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Inhibition of Src Homology 2 Domain-Containing
Protein Tyrosine Phosphatase Substrate-1 Reduces the
Severity of Collagen-Induced Arthritis
KONAGI TANAKA, TATSUYA HORIKAWA, SATSUKI SUZUKI, KAZUTAKA KITAURA, JUNKO WATANABE,
AKITO GOTOH, NORIYUKI SHIOBARA, TSUNETOSHI ITOH, SHOJI YAMANE, RYUJI SUZUKI, NAOSHI FUKUI,
and TAKAHIRO OCHI

ABSTRACT. Objective. To investigate whether the blockade of Src homology 2 domain-containing protein tyro-
sine phosphatase substrate-1 (SHPS-1) has any therapeutic effects on rheumatoid arthritis.
Methods. A functional blocking monoclonal antibody for SHPS-1 (anti-SHPS-1 mAb) was admin-
istered at various doses to collagen-induced arthritis (CIA) mice, and severity of the arthritis was
evaluated by clinical and histological scores of the limbs. To clarify the mechanisms of action of the
antibody, the serum concentration of anti-type II collagen antibody was measured in those mice, and
in vitro experiments were conducted to determine the effects of the antibody on the induction of
osteoclasts and the release of cytokines from mouse spleen cells.
Results. Compared with mice given control IgG, the administration of anti-SHPS-1 mAb signifi-
cantly reduced the severity of inflammation and destruction of bone and cartilage in CIAmice. This
therapeutic effect was observed even when the antibody treatment was started after the onset of
arthritis. The appearance of anti-type II collagen antibody in CIA mice was not altered by the anti-
body treatment. In in vitro experiments, the anti-SHPS-1 mAb significantly inhibited osteoclastoge-
nesis of bone marrow cells, and significantly reduced the release of interleukin 1ß (IL-1ß), IL-2, IL-
12, interferon-γ, and tumor necrosis factor-α, but not that of IL-4 or IL-10, from the spleen cells after
stimulation with concanavalin A.
Conclusion. Administration of a monoclonal antibody for SHPS-1 reduced the severity of arthritis
in CIA mice. Regulation of biological functions of SHPS-1 may be a novel and potent strategy to
treat patients with rheumatoid arthritis. (First Release Nov 1 2008; J Rheumatol 2008;35:2316–24;
doi:10.3899/jrheum.080369)
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Rheumatoid arthritis (RA) is a chronic inflammatory disease
that affects synovial joints systemically1. In spite of numer-
ous investigations, there is still no fundamental therapy to
treat RA. The hallmarks of this disease are synovial inflam-
mation and destruction of articular cartilage and subchon-
dral bone. Synovial tissue in rheumatoid joints is character-
ized by a marked intimal-lining hyperplasia due to increased
numbers of macrophages and fibroblast-like synoviocytes.
Accumulation of T cells, plasma cells, and other types of
inflammatory cells in the synovial lining is also obvious1,2.
Those cells produce cytokines such as interleukin 1ß (IL-
1ß), tumor necrosis factor-α (TNF-α), and IL-6, which pro-
mote the expression of proteinases that cause tissue degra-
dation in the joints. As well, those cytokines are responsible
for the destruction of bone in the disease through the induc-
tion of osteoclasts. In joints involved in RA, osteoclasts are
derived from precursor cells of the monocyte-macrophage
lineage in the presence of several cytokines such as
macrophage colony-stimulating factor (M-CSF), receptor
activator of nuclear factor-κB ligand (RANKL), IL-1ß, and
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TNF-α3,4. Therefore, the synovial hyperplasia and bone
absorption around the joints in RA is closely correlated
through the activity of those cytokines.

