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Fig. 1. Clinical and histological evaluation of
glucose-6-phosphate isomerase (GP1)-induced
arthritis in DBA/} mice. Mean of clinical score
ta) { standard ervor of the mean, 10 mice)
followed days after immunization. (b} Paw of )

control DBA/1 mouse treated with control
antigens {gluthathione S-transfererase (GST) ]
300 gy (left). DBA/L mice were immunized
with rh-GPI 300 g in Freund’s complete
adjuvant (CFA) (right). (¢) Histological
examination of ankle joints of the control {left)

Anti-igG

and GPi-induced arthritis on day 14 showing

severe synovium proliferation (haematoxylin

and eosin staining, right). (d) Anti-C3 (green) Anti-C3
and anti-immunoglobulin (Ig)G (red) staining

in joints of control (letty and arthritic DBA/}

mice (right). Nuclei were counterstained with
+.6-diamino-2-phenylindole (blue). C3 and IgG

were co-tocalized on the surface of cartilage of

ankle joints (right). Magnification of original Merged
photographs: x40 (¢} or x600 (d); sph:

splenocytes.

CD19" nor CD4* cell-depleted splenocytes induced arthritis
in SCID mice (Fig. 4a), or produced anti-GPI antibodies
(Fig. 4b), suggesting that both CD19* and CD4" cells play

Importance of B cells as producers of antibodies in
arthritis of SCID mice

important roles in the induction of arthritis in SCID, and It has been reported previously that B cell-deficient mice are
that production of anti-GPlantibodies may be indispensable resistant to GPl-induced arthritis [9]. However, whether
for such induction. these cells act as autoantibody-producing cells as well as APCs
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Clinical score

(b) Control transfer

Role of B cells and IgGs in GPi-induced arthritis

Whole splenocytes transfer

~&- Whole spl+GP{
-O- Control spl+GPI
-~ Whole spl+without GP!

16 20 24 28 32
Days after transfer

Fig. 2. Transter of arthritis in SCID mice. Glucose-6-phosphate isomerase (GPD)-immunized DBA/I mice were killed on day 14, and | x 107
splenacytes (spl) were isolated and transferred into SCID mice with 100 {ig of GPL. (a) Spleen of control SCID mice (left) and SCID mice
inoculated with splenocytes of arthritic DBA/L mice’l x 107 cells (right on day 14). (b) Feet of SCID mice inoculated with splenocytes from naive
DBA/L mice (left) anid SCID mice inoculated with splenocytes from GPI-induced arthritic DBA/1 mice (right). () Clinical score and development
of arthritis in SCID mice: Swelling of paws was observed on day 6 in SCID mice inoculated with whole splenocytes plus 100 pg of GPI (#). Control
mice were inoculated with 1 x 107 splenocytes only from immunized DBA/1 mice (A) or 1 x 107 splenocytes from control immunized DBA/1 mice
plus 100 ftg of GPI (O). Control mice did not develop arthritis. Data are mean = standard error of the mean of five mice in each group. *P < 0:05

by Mann~Whitney U-test.

isunknown at present. To investigate the role of autoantibod:
ies; we inoculated SCID mice with IgGs from arthritic DBA/1
mice. [gGs were purified from the sera of DBA/1 mice on day
14 after immunization. Injection of 3 mg IgG alone from
arthriticDBA/1 niice did not result in overt arthritis in SCID
mice, even if we added 100 pg of GPI (Fig. 5a). However,
injection of IgG with CD19"-depleted splenocytes and GPI
resulted in the development of arthritis in SCID mice
(Fig. 5a). To investigate further the arthritogenicity of anti-
GPl antibodies, we used affinity purified anti-GPI antibodies
from arthritic DBA/I mice. Injection of 3 mg anti-GPI anti-
bodies alone did not result in arthritis in SCID mice, even if
we added 100 pug of GPI (Fig. 5b). However, with CD19*-
depleted splenocytes, even if we used 1mg of affinity purified
anti-GPI antibodies from GPI-induced mice instead of IgG,
clear arthritis was developed in SCID niice (Fig. 5b). These
findings suggest that CD19* cells play an important role as
producers of antibody (especially anti-GPI antibodies) in
arthritis of SCID mice; however, anti-GPI antibodies alone
from GPI-induced arthritis do not have arthritogenecity.

Importance of TNF-at in the development of arthritis
in SCID mice

To determine the humoral factors that were mediated by
arthritis with splenocytes from GPI-induced arthritis plus

GPI in SCID mice, we screened in vitro cytokine production
from splenocytes plus GPL. We selected two proinflamma-
tory cytokines in these experiments based on the preliminary
results of cytometric beads array analysis, which revealed
antigen-specific expression of TNF-¢¢ and IL-6 (data not
shown); they have recently proved to be important in the
induction of GPI-induced arthritis [12]. Indeed, the addi-
tion of GPI to the culture medium induced the production
of large amounts of TNF-o and 1L-6, while control antigen
did not induce these cytokines (Fig. 6a). We also examined
the production of these cytokines by CD19*- and CD4*-
depleted cells. TNF-ct and IL-6 levels were enhanced in the
presence of CD19*-depleted cells compared with CD4*-
depleted cells (Fig. 6a), and enriched slightly in CD19*-
depleted cells compared with whole splenocytes. To examine
the role of IgG from DBA/I arthritic mice, CD19*-depleted
splenocytes were stimulated with GPI and/or IgG in vitro.
IgG triggered weak production of TNF-o. and Fcy blockade
suppressed TNF-a. production (Fig. 6b, P <0-05). On the
other hand, IL-6 production was regulated by neither IgG
nor Fey blockade (Fig. 6b). To confirin the dependency of
these inflammatory cytokines of arthritis in SCID mice, neu-
tralizing mAbs were injected in vivo on the day of inocula-
tion of splenocytes. Surprisingly, anti-TNF-o. mAb protected
arthritis completely in SCID mice, whereas anti-IL-6 mAb
blocked arthritis partially (Fig. 6¢). These findings suggest
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Fig. 3. Histological evaluation of joints of
SCID mice. Joints of control mice inoculated
splenocyte (spl) from naive DBA/1 mice with Anti-C3
100 g of glucose-6-phosphate isomerase (GPI).
(b.) Synovial hyperplasia in a representative
SCID mouse inoculated with splenocytes trom
arthritic DBA/1 mice. (d, right) Co-localization
of immunoglobulin (Ig)G (red) and C3 (green)
on the articular surface of SCID mice on

day 14 after transfer by tluorescent staining. Merged
Nuclei were counterstained with 4,6-diamino-2-

phenylindole (blue). Magnification of original

photographs: x40 (a}, X100 (b, ¢} or x600 {d).

that TNF-o in_particular (partially IL-6) induced by GPI
may contribute to the development of arthritis, although IgG
from arthritic mice contributed weakly to the production of
TNF-0. via Fcy receptors.

