a HiSpeed Plasmid Midi kit (Qiagen, Valencia, CA, USA).
Jurkat cells (5 x 105), grown as described above, were trans-
fected with 2.5 pg of the constructs and 0.5 ug of the
pRL-TK vector (an internal control for transfection efficiency)
using the Lipofectamin2000 transfection reagent (Invitrogen,
Carlsbad, CA, USA). After 24 h, the cells were collected
and luciferase activity was measured using a Dual-Luciferase
Reporter Assay system (Promega) and an Ultra Sensitive Tube
Luminometer, Lumat LB 9507 (Berthold Technologies, Bad
Wildbad, Germany). Each experiment was independently
repeated three times and sextuplicate samples were assayed
each time.

Statistical analysis

We used x> contingency table tests to evaluate the significance
of differences in allele frequency in the case—control subjects.
We defined haplotype blocks using the Solid spine of LD defi-
nition of the Haploview v4.0. We performed a Mantel—
Haenszel analysis to calculate the pooled P-value and odds
ratio of two independent association studies. We calculated
the power of each cohort for testing association by Quanto Soft-
ware (http://hydra.usc.edu/gxe/). To adjust for the confounding
effects such as gender, we performed a logistic regression
analysis using the STATISTICA software (StatSoft). We calcu-
lated PARP using the following formula; PARP = f (OR-1)/
(1 + 7 (OR-1)) x 100, where f is the allele frequency in the
control subjects and OR is the odds ratio. PARP is defined as
the reduction of disease incidence that would be achieved if
the population had been entirely unexposed. Luciferase assay
data were analyzed by Student’s r-test.
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The future of lupus therapy modulating autoantigen recognition
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The mainstay of the current treatment for systemic lupus erythematosus consists of steroids
and immunosuppressants. However, these non-specific immunosuppressive therapies can
cause infection and other serious adverse events. The regulation of the autoantigen-specific
immune response is a promising therapeutic approach with maximal efficacy and minimal
adverse effects. T cells are essential components of antigen-specificity in the immune system.
At present, we do not have a sufficient strategy for manipulating the responses of antigen-
specific T cells. In this review, we describe the efficacy of two therapeutic approaches involving
the modulation of autoantigen recognition by T cells in lupus model mice: (1) therapy involv-
ing engineered autoantigen-specific regulatory T cells generated by the gene transfer of
autoantigen-specific TCR genes and appropriate regulatory genes into self lymphocytes;
(2) therapy involving selective depletion of autoantigen presenting phagocytes. These selec-
tive immunosuppressive approaches could be useful strategies for the treatment of systemic
lupus erythematosus. Lupus (2010) 19, 1474-1481.

Key words: antigen-specific T cells; autoantigen presentation; gene transfer; phagocytes;
systemic lupus erythematosus; T-cell receptor

Introduction

Systemic lupus erythematosus (SLE) is one of the
most common autoimmune diseases mainly affect-
ing females of all ages. The survival of patients with
SLE has improved significantly over the past 50
years,' but such patients still have an increased
mortality compared with the general population.
The current treatments for SLE rely mainly on
the use of corticosteroids and immunosuppressive
drugs. However, these non-specific immunosup-
pressive therapies can cause infections and other
serious adverse effects.

Anti-TNF-a therapy is very successful in the
treatment of rheumatoid arthritis. In SLE, some
investigators have reported that IFN-o significantly
contributes to the pathogenesis of SLE by promot-
ing dendritic cell (DC) maturation and plasma cell
differentiation.? Therapy with IFN-a in neoplastic
disease and viral infections induces autoantibody
formation in 4-19% of patients, and SLE symptoms
have been reported in 0.2-0.7% of them.* About
two-thirds of SLE patients exhibit a so-called
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‘IFN signature’, that is, [FN-induced gene expres-
sion that correlates with disease act1v1ty, together
with renal and CNS involvement.* A clinical trial
of MEDI-545, a fully human mAb for IFN-a, began
in 2007. The efficacy of anti-IFN-« therapy against
SLE remains to be determined.

B cells are also emerging as targets of therapy for
lupus. Although rituximab, a B-cell-depleting anti-
CD20 monoclonal antibody, has demonstrated
favorable results in several studies, two recent
trials failed.” The EXPLORER study could not
demonstrate that rituximab was superior to corti-
costeroids for the treatment of extra-renal SLE. In
the LUNAR study, patients were allocated to
receive placebo or rituximab added to mycopheno-
late mofetil and corticosteroids at study entry and
six months later. No significant difference was
found between the two groups in the rates of com-
plete or partial renal remission after 52 weeks of
treatment. LIP394 (Riquent™) was originally
designed as a B cell tolerogen, which cross-links
to the B cell receptor recognizing double-stranded
DNA (dsDNA) to specifically reduce anti-dsDNA
antibodyr levels. Unfortunately, the development of
Riquent™ ™ was recently stopped because it did not
prevent the recurrence of lupus nephritis in remis-
sion in a phase 111 study. These results remind us of
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the heterogeneity of the disease and the importance
of refining therapeutic strategy. In this regard, it is
valuable to develop selective immunotherapy at the
level of autoantigen recognition by T cells.

