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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 11 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 CIA mice. 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 interfeukin 18 (IL-18), IL-2, IL-
12, interferon-y, and tumor necrosis factor-c, 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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THERAPEUTICS

Rheumatoid arthritis (RA) is a chronic inflammatory disease
that affects synovial joints systemically'. 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 theumatoid 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 obvious'~.
Those cells produce cytokines such as interleukin 18 (IL-
1B), tumor necrosis factor-a (TNF-a), and IL-6, which pro-
mole 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-xB ligand (RANKL), IL-1B, and
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TNF-a#. 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 ct1 (SIRPecl)®, a brain Ig-like molecule with
tyrosine-based activation motifs®, macrophage fusion recep-
tor’, and p84 neural adhesion molecule®, 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 inactivation®.
SHPS-1 is expressed by macrophages, dendritic cells (DC),
neutrophils, and neurons!”. 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 1gV domain'! 1518 which causes its
various biological activities'”, Interactions between SHPS-1
and CD47 are important for cellular fusion or multinucle-
ation, processes necessary for osteoclast formation”'' 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 immunity?'2?, or downregu-
lates the activation of T cells by DC'617232¢_ 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 response??-2%,
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 Insttutional Review Board of the National Hospital
Organization, Sagamihara Hospital. The induction of arthritis in mice was
based on a described method™2, Briefly, bovine type 11 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/IIN mice (Charles River Japan, Yokohama, Japan) were immu-
nized by intradermal injection of the emulsion (100 wl) 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 afier 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. CF. Lagenaur (Pittsburgh University,
Pittsburgh, PA, USA). Ascites fluid was collected from BALB/c nu/nu
mice that had been injected intraperitoneally with hybridoma cells, and the
pE4 antibody was purified from the ascites using a protein A column®*34,
Rat IgG! (Sigma Diagnostics, St. Louis, MO, USA) was used as a control
immunoglobulin (contral 1gG). 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 1gG, 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 1gG was dissolved in 200 gl phosphate buffered saline
(PBS) and injected intruperitoneally. MTX was administered orally. In
Protocol B, the administration of the SHPS-1 antibody, control 1gG, or
MTX was started on Day 29 (B 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-
wxylin and eosin (H&E). Using a light ml.cmscope the scv:my of inflam-
mauonlnd]mntd-emmmm quantitatively based on a
described procedure®®. The y of infl Y ¢h was d
as u score from 0 to 4, considering :he extent of |nﬂnmmamry 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; | = minimal loss of cortical bone
at 8 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 Il collagen antibodies. The concentration of anti-
CI1 antibodies in the sera of mice was determined by ELISA®. For this, 96-
well flat-bottom plates (Iwaki, Tokyo, Japan) were coated with 50 ul C11 (2
pug/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 | 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 Cll-spe-
cific IgG2a were measured using biotin-labeled rat anti-mouse 1gG2a
(R&D Systems, Minneapolis, MN, USA). The amount of biotin-labeled
antibady bound was determined by color reaction using streptavidin-per-
oxidase coupled with peroxidase substrate (Substrate Reagent Pack, Stop
Solution; R&D Sy ). All 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 | x 10° 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 conwol 1gG
was added 1o 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 acid phosph (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
monocional 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 x 10° 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 1gG 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 pg/ml concanavalin A (ConA; Wako, Osaka, Japan).
After 24 h, the supernatants were collected and the concentrations of IL-16,
IL-2, IL-12, interferon-y (IFN-y), TNF-a, 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 severiry 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 ug), control IgG (100 ug), 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 ug or 100 g anti-SHPS-1 mAb
reduced the incidence by 20% and 30%, respectively,
although no significant reduction was observed with 1 pg
anti-SHPS-1 mAb. The decline in the incidence was signif-
icant in the 10 and 100 pg 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
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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 arthrilis were compared with those in control 1gG- 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