Src homology 2 domain-containing protein tyrosine
phosphatase substrate 1 (SHPS-1), also known as signal reg-
ulatory protein α1 (SIRPα1)5, a brain Ig-like molecule with
tyrosine-based activation motifs6, macrophage fusion recep-
tor7, and p84 neural adhesion molecule8, is a transmembrane
glycoprotein that belongs to the immunoglobulin superfam-
ily. The extracellular domain of SHPS-1 consists of 3 parts,
the amino-terminal Ig variable (IgV) region and 2 Ig con-
stant (IgC) regions, although the latter may be removed by
alternative splicing. The intracellular domain of SHPS-1
contains 2 immunoreceptor tyrosine-based inhibitory
motifs, suggesting that it transmits signals for inactivation9.
SHPS-1 is expressed by macrophages, dendritic cells (DC),
neutrophils, and neurons10. CD47, another transmembrane
glycoprotein belonging to the immunoglobulin superfamily,
is a known ligand for SHPS-111-14. CD47 is present on vir-
tually all kinds of hemopoietic cells, including T cells, B
cells, and neutrophils, as well as endothelial cells. SHPS-1
binds to CD47 via the IgV domain11,15-18, which causes its
various biological activities19. Interactions between SHPS-1
and CD47 are important for cellular fusion or multinucle-
ation, processes necessary for osteoclast formation7,11,20. At
this time, it is controversial whether CD47-SHPS-1 interac-
tion plays a key role in the activation of T cells and the
acquisition of cell-mediated immunity21,22, or downregu-
lates the activation of T cells by DC16,17,23,24. Considering
that T cell activation and osteoclast formation are critical
events in the pathology of RA, we speculated that inhibiting
the interaction between SHIP-1 and CD47 might be benefi-
cial in the treatment of RA.

We previously reported that an antibody against
SHPS-1 effectively inhibits the migration of epidermal
DC and Langerhans cells, resulting in decreased develop-
ment of the delayed-type hypersensitivity response23,24.
Using this SHPS-1 antibody, we conducted a series of in
vivo and in vitro experiments to clarify the role of SHPS-
1 in the pathology of RA. The results not only suggested
the significance of SHPS-1 in RA, but also indicated a
possibility that the administration of the anti-SHPS-1
antibody could be an effective strategy to treat patients
with RA.

MATERIALS AND METHODS
Collagen-induced arthritis (CIA). Our study was performed under the
approval of the Institutional Review Board of the National Hospital
Organization, Sagamihara Hospital. The induction of arthritis in mice was
based on a described method25,26. Briefly, bovine type II collagen (CII;
Collagen Research Center, Tokyo, Japan) was dissolved at 2 mg/ml in 10
mM acetic acid, and was emulsified by mixing with an equal volume of
Freund’s complete adjuvant (Nippon BD, Tokyo, Japan). Five-week-old
male DBA/1JN mice (Charles River Japan, Yokohama, Japan) were immu-
nized by intradermal injection of the emulsion (100 µl) at the base of their
tails. Twenty-one days later, the same volume of emulsion was injected