In autoimmune diseases, including SLE, many
researchers have extensively attempted to identify
the autoantigens recognized by autoreactive
T cells and autoantibodies. These investigations
are important not only for understanding the
pathogeneses of autoimmune diseases but also
for establishing antigen-specific immunotherapies.
As a result, several target antigens have already
been clarified in SLE. If we were able to prevent
autoantigen-specific T cells from becoming acti-
vated and expanding before they differentiate
into pathogenic T cells, we would be able (o effi-
ciently inhibit pathogenic responses. However, the
feasibility of this approach is not guaranteed
because most patients who require treatment
have full-blown SLE.

‘Epitope spreading’ is generally accepted as a
model of T-cell response in autoimmune diseases.®
Firstly, a single epitope on an antigen activates lim-
ited numbers of T cells. These T cells may be cross-
reactive to other epitopes on the same antigen or to
epitopes on other molecules. In the late phase of the
disease, the reactive epitopes spread, thereby acti-
vating T cells via the recognition of various epi-
topes on several different self-molecules.

Although this model may explain the autoim-
mune response induced by infection, it is not clear
whether epitope spreading continues throughout
the autoimmune process. The immune response to
multiple self-antigens partially depends on individ-
ual HLA genotypes, stochastic events, and
unknown factors. If epitope spreading is the only
mechanism involved in autoimmunity, it would
be difficult to predict the course of epitope spread-
ing and to develop effective antigen-specific
immunotherapies.

In this article, we propose that epitope spreading
does not explain all aspects of the T-cell-mediated
pathogenesis of autoimmune diseases and that
clonal restriction of T cells occurs in the late
phase of autoimmunity. Therefore, antigen-specific
immunotherapy would be appropriate for estab-
lished autoimmune diseases. T-cell receptor
(TCR) gene transfer is a possible strategy for con-
trolling SLE.

Also, antigen presentation to T cells is an impor-
tant process in autoimmunity. We recently found
that splemc phagocytes present autoantigens to
T cells in lupus-prone mice.®? The effect of phago-
cyte depletion in lupus-model mice will be discussed
later.

The future of lupus therapy modulating autoantigen recognition
A Okemoto et ai.

Evaluation of antigen-specific T cells
in autoimmune diseases

At first, we evaluated whether epitope spreading
occurs throughout the entire course of autoimmune
diseases. To investigate the behavior of antigen-
specific T cells that have expanded in vivo, we
focused on accumulated T-cell clones in inflamed
lesions. We previously established a method for
analyzing accumulated T-cell clones using RT-
PCR and single-strand conformation };olymor-
phism (SSCP) analysis of TCR signals.” In this
method, a heterogeneous T-cell population shows
a smear pattern representing amplified TCR mes-
sages on the non-denaturing polyacrylamide gel
due to their heterogenous nucleotide sequences.
Therefore, accumulations of particular T-cell
clones appear as bands (Figure 1).

Using the method, the same T-cell clones were
found to proliferate in dlfferent joints of a patient
with rheumatoid arthritis.”"'” These data suggested
that the immune responses in rheumatoid arthritis
are uniform throughout all arthritic lesions of the
patient. In addmon we analyzed HTLV-1 env-pX
transgenic mice,'' which exhibit spontaneous
arthritis similar to human rheumatoid arthritis.'*
In the early stage, T cells accumulated in the
joints but the T-cell clonotypes were different
among the lesions. In the middle stage, the accu-
mulations composed of several identical clones
were identified in different lesions. In the late
stage, the majority of the accumulated clones in
one lesion were observed in the other lesions, and
the number of dominant clones decreased. These
findings supported the assertion that autoimmune
responses are relatively uniform throughout the
course of autoimmune diseases.

We also analyzed T-cell clonality in various
organs from iupus prone mice using RT-PCR and
SSCP analysis."* In young mice, no identical T-cell
clones accumulated in the different organs. In
nephritic mice, several identical CD4™" T-cell clono-
types were expanded and accumulated in different
organs (the bilateral kidneys, brain, lung, and intes-
tine). The TCR VP usage of these clonotypes was
restricted, and some amino acid motifs were con-
served in CDR3 loops. FACS-sorted CD4"CD69 "
cells from the kidney displayed clonotypes identical
to those obtained from other organs in the same
nephritic mouse. These findings suggest that acti-
vated and clonally expanded CD4™ T cells accumu-
late in multiple organs of full-blown lupus mice.
These clonotypes might recognize restricted T-cell
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Figure 1  Single-strand conformation polymorphism analysis of T cell receptor (TCR) messenger signals. The products of a reverse
transcriptase-polymerase chain reaction of TCR transcripts are heat-denatured into a single strand and then analyzed on non-
denaturing polyacrylamide gel. The mobility of each strand reflects its conformation and reveals T cell clonality.”

epitopes on autoantigens and contribute to the
pathogenesis of lupus.