ss4p < 0,001 compared with control 1gG.
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body weight was reversed by the anti-SHPS-1 mAb treat-
ment, The administration of 10 or 100 xg 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 1gG
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 ug 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 pg anti-SHPS-1 mAb, the critical dose of antibody treat-
ment for the mice was considered to be between 1 and 10 ug
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 ug anti-
SHPS-1 mAb, the increase of footpad thickness was inhibit-
ed on Day 27 and later. In accord with the clinical score,
| pg 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 ug 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 ug 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.
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Figure 2. Effect of anti-SHPS-1 mAb treatment on severity of established
arthritis. 100 ug of anti-SHPS-1 mAb or control 1gG 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 < 001,
**+p <0.001 compared 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 Il
collagen antibodies. In CIA mice, arthritis is caused by
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Figure 3. Histological evaluation of ankle and tarsal joints in antibody-treated and control mice. (A-C) In control mice given 100 jig 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 decp into the subchondral bone. (D-F) In mice treated with 100 pg anti-SHPS-1 mAb, severity of synovial thickening and extent of inflam-
matory cell infiltration were lerably reduced. Area of bone erosion was also reduced, and rarely extended inio the subchondral bone. Higher magnifi-
cation images of insel areas in A and D are shown in B and C, and E and F, respectively. Scale bars are 1000 ym in A and D, and 300 ym 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 ug anti-SHPS-1
mAb are shown together with those for mice given 100 ug control IgG. Data are mean + SD. **p < 0,01 and ***p < 0.001 compared with control IgG.

autoimmune mechanisms that involve both humoral and cel-
lular immune responses to CIIF%3! 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-

I 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 mAD 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
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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 pg/ml of the antibody, and osteoclast formation
was almost completely abrogated at the concentration of 2.5
pg/ml. Compared with this, the effect of anti-CD47 mAb
was considerably lower. The ratio of inhibition did not reach
509 even with 10 ug/ml of this antibody.

Anti-SHPS-1 antibody and anti-CD47 antibody reduced
secretion of proinflammatory cytokines from ConA-stimular-
ed murine spleen cells. In order to determine the effects of
anti-SHPS-1 mAb and anti-CD47 mAb on cytokine release

A 180 4 N.S. *%k %

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 eytokine
release differed among the cytokines (Figure SA-5G). The
release of IL-18, IL-2, IL-12, IFN-y, and TNF-a 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-y, with as little as 0.02 gg/ml of the anti-
body significantly reducing its release. The ICg, values of
IL-1B,IL-2, IL-12, IFN-y, and TNF-c were 0.68,0.50,0.16,
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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 1gG (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 1gG. (C and D) Formation of osteoclasts in the presence of control [gG (2.5 pg/ml; panel C) or anti-SHPS-1 mAb (2.5

pg/ml; panel D), TRAP staining.
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Figure 5. (A-G) Murine spleen cells were stimulated with ConA (2 ug/ml) in media containing graded doses of anti-SHPS-1 mAb or control 1gG (2.5 pug/ml)
24 h later, supemnatants were collected, and concentrations of IL-18 (A), IL-2 (B), IL-12 (C), IFN-y (D), TNF-a (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-18 (H), IL-2 (1), IL-12 (J), IFN-y (K), TNF-a (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

(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 1L-2, IL-12, IFN-y, and
TNF-a in the media in a dose-dependent manner. However,
its inhibitory effect was much lower than that of anti-SHPS-
I mAb, and the suppression was no more than 60% even
with 10 gg/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
arthritis*! 2. 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-
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Figure 6. Concentration of anti-CII antibodies in the sera. CIA mice were
treated for 11 days with control IgG (100 ug), anti-SHPS-1 mAb (100 ug),
or MTX (3 mg), and the sera were obtained. Sera were also obtained from
mice in which CIA was not induced, and the concentrations of anti-ClI
antibodies were determined by ELISA. Data are mean £ SD of 5-8 mice.
**p <001 compared with control IgG. NS: nonsignificant.
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ments using murine spleen cells, addition of the anti-SHPS-
1 mAb inhibited the release of IL-18, IL-2, IL-12, IFN-y,
and TNF-at 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 Thl 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-a is profoundly involved in the progres-
sion of the disease as shown by the efficacy of anti-TNF-a
therapy?*33, Also, IL-2 and IFN-y are known to be involved
in the catabolism in affected joints. Since the pathology of
arthritis in the CIA mouse closely resembles that of human
RAY, the reduction in the release of those cytokines could
reasonably explain the therapeutic effects of the anti-SHPS-
I 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 engagement®*24, Ligation of
SHPS-1 has been shown to inhibit TNF-a production by
lipopolysaccharide-stimulated monocytes®®. Thus, the
observed reduction in TNF-a release by anti-SHPS-1 mAb
could be ascribed, at least in part, to the suppression of TNF-
a production by macrophages or DC by SHPS-1 ligation.
Again, since the antibody inhibits IL-12 production by
DC'%, the observed suppression of IL-12 release could be
partly caused by SHPS-1 ligation. Because IL-12 is an
essential cytokine for Thl development, reduced 1L-12 pro-
duction favors the development of Th2 cells rather than Th1
cells. This is compatible with the finding that the production