CD11b* cells collaborating with CD4* T cells produce
predominantly TNF-o

To analyse further the dominant cell populations that
can produce TNF-oo and [L-6, MACS-separated cells

Control splenocytes Arthritic splenocytes

were co-cultured with GPI or GST (Fig. 7a,b). TNF-0. was
produced by several cell populations; driven mainly by
CD11b" cells (Fig. 7a). It is possible that TNF-a production
from CD11b cells was induced by the collaboration of acti-
vated T cells containing CD11b when cultured with GPL
On the other hand, IL-6 was produced predominantly
by CD11c” cells (Fig. 7b). This cytokine production was
enhanced by adding CD4* cells (P<0-05), thus CD4* T
cells might also contribute for producing inflammatory
cytokines.
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Fig. 4. Importance of anti-GPl antibodies in transfer of arthritis.
CD19-depleted or CD4*-depleted splenocytes (spl) from arthritic
DBA/1 mice obtained on day 14 after immunization were inoculated
with glucose-6-phosphate isomerase (GPI) into SCID mice. ta) Mean
clinical score, (b) Anti-GPI antibodies detected by enzyme-linked
immunosorbent assay (ELISA) at 405 am (b). (#) SCID mice that
received 1 x 107 of splenocytes from-arthritic DBA/1 mice plus 100 pig
GPL; (H) SCID miice recipients of 1x 107 CD47-depleted cells plus
100 pg GPL (O) SCID mice recipients of 107 CD19-depleted cells plus
100 pg GPI. Data are mean * standard error of the mean of five mice
in each group, *P < 0:05 by Mann-Whitney U-test.

Exploring antigen-presenting function of B cells

Finally, to evaluate B cell function as APCs, MACS-separated
CD4* T cell and CD19 cells were co-cultured with GPL
IFN-y and IL-17 production were used to indicate the
barometer of the antigen presentation function of B cells.
Both IFN-y and IL-17 were up-regulated clearly by adding
CD19" splenocytes (P <0-05), indicating that CD19" cell
may function as APCs (Fig. 7c,d).

Discussion

Anti-GPI antibodies from K/BxN mice are well known as
arthritogenic autoantibodies, and their effector mechanisms
have been identified in several elegant studies [2-7]. Briefly,
the key players involved in the development of arthritis after
the transfer of anti-GP! antibodies included Fcy receptor
(particularly FeyRII), alternative complement pathways
such as factors B, C3, C5 and C5aR [3], subsets of Fcy recep-
tor or C5a receptor-bearing cells [4-6] and some inflamma-
tory cytokines such as IL-1 and TNF-¢ [3]. In particular, a
dominant pathological action driven by anti-GPI antibodies

Role of B cells and IgGs in GPl-induced arthritis

is a local association between GPI and anti-GPI on the
articular surface, which leads to complement activation in
the joints [7,13}.

However, anti-GPI antibodies from GPI-induced arthritis
did not induce overt arthritis in naive mice {8]. A previous
report showed that B cell-deficient C3H.Q and B 10.Q mice
were resistant to GPl-induced arthritis [9]. Moreover, FcyR-
deficient mice were protected from GPI-induced arthritis,
whereas mice deficient in inhibitory FcyRIIB developed
severe arthritis [8]. These results show that B cells play an
essential role in arthritis by producing autoantibodies that
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Fig. 5. Role of B cells in induction of arthritis in SCID mice. IgG
from arthritic DBA/1 mice [alone or with glucose-6-phosphate
isomerase {GPD] or immunoglobulin (Ig)G plus CD19*-depleted cells
were inoculated into SCID mice. Development of arthritis in SCID
mice was monitored. (a) Mean clinical score is depicted. (#) SCID
mice that received 1 x 107 splenocytes (spl) plus 100 ug GPIL; ()
SCID mice recipients of 1 X 167 CD19-depleted cells from arthritic
DBA/1 mice with 3 mg of IgG plus 100 pg of GPI; {A) SCID mice
recipients of 3 mg of IgG from arthritic DBA/I mice plus 100 pg GPL;
{*) SCID mice recipients of 3 mg of IgG from arthritic DBA/I mice
alone. (b} Affinity purified anti-GPI antibodies from arthritic DBA/1
mice (alone or with GP1), or anti-GPI antibodies plus CD19*-depleted
cells were inoculated into SCID mice and monitored. (#) SCID mice
that received 1 x 107 spenocytes plus 100 pg GPL: ([0) SCID mice
recipients of 1 x 107 CD19-depleted cells from arthritic DBA/1 mice
with 1 mg of anti-GPI antibodies plus 100 fig of GPL; {A) SCID mice
recipients of 3 mg of anti-GPI antibodies from arthritic DBA/I mice
plus 100 pg GPL (+) SCID mice recipients of 3 mg of anti-GPl
antibodies from arthritic DBA/1 mice alone. Data are

mean * standard error of the mean of five mice in each group.

“P < 005 by Mann—Whitney U-test.
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Fig. 6. In vitro cytokine production by splenocytes trom arthritic
DBA/I mice and in vivo neutralization of intlammatory cytokines in
SCID mice. Cytokine concentrations in supernatant of cultured
splenocytes (sph) trom arthritic DBA/T mice were assessed by
enzvme-linked immunosorbent assay. (a) Whole splenocytes or
separated splenocytes (10° cell/ml) were cultored with 5 fg/ml of
glucose-6-phosphate isomerase (GPI) or gluthathione S-transtererase
(GST). (b) CD19"-depleted splenocytes were cultured with GPI and
imniunoglobulin (Ig)G with/without FeyR blocker. I was puritied
from arthritic DBA/1 mice on day 14 after GPI immunization. Naive
IgG (nlgG)y was purified from naive DBA/L mice. Inhibition rate
was calcutated to be divided by amount of productions from
CD19%-depleted splenocytes stimulated with GPL Representative data
of three independent experiments with three individual mice per
experiment. {¢) Neutralization of intlanimatory cytokines was
pertormed i vivo by monoclonal antibody (mADb), five mice in each
group. SCID mice recipients of I x 107 splenocytes from arthritic
DBA/I mice plus 100 gig GPLand 100 yig of control IgG (<),
anti-tumour necrosis factor (TNF)-of mADb (B) or anti-interleukin
(ILY-6 mADb (7). Data are mean & standard ervor of the mean of five
mice in cach group, *P < 0:05, P < 0:01, by Mann-Whitney U-test.

result in FeyR activation in this model. In our immunohis-
tological study, a clear complement activation by immune
complex was observed in joints of mice with GPl-induced
arthritis. This finding suggests that local immune complex
(probably GPl-anti-GPI antibodies) activation in the joints
also plays an important role in GPI-induced arthritis.
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Fig. 7. Exploration of dominant cell population of intlammatory
cvtokines, and B cell functions as an antigen-presenting cells (APCs)
in vitro. Whole splenocytes (spl} or independent magnetic affinity cell
sorting (MACS) separated (CD4*, CD19%, CD1L and CD1Ic cells)
splenocytes (total 1 x 10° cells/ml) were cultured with 5 pg/mi of
glucose-o-phosphate isomerase (GP1 or gluthathione S-transfererase
(GST). Inflammatory cytokines [tumour necrosts factor (TNFi-¢r (a)
and interlenkm (1L)-6 (] and T cell-secreted eytokines (11-17 (o)
and mterferon ENJ-y (d)] were compared between CD9* cells and
other APCs (CD1ID™ CD1ie” cells). Cytokine concentrations in
supernatant of cultured splenocytes from arthritic DBA/L mice were
assessed by enzyme-linked immunosorbent assay. The purity of cells
was estimated by fluorescence activated cell sorter flow cytometry