Based on these observations, we speculate that
epitope spreading does not necessarily occur in the
late phase of autoimmune disorders. Instead,
T cells reactive to certain self-antigens might be
sustained, with clonal restriction of T cells continu-
ing to occur throughout the course of autoimmune
disease. A similar T-cell oligoclonality was reported
as a ‘driver clone’ in experimental autoimmune
encephalomyelitis.'*!* In patients with polymyosi-
tis, several T-cell clones persisted for a number of
years in blood T lymphocytes and consecutive
muscle biopsy specimens.'® From patients who
had suffered with type 1 diabetes for a long
period, oligoclonally expanded insulin-reactive
T cells were found in pancreatic draining lymph
nodes.'” In addition, avidity maturation of a path-
ogenic T-cell population may play a role in the pro-
gression from beni%n inflammation to overt
autoimmune disease.'

Lupus

A recent study revealed that T-cell responses
were dominated by a few clonotypes expressing a
restricted set of TCR in immune responses to for-
eign antigens.'® This clonal selection and domi-
nance may depend on the competitive advantages
of higher receptor affinity, the duration of the
TCR-pMHC interaction, and the affinity thresh-
0ld.?® Also in response to viral infection, clonal
T-cell ‘immunodomination’ was observed in
CDS8™ T cells, probably due to proliferation advan-
tages, differences in TCR affinity, and co-signal
requirements.2l Therefore, the clonal restriction of
T cells is regarded as a universal T-cell response.

TCR gene transfer for controlling
autoimmune diseases

From the analyses of antigen-specific T-cell clonal-
ity described above, we believe that antigen-specific
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Figure 2 Gene therapy for murine lupus with autoantigen-specific regulatory T cells. Nucleosome-specific CTLA4Ig-producing
T cells were retrovirally engineered and transferred into lupus-prone NZB/W F; mice. These regulatory cells prevented disease

progression without generalized immunosuppression.

immunotherapy targeting T cells would be suitable
for treating autoimmune diseases. In this context,
we investigated whether autoantigen-specific regu-
latory T cells engineered by gene transfer are able
to suppress lupus-like disease in NZB/W F, mice.®
Anti-DNA antibody is believed to be a major path-
ogenic autoantibody for murine and human lupus
nephritis. Datta and others have reported that
nucleosomes are major immunogens in SLE.**%
Since a nucleosome consists of double stranded
DNA (ds-DNA) and histones, nucleosome-reactive
T cells may have the capacity to stimulate DNA-
specific B cells to secrete anti-DNA antibody as a
hapten-carrier model. We therefore attempted to
generate nucleosome-specific T cells possessing an
immunosuppressive function. A pair of nucleo-
some-specific TCR (AN3) recognizes the immuno-
dominant nucleosomal epitope Hd;94 in the
context of 1-AY. H4,,4, was also reported to be
recognized by CD4" T cells from patients with
lupus and has multiple HLA-DR binding
motifs.”* Retrovirally transduced AN3 was found
to have specificity for nucleosomes on splenic
CD4" T cells. CTLA4Ig was co-transduced with
AN3 to investigate nucleosome-specific T cells
with regulatory function (Figure 2).
Approximately 10% of all CD4-positive cells
expressed all three genes. These TCR and
CTLAA4Ig-transduced cells blocked the prolifera-
tion of polyclonal T cells. When these cells were
co-cultured with DC, they secreted more
CTLA4Ig than the mock and CTLA4Ig-transduced
cells. To assess their therapeutic effect, a million
TCR and CTLA4Ig-transduced cells were
transferred into 10-week-old NZB/W F, mice.

These mice were referred to as TCR-CTLA4Ig-
treated mice. By week 22, all of the control mice
that had received PBS, mock-transduced cells,
TCR-transduced cells, or mock and CTLA4Ig-
transduced cells started to develop nephritis with
persistent severe proteinuria. In contrast, none of
the TCR-CTLA4Ig-treated mice showed severe
proteinuria by 30 weeks of age. The kidneys from
the control mice displayed severe glomerulonephri-
tis with membrano-proliferation, glomerular scle-
rosis, and tubular casts. The TCR-CTLA4Ig-
treated mice demonstrated mild glomerular disease
with reduced deposition of IgG and complement.
The levels of anti-dsDNA and anti-histone antibo-
dies were reduced at 22 weeks of age in the TCR-
CTLAA4Ig-treated mice, and the TCR-CTLA4Ig-
treated mice, but not other experimental groups,
had low but detectable levels of serum CTLA4Ig.
The T-cell-dependent humoral response to active
immunization of OVA was also equivalent between
the control and TCR-CTLA4lg-treated mice.
These results suggested that autoantigen-specific
regulatory cells efficiently deliver CTLA4Ig to the
site where autoimmune responses are mediated by
T cells. Local delivery of regulatory molecules
would increase the therapeutic effects of treatment
and minimize the possible systemic side effects. In
this regard, antigen-specific T cells are suitable
vehicles for targeted immunotherapies.