again in the same manner as a booster. With this protocol, arthritis devel-
oped in 100% of mice at around 4 weeks after the initial immunization.
Treatment with anti-SHPS-1 monoclonal antibody. Hybridoma cells pro-
ducing anti-mouse SHPS-1 (P84) monoclonal antibody (anti-SHPS-1
mAb) was a generous gift from Dr. C.F. Lagenaur (Pittsburgh University,
Pittsburgh, PA, USA)27. Ascites fluid was collected from BALB/c nu/nu
mice that had been injected intraperitoneally with hybridoma cells, and the
p84 antibody was purified from the ascites using a protein A column23,24.
Rat IgG1 (Sigma Diagnostics, St. Louis, MO, USA) was used as a control
immunoglobulin (control IgG). The experiments were performed according
to either of the following 2 protocols. In Protocol A, CIA was induced as
described, and anti-SHPS-1 mAb, control IgG, or methotrexate (MTX;
Wyeth, Tokyo, Japan) were given to the mice every other day from Day 21
(the day of second immunization) until Day 31, 6 times in total. The anti-
body or control IgG was dissolved in 200 µl phosphate buffered saline
(PBS) and injected intraperitoneally. MTX was administered orally. In
Protocol B, the administration of the SHPS-1 antibody, control IgG, or
MTX was started on Day 29 (8 days after the second immunization) and
was repeated 6 times until Day 39, on every other day.
Evaluation of arthritis. The development of arthritis was determined by the
presence of redness or swelling in any of the 4 limbs. If these signs were
observed in at least 1 limb, the mouse was determined to be positive for
arthritis. The incidence of arthritis was defined in each treatment group by
the ratio of the number of positive mice to the total number of mice in the
group. The occurrence and severity of arthritis were evaluated macroscop-
ically on each hind limb in each mouse by scores from 0 (normal) to 3 (joint
deformity or rigidity). The sum of scores for both hind limbs (0 to 6) was
used as the clinical score for that animal. The severity of arthritis was also
evaluated by the average thickness of footpads of the right and left hind
limbs, which was measured using a caliper. The body weight was recorded
daily throughout the experimental period.
Histological evaluation. For histology, the mice were sacrificed and their
hind limbs were amputated, fixed with 10% formaldehyde, decalcified with
EDTA, and embedded in paraffin. Four-micron-thick sections of the ankle
and toe joints were prepared in a sagittal plane and were stained with hema-
toxylin and eosin (H&E). Using a light microscope, the severity of inflam-
mation and joint destruction was assessed semiquantitatively based on a
described procedure28. The severity of inflammatory change was assessed
as a score from 0 to 4, considering the extent of inflammatory cell infiltra-
tion, synovial lining-cell hyperplasia, and pannus formation. Further, the
severity of bone destruction was evaluated by scores from 0 to 5, accord-
ing to the following criteria: 0 = normal; 1 = minimal loss of cortical bone
at a few sites; 2 = mild loss of cortical and trabecular bone at a few sites; 3
= moderate bone loss at multiple sites; 4 = marked bone loss at multiple
sites; and 5 = marked bone loss with distortion of the profile of the remain-
ing cortical surface.
Measurement of anti-type II collagen antibodies. The concentration of anti-
CII antibodies in the sera of mice was determined by ELISA29. For this, 96-
well flat-bottom plates (Iwaki, Tokyo, Japan) were coated with 50 µl CII (2
µg/ml in PBS) overnight at 4˚C. Prior to use, the wells were blocked with
PBS containing 1% (w/v) bovine serum albumin at 37˚C for 1 h. Sera were
then diluted appropriately in PBS containing 0.05% (v/v) Tween-20, and
were added to the wells. After incubation at 37˚C for 2 h, levels of CII-spe-
cific IgG2a were measured using biotin-labeled rat anti-mouse IgG2a
(R&D Systems, Minneapolis, MN, USA). The amount of biotin-labeled
antibody bound was determined by color reaction using streptavidin-per-
oxidase coupled with peroxidase substrate (Substrate Reagent Pack, Stop
Solution; R&D Systems). All measurements were performed in triplicate
and averages were calculated.
Effect of antibodies on osteoclast formation from murine bone marrow
cells. Bone marrow cells were obtained from 6-week male Balb/c mice, and
were plated in wells of 24-well plates at 1 × 106 cells per well. The cells
were cultured in Dulbecco’s modified Eagle medium (DMEM; Invitrogen,
Tokyo, Japan) containing 10% fetal bovine serum (FBS; Invitrogen), glut-
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amine, streptomycin, penicillin, macrophage colony-stimulating factor (M-
CSF, 50 ng/ml; R&D Systems), and RANKL (30 ng/ml; R&D Systems). In
this experiment, the effect of anti-SHPS-1 mAb was compared with that of
control IgG. Immediately after plating, anti-SHPS-1 mAb or control IgG
was added to the media at graded concentrations, and the cells were cul-
tured for 5 days. The medium was then removed and the cells were fixed
and stained for tartrate-resistant acid phosphatase (TRAP) using a com-
mercial kit (Sigma Diagnostics Acid Phosphatase Kit; Sigma Diagnostics).
TRAP-positive multinuclear cells that had more than 3 nuclei were count-
ed as osteoclasts. The experiment was then repeated with an anti-CD47
monoclonal antibody, and the results were compared. The antibody against
CD47 (miap301; anti-CD47 mAb) was purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA).
Effect of antibodies on cytokine production by murine spleen cells. Spleen
cells were obtained from 6-week male Balb/c mice, and were plated at a
density of 5 × 105 cells per well in 96-well plates. Cells were maintained in
RPMI-1640 medium (Invitrogen) containing 10% FBS, glutamine, strepto-
mycin, and penicillin. One hour after plating, anti-SHPS-1 mAb, anti-
CD47 mAb, or control IgG were added to the media at the indicated con-
centrations. One hour after the addition of antibody or control IgG, the cells
were stimulated by 5 µg/ml concanavalin A (ConA; Wako, Osaka, Japan).
After 24 h, the supernatants were collected and the concentrations of IL-1ß,
IL-2, IL-12, interferon-γ (IFN-γ), TNF-α, IL-4, and IL-10 in the media
were determined by ELISA (R&D Systems).
Statistical analysis. For parametric data, statistical significance was deter-
mined by 2-way analysis of variance and contrast as a post hoc test.
Nonparametric data were analyzed using the Kruskal-Wallis test, and the
Dunn procedure was used as a post-hoc test when necessary. Log-rank test
was used to determine the difference in the incidence of arthritis. The level
of significance was set at p < 0.05.