(> 909%). Data are mean * standard error of the mean of three mice
in each group. "P < 0:05, TP < 0:001, by Mann-Whitney U-test.
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To determine the role of B cells more precisely, we set up
a transfer system using SCID mice. SCID mice inoculated
with splenocytes from GPl-immunized DBA/1  mice
together with GPI developed arthritis, and the immune
complex activation was also noted on the articular surface of
SCID mice. In GPI-induced arthritis, the expression of
TNF-o0 mRNA in inflammatory joints and serum was
increased on day 7 when detectable amounts of anti-GP]
antibodies were produced (reference [12} and our unpub-
lished data). B cell-depleted splenocytes from arthritic
DBA/T mice could not induce arthritis in SCID mice. On
the other hand, SCID mice that received IgG (or anti-GPI
antibodies) with B cell-depleted splenocytes from GPI-
immunized DBA/1 mice developed arthritis, whereas SCID
mice that received only IgG did not. These results suggest
that B cells play a crucial role as antibody producers, fol-
lowed by immune complex deposition on the articular sur-
faces in arthritis.

Our scenario is similar to adoptive transfer of collagen-
induced arthritis (CIA) to SCID mice {14-16]. However, the
GPl-induced arthritis in SCID mice occurred earlier (5-6
days) than CIA (14-16 days). The other difference between
these two types of arthritis is that IgG from GPl-induced
arthritis did not have arthritogenic capacity, whereas CIA
IgG alone exhibit such capacity. Thus, anti-GPI antibodies
produced by inoculated splenocytes play an important role
in the induction of arthritis. However, these antibodies could
not induce arthritis when injected alone, and thus we need to
know about other humoral factors that trigger arthritis.

Our in vitro assay with splenocytes from GPl-induced
arthritis plus GPI indicated that TNF-ot and IL-6 may be
crucial for the induction of arthritis. An earlier study from
our laboratories identified the therapeutic efficacy of both
anti-TNF-o mAb and anti-IL-6 mAb in GPI-induced arthri-
tis [12]. Moreover, we clearly confirmed a protective effect of
anti-TNEF-0. mAb in SCID-transferred arthritis. These results
indicate that arthritis in SCID recipients may be enhanced
mainly not only by anti-GPI antibodies, but also humoral
factors such as TNF-o and 1L-6. In particular, the develop-
ment of arthritis was associated with the production of anti-
GPI antibodies in SCID mice, thus autoantibodies might
play a crucial role especially in the local joints, collaborating
with inflammatory cytokines. '

Concerning the other role of B cells, our in vitro assay
suggests that B cells had a weak capacity of producing
TNF-0, as well as antigen-presenting function with GPI
culture. A recent paper reported that subsets of dendritic
cells {DC) could express CD19 [17], thus it is possible that
these cells comprise such functions of B cells, However, we
tested in vivo experimentally with CD19%-depleted cells, sug-
gesting that the antoantibody produced indeed contributed
to the development of arthritis.

What is the role of T cells in GPl-induced arthritis? Based
on our experiments, splenocytes lacking CD4* cells failed
to induce arthritis in SCID mice. The lack of anti-GPI

Role of B cells and IgGs in GPI-induced arthritis

antibodies in the serum of SCID recipients of the CD4* T
cell-depleted cell population suggests that production of
autoantibodies is CD4* T cell-dependent. Moreover, our in
vitro assay identified CD19*-depleted cells (probably com-
prising APCs plus T cells) as the main source of inflamna-
tory cytokines that can trigger arthritis. TNE-o0 and [L-6
production was enhanced by adding CD4* cells, as con-
firmed by in vitro assay. In this regard, in GPl-induced
arthritis, administration of anti-CD4 mAb on days 11 and 14
after immunization induced rapid remission of the arthritis
[8]. We have reported previously that GPl-specific CD4* T
cells were differentiated to T helper type 1 (Thl) and Th17
[18]. The administration of anti-IL-17 mAb on day 7 ame-
liorated arthritis significantly, whereas that administered on
day 14 did not affect the disease. Moreover, our vitro assay
using splenocytes on day 14 could detect tiny amounts of
IL-17 with GPI ({17], and our unpublished data). These
findings show that CD4* T cells (particularly Th17 cells) are
necessary in the induction phase, and they function as sup-
porters of production with autoantibodies and inflamma-
tory cytokines in the effector phase of GPI-induced arthritis.

Are these scenarios relevant to human RA? High titres of
anti-GPI antibodies are found in patients with severe forms
of RA, but in only a few control individuals [10,19,20]. We
reported recently that a FCGR3A-158V/F functional poly-
morphism was associated with RA in anti-GPI antibody-
positive individuals, because 89% of healthy subjects positive
for anti-GPI antibodies possessed homozygous low-affinity
genotype FCGR3A-158F {21]. Moreover, among anti-GPI
antibody-positive individuals, GPI-reactive CD4* T cells,
especially Thl cells, are detected specifically in peripheral
blood mononucleocytes of patients with RA who share
either human leucocyte antigen (HLA)-DRBI *0405 or
0901 haplotypes [22]. These findings suggest that arthritis
inanti-GPlantibody-positive individuals depends on several
important factors, such as GPL-reactive T cells, HLA-
DR*0405/*0901 and FcyRIIL

What of the role of anti-GPI antibodies in GPI-induced
arthritis? The H2? haplotype confers severe form of arthritis
[9]. High titres of anti-GPI antibodies were also found in
arthritis-resistant C57BL/6({ H2®) mice, although their T cells
had weak GPI responses ([8], and our observations) com-
pared with arthritis-susceptible DBA/1 mice. In addition,
FcyR™™ mice are protected from GPl-induced arthritis,
whereas FeyRIIB™ mice developed pronounced arthritis {8].
These findings indicate that anti-GPI antibodies do not
induce arthritis per se; it is probable that unique activation
of major histocompatibility complex class 11 and antigen-
specific T cells might be indispensable. In this regard, GPI-
induced arthritis appears to be akin to human RA.