of all Thl 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 density*?. Since SHPS-1/CD47
interaction positively regulates T cell responses®!, 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-a pro-
duction by antigen-presenting cells®?, 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 lymphocytes!61739,
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 macrophages*.
Macrophages express SHPS-1 and CD47 abundantly, and
utilize them for cell fusion, which is an essential step for
osteoclast formation”!!?°, 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-18 and TNF-a
are known to play essential roles in the formation of osteo-
clasts®*, 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 RA*##! Further studies are awaited to determine
the feasibility of the antibody treatment.
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Abstract

We herein report two cases showing long-term complete remission (CR) in response to S-1
monotherapy, Case | was a 65-year-old male diagnosed with an advanced poorly differentiated
adenocarcinoma of the stomach with paraaortic lymph node metastases, which disappeared after
5-1 monotherapy. Subsequently a total gastrectomy was performed, and histological CR was
evident. His progress is presently uneventful without recurrence 50 months after surgery. Case 2
was a 59-year-old female who underwent a total gastrectomy with a jejunal pouch, The resected
tumor was a medullary type poorly differentiated adenocarcinoma infiltrating the serosa and
involving the regional lymph nodes. One year after surgery, endoscopy revealed a recurrent tumor
in the jejunal pouch. After the administration of S-1, this recurrent tumor completely disappeared,
and she has since maintained CR for 32 months. These cases suggest that a subgroup of patients
with advanced gastric cancer may attain CR with S-| monotherapy.

Introduction

S-1 is an oral antitumor agent that exploits the biochemi-
cal modulation of 5-fluorouracil (FU) pharmacokinetics.
§-1 contains tegafur, gemistat and otastat potassium.
Gemistat inhibits 5-FU degradation and maintains pro-
longed 5-FU concentrations. Otastat potassium alleviates
the gastrointestinal toxicity induced in the host by 5-
FU.[1] In phase Il studies, S-1 has demonstrated high
response rate for advanced gastric cancers without serious

adverse reactions.[2,3] However, complete responses
(CRs) with long-term survival are rare.|2,4,5] We report
herein two cases of advanced gastric cancer showing long-
term CR after §-1 monotherapy.

Case presentation

Case |

A 65-year-old man complained of epigastric discomfort,
dysphagia and vomiting. Endoscopic examination
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showed a giant irregular tumor in the cardia of the stom-
ach (Fig. 1), and a biopsy revealed a poorly differentiated
adenocarcinoma with a medullary growth pattern (Fig. 2)
Abdominal computed tomography (CI') demonstrated
metastases to the paraaortic lymph nodes. There was no
metastasis o liver, peritoneum or other distant organs.
The tumor was clinically diagnosed as stage IV (¢T3, ¢N3,
cHO, cP0, ¢M0) according to the general rules of the Japa-
nese Classification of Gastric Carcinomas.|6] §-1 (TS-1%,
Taiho Pharmaceutical Co., 11d.) at a dose of 120 mg/day
was administrated orally for four weeks, followed by a
two-week period of no treatment (4-week regimen). This
therapeutic schedule was thereafter repeated four times,
No adverse events were observed during the S-1 therapy.
With the regimen, the gastric cancer remarkably decreased
in size and the paraaortic lymph node metastases dis
peared. A total gastrectomy with regional lymph node dis-
section was performed, and the removed specimen
showed a scar in the cardia (Fig. 3). Microscopically, the
scar consisted of regenerative mucosa and fibrosis with
aggregations of histiocytes in the submucosa, partially dis-
rupted muscularis propria and subserosa (Fig. 4). No
lymph node metastases were found and some of the dis-
sected lymph nodes (paracardial nodes and nodes along
the gastroepiploic, left gastric and common hepatic arter-
ies) showed fbrosis, indicating histological assessment to
be a CR 1o S-1 therapy. The patient continued to be
administered $-1 at a dose of 100 mg/day for two weeks,
followed by two weeks' rest (2-week regimen) with 12

ap-

Figure |
Gastroscopy reveals a giant tumor with ulceration in the car-
dia.

http:/iwww . casesjournal.com/content/1/1/405

Figure 2
A biopsy specimen showing medullary growth of a poorly dif-
ferentiated adenocarcinoma (hematoxylin and eosion stain,

x88).

cycles for one year after surgery in our outpatient clinic,
and his progress was uneventful with neither recurrence
nor metastasis 50 months after surgery.