RESULTS
Anti-SHPS-1 antibody reduces incidence and severity of
CIA. Six groups of mice, each consisting of 10 animals,
were prepared, and CIA was induced in 5 of those groups.
The other group was maintained without any treatment and
served as a non-CIA control. Each of the 5 CIA-induced
groups received 6 consecutive administrations of either anti-
SHPS-1 mAb (1, 10, or 100 µg), control IgG (100 µg), or
MTX (3 mg), following Protocol A, in which the treatments
were started on the day of the second immunization. The
incidence of arthritis was significantly reduced by the
SHPS-1 antibody treatment (Figure 1A). While arthritis
developed in all mice treated with the control IgG, the
administration of 10 µg or 100 µg anti-SHPS-1 mAb
reduced the incidence by 20% and 30%, respectively,
although no significant reduction was observed with 1 µg
anti-SHPS-1 mAb. The decline in the incidence was signif-
icant in the 10 and 100 µg antibody-treated groups (both at
p < 0.05). The incidence of arthritis was dramatically
reduced by MTX, indicating that the immune response was
profoundly involved in the development of arthritis.

In untreated mice, the body weight increased by 1.8 g on
average between Day 21 and Day 41 (Figure 1B). Among
the 5 experimental groups, the mice treated with control IgG
lost 1.0 g in weight during that period, likely due to the gen-
eral exhaustion associated with the arthritis. This decline in

Figure 1. Incidence and severity of arthritis in CIA mice treated with anti-SHPS-1 mAb. Mice were given graded doses of antibody, and the incidence and
severity of arthritis were compared with those in control IgG- or MTX-treated mice. Incidence (A), gain of body weight (B), clinical score (C), and increase
of footpad thickness (D) from Day 21 to Day 41 are shown. Black arrows indicate the timing of antibody administration. Data are mean ± SD. *p < 0.05 and
***p < 0.001 compared with control IgG.
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body weight was reversed by the anti-SHPS-1 mAb treat-
ment. The administration of 10 or 100 µg anti-SHPS-1 mAb
recovered the body weight almost completely to the level of
non-CIA mice. The increase of body weights in those 2
groups was significantly greater than that of the control IgG
group (both at p < 0.05). Although the development of
arthritis was strongly inhibited by MTX, the mice treated
with MTX lost approximately 2.9 g in body weight during
the experimental period, which might be ascribed to the
toxic effects of the immunosuppressant.

In the control mice, the clinical score started to increase
on Day 23 and reached a maximum on Day 31 (Figure 1C).
The administration of 10 or 100 µg anti-SHPS-1 mAb sig-
nificantly improved the clinical score on Day 31 and later.
Since improvement was not observed in mice treated with
1 µg anti-SHPS-1 mAb, the critical dose of antibody treat-
ment for the mice was considered to be between 1 and 10 µg
per injection. Interestingly, the improvement in clinical
score was maintained until Day 41, 10 days after the last
antibody administration. In mice treated with MTX, the
development of arthritis was completely inhibited.

Consistent results were obtained by the measurement of
footpad thickness (Figure 1D). In control mice, the footpad
thickness started to increase on Day 25, and it continued to
increase until Day 35, while no increase was observed in the
MTX-treated mice. In mice treated with 10 or 100 µg anti-
SHPS-1 mAb, the increase of footpad thickness was inhibit-
ed on Day 27 and later. In accord with the clinical score,
1 µg anti-SHPS-1 mAb was not enough to show the effect.
Anti-SHPS-1 antibody ameliorated the severity of estab-
lished arthritis. We then investigated whether the adminis-
tration of anti-SHPS-1 mAb could reduce the severity of
established arthritis. In this experiment, the antibody treat-
ment was commenced after the onset of arthritis (on Day
29), and the severity of arthritis was evaluated by the clini-
cal score and footpad thickness of the hind limbs. The clin-
ical score was reduced significantly as early as 2 days after
the first injection of 100 µg anti-SHPS-1 mAb (Figure 2A).
The reduction in clinical score became more obvious, and
this was maintained until Day 45, 6 days after the comple-
tion of antibody administration.