In conclusion, we identified that B cells play a crucial role
in GPlinduced arthritis as autoantibody producers. This
finding might explain how autoantibodies orchestrate the
induction of arthritis with inflammatory cytokines such as
TNF-a in patients with RA.
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Abstract Magnetic resonance imaging (MRI) is a useful
tool for evaluating disease activity and therapeutic efficacy
in rheumatoid arthritis (RA). However, conventional
whole-body MRI is inconvenient on several levels. We
have therefore developed a new low-field extremity MRI
(compact MRI, cMRI) and examined its clinical utility.
Thirteen RA patients treated with anti-tumor necrosis fac-
tor (TNF) biologics were included in the study. The MRI
was performed twice using a 0.21-T extremity MRI system.
The MRI images were scored using our proposed cMRI
scoring system, which we devised with reference to the
Outcome Measures in Rheumatology Clinical Trials RA
MRI score (OMERACT RAMRIS). In our cMRI scoring
system, synovitis, bone edema, and bone erosion are sep-
arately graded on a scale from 0 to 3 by imaging over the
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whole hand, including the proximal interphalangeal joint.
The total ¢cMRI score (¢MRIS) is then obtained by calcu-
lating the total bone erosion score x 1.5 + total bone
edema score x 1.25 4 total synovitis score. In this study,
one patient showed a progression of bone destruction even
under low clinical activity, as assessed by the disease
activity score on 28 joints (DAS28); however, another
patient’s cMRIS decreased concurrently with the decrease
in DAS28, with the positive correlation observed between
ADAS28 and AcMRIS (R = 0.055, P < 0.05). We con-
clude that cMRI and ¢cMRIS are useful for assessing total
disease activity and as a method linking MRI image eval-
uation to clinical evaluation.

Keywords Anti-TNF biologics - Bone edema -
Bone erosion - Low-field extremity MRI -
MRI scoring system - Rheumatoid arthritis

Introduction

Rheumatoid arthritis (RA) is a systemic inflammatory
autoimmune disease that predominantly affects the syno-
vial membranes of joints. Persistent inflammation or
synovitis leads to pannus formation and, ultimately, bone
destruction. A therapeutic window [!] does exist early in
the RA course; therefore, the development of better
methods for the early diagnosis and treatment of RA is one
of the prime objectives of rheumatologists. Conventional
radiography is currently the major tool for diagnosing RA
and monitoring the progression of joint destruction. How-
ever, because this technique visualizes only late signs of
preceding disease activity, other diagnostic tools, such as
magnetic resonance imaging (MRI), have been the focus of
increasing atténtion in recent years. Magnetic resonance

— 101 —



Mod Rheumatol (2009) 19:358-365

359

imaging is three- to sevenfold more sensitive than con-
ventional radiography in terms of detecting joint erosion in
early-stage RA [2, 3]. It can also detect synovitis, bone
edema, and tenosynovitis that is not visible on conventional
radiographic scans [4, 5]. Synovitis is among the earliest
abnormalities observed in RA and is, in many cases,
already apparent before a patient complains of joint pain or
shows elevated serum C-reactive protein (CRP). The
degree of bone marrow edema in metacarpalphalangeal
(MCP) and wrist joints has recently been reported to be a
more important predicator of radiographic progression in
early RA than the degree of synovitis, erosion, or disease
activity score based on 28 joints (DAS28) [6]. Evaluating
bone edema by MRI may therefore assist clinicians in
determining whether a patient should receive early and
aggressive treatment to avoid subsequent joint damage.

While MRI may provide significant information about
the course of RA not obtainable by conventional radiog-
raphy, conventional whole-body, high-field MRI is more
expensive in terms of both startup costs and maintenance
fees, and it is not always convenient. In addition, claus-
trophobic patients and those suffering severe joint pain are
sometimes unable to complete the examination. Low-field
extremity MRI was recently developed to address these
limitations; it is now commercially available and has been
used clinically to evaluate RA. Low-field extremity MRI
offers adequate performance at a lower cost and with
greater comfort and convenience to the patient than con-
ventional MRI [7, 8]. One strong disadvantage of this tool,
however, is that the field of view (FOV) is too small to
assess hand and wrist joints in one examination or in one
sequence—and RA usually affects the wrist to proximal
interphalangeal (PIP) joints. This is a major limiting factor
in the success of low-field MRI for diagnosing of RA or
assessing disease activity.

We have recently developed a new low-field extremity
MRI system with a FOV large enough to simultaneously
assess the entire wrist to PIP joint area. In the study
reported here, we examined the clinical value of our low-
field MRI system for assessing disease activity in RA
patients treated with anti-tumor necrosis factor (TNF)
biologics using the original scoring system.

Patients and methods
Patients and clinical assessments

Thirteen RA outpatients were enrolled in the study (two
men and 11 women). The mean disease duration at eval-
uation was 6.2 years. Seven patients were treated with
infliximab (IFX) and six with etanercept (ETN). Clinical
disease activity was determined using the DAS28-CRP.

Eleven patients had moderate or high disease activity
before receiving anti-TNF biologics; the remaining patients
had low clinical disease activity but showed bone des-
truction in the -wrists, which had worsened significantly
within the past year, as assessed by radiography. The
IFX group also received an average methotrexate dose of
8 mg/week, with six patients also treated with prednisolone
(average dose 7.1 mg/day). In the ETN group, four patients
also received methotrexate (average dose 5 mg/week),
and all six patients were taking prednisolone (average
dose 5.3 mg/day). Table 1 presents additional sociodemo-
graphic data on these patients. All patients underwent two
MRI assessments; the first was carried out at the time of
starting the biologics (IFX group patients 5-7; ETN group
patient 6) or within 7 and 9 months from the initial infusion
of IFX and ETN (IFX group patients 1-4 and ETN group
patients 1-5), respectively, and the second MRI assessment
was within 8-16 months and 5-23 months from the first
infusion for the respective groups.

New low-field extremity MRI system and MRI
protocols

The new system is called compact MRI (cMRI). It com-
prises a permanent magnet, a gradient coil set, and an MRI
console, generating a magnetic field strength of 0.21 T.
The system occupies a total installation space of 4 m?. The
magnet is placed in an electromagnetic shield room [1.6
(W) x 20 (H) x 2.4 (D)] to prevent external noise.
Patients sit in front of the magnet and insert one hand into
the radio frequency (RF) coil for MR imaging. Coronal
three-dimensional (3-D) gradient recalled echo T1-weigh-
ted images [repetition time (TR)/echo time (TE) =
50/9 ms] were obtained with an image matrix size at
512 x 384 x 32, FOV of 20.48 x 15.36 x 6.4 cm, and a
scan time of 7 min and 5 s. Coronal 3D fast short tau
inversion recovery (STIR) images [TR/TE/inversion time
(TD = 1000/60/100 ms] were also obtained with an
image matrix size. of 256 x 256 x 8, FOV at 2048 x
20.48 x 6.4 cm, and a scan time of 8 min and 30 s. Both
hands were scanned in all patients. The total examination
time, including patient positioning, required about 40 min.