Case 2

A 59-year-old female underwent a total gastrectomy with
regional lymph node dissection and a jejunal pouch with
Roux-en-Y reconstruction for a tumor (6.1 = 5.1 cm in
size) in the upper corpus. Exfoliative cytology of the peri-
toneal lavage fluid during the operation was positive for
adenocarcinoma (CY1). There was no metastasis to the
liver. Microscopically, the tumor was a medullary type
poorly differentiated adenocarcinoma with lymphoid
stroma, infiltrating through the serosa (pT3) and involv-
ing regional lymph nodes (pN3; number of metastasis-
positive per dissected lymph nodes, 9/23). Based on the
surgical findings, the tumor was diagnosed as stage IV
(pT3, pN3, sHO, sP0, sM0, CY1), |6] and adjuvant chem-
otherapy combining 5-FU (total 150 mg), methotrexate
(900 mg) and leukovorin (45 mg) was subsequently per-
formed. One year after the operation, endoscopy showed
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Figure 3
The scar found in the cardia of the resected stomach
(arrows).

a tumor in the jejunal pouch along the suture line (Fig,
5A), and examination of a biopsy specimen revealed a
poorly differentiated adenocarcinoma. CT' demonstrated
an intraluminal tumor in the jejunal pouch without any
other recurrence. A course of chemotherapy consisting -
| (2-week regimen) was feasible and repeated 10 times in
an outpatient clinic. During the therapy, the recurrent

Figure 4

Histologically, regenerative mucosa and fibrosis with aggrega-
tion of histiocytes are evident in the scar without any cancer
tissue (hematoxylin and eosion stain, %5).

http./iwww.casesjournal.com/content/1/1/405

Figure 5

Endoscopic picture of the broad-based tumor in the jejunal
pouch. B After 5-1 chemotherapy, the recurrent tumor has
disappeared and a scar is apparent in the jejunal pouch
(arrows).

tumor in jejunal pouch completely disappeared (Fig. 5B).
and a biopsy revealed no remnant tumor tissue. The
patient has now been well without any evidence of recur-
rence for 39 months.

Discussion

This report documents two cases of advanced (stage V)
gastric cancer showing long-term CR to $-1 monotherapy;
In case 1, CR was histologically verified in the surgically
resected stomach, and in case 2 this was presented for a
suture line recurrence in the jejunal pouch.

In phase Il studies of §-1 in patients with advanced gastric
cancer, the overall response rate has been approximately
40-50%.|2,3] A retrospective analysis of single-agent
chemotherapy of S-1 for patients with advanced gastric
cancer revealed it to be modestly effective with a 26-38%
in response rate.[4,5] However, CR was rare with an inci-
dence of only 2-4%|2,4,5] and histological verification in
surgically resected stomachs was extremely rare. Mori et
al. reported a patient with histological CR after a 2-week
regimen of S-1 as single-agent chemotherapy for an
advanced cancer.|7] In that case; the biopsy specimen fea.
tured a signet-ring cell type of poorly differentiated aden-
ocarcinoma. The response rate for poorly differentiated
(diffuse type) adenocarcinomas is reported to be higher
than for well differentiated (intestinal type) lesions.|3] S-
| is also effective against the two present cases diagnosed
as medullary subtype of poorly differentiated histology.

Few reports have documented advanced gastric cancer
with long-term remission after neoadjuvant chemother-
apy with $-1 alone; two patients with advanced or meta-
static gastric cancer, who responded to S-1 monotherapy
and demonstrated clinical CR for about 4 years.[8,9] In
another report, a very short course of 5-1 alone achieved
long-term CR of metastatic gastric cancer.|10] Curative
surgery following downstaging with $-1 monotherapy has
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also been successfully performed for metastatic disease
patients with long-term CR after surgery.[11]

Kimura et al. devised an alternative dosing regimen for §-
1, i.e. 2-week regimen, and conducted a retrospective
study to evaluate the efficacy and feasibility of this sched-
ule in comparison with the 4-week regimen.[12] In their
study, the incidence of adverse reactions tend to be lower
in the 2-week regimen group (77%) than in the 4-week
group (93%), with response rates of 23% and 219%,
respectively. In the present case 1, the standard 4-week
regimen was well tolerated, and in case 2, the 2-week reg-
imen was more feasible because of toxicity at the standard
dose; both cases forunately showed long-term CR.