In accord with the change of clinical score, the antibody
treatment reduced the footpad thickness at 2 days and later
after the initiation of antibody treatment (Figure 2B).
Similar to the clinical score, the reduction in footpad thick-
ness was maintained until Day 45.
Histological evaluation. Next, the effect of the antibody
treatment was evaluated by histology. The mice were given
6 injections of 10 or 100 µg anti-SHPS-1 mAb after the
onset of arthritis following Protocol B, and sacrificed 6 days
after the last antibody administration. H&E-stained sections
of ankle and tarsal joints were prepared, and the severity of
arthritic change was evaluated by scores that were compared
with those of mice treated with control IgG.

In control mice, severe arthritic change with obvious
inflammatory cell infiltration and bone erosion was
observed within and around the ankle and tarsal joints
(Figure 3A-3C). Although the anti-SHPS-1 antibody was
given after the onset of arthritis, the severity of arthritic
change was considerably reduced in mice treated with anti-
SHPS-1 mAb (Figure 3D-3F). Thus, the scores for inflam-
matory cell infiltration and those for bone destruction were
significantly reduced in the antibody-treated mice (Figure
3G and 3H, respectively).
Anti-SHPS-1 antibody did not affect induction of anti-type II
collagen antibodies. In CIA mice, arthritis is caused by

Figure 2. Effect of anti-SHPS-1 mAb treatment on severity of established
arthritis. 100 µg of anti-SHPS-1 mAb or control IgG was given to mice
after onset of arthritis, and severity of arthritis was evaluated by clinical
score (A) and gain of footpad thickness (B), from the beginning of the
treatment until 2 weeks after its end. Black arrows indicate the timing of
antibody administration. Data are mean ± SD. *p < 0.05, **p < 0.01,
***p < 0.001 compared with control IgG.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2008. All rights reserved.

 www.jrheum.orgDownloaded on April 2, 2024 from 

http://www.jrheum.org/


2320 The Journal of Rheumatology 2008; 35;12: doi:10.3899/jrheum.080369

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2008. All rights reserved.

autoimmune mechanisms that involve both humoral and cel-
lular immune responses to CII30,31. Thus, we next deter-
mined the effect of the anti-SHPS-1 antibody treatment on
the humoral response by measuring the concentration of
anti-CII antibodies in sera. In this experiment, administra-
tion of anti-SHPS-1 mAb was started on the day of the sec-
ond immunization, following Protocol A, and blood was
obtained 2 weeks after the end of treatment. Comparison of
the results between the antibody-treated mice and those of
mice given control IgG or MTX revealed that the induction
of anti-CII antibodies was not affected by the antibody treat-
ment. This implies that the therapeutic effect of anti-SHPS-

1 mAb is likely through the suppression of T cell responses,
rather than via the modulation of B cell function.
Anti-SHPS-1 antibody and anti-CD47 antibody inhibited
osteoclast formation. The observation that bone destruction
was significantly reduced by the administration of anti-
SHPS-1 mAb led us to hypothesize that the antibody could
inhibit osteoclast formation. We then tested this hypothesis
by an in vitro experiment. We also examined the effect of
anti-CD47 mAb on osteoclast formation. In this experiment,
murine bone marrow cells were obtained and osteoclast for-
mation was induced in the presence of anti-SHPS-1 mAb or
anti-CD47 mAb. The results clearly indicated that those

Figure 3. Histological evaluation of ankle and tarsal joints in antibody-treated and control mice. (A-C) In control mice given 100 µg control IgG, obvious
synovial thickening and pannus formation was observed, together with marked inflammatory cell infiltration. Bone erosion occurred at multiple sites, which
often extended deep into the subchondral bone. (D-F) In mice treated with 100 µg anti-SHPS-1 mAb, severity of synovial thickening and extent of inflam-
matory cell infiltration were considerably reduced. Area of bone erosion was also reduced, and rarely extended into the subchondral bone. Higher magnifi-
cation images of inset areas in A and D are shown in B and C, and E and F, respectively. Scale bars are 1000 µm in A and D, and 300 µm in B, C, E, and F.
H&E staining. (G and H) Histological scores for inflammatory cell infiltration (G) and bone destruction (H) in mice treated with 10 or 100 µg anti-SHPS-1
mAb are shown together with those for mice given 100 µg control IgG. Data are mean ± SD. **p < 0.01 and ***p < 0.001 compared with control IgG.
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antibodies both inhibited the formation of osteoclasts in a
dose-dependent manner (Figure 4). The inhibition was more
obvious with anti-SHPS-1 mAb. With this antibody, the
number of osteoclasts was significantly reduced with as lit-
tle as 0.05 µg/ml of the antibody, and osteoclast formation
was almost completely abrogated at the concentration of 2.5
µg/ml. Compared with this, the effect of anti-CD47 mAb
was considerably lower. The ratio of inhibition did not reach
50% even with 10 µg/ml of this antibody.
Anti-SHPS-1 antibody and anti-CD47 antibody reduced
secretion of proinflammatory cytokines from ConA-stimulat-
ed murine spleen cells. In order to determine the effects of
anti-SHPS-1 mAb and anti-CD47 mAb on cytokine release