Image evaluation and proposed compact MRI score

Magnetic resonance imaging findings are currently scored
using the RA MRI scoring system (RAMRIS) as reported in
the Outcome Measures in Rheumatology Clinical Trials
(OMERACT) [9]. However, the RAMRIS system requires a
two-dimensional (2-D) analysis, and our cMRI system can
analyze only the coronary section; consequently, RAMRIS
cannot be used in our system. Our modified MRI system can
visualize joints from the wrist to PIP in only one image. We
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Table 1 Patients’

de aphics Patient Age Sex Disease duration  Stage" Class® MTX PSL Other
mographics (years) (years) (mg/week) (mg/day) DMARDs
Infliximab group
51 F ! 2 2 10 10 SASP
2 58 F 5 2 1 8 0 BC
3 31 F 6 3 3 8 4
4 48 F 11 4 3 6 15
5 55 F 14 3 3 8 12.5
6 30 F 2 1 1 8 4
7 39 F 4 3 2 8 4
F Female, M male, Average 44.6 6.1 2 2 8 7.1
MTX methotrexate, PSL Etanercept group
prednisolone, DMARDs disease- i 68 M 3 4 2 8
modifying antirheumatic drugs, ) 18 F 2 2 1 12
SASP salazosulfapyridine, ACT
Actarit, BC bucillamine 3 4 Mo 3 3 2 4 6 SASP
“ Stage was determined 4 59 F 12 4 3 0 10 SASP, ACT
according to the Steinblocker’s 5 42 F 10 2 1 0 4
classification, and class was 6 33 F 8 4 2 6 1
determined according to the Average  45.7 6 3 5 5 53

Hochberg’s classification

therefore evaluated the images using our original scoring
system, to obtain a compact MRI score (cMRIS) referenced
to RAMRIS. The cMRIS scores the degree of bone erosion,
bone marrow edema, and synovitis in both hands. In this
study, the MRI images were reviewed by one radiologist,
who is a Board-certified radiologist (by the authority of the
Japan Radiological Society), and by more than two rheu-
matologists. All patients’ information was blinded. Bone
erosion and edema were defined using the OMERACT MRI
joint pathology definition [10]. Bone erosion was defined by
the presence of a sharply marginated bone region that was
imaged as a loss of normal signal intensity of cortical bone
and a loss of normal high signal characteristics, visible in
two planes, with a cortical break seen in at least one plane on
the T1-weighted image. Bone edema was defined a lesion
within the trabecular bone, with ill-defined margins and
signal characteristics consistent with increased water con-
tent that was imaged as high-intense signal on STIR and a
low-intense signal on the Tl-weighted image. Since we did
not use gadolinium enhancement; synovitis was defined a
high signal intensity on STIR that seemed anatomically to be
the synovial area. The RAMRIS rates bone erosion from 0 to
10 by volume, while our scoring system rates bone erosion
on a scale from 0 to 3 by volume. Bone edema and synovitis
were scored on the same scale as:RAMRIS. The PIP joints
were scored by the same method used for the evaluating the
MCP joints. This study evaluated 23 bones and 11 joints
(Fig. 1). Bone erosion and edema were estimated in one to
five MCP joints and one to five carpometacarpal (CM)
joints, in two to five proximal and distal PIP joints, and in all
wrist bones, except for the pisiforme, distal radius, and head
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of ulna. In the PIP and MCP joints, we evaluated each
proximal and each distal side separately. and the score of the
worse side was counted. Thus, the total estimation site of
bone erosion and edema was 32. Synovitis, which was also
scored on a scale from 0 to 3, was evaluated in two to five
PIP joints, one to five MCP joints, and in the intercarpal
and distal radioulnar joints. However, the intercarpal joint
synovitis score was doubled because of its large volume. The
overall score was calculated as follows: total synovitis
score + 1.25 x total bone edema score + 1.5 x total bone
erosion score [maximum total bone erosion score 207
(3 x 23 x 1.5 x 2), maximum total bone edema score
172.5 (3 x 23 x 1.25 x 2), maximum total synovitis
score 72 {(3 x 10 4+ 3 x 1 x 2) x 2}; maximum cMRIS
451.5]. Further details of the scoring system are provided in
Table 2.

Statistical analysis

The correlation between the changes in ctMRIS (AcMRIS)
and the DAS28-CRP (ADAS28) values was ‘evaluated by
Pearson’s correlation coefficient test. A value of P < 0.05
was considered to be significant.

Results

Evaluation of DAS28-CRP

The DAS28-CRP was evaluated prior to the biologics
treatment and at the time of first and second MRI
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Fig. 1 Sites evaluated in calculating the compact magnetic resonance
imaging (MRI) score. In this scoring system, 23 bones and 16 joints
were evaluated. Pisiforme was excluded from the wrist bone
evaluation. Bone erosion and edema were evaluated in 32 sites, and

synovitis was evaluated in 11 sites. The score calculation is provided
in detail in Table 2

examinations. All patients of both treatment groups (IFX
and ETN) except one showed a moderate-to-good
response, as assessed by DAS28-CRP, and none showed a
recurrence of disease activity (Fig. 2).

Changes in cMRI score

Figure 2 and Table 3 provide details on the MRI scores
calculated from the first and second imaging examinations
for all patients. The first imaging identified seven patients
with synovitis and three with bone edema in the finger
joints. All patients showed bone erosion in the first and
second imaging. However, erosion of the finger joints did
not worsen in any of the patients included in this study,
with ten of 13 patients showing an improvement over the
intervening time period. Synovitis was present in the wrist
joints of 12 patients at the first imaging, and although
persistent, the second imaging showed improved synovitis
in the wrist joints in most patients. Ten of the 13 patients
showed bone edema in the wrist joint at the first imaging;
by the second imaging, seven of these patients showed
improvement, and three patients showed deterioration.
Patient 1 of the IFX group showed remarkable joint

Table 2 Compact MRI score (¢cMRIS) used in this study

Bone erosion

Sites Each wrist bone (except pisiforme), PIP (II-V),
MCP (I-V), CM (I-V), carpal bones, distal radius
and distal ulna, total of 23 bones, was scored
separately.

Methods Erosion was scored from 0 to 3, based on the
proportion of the eroded bone relative to the

assessed bone volume

0: no erosion, 1: 1-33% of bone eroded, 2: 34-66%
of bone eroded, 3: 67-100% of bone eroded.

PIP and MCP joint was evaluated each proximal and
distal side separately, and the score of the worse
side was counted.

Bone edema

Sites Each wrist bone (except pisiforme), PIP (II-V),
MCP (I-V), CM (I-V), carpal bones, distal radius
and head of ulna was scored separately.

Methods Bone edema was scored 0-3 according to the
volume of edema relative to the assessed bone
volume. The assessed bone volume in long bones
was from the articular surface (or, if absent, its
best estimated position) to a depth of 1 cm, while

it was the whole bone in carpal bones

o
<

: no edema, 1: 1-33% of bone edematous, 2:
34-66% of bone edematous, 3: 67-100% of bone
edematous.

The PIP and MCP joints were evaluated on each
proximal and distal side separately, and the score
of the worse side was counted.

Synovitis
Sites Synovitis was assessed in 11 regions [PIP (II-V),

MCP (I-V), the intercarpal and the distal
radioulnar joint].