Jejunal pouch recurrence after gastrectomy for gastric can-
cer has rarely been described [ 13,14] Interestingly, the ear-
lier tumors, like the current case, were medullary type
poorly differentiated adenocarcinomas characterized by a
location in the upper part of the stomach, grossly expan-
sive growth, frequently vascular permeation, and simulta-
neous liver metastasis, but not jejunal pouch
recurrence.[15] The cause of pouch recurrence is specu-
lated that exfoliated cancer cells were intraluminally
implanted at the jejunal mucosa, or extraluminally trans-
planted by the stapling device.[ 13] Alternatively, our spec-
ulation of the cause is lymphatic theory because of the fact
that the wmor of the present case 2 had extensive lymph
node metastasis.

In conclusion, the two documented cases of advanced gas-
tric cancer showed long-term CR in response to 5-1 mon-
otherapy. At present, a standard neoadjuvant strategy for
advanced gastric cancer has not been established, but oral
intake $-1, which is desirable in the outpatient setting
because of its feasibility and mild toxicity, might prove 10
be considered as a possible alternative chemotherapeutic
regimen for such patients, but we definitely need large
randomized controlled trial.
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ARTICLE INFO ABSTRACT

In order to examine if the addition of an arch support could imp the bi hanical effect of the
laterally wedged insole, three-dimensional gait analysis was performed on 20 healthy volunteers. Kinetic
and kinematic parameters at the knee and subtalar joints were compared among the following four types
of insoles; a 5-mm thick flat insole, a flat insole with an arch support (AS), a 67 inclined laterally wedged
insole (LW), and a laterally wedged insole with an arch support (LWAS). The knee adduction moment
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zm"m averaged for the entire stance phase was reduced by the use of LW and LWAS by 7.7% and 133%,
Knee respectively, from that with FLAT. The difference in knee adduction moment between LW and LWAS was
Laterally wedged insale most obvious in the late stance, which was ascribed to the difference in the progression angle between
Arch support those insoles, The analyses also revealed that LW tended to increase step width, and that such an increase
Gait analysis was completely eliminated by the addition of an arch support to LW. This reduction of step width could
IJe another mechanism for the further reduction of the moment with LWAS., The analyses of
hanical par s at the subtalar joints suggested that LWAS allowed the subject to walk in a
more natural manner, while exerting greater biomechanical effects than LW. Thus, the addition of an arch
support to the laterally wedged insole reduced knee adduction moment more efficiently, possibly

through the elimination of patential negative effects of the laterally wedged insole,
© 2008 Elsevier B.V. All rights reserved.
1. Introduction associated with the severity of symptoms and progression of the

Osteoarthritis (OA) of the knee joint is the most prevalent joint
disease among the elderly. Loading of the knee has been shown to
play a key role in the development and progression of the disease
[1]. Loading while walking is particularly important, because
walking is the most frequently performed activity. During
walking, the load is not equally distributed between the medial
and lateral compartments of the joint. In a normal gait, the peak
force on the medial compartment is almost 2.5 times that on the
lateral compartment [2). This uneven loading may account for the
high susceptibility of the medial compartment to OA. Once OA
changes are initiated, the magnitude of the medial load is
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disease [1.3]. Therefore, load reduction within the medial
compartment could be critical in the management of patients
with medial knee OA.

The load transferred through the medial and lateral compart-
ments during walking can be estimated on the basis of the external
knee adduction moment measured during three-dimensional gait
analysis |2]. Using this parameter, both the symptoms and
progression of medial knee OA were shown to correlate with
the magnitude of load transferred through the medial compart-
ment [1,3], Knee adduction moment has also been used to evaluate
the effects of treatments directed to reduce the medial load [4-8).

Laterally wedged insoles are used to treat patients with medial
knee OA in its earlier stages [9,10], and successful results have been
reported |11,12], However, its efficacy may be limited [9,13-15],
possibly because the insole fails to reduce knee adduction moment
in certain individuals [7,16). Furthermore, its effectiveness may be
reduced by the discomfort caused by its use [17].In an attempt to
relieve that discomfort, we modified the insole by adding an arch
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support. Unexpectedly, the use of the modified insole not only
reduced discomfort but also enhanced the clinical results [ 18). This
result led us to consider whether the addition of an arch support
may improve the biomechanical effect of the laterally wedged
insole. The present study was conducted to examine this
hypothesis.