Regulatory T (Treg) cells are potent suppressors
of excessive immune responses. Mice depleted of
CD4"CD25" Treg cells developed autoimmune
disease, and some of them produced anti-dsDNA
Ab.”> CD4"CD25" T cells develop in the thymus
or the periphery, and their role is to maintain the
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homeostatic balance of immunity and tolerance.’®
Thus, investigators are now trying to expand them
for the treatment of autoimmune diseases. Several
groups have reported that patients with SLE have
fewer Treg cells than healthy individuals and that
these Treg cells are more susceptible to Fas-
mediated apoptosis.”’” Moreover, Treg cells from
active SLE patients may have a functional
defect.”® Therefore, Treg cell therapy could be a
rational approach for the treatment of lupus.
However, adoptive transfer of heterogeneous Treg
cells did not fully suppress diabetes in NOD
mice.?> 3! It appears that regulatory T-cell function
depends on the appropriate phenotype and autoan-
tigen specificity. Therefore, a method is required for
expandig§ Treg cells in an antigen-specific
manner.”

Gene transfer approaches using antigen-specific
TCR and intracellular suppressive molecules are
able to generate antigen-specific regulatory T
cells. Recently, we succeeded in performing gene
therapy for collagen induced arthritis (CIA) using
Foxp3-expressing T cells, which accumulated in the
arthritic paw.>? Several pairs of full-length cDNA
encoding TCRs were cloned from each single cell.
These TCR pairs were found to be identical to
major accumulated clones in the inflamed joints
of DBA/1 mice. Some of these TCR pairs were
reactive to self-antigen presenting cells. One of the
TCR pairs, B47, was selected for CIA treatment.
B47-transduced CD4" T cells accumulated and
proliferated in the arthritic joints. Paw-directed reg-
ulatory T cells were generated by retroviral gene
transfer of B47 and Foxp3. Adoptive transfer of
B47 and Foxp3-transduced cells significantly sup-
pressed the development of arthritis accompanied
by decreases in inflammatory cytokine gene
expression and bone destruction. In contrast, adop-
tive transfer of Foxp3 alone-transduced cells only
marginally suppressed arthritis. However, T cells
co-transduced with the B47 and Foxp3 genes sup-
pressed the progression of established CIA.
Autoantigen specificity is important for the migra-
tion and expansion of regulatory T cells.*'*** TCR
and Foxp3 gene transfer is a suitable approach to
obtain antigen-specific regulatory T cells.

A clinical evaluation of retroviral TCR gene
transfer was reported in the treatment of human
metastatic melanoma. Adoptive transfer of T cells
transduced with melanoma antigen-specific TCR
resulted in the regression of metastatic melanoma
lesions.™ This result showed the fundamental effi-
cacy and safety of TCR gene transfer in humans.
Therefore, TCR gene transfer has the potential to
treat patients with SLE.

Lupus

Immunotherapy by suppression of
autoantigen-presentation to T cells

In human and murine SLE, intrinsic abnormalities
in antigen-presenting cells (APCs) have been
reported. APCs play several important roles in the
immune system (e.g. clearance of antigens, cytokine
production, and antigen presentation to T cells). As
shown in MFG-E8~ mice® and Mer* mice,®
defective clearance of apoptotic cells by macro-
phages predisposes mice to lupus-like disease. In
contrast, CD14”" mice did not display autoimmu-
nity in spite of apoptotic cells accumulation.’’
Therefore, impaired clearance of apoptotic cells
may not simply lead to autoimmunity. Myeloid
DCs from lupus patients revealed an aberrant phe-
notype characterized by accelerated differentiation,
maturation, and secretion of proinflammatory cyto-
kines. Lupus DCs also promote allogeneic T-cell
proliferation and activation.’® Although autoanti-
gen presentation to T cells is crucial for the devel-
opment of lupus, the precise mode of autoantigen
presentation by APCs is poorly understood.

We previously found that reconstituted nucleosome-
specific T cells proliferated significantly in the
spleens of prenephritic NZB/W F, mice, but not
in the thymus or lymph nodes.®’ Moreover, we
observed that splenic phagocytes, including F4/80%
macrophages, presented nucleosomes to T cells effi-
ciently in vitro. In contrast, B cells did not stimulate
nucleosome-specific T cells. Based on these results,
we depleted splenic phagocytes transiently with
CLMDP  (dichloromethylene diphosphonate)-
liposomes to selectively suppress autoimmunity
(Figure 3). Cl,MDP-liposomes are artificial lipid
vesicles that encapsulate CI,MDP solution as previ-
ously described.*” Splenic macrophages are depleted
dominantly by i.v. administration of Cl,MDP-lipo-
somes. Treatment with Cl,MDP-liposomes at 20
and 22 weeks of age suppressed autoantibody pro-
duction and proteinuria progression compared with
treatment with PBS-liposomes or without treat-
ment. The number of autoantibody-secreting cells
was decreased in the spleens of the Cl,MDP-lipo-
some-treated mice. However, the immune response
to peripheral immunization was preserved in
Cl,MDP-liposome-treated mice, consistent with its
marginal effects on phagocytes in the lymph node.