Methods Synovitis was scored 0-3 according to the tertiles of
the STIR high signal regions in the synovial
compartment relative to the presumed maximum
volume:

0: normal (no synovitis), 1: mild, 2: moderate, 3;

severe.

The intercarpal joint score is doubled.
Proposed compact MRI score. (¢MRIS)

¢MRIS = (total bone erosion points) x 1.5 + (total bone edema
points) x 1.25 + (total synovitis points) x |

PIP proximal interphalangea, MCP metacarpophalangea, CM carpo-
metacarpa, STIR short tau inversion recovery

destructions' over- the treatment time, while the others
remained the same or showed a slight improvement.

Relationship between ¢cMRIS and DAS28-CRP

We evaluated the correlation between AcMRIS and
ADAS?28 in our small cohort and observed a positive
correlation between the two scores (R = 0.055, P < 0.05;
Fig. 3). However, one patient (IFX group patient 1) showed
a very small change in the DAS28-CRP (2.66-2.83),
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Fig. 3 Relationship between changes in the cMRIS value (AcMRIS)
and changes in the DAS28 (ADAS28). AcMRIS and ADAS?28 are the
differences between the first and the second images. A positive
correlation was observed between two evaluations (R = 0.55,
P < 0.05)

raised the hope of RA sufferers of dramatic improvements
in joint mobility and prognosis. The Trial of Etanercept and
Methotrexate with Radiographic Patient Qutcomes
(TEMPO) study revealed the possibility of joint repair
through treatment with ETN plus methotrexate [11].
However, many such studies used conventional radiogra-
phy to evaluate bone erosion. Brown et al. [12] reported
that about 96% patients treated with conventional disease-
modifying antitheumatic drugs (DMARDs) achieved clin-
ical remission according to the criteria of the American
College of Rheumatology (ACR) and DAS28 score, but
they still showed synovitis as assessed by MRI The same
percentage of asymptomatic patients with clinically normal
Jjoints also had synovitis based on MRI, while 46% showed
bone marrow edema. In a comparative study on the ther-
apeutic effectiveness of DMARDs and anti-TNF biologics,
Martinez-Martinez et al. [I3] also reported considerable
synovitis based on MRI scans. This was still the case even
in patients declared to be in clinical remission based on the
biologics. These authors also reported no significant cor-
relation between the improvement of clinical or laboratory
data and MRI findings. Takes together, these studies stress
the necessity of including an MRI examination in order to
comprehensively evaluate total disease activity and’ joint
damage in RA.

The imaging position and time needed for whole-body
MRI makes it impractical for many rheumatologists to use
and burdensome for the patient. Low-field extréemity MRI
is thus a valuable alternative that has récently become
commercially available and has been tested for the diag-
nosis and monitoring of RA. Low-field extremity MRI
improves patient comfort, is cost-effective for the institute,
and yields equivalent résults to whole-body MRI in terms
of RA evaluation [14]. In support of this, using low-field
extremity MRI, Savnik et al. [15} achieved a diagnostic

52_) Springer

accuracy for synovitis, bone edema, and bone erosion in
RA comparable to that of high-field MRI.

Crues et al. [16] further reported that low-field dedi-
cated-extremity MRI is more sensitive for detecting erosive
changes in RA than radiography. In patients followed over
8 months, 30% demonstrated an increase in the size or
number of erosions by MRI, while radiography revealed
changes in only 0.8% of the patient cohort. Low-field
dedicated-extremity MRI retains adequate imaging per-
formance, but at a lower cost and with greater comfort and
convenience for the patient. However, a limitation of low-
field MRI is that the FOV is too small to enable an
assessment of the hands and wrists in one examination. As
wrist to PIP joints are usually affected in RA, examining
the wrist to hand in one sequence is important for diag-
nosing and monitoring RA. Another disadvantage is that
low-field MRI systems are not practical for small clinics to
install because of their size and weight. To address these
limitations and to render MRI more useful for RA diag-
nosis and treatment, we have developed a new low-field
extremity MRI. This system has a large enough FOV to
assess wrist to PIP joints in one examination, is lighter than
its predecessor, and requires less total area to install.

The general adoption of MRI in general practice has
also been hindered by a second problem. Many studies
have used the RAMRIS OMERACT scoring method for
MRI evaluation. However, this scoring method is too
complex for use in daily medical examinations and treat-
ments. We have used a new scoring system, cMRIS, for
evaluating disease activity in RA patients treated with anti-
TNF biologics. This method evaluates bone erosion, bone
edema, and synovitis as well as RAMRIS, The RAMRIS
scored bone erosion on a scale of 0-10 by its volume,
which may be inconvenient. In addition, the RAMRIS
method requires 2-D analysis. Therefore, we have
improved this point and developed ¢cMRIS. The cMRIS
scores bone erosion on a scale of 0-3 by its volume, just as
the method used for edema and synovitis. Considering the
irreversibility of each finding, we decided that the coeffi-
cients for each finding should be 1.5 for bone erosion, 1.25
for bone edema, and 1 for synovitis. Based on the positive
correlation that. we obtained between ADAS28 and
AcMRIS, we consider our scoring system to be useful in
linking MRI image evaluation to clinical evaluation.
However, a future large-scale study will be necessary to
examine whether these coefficients are appropriate.
Another problem is that synovitis cannot be evaluated
precisely because we did not use gadolinium enhancement
in our MRI system. As gadolinium enhancement requires
intravenous injection and may induce severe side effects,
such as nephrogenic systemic fibrosis, it cannot always be
used in daily. practice, especially in a small clinic. The
problem of inaccuracy due to not using gadolinium can be
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solved to some extent through the acquisition of experi-
ence. As the aim of our study was to establish the evalu-
ation of RA disease activity by MRI in daily practice, we
did not use gadolinium enhancement and instead developed
an easier system to image and to facilitate the evaluations
of these images.

In almost all patients, a positive correlation was
observed between ADAS28 and AcMRIS. However, one
patient in the IFX group showed a worsening of bone
destruction when evaluated by c¢MRI even though the
estimated DAS28-CRP indicated clinical remission. Prior
to treatment, this patient had moderate disease activity
(DAS28-CRP 4.1). She then responded well to the treat-
ment and remained close to clinical remission during the
study. The MRI scan showed a DAS28-CRP of 2.66 at the
first imaging and 2.83 at the second imaging. However,
both bone edema and erosion had worsened, as evidenced
by the MRI scan. This patients provides good proof of how
we can understand real disease activity using not only the
DAS28 but also the ¢cMRI in daily practice. In the future,
rheumatologists should estimate real disease activity by
MRI and other tools in addition to clinical activity as
estimated by the DAS28.