2. Methods
2.1, Subjects

This study was performed on healthy volunteers under the approval of the
institutional review boards, Sample size was determined by a published
nomogram |19}, based upon our previous data |[7.20,21]. The result indicated
that a sample size of 20 would be enough (o detect a 5% dillerence in peak knee
adduction moment or peak subtalar abduction moment, with a statistical power of
B0% and a 5X level of significance. Thus, 20 healthy volunieers (11 males and 9
females) who had no known history of symptoms with their back and lower
extremities were enrolied in this study, Informed consent was obtained in writing
from all volunteers. Prior to gait analysis, lower limbs were clinically examined
and weight-bearing antero-posterior radiographs were obtained to confirm that
there was no abnormality. Details of the subjects are shown in the supplementary
data (Supplementary Table 1).

2.2 Data gcquisition system

Three-dimensional gait analysis was conducted with a 12-camera optoelectronic
motion analysis system (Vicon 512; Oxford Metrics, Oxford, UK) combined with
eight force platforms (Kistler 8281C; Kistler Instrument, Winterthur, Switzerland)
a5 described previously [7.20.21). Details of the data acquisition system are given in
the supplementary data (Supplementary Method),

2.3 Expenimental protocol

Four types of insoles were tested in this study (Fig. 1) A literally wedged insole
(LW had the size of the entire sole and was inclined medially at an angle of 6 along
the full length of the insole. A laterally wedged insole with an arch support (LWAS)
was used to evaluate the effect of that added arch support. A 5-mm thick, flat insole
without inclination (FLAT) and a flat insole with an arch support (AS) were used as
the controls. Al insoles and arch supports were made of ethylene vinyl acetate (EVA
8200, Toyo Sponge, Tokyo, Japan), which had an elasticity coefficient of 100-300 kg/
mm®. The insole size and the shape and height of the arch support were adjusted to
fit each subject. The insoles were directly attached to the subjects’ soles bilaterally

with double-sided adhesive tape. and the subjects were requested to walk on the
wallkway with the insoles, without wearing shoes. The insoles were tested at a sell-
selected, natural walking speed. To keep the gait velocity constant during
measurement. 3 metronome was first et to the subject’s cadence, and the subject
was requested to walk with the insoles at that cadence. The four insoles were tested
sequentially during a single measurement session in a randomized order. For each
type of insole, the first or second trials were used as accommodation trials, while the
data of five subsequent trials were employed lor the analysis

24, Dora analysis

Data were analyzed by a previously described method [7.20.21]. The rotation of
the subtalar joint was defi as the rotation of the calcaneus relative to the lateral
and medial malleoli. All joint moments were expressed as external moments and
were normalized to the subject’s body weight and beight and expressed as a
percentage of body weight « height (Bw = Hr)

Three kinematic parameters were also acquired from the measurements (Fig. 2)
Progression angle was the angle between the direction of gait progression and the
foot axis at midstance. Step width was the distance between the centers of pressure
[COPs) of the right and left foot across the direction of gait progression, and step
length was the distance traversed by a single step.

The kinetic and kinematic parameters of knee and subtalar joints were first
compared with the four types of insoles for the entire stance phase. Then the stance
phase was divided into three sections of equal length, and the parameters for the
four insoles were compared in the respective sections. The results are shown by the
mean ¢, -, or £ standard error of means (SEM.)

2.5, Statistical analysis

Statistical analysis was performed with the Dr. SPSS-l software (version
11,01,1). SPS5 Japan, Tokyo, Japan). Data were initially analyzed by repeated
measures one-way analysis of vanance [ANOVA) and, when necessary. Dunnett’s
multiple comparison was employed as a post hoc test. The level of significance was
set at p < 0.05.