Our results suggest that splenic phagocytes,
including macrophages, are responsible for patho-
genic autoantigen presentation. Transient depletion
of splenic phagocytes efficiently suppresses autoan-
tigen presentation, autoantibody production, and
disease progression. We also observed that
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Figure 3 Proposed model for the mechanism of therapy involving transient depletion of autoantigen presenting phagocytes in
murine lupus. Splenic phagocytes were depleted by i.v. administration of Cl,MDP-liposomes. Depletion of splenic phagocytes
suppressed autoantigen presentation to T cells and prevented autoantibody production and disease progression without generalized

immunosuppression.

nucleosome-specific T cells were retained and acti-
vated in the splenic red pulp, where F4/80" macro-
phages are located. Initial activation of T cells in
the red pulp may be important for autoantigen
priming. We speculate that splenic phagocytes
ingest apoptotic debris in the circulation and pre-
sent nucleosomes specifically to T cells because
splenic macrophages play an important role in
trapping particulate antigens in the circulation,***!
Moreover, we found that the expression of MHC
class II was increased in NZB/W F4/80" macro-
phages. This phenomenon may be associated with
pathogenic autoantigen presentation of F4/80"
macrophages.

Recently, autoantigen presentation by human
splenic macrophages was reported in patients with
immune thrombocytopenic purpura. Splenic

macrophages that have ingested opsonized platelets
via FcgammaRI are major APCs for cryptic GPIIb/
I11a peptides, activate autoreactive CD4" T cells,
and contribute to the maintenance of anti-
platelet autoantibody production.*? This observa-
tion is consistent with our findings. Another group
found that peritoneal macrophages from lupus-
prone mice showed aberrant cytokine expression
following an encounter with apoptotic cells.*?
Such macrophages display increased adhesion
capacity and spread dendritic morphology.44
Autoantigen presentation by phagocytes should be
addressed further in association with inflammation,
antigen processing, and cell signaling. Our data
revealed an apparent paradoxical role of phagocytes
in lupus. Impaired clearance of apoptotic cells by
macrophages is considered to play a significant
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role in the development of autoimmunity.*>*¢ The
balance between the clearance of apoptotic cells and
autoantigen presentation by phagocytes should be
considered when developing targeted immunother-
apy for lupus.

Another notable observation in our experiment
was that the depletion of splenic phagocytes
was associated with a reduction in the number of
autoantigen-specific plasma cells. Splenic phagocyte
depletion may affect survival niches for autoantigen-
specific plasma cells directly or indirectly, because
plasmablasts and plasma cells migrate into the sple-
nic red pulp after antigen-specific differentia-
tion.*'*> Further analyses of the pathogenic roles
of phagocytes are required in SLE.

Conclusion

T cells are responsible for antigen specificity in
immune responses. They are heterogeneous in
nature because TCR genes are rearranged
in each cell to obtain a variety of antigenic speci-
ficities. We found that restricted T-cell clones in
the lymphocyte population were involved in anti-
gen-specific immune responses. Therefore, these
restricted clones should be the targets of antigen-
specific immunotherapy. TCR gene cloning using
information from TCR clonal analysis and recon-
stitution of TCR function by gene transfer would
be powerful methods for the analysis and manip-
ulation of antigen-specific T cells. Gene transfer of
autoantigen-specific TCR with a soluble or intra-
cellular regulatory molecule is a rational approach
for selective immunosuppression. On the other
hand, we found that transient depletion of splenic
phagocytes including F4/80" macrophages sup-
pressed autoantigen presentation and the develop-
ment of lupus. Although impaired clearance of
apoptotic cells is considered to lead to autoimmu-
nity, pathogenic autoantigen presentation by
phagocytes may significantly contribute to lupus
pathogenesis. In summary, both genetically engi-
neered autoantigen-specific regulatory T cells and
the suppression of autoantigen presentation by
phagocytes would be promising selective therapeu-
tic strategies for SLE.
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Discontinuation of infliximab after attaining low
disease activity in patients with rheumatoid arthritis:
RRR (remission induction by Remicade in RA) study

Y Tanaka," T Takeuchi,2 T Mimori,2 K Saito,' M Nawata,! H Kameda,* T Nojima,?
N Miyasaka,? T KoikeS; for the RRR study investigators

ABSTRACT

Background Tumour necrosis factor (TNF) inhibitors
enable tight control of disease activity in patients

with rheumatoid arthritis (RA). Discontinuation of TNF
inhibitors after acquisition of low disease activity (LDA) is
important for safety and economic reasons.

Objective To determine whether infliximab might be
discontinued after achievement of LDA in patients with
RA and to evaluate progression of articular destruction
during the discontinuation.

Methods 114 patients with RA who had received
infliximab treatment, and whose Disease Activity Score,
including a 28-joint count (DAS28) was <3.2 (LDA) for
24 weeks, were studied.

Results The mean disease duration of the 114 patients
was 5.9 years, mean DAS28 5.5 and mean modified
total Sharp score (mTSS) 63.3. After maintaining LDA
for >24 weeks by infliximab treatment, the drug was
discontinued and DAS28'in 102 patients was evaluated
at year 1. Fifty-six patients (55%) continued to have
DAS28<3.2 and 43% reached DAS<2.6 at 1 year

after discontinuing infliximab. For 46 patients remission
induction by Remicade in RA (RRR) failed: disease in 29
patients flared within 1 year and DAS28 was >3.2 at
year 11in 17 patients. Yearly progression of mTSS (ATSS)
remained <0.5 in 67% and 44% of the RRR-achieved and
RRR-failed groups, respectively. The estimated AmTSS
was 0.3 and 1.6 and Health Assessment Questionnaire-
Disability Index was 0.174 and 0.614 in the RRR-achieved
and RRR-failed groups, respectively, 1 year after the
discontinuation.

