 FRNOTE K OPN 05
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REURBRIMERBLF RFFTRYF
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FEHBAETR (CIA) BV T, WEMEN T 3 BRK
EZLTVABUELABMIERELT, OPN ORRH
HohadalEEs vy, mRNAVARATHEL K
(Fig. 2., &, BSROETLETL Tlidho OPN
g ERMABNRS (Fig 3). —4, FH-0 7 A —
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R ER. LT

Fig. 2 Expression of

performed using a primer specific for OPN mRNA.

osteopontin (opn) mRNA in arthritic paws from a mice with collagen-induced arthritis (CIA).
Serial sections of arthritic paws were stained with hematoxylin eosin and in situ hydridization was

A . hematoxylin eosin stain, B | in situ

hybrydization OPN mRNA expression was detected at the bone-pannus junction, co-incident with the
presence of multinucleated gaint cells which stained positive for tartrate-resistant acid phosphatase,
suggeesting activated osteoslasts, (Original magnification x400)
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OPN iHinEmigicgivwt, MMP-1 {matrix metallo-
proteinase-1. collagenase-1) OEELFEMFT I L b
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FRiREED BiEE A v 7/ 07 ) V) BHcib~EE
KERLTLAEZLEZRUILE (Fig. B9, 1, ©
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