Low-field extremity MRI has been reported to record a
lower sensitivity than whole-body MRI in terms of bone
edema assessment [ 17], and different sensitivities have been
reported among different models [18]. We did not compare
our cMRI image and the 1.5-T whole-body MRI image.
However, work is now ongoing to develop an improved
system, the 0.3-T MRI machine, called the compacTscan,
which will enable a higher resolution and sensitivity imag-
ing, and a more precise diagnosis of RA. To date, we have
compared the 0.3-T ¢cMRI image and the 1.5-T whole-body
MRI image in three patients and obtained almost the same
results (data not shown). The low-field extremity MRI is
convenient for both patients and rheumatologists, and its use
in daily practice could assist clinicians both in making an
earlier diagnosis of RA and a more precise estimation of
disease activity. The hope is that joint prognosis of RA
patients will be improved using cMRL

In conclusion, the results of our study have shown a
positive correlation between AcMRIS and ADAS28, sug-
gesting that cMRI and the cMRIS are useful for estimating
total disease activity and joint damage in RA.
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Abstract We reported that peripheral blood mononuclear
cells from HLA-DRB1*0101 Japanese patients with rheu-
matoid arthritis (RA) were highly reactive to 256-271
peptide of type II collagen (CII). Similar to RA, T cells
reactive to CII (AA256-271) play a crucial role in the
generation of arthritis in Cll-induced arthritis mouse
(I-AY). In the present study, we regulated the CII reactivity of
T cells from CIA mouse with I-A? by altered peptide ligand
(APL). Eight different APLs were designed and screened
for their antagonistic activity using CII reactive cytokine
production assay. Four APLs of CII 256-271 exhibited
antagonistic activity in Cll-reactive T cells. Moreover,
intraperitoneally injected APL-5 (G262A) significantly
suppressed ClI-induced arthritis in mice, whereas the other
three APLs did not. Compared with the control, APL-5
suppressed interleukin (IL)-17 production by T cells from
Cll-induced arthritis mice. These results suggest that CII
APL is a potentially suitable therapeutic strategy for the
control of RA.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune disease
characterized by persistent inflammatory synovitis leading
to various degrees of cartilage destruction, bone erosion,
and ultimately joint deformity and loss of joint function.
Although the pathogenesis of RA is not clear, there is
sufficient evidence to suggest the involvement of T cells
in the inflammatory process, such as the infiltration of T
cells, especially CD4" CD45RO* T cells, in joints of
RA patients [1]. Furthermore, the susceptibility to RA is
associated with HLA-DRB1 genes [2].

Type II collagen (CII), a molecule abundant in the
articular cartilage, is considered one of the target autoan-
tigens in RA. Cll-reactive T cell clones have been estab-
lished in vitro from synovial T cells of RA [3]. Sekine
et al. [4] suggested that the expansion of oligoclonal T
cells in RA joints is driven by stimulation of CIL. Fur-
thermore, the pathology in ClI-induced arthritis (CIA) mice
is similar to that in RA synovium. The susceptibility to
CIA is determined by I-AY which is a major histocom-
patibility complex (MHC) class I molecule, and the
immunodominant. CII256-271 region of CII could be
bound to I-A? molecules [5].

T cell activation depends on the ability of the T cell
receptor (TCR) to recognize 8-20 amino acid peptides that
are bound to MHC molecules. The process of recognition
of peptides by TCR is flexible. If the amino acid residue of
peptide ligands for TCR is substituted for a different amino
acid and can still bind to the MHC molecules (altered
peptide ligands, APLs), these APLs could regulate the
activation of T cells. Several studies [6, 7] have shown that
APL can potentially induce differential cytokine secretion,
anergy, and antagonism of the response to wild-type anti-
gens. Therefore, it is possible to use APL as a therapeutic
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agent against T-cell-mediated diseases such as autoimmune
diseases.

Our previous report {8] demonstrated that peripheral
blood mononuclear cells from HLA-DRB1#0101 Japanese
patients with RA were highly reactive to the 256-271 peptide
of CII, and designed APLs suppressed T cell response to the
immunodominant epitope (CI1256-271) of CII. In the pres-
ent study, we tried to regulate the Cll-reactive T cells from
CIA by eight different APLs to CII256-271. The results
showed that four APLs could suppress the Cll-reactive
immune response in vitro and one APL exhibited an inhib-
itory effect on arthritis in vivo. These results suggest that the
application of CII APL is a potentially suitable therapeutic
strategy in the control of RA.

Materials and methods
Mice

DBA/l J mice were purchased from The Charles River
Laboratory (Yokohama, Japan). They were maintained in
specific pathogen-free conditions in the laboratory animal
resource center. All experiments were performed according
to the Guide for the Care and Use of Laboratory Animals at
Tsukuba University.

Induction of arthritis

Mice were immunized intradermally with 100 pg bovine
type II collagen (CII: Collagen Research Center, Tokyo,
Japan) in Complete Freund’s adjuvant (CFA; Difco,
Detroit, MI, USA). Each mouse received a booster dose on
day 21 by intraperitoneal injection of 100 pg CIL

CII (256-271) peptide and altered peptide ligands

The peptide representing CII (AA256-271) and its altered
peptide ligands (APL) containing  specific amino acid
substitutions were chemically synthesized by. solid-phase
procedure and purified by high-performance liguid chro-
matography (OPERON Biotechnologies, Tokyo).

Pre-pulse assay

Mice were immunized with 100 pg CII emulsified with
CFA. Twelve days after immunization, the mice were
anesthetized and the spleens removed. The spleen was
treated with collagenase D (Roche, Mannheim, Germany),
and CDllc?t cells were isolated by CDI1lc microbeads
(Miltenyi Biotec, Tokyo). The cells were pulsed with
50 uM CII256-271 peptides for 2 h. After washing, they
were adjusted to 1 x 10° cells/ml and pulsed with 200 pM

APLs for 12 h. On the other hand, CD4™ cells were iso-
lated using CD4 microbeads (Miltenyi Biotec) from
splenocytes of mice immunized with CII. Then they were
adjusted to 5 x 10° cells/ml and added to the plate where
CD11ct cells were cultured for 12 h. The supernatants
were collected 72 h later and interferon-y (IFN-y), 1L-17,
IL-2, IL-4, and IL-10 were measured by enzyme-linked
immunosorbent assay (ELISA) (IL-17 and IL-2; BioLegend,
San Diego, CA, IFN-y, IL-4 and IL-10; eBioscience,
San Diego, CA).

Treatment with APLs

Mice were treated with three injections each of 333 ug of
APLs intraperitoneally (total 1 mg) on days 24, 26, and 28
after the first immunization with CII. The animals were
observed at 3-day intervals and evaluated for the severity
of arthritis by scoring each paw. The score ranged from 0
to 3 (0, no swelling or redness; 1, swelling or redness in
one joint; 2, involvement of two or more joints; 3, severe
arthritis of the entire paw and joints). The score of each
animal was the sum of scores for all four paws.

Histopathology

The ankles were removed on day 60 after the first immu-
nization with CII and fixed in 3% buffered formalin. The
paws were decalcified in ethylenediaminetetraacetic acid
(EDTA) in buffered formalin, embedded in paraffin,
sectioned, and stained with hematoxylin and eosin.