Conclusion After attaining LDA by infliximab, 56 (55%)
of the 102 patients with RA were able to discontinue
infliximab for >1 year without progression of radiological
articular destruction.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, systemic
inflammatory disease that causes significant mor-
bidity and mortality. The combined use of biolog-
ical agents targeting tumour necrosis factor (TNF)
and methotrexate (MTX) has produced significant
improvements in clinical, radiographic and func-
tional outcomes that were not previously seen and
has revolutionised the treatment goal of RA to clin-
ical remission, structural remission and functional
remission.’ The next goal should be remission
without the use of biological agents and subse-
quent drug-free remission. Although global evi-
dence of the efficacy and safety of TNF inhibitors
such as infliximab has accumulated, including the
ATTRACT study, ASPIRE study, our RECONFIRM
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studies and many others,>-1 there is no well-estab-
lished firm evidence for remission free from the use
of biological agents. i

The initial report of the potential for remission
without the use of biological agents in patients
with RA was reported by a British group (TNF20
study).!! The combination of infliximab and
MTX in patients with early RA who had fewer
than 12 months of symptoms provided tight con-
trol of the disease activity and a significant reduc-
tion in MRI evidence of synovitis and erosions
at 1 year. At 2 years, functional and quality of
life benefits were sustained, despite withdrawal
of infliximab treatment. On the other hand, the
Behandelstrategieén (BeSt) study was conducted
to observe clinical and radiological outcomes of
patients with early RA treated with initial inf-
liximab and MTX who discontinued infliximab
after achieving a sustained Disease Activity Score
(DAS) <2.4. Five years after receiving infliximab
and MTX as initial treatment for RA, 58% of
120 patients discontinued infliximab because
of a continuous DAS <2.4 and 19% of patients
have stopped all antirheumatic drugs and remain
in clinical remission, with minimal joint damage
progression. These findings indicate that treat-
ment using infliximab and MTX, guided by DAS,
is an effective and tight control to maintain low
disease activity (LDA) and may alter the course
of early RA.12-16

Discontinuation of TNF inhibitors after acquisi-
tion of LDA is important for reasons of safety and
economy. Forinstance, the problem of the incidence
of haematological malignancy owing to the long-
term use of TNF inhibitors remains unresolved.
In Japan a large majority of patients have to pay
30% of their medical costs and all wish to know
for how long biological agents must be continued,
but we have no answer. We successfully discontinued
infliximab after attaining DAS-guided remission for
>24 weeks,10 but evidence based on multicentré
studies is needed. Reports published to date on this
topic are confined to those from the BeSt study and
TNEF20 study involving only patients at an early
stage of RA.1-16 .

Thus, this multicentre study was undertaken
to seek the possibility of discontinuing inflix-
imab after attaining DAS-guided remission and
maintaining LDA without infliximab, in patients
with RA, including patients with long-established
disease, and to evaluate progression of articular
destruction and functional disabilities during the
discontinuation.

Ann Rheum Dis 2010;69:1286~1291. doi:10.1136/ard.2009.121491



PATIENTS AND METHODS
Patients
Data and information on patients with RA fulfilling the diag-
nostic criteria of the American College of Rheumatology were
collected from 26 centres of remission induction by Remicade in
RA (RRR) investigator groups in Japan."” Disease activity of indi-
vidual patients was assessed by Disease Activity Score, includ-
ing a 28-joint count (DAS28)-erythrocyte sedimentation rate
(ESR) or DAS28-C reactive protein (CRP) that was calculated
according to the authorised formula (http:/www.das-score.nl/,
accessed 15 February 2010).18 Since none of the patients, except
for one, achieved LDA measured by DAS28 despite MTX or a
combination of MTX and other disease-modifying antirheu-
matic drugs for at least 3 months, infliximab treatment (3 mg kg,
every 8 weeks) was administered in the investigators’ institu-
tions, according to the treatment guideline proposed by the
Japan College of Rheumatology.” Joint damage was assessed
by the van der Heijde-modified total Sharp score (mTSS)!? and
for 102 patients, x-ray images of the hands and feet at baseline,
RRR-study entry and 1 year after the study were available; these
were evaluable for 49 patients owing to loss of the radiographs
and/or low quality of the x-ray images.???! Two blinded expert
readers independently scored articular damage and progression
according to the mTSS scoring method. The difference between
the two readers’ scores for each patient’s radiographs was <1%
of the maximum mTSS score—that is, 448.72021 To confirm that
the x-ray results of the 49 patients represented the outcomes of
the whole group, we compared multiple background character-
istics and changes of each characteristic from baseline to RRR-
study entry between 49 patients with evaluable x-ray images
and 53 patients without them and no significant difference was
seen between the two groups.

After patients had achieved DAS28 (ESR)<3.2 (LDA) for >24
weeks, informed consent to discontinue infliximab was obtained
from 126 patients. Other criteria were that patients were con-

trolled with <5 mg/day of oral prednisolone (PSL) and were >18'

years old. Concomitant use of MTX was started in all patients,
and the dose of MTX was determined by each attending doctor.
Twelve patients dropped.out at the screening period, and 114
patients were enrolled in the study and discontinued infliximab
(fgure 1). The demographic indicators and baseline disease
characteristics of the 114 patients enrolled are summarised in
table 1.