from lymphatic cells, murine spleen cells were stimulated
with ConA in the presence of anti-SHPS-1 mAb or anti-
CD47 mAb, and cytokine concentrations in the media were
determined. Upon stimulation with ConA, the spleen cells
released all measured pro- and antiinflammatory cytokines
to the media. The effect of anti-SHPS-1 mAb on cytokine
release differed among the cytokines (Figure 5A-5G). The
release of IL-1ß, IL-2, IL-12, IFN-γ, and TNF-α into the
media was suppressed by the antibody, while that of IL-4 or
IL-10 was almost unaffected. The suppression was most
obvious for IFN-γ, with as little as 0.02 µg/ml of the anti-
body significantly reducing its release. The IC50 values of
IL-1ß, IL-2, IL-12, IFN-γ, and TNF-α were 0.68, 0.50, 0.16,

Figure 4. Effect of anti-SHPS-1 mAb and anti-CD47 mAb on osteoclast formation. (A and B) Bone marrow cells were
obtained from Balb/c mice, and formation of osteoclasts was induced by M-CSF and RANKL for 5 days, in the presence
of various concentrations of anti-SHPS-1 mAb or control IgG (A), and anti-CD47 mAb or control IgG (B). Number of
TRAP-positive multinucleated cells in each well is shown. Data are mean ± SD. **p < 0.01 and ***p < 0.001 against con-
trol IgG. (C and D) Formation of osteoclasts in the presence of control IgG (2.5 µg/ml; panel C) or anti-SHPS-1 mAb (2.5
µg/ml; panel D). TRAP staining.
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0.079, and 1.18, respectively. Anti-CD47 mAb showed sim-
ilar effects on cytokine release (Figure 5H-5N). This anti-
body reduced the concentration of IL-2, IL-12, IFN-γ, and
TNF-α in the media in a dose-dependent manner. However,
its inhibitory effect was much lower than that of anti-SHPS-
1 mAb, and the suppression was no more than 60% even
with 10 µg/ml of the antibody.

DISCUSSION
The results of our study demonstrate that the administration

of an anti-SHPS-1 mAb successfully reduces the severity of
arthritis in CIA mice. CIA is an animal model often used to
study the pathology of RA, in which both humoral and cell-
mediated immunity is necessary for the development of
arthritis31,32. The treatment with the anti-SHPS-1 mAb vir-
tually did not suppress the humoral immunity, since it did
not alter the concentration of anti-CII antibodies in the sera
of mice (Figure 6). Thus, the therapeutic effect of the anti-
SHPS-1 mAb could be ascribed entirely to the suppression
of the cell-mediated immune response. In in vitro experi-

Figure 5. (A-G) Murine spleen cells were stimulated with ConA (2 µg/ml) in media containing graded doses of anti-SHPS-1 mAb or control IgG (2.5 µg/ml).
24 h later, supernatants were collected, and concentrations of IL-1ß (A), IL-2 (B), IL-12 (C), IFN-γ (D), TNF-α (E), IL-4 (F), and IL-10 (G) were determined
by ELISA. (H-N) Experiments were repeated with anti-CD47 mAb, and concentrations of IL-1ß (H), IL-2 (I), IL-12 (J), IFN-γ (K), TNF-α (L), IL-4 (M),
and IL-10 (N) were determined. Experiments were repeated 3 or 4 times. Data are mean ± SD. *p < 0.05, **p < 0.01, ***p < 0.001 compared with control
IgG.
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ments using murine spleen cells, addition of the anti-SHPS-
1 mAb inhibited the release of IL-1ß, IL-2, IL-12, IFN-γ,
and TNF-α into the media upon stimulation by ConA, while
the release of IL-4 or IL-10 was almost unaffected. The find-
ing that the anti-SHPS-1 mAb suppressed the release of
cytokines primarily from Th1 cells but not those from Th2
cells further supports the idea that the anti-SHPS-1 mAb
affects cellular immunity rather than humoral immunity. In
human RA, TNF-α is profoundly involved in the progres-
sion of the disease as shown by the efficacy of anti-TNF-α
therapy33-35. Also, IL-2 and IFN-γ are known to be involved
in the catabolism in affected joints36. Since the pathology of
arthritis in the CIA mouse closely resembles that of human
RA37, the reduction in the release of those cytokines could
reasonably explain the therapeutic effects of the anti-SHPS-
1 mAb observed in this work.