3. Results
3.1. External adduction moment at the knee joint

The time-distance parameters and ground reaction force that
could affect the kinetics and kinematics of the knee and subtalar

Fig. 1. Insoles used for this study. Upper (upper panels) and posterior views (lower panels) of FLAT (A}, AS (B). LW [C1 and LWAS (D) are shown. In (B} and (D}, white

ammowheads ndicate arch supports added to the insoles
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Fig. 2. Theee angle (A) is the angle

formed by the direction ofnit urosressioumd Iltr!’uut axis, which is an assumptive
line passing through the middle of the first and fifth metatarsal heads and the
middie of the calcaneal tuberosity at the midstance (red dotted line). Step width (B)
is the distance between the COPs of right and left feet at midstance vertically across
the direction of gait progression. Step length (C) i is the distance of right and left feet
in a single step along the direction of gait p ined from the posi of
markers on the lateral aspects of utcanr-ll tuberosities at heel strike (solid
arrowheads). Black dotted lines are assumptive lines drawn parallel to the direction
of gait progression passing through the COPs, while blue ones are those drawn
vertically to the direction of gait progression, passing markers at the lateral aspects
of calcaneal tuberosities. Red circles indicate markers placed at the metatarsal
heads, and blue ones denote those at the lateral and medial aspects of calcaneal
tuberosities. Open circles represent COPs. (For interpretation of the references to
color in this figure legend. the reader is refermed to the web version of the article.)

joints were not significantly different among the insoles (Supple-
mentary Table 2).

In accordance with previous studies [5,8,22-25), external
adduction moment of the knee joint presented a two-peak pattern
during the stance phase (Fig. 3A). Considering this, the stance
phase in the current study was divided into three parts of equal
length {early, middle, and late sections), and the effect of the insole
was evaluated in respective sections as well as for the entire stance
phase.

Among the four types of insoles, the peak knee adduction
moment was the highest with FLAT (Fig. 3B), While the moment
with AS was similar to that with FLAT, the peak moment was
significantly reduced with LW and LWAS compared to FLAT
(p=0.010 and p=0.034, respectively). The adduction moment
averaged for the entire stance phase showed a similar change with
the insoles (Fig. 3C). The mean moment was highest with FLAT,
followed by AS and LW, and lowest with LWAS. The change of the
mean moment with the insoles differed from that of the peak
moment in that the reduction was more obvious with LWAS than
with LW. The reduction of the mean moment with LW and LWAS
was 7.7% and 13.3%, respectively, compared to that with FLAT. The
mean moment with LWAS was significantly lower than that with
LW (p = 0.002). Next, the knee adduction moment was averaged in
each of the three stance phase sections, and compared among the
insoles (Fig. 3D). In the early section, the moments with LW and
LWAS were slightly reduced compared to that with FLAT, but the
reduction was not significant for either insole. In the middle
section, the moment was significantly reduced with LW and LWAS
compared to that with FLAT (p = 0.003 and p < 0.001, respectively).

In the late section, the moment was obviously reduced with LWAS,
which was found to be significantly lower than that with LW
(p < 0.001) as well as that with FLAT (p < 0.001). Although the
moment with LW was lower than that with FLAT, the reduction in
this section did not reach the level of significance (p = 0,053),

3.2, Valgus angle at the knee joint

In order to examine whether the observed difference in the
adduction moment was related to the change in the kinematics of
the knee joint, the valgus knee joint angle was compared among
the four insoles, and no significant difference was found among any
of them (Supplementary Figure). Therefore, it is unlikely that the
change of knee adduction moment with the insoles was caused by
any difference in knee joint kinematics,

3.3, External abduction moment and valgus angle at the subtalar joint

Compared with FLAT, the peak abduction moment at the
subtalar joint was significantly higher with LW and LWAS than
with FLAT (p < 0.001 for both), while it was almost unchanged
with AS (Fig. 4A). The level of increase was similar for LW and
LWAS. A similar trend was observed when the moment was
evaluated in each of the three sections during the stance phase
(Fig. 4B). That is, the moment was not altered with AS in either
section, but was equally increased with LW and LWAS compared to
FLAT in all three sections (p < 0.003 for LW and p < 0.001 for
LWAS).

The valgus angle of the subtalar joint was averaged for each
section of the stance phase and compared among the insoles
(Fig. 4C). Throughout the sections, the valgus angle was lowest
with FLAT, followed by AS and LWAS, and highest with LW.

From these results, the addition of the arch support to LW may
indeed tend to reduce the change of subtalar valgus angle, while
exerting a similar level of abduction moment at the joint to that
with LW.