Acquired informed consent

- Table 1

N=126
Dropped out during
screening period (N=12)
Enrolled in RRR
IFX di tinued

wa;:lsi::n e Withdrew from study
moved from area (N=2)
other reasons (N=10)

RRR achieved RRR failed
DAS28<3.2 at year 1 IFX was regstarted within 1 year,
IFX is still discontinued or DAS28>3.2 at year 1
N=56 N=46

Figure 1 Study design and profile. DAS28, Disease Activity Score,
including a 28-joint count; IFX, infliximab; RRR, remission induction by
Remiicade in rheumatoid arthritis.
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Demographic indicators and baseline disease characteristics

Enrolled patients RRR-achieved RRR-failed  p (probability
(N=114) (N=56) (N=46) >x%)
Women 87 (76%) 42 (75%) 38 (83%) 0.4691
Age (years) 51.4(20.0-73.0)  49.5%12.6 56.1%12.2  0.0053
Disease 5.9 (0.1-38.0) 48+59 1.8+7.7 0.0238
duration
- |years)
Tender joint 8.2x6.7 8.6x7.0 75+58  0.5798
count (0-28)
Swollen 9.0+7.2 10177 7.6+58  0.1674
joint count
(0-28)
PaGA 50.0+23.0 50.0+24.2 49.3+23.1  0.9520
(0-100 mm,
VAS)
CRP (mg/dl) 2.5+3.0 26=x+2.6 27+3.7 - 0.5531
ESR (mm/h) 46.2+26.9 43.1x24.2 54,1+30.1  0.1555
DAS28 (ESR) 5.5%1.2 55x1.4 5.6+1.1 0.9112
score '
DAS28 (CRP) 49+1.2 5.1%1.3 48+1.3  0.5486
© score
HAQ-DI 1.0+0.7 0.9+0.6 1.2+0.7 0.1112
mTSS* 63.3(1.0-314.0)  46.9+46.5 97.2+86.9  0.0207
RF (U/ml) 201.9+496.5 22575833  197.9+427.8 0.5190
(68.5%)
MTX (mg/week) %1£23 7.9x1.9 7.8£28  0.3232
PSL (mg/day) 2.5+3.4 (45.6%) 24+35 28+35 05223

Data are number of patients (%) for categorical data and the means for continuous data.
Statistical diff was d by non-p: ic Wilcoxon t test and p (probability
>x?) values are shown. Values in italic indicate a significant difference (p<0.05).

*Data supplied for 33 patients who achieved RRR and 16 patients for whom RRR failed.
CRP C-reactive protein; DAS28, Disease Activity Score, including a 28-joint count; :
ESR, erythrocyte sedimentation rate; HAQ-DI, Heaith Assessment Questionnaire-
Disability Index; mTSS, modified total Sharp score; MTX, methotrexate; PaGA, patient
global assessment of disease activity; PSL, prednisolone; RF, rheumatoid factor; RRR,
remission induction by Remicade in rheumatoid arthritis; VAS, visual analogue scale.

Procedures

Study protocol was a simple observation after discontinuation of
infliximab. The follow-up observation was monitored by symp-
tomns, signs and DAS28 (ESR) every 4-13 weeks for 2 years. The
dose of concomitant MTX was basically consistent, but tapering
of non-steroidal anti-inflammatory drugs and glucocorticoid was
allowed during the study period. The primary end points were
that after discontinuing infliximab, DAS28 remains <3.2 (LDA)
for 1 year and (B) yearly progression of mTSS remains <0.5 (struc-
tural remission) for 1 year. Secondary end points were DAS28
remains <2.6 (clinical remission) for 1 year, DAS28 remains <3.2
for 2 years, yearly progression of mTSS remains <0.5 for 2 years
and no rescue with infliximab for 1 or 2 years is needed, after
discontinuing infliximab. When a flare-up occurred in patients
after the discontinuation, restart of infliximab was allowed and
patients were categorised into the ‘RRR-failed’ group. For the
restart of infliximab, the same dose (3 mg/kg) and the same pre-
medication as used before the study entry were used.

Statistical analysis

Baseline characteristics of patients are summarised in table 1 using
the mean values for continuous variables. All multivariate analyses
were conducted using the variables gender, age, duration of dis-
ease, DAS28 (ESR) score, DAS28 (CRP) score, tender joint count
(0-28), swollen joint count (0-28), patient global assessment of dis-
ease activity (PaGA, 0~100 mm, visual analogue scale), ESR, CRE,
Health Assessment Questionnaire-Disability Index (HAQ-DI),
rheumatoid factor (RF), MTX dose and PSL dose at baseline.
Spearman correlation analyses were performed to evaluate the
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association betweenmultivariables at RRR-study entry and DAS28
at the primary end point (last observation carried forward) of 102
patients. Logistic regression analysis was carried out to estimate
DAS28 at the primary end point as dependent variables (probabil-
ity) by DAS28 at RRR entry as independent variables. A receiver
operating characteristic (ROC) curve was developed based on
the logistic analysis and the significant cut-off point was deter-
mined from the curve. For categorical response parameters, group
comparisons were made using a non-parametric Wilcoxon t test.
Statistical analyses were performed using JMP software version 7
(SAS Institute, Cary, North Carolina, USA). All reported p values
are two sided and p values <0.05 were considered significant.