For such change in cytokine release, ligation of SHPS-1
by anti-SHPS-1 mAb may play a significant role, in addition
to the inhibitory role of the antibody upon SHPS-1/CD47
interaction. We previously showed that SHPS-1 ligation by
the antibody inhibits the migration and maturation of epi-
dermal Langerhans cells, which suggests that DC function
could be regulated by SHPS-1 engagement23,24. Ligation of
SHPS-1 has been shown to inhibit TNF-α production by
lipopolysaccharide-stimulated monocytes38. Thus, the
observed reduction in TNF-α release by anti-SHPS-1 mAb
could be ascribed, at least in part, to the suppression of TNF-
α production by macrophages or DC by SHPS-1 ligation.
Again, since the antibody inhibits IL-12 production by
DC16, the observed suppression of IL-12 release could be
partly caused by SHPS-1 ligation. Because IL-12 is an
essential cytokine for Th1 development, reduced IL-12 pro-
duction favors the development of Th2 cells rather than Th1
cells. This is compatible with the finding that the production

of all Th1 cytokines, but not those of Th2, was suppressed
by anti-SHPS-1 mAb. The difference between anti-SHPS-1
and anti-CD47 mAb in the effects on cytokine release may
be reasonable if these direct actions are assumed with the
former antibody.

On the other hand, the supposed suppression of cellular
immunity by anti-SHPS-1 mAb may be caused primarily by
the inhibition of interaction between SHPS-1 and CD47. T
cells express CD47 at a high density39. Since SHPS-1/CD47
interaction positively regulates T cell responses21, it is pos-
sible that the anti-SHPS-1 mAb suppressed T cell activation
by blocking that interaction. Anti-SHPS-1 mAb may inhibit
proliferation of T cells via the suppression of TNF-α pro-
duction by antigen-presenting cells22. Other studies have
shown that SHPS-1/CD47 interaction may downregulate
DC-T cell interaction, by reducing IL-12 production by DC
and IL-12 receptor expression on T lymphocytes16,17,39.
Reduced T cell activation by these mechanisms could be
involved in the amelioration of arthritis by anti-SHPS-1
mAb.

Meanwhile, a mechanism for the reduction of bone ero-
sion by the antibody was suggested by an in vitro experi-
ment. Our current investigation and that of others consis-
tently indicate that anti-SHPS-1 mAb and anti-CD47 mAb
both inhibited induction of osteoclasts from macrophages40.
Macrophages express SHPS-1 and CD47 abundantly, and
utilize them for cell fusion, which is an essential step for
osteoclast formation7,11,20. Therefore, it is likely that the
antibodies for these molecules reduced the formation of
osteoclasts through the inhibition of multinucleation. In
addition to this, anti-SHPS-1 mAb might have reduced
osteoclast formation through the change in released
cytokines discussed above: among the cytokines whose
release was suppressed by the antibody, IL-1ß and TNF-α
are known to play essential roles in the formation of osteo-
clasts3,4. In our study, suppression of osteoclast formation
was more obvious with anti-SHPS-1 mAb than with anti-
CD47 mAb (Figure 4). This difference, again, could be
ascribed to the lack of SHPS-1 ligation with the latter anti-
body.

Our results show that the use of anti-SHPS-1 antibody
could be a promising strategy to treat patients with RA.
Although our current results are based on an animal model
of RA, the treatment with the antibody seems attractive
because the antibody could regulate T cell immunity and
osteoclast formation together, both of which are essential in
treating RA3,4,41. Further studies are awaited to determine
the feasibility of the antibody treatment.
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