Analysis of T cell response

Mice were treated with APLs by the above method. Their
splenocytes were removed on day 35 after immunization,
and CD4" cells and CDIlc* cells were isolated by
microbeads as described above. CD4™" cells and CD11c™
cells (5:1) were mixed and cultured with denatured CII
(10 pg/ml), and supernatants were collected 24 h later. The
amounts of IL-17 and IFN-y were measured by ELISA.
Statistical analysis

The Mann—Whitney U test was used for statistical analysis.
P values less than 0.05 denoted significant difference.
Results

Antagonistic activity of APLs in vitro

We designed eight different APLs as shown in Fig. la.
We screened these APLs for their antagonistic activity
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Fig. 1 Screening of APLs with
antagonistic activity. a Altered
peptide ligands were designed

based on the I-A% anchor motif.

Pl, P4, and P7 were predicted -

anchor position in CI[256-271
peptide. b DBA/1 mice were
immunized with CII
Antagonistic activity of APLs
was investigated using CD4 T
cells on day 12 after
immunization by pre-pulse
assay described in “Materials
and Methods.” Concentrations
of IFN-y, IL-2, and IL-17 were
measured in the culture
supernatants by ELISA.
Inhibition rates of IFN-y, IL-2
and IL-17 are expressed as
percentage inhibition against the
CH 256-271 peptide response.
Data are representative of three
similar experiments (n = 3)
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using Cll-reactive cytokine production assay. Four APLs ~ We also investigated whether APL-3, -4, -5, and -6 sup-
(APL-3, -4, -5, and -6) suppressed (by more than 30-60%)  pressed the production of other cytokines. Similar to IFN-y,
production of CII256-271-reactive IFN-y in vitro (Fig. 1b). the four APLs suppressed production of IL-2 and IL-17
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Fig. 2 Therapeutic effect of (A) 12
G262A in CIA. a DBA/1 mice
were immunized and boosted

with CIL Four APLs, 10
CII256-271 peptide, and PBS
were administered i.p. on 8

days 24, 26, and 28 after
immunization of CII (each

Clinical score

n = 9), respectively. The 6
clinical score of arthritis is
expressed as mean %+ standard 4

error of the mean (SEM).

P < 0.01, ¥*P < 0.001 versus
PBS. b Each mouse was 2
sacrificed on day 60 after

immunization, and the ankles

e ™
-8 ) AL
o e A AR TRY,
I T —t—APL-4
()
% —O=APL-5
—=APL-8
-3 C|1256-271

were examined by H&E 0k
staining. ¢ On day 7 after the
administration of APLs, CD4%
T cells and dendritic cells were
isolated from the spleen and
co-cultured for 24 h. IFN-y and
IL-17 concentrations were
measured by ELISA. T cell
response of mice injected with
PBS was assigned as 1. Data are
mean =+ standard deviation
(SD) with triplicate culture.

*P < 0.05 versus PBS

(C) 250
200

150

pg/mi

100

50 |

(Fig. 1b). However, IL-4 and IL-10 were not detected in
any samples (data not shown). Thus, we considered these
four APLs as candidates for antagonistic APLs and used
them in further experiments in vivo.

21 24 27 30 33 36 39 42 45 48 51 54 57 60
Days after immunization

apPBS
BAPL-5

IL-17

APL-5 results in significant suppression of arthritis

To investigate the therapeutic effects of the above four
APLs on arthritis in vivo, we treated CII mice immunized
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with APL intraperitoneally on day 24. CII256-271 peptide
and phosphate-buffered saline (PBS) were injected as
negative control. The results showed that APL-5 signifi-
cantly suppressed the development of arthritis compared
with the other three APLs (P < 0.01) and PBS (P < 0.001)
(Fig. 2a). These mice were sacrificed on day 60 after
immunization of CII, and histological examination was
performed. As shown in Fig. 2b, APL-5 inhibited mono-
nuclear cell infiltration compared with the other three APLs
and PBS. These results indicate that Cll-induced arthritis
could be regulated by APL-5. T cell predominant epitope
by itself (CI256-271) slightly decreased the severity of
arthritis, suggesting activation-induced cell death by the
excess dose of dominant epitope.

Effects of APLs on cytokine production

To examine whether APLs suppress Cll-reactive T cells
in vivo, we investigated the production of IFN-y and IL-17
from Cll-reactive T cells in APLs-treated mice. As shown
in Fig. 2¢, injection of APL-5 significantly suppressed
IL-17 production, but not that of IFN-y, by Cll-reactive T
cells (P < 0.05). The other APLs and CII256-271 peptides
did not have any effects on the production of IFN-y and
IL-17 (data not shown).

Discussion

Several investigators [9-11] demonstrated the protective
effects of APL using experimental autoimmune encephalo-
myelitis (EAE) and CIA. Co-immunization of mice bearing
the H-2" haplotype with an APL and an encephalogenic
peptide prevented the development of EAE [9]. Furthermore,
Myers et al. [10] showed that APL regulated the onset of CIA
in H-29 mice. Although their reports showed the protective
activity of APL, the therapeutic effects of APLs have been
hardly reported. Myers et al. [12] reported that administra-
tion of their APLs on day 28 after CII immunization
decreased the incidence rate of arthritis though they did not
show the score of arthritis of those mice. Zhao et al. [13]
demonstrated that collagen-induced arthritis in rat was sup-
pressed by oral administration of APLs after the onset of
arthritis. These observations support the notion that their
APLs might be a therapeutic strategy against arthritis. In the
present study, administration of APL-5 after the onset of
arthritis suppressed the development of CIA, indicating the
therapeutic effect of APL on CIA. In contrast, Myers’s study
[12] administered APLs to CIA mice at the onset of arthritis.
The experiments by Zhao et al. {13] were designed with oral
administration and done using rat model. The most important
message from this study is that APL-5 is common between
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CIA mice and patients with RA [8], indicating that clinical
trial can be hoped for in the near future.

Several studies have examined the role of Th17 cells in
CIA. Development of CIA was regulated in IL-17 knock-
out mice, suggesting that IL-17 plays a crucial role in
arthritis {14]. Severe clinical and histologic CIA was
induced in IFN-y receptor knockout mice {15], whereas
CIA was suppressed by the administration of anti-IFN-y
antibodies [16]. Therefore, the role of IFN-y in the devel-
opment of CIA is controversial. Our studies showed that
APL-5 inhibited Cll-reactive IL-17 production in vivo,
suggesting the main contribution of IL-17 on the devel-
opment of CIA.

Our experiments in vivo showed the possibility that each
APL had different effect on T cell subset. APL-5 preferen-
tially suppressed IL-17 but not IFN-y; on the other hand,
APL-6 suppressed IFN-y but not IL-17. Although the precise
mechanism is not clarified, these findings suggest that minor
variations of the peptide may affect the peptide-binding
affinity, or minor change of the physicochemical properties
of amino acid residues may involve TCR binding activity.

In conclusion, the present study showed that adminis-
tration of APL-5 suppressed the development of CIA in
mice. CII APL is a potentially suitable therapeutic strategy
for the control of RA.
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