3.4. Progression angle and step width

The progression angle and step width were compared for the
four insoles. The progression angle was lowest with LW, and
highest with LWAS (Fig. 5A). The difference in the angle between
those two insoles was significant (p = 0.037). This result indicates
that the use of LW tended to induce a toe-in gait, but this trend was
completely reversed by the addition of an arch support to LW.
Meanwhile, the step width increased most with LW, and declined
most with LWAS (Fig. 5B), The difference in width between those
two insoles was statistically significant (p = 0.033). Comparison
between LW and LWAS revealed that the step width tended to
increase with LW, but that increase was completely eliminated by
the addition of an arch support. These changes in the progression
angle and step width imply that the gait pattern could be altered by
the use of LW, but it may be normalized by the addition of an arch

support.
4. Discussion

In our study, the peak knee adduction moment was reduced by
approximately 8.8% by the use of LW. This level of reduction was
similar to those in previous reports [5,6,26], which would support
the validity of our measurements. Although the peak moment was
not changed by the addition of an arch support to LW, the knee
adduction moment averaged for the entire stance phase was
significantly reduced by it (Fig. 3B and C). This reduction of the
moment was most obvious in the late stance (Fig. 3D). Our current
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analysis also revealed that the use of LW reduced the progression the late stance [4,27,28). Therefore, it is very likely that the arch
angle, and that such a change in the angle was fully reversed by the support added to LW reduced the knee adduction moment through
addition of an arch support (Fig. 5A). The increase in progression the increase in the progression angle. Meanwhile, the finding that
angle has been shown Lo decrease the knee adduction moment in the progression angle decreased with the use of LW implies that
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and **p < 001, respectively,
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the effect of LW in reducing the knee adduction moment could be
impaired to some extent by a toe-in gait induced by it. A reduction
of the progression angle by LW was reported in another study [22].
This would pose a potential drawback with that type of insole, As
shown here, this drawback may be completely eliminated by the
addition of an arch support. Reduction of the progression angle
increases the risk of progression of medial knee OA, probably
through an increase of the knee adduction moment in the late
stance [29]. Therefore, such changes of progression angle should be
considered carefully when insoles are used to treat knee DA
patients,

The present study also revealed another potential problem with
the conventional laterally wedged insole. Our current observation
and those of others have consistently indicated that the use of LW
increased step width (Fig. 5B) [8,12], The wider the step width
becomes, the more lateral the position of the ground reaction force
would be from the center of gravity of the body, and this would
increase knee adduction moment. Therefore, in addition to the
change of progression angle, the increase in step width may be yet
another factor limiting the effect of LW in reducing the knee
adduction moment. Since the step width with LWAS was smaller
than that with the control insole, the addition of an arch support to
LW appeared to completely eliminate this second possible
drawback of the conventional wedged insole.

Another advantage of the additional arch support was
suggested by an analysis of the Kinetic and kinematic parameters
at the subtalar joint. We previously reported that a laterally
wedged insole alters the kinetics and kinematics of the subtalar
joint [7.2021). In accordance with those results, the use of a
laterally wedged insole increased the abduction moment and
valgus angle at the subtalar joint. The addition of an arch support to
LW tended to reduce the valgus angle of the joint (Fig. 4C), while
keeping the abduction moment equal to the level of LW (Fig. 4A
and B). During the measurements, some subjects complained of
instability or foot discomfort when wearing LW, but that feeling
was considerably relieved with LWAS, The discomfort associated
with the use of LW may be surmised to have stemmed from over-
abduction of the subtalar joints, This may have been alleviated by
the addition of an arch support, which reduced the degree of
abduction.

Thus, the addition of an arch support to the laterally wedged
insole changed all of the progression angle, step width, and valgus
angle at the subtalar joint closer to the levels of the control insole.
Therefore, it may be reasonable to assume that the addition of an
arch support to LW allowed the subjects to walk in a more
“natural” manner, while increasing the effect of the wedged insole
in reducing the knee adduction moment.
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A significant limitation of this study is that the biomechanical
effect of insoles was investigated in healthy velunteers but net in
the actual OA patients. The differences in the types of wedged
insoles is another issue that was not addressed in this study, as
insoles with shorter wedging or other inclinations may be used in
clinics [13,14,30]. Since insoles are used more often within the
shoes, our measurement without shoes may not reflect the actual
situation of their use. This could also be a limitation of this study.
These points should be addressed in future studies.

Medial knee OA deteriorates in a vicious circle of increasing
varus angulation and loading of the medial compartment. The use
of a laterally wedged insole is expected to prevent further disease
progression by breaking this circle |5]. However, at present, insole
therapy has not yet become a common treatment for knee OA,
primarily because of its limited efficacy [7,9,13-16). We hope that
our current findings will be useful in modifying the conventional
lateral wedged insole to obtain better clinical results,
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