RESULTS
Study end points
The demographic indicators and baseline characteristics of the
114 patients enrolled were as follows: mean age 51.4 years,
mean disease duration 5.9 years and mean mTSS 63.3, indicat-
ing that the population included patients with long-established
disease, and the mean DAS28 (ESR) score was 5.5, implying
that most patients had highly active disease (table 1). Figure 1
shows the study profile. After maintaining DAS28<3.2 (LDA)
for >24 weeks by infliximab treatment, infliximab was discon-
tinued in 114 patients. Twelve patients withdrew because they
moved from area (n=2) and for other reasons (n=10), and thus
DAS28 could be evaluated in 102 patients at year 1.

OF the 102 patients, 56 patients achieved the primary end
point having a DAS28<3.2 and remaining without infliximab for
1 year after the discontinuation (figure 2A). Thus, 55% of the

enrolled patients met the primary end point that LDA was main-
tained for 1 year after discontinuing infliximab. Furthermore,
44 patients (43%) reached DAS<2.6 after the discontinuation.
On the other hand, 29 patients flared within 1 year (mean dura-
tion was 6.4 months) after the discontinuationand in 17 patients
DAS28 was >3.2 at year 1 and thus RRR failed for 46 patients
(45%) at year 1. Re-treatment with infliximab in 32 patients
was effective and the majority of patients reached DAS28<3.2
within 24 weeks (figure 2B). Minimal adverse reactions at infu-
sion of the agent were seen in five patients only at the first or
second infusion.

To clarify the background factors related to the RRR-
achievement, multiple clinical parameters at baseline were com-
pared between patients for whom RRR was achieved and those
for whom it failed. Patients for whom RRR was achieved were
younger (49.5 vs 56.1), their disease duration was shorter (4.8
vs 7.8) and mTSS was lower (46.9 vs 97.2) than for those for
whom RRR failed. Among 56 patients who achieved RRR, 10
patients had early RA (disease duration <1.0 year) and eight
long-established disease (>10 years). Of 46 patients for whom
RRR failed, eight had early RA and 12 established disease. These
results imply that infliximab can be discontinued in patients
with long-established RA. In contrast, no significant difference
was seen in gender, DAS including DAS28, tender or swollen
joint count, ESR and CRE, HAQ-DI, RF and the dose of MTX
and PSL. Since these factors interact with one another, we analy-
sed the relationship between RRR-achievement and a series of
clinical parameters at baseline using multivariate analysis after
adjusting for confounding -variables. No significant relations
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Figure 2 Changes of Disease Activity Score, including a 28-joint count (DAS28) in patients with remission induction by Remicade in rheumatoid
 arthritis-achieved (RRR-achieved) and patients for whom RRR failed (RRR-failed). (A) Changes of Disease Activity Score, including a 28-joint count

(DAS28) at baseline when infiiximab (IFX) was administered, at RRR-study entry when infliximab was discontinued and at the primary end point at
week 52 after discontinuing IFX in 56 patients who were still satisfied with DAS28 (erythrocyte sedimentation rate (ESR)) <3.2 at week 52, RRR-
achieved'. (B) Changes of DAS28 at baseline, at RRR entry and the end point in 46 patients whose disease activity flared after the discontinuation of IFX
or DAS28 >3.2 at week 52, ‘RRR-failed’. The lower right panel shows changes of DAS28 after the restarting IFX in 32 patients for whom RRR failed.
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between RRR-achievement and age, gender, DAS28 (ESR) score,
PaGA and CRP were found, whereas a significant correlation
was found with disease duration (p=0.0019) and serum levels of
RF (p=0.0128) in RRR-achievement.

To determine the correlation of DAS28 at the primary end
point with clinical parameters at RRR-study entry, univariate
analysis of multiple variables was carried out. No significant cor-
relations between DAS28 (ESR) at the primary end point and a
series of clinical parameters were found, whereas DAS28 (ESR)
and DAS28 (CRP) at RRR-entry were significantly correlated
with DAS28 (ESR) at the primary end point. Subsequently, logis-
tic regression analysis to estimate the probability of DAS28<3.2
at the primary end point as dependent variable by DAS28 at
RRR-entry as independent variable was assessed. A significant
logistic regression curve was drawn between the dependent
and independent variables (p=0.0005) (figure 3A). Thus, DAS28
at RRR-study entry had the most marked correlation with the
maintenance of LDA for 1 year after the discontinuation. By
reciprocal statistics, DAS28 at RRR-study entry was estimated
as 2.22, to attain DAS28<3.2 at the end point in 50% of the
102 patients (figure 3A). Furthermore, 71.4% of patients whose
DAS28 at study entry was <2.225, a cut-off point calculated
from the ROC curve, continued to have DAS28<3.2 for 1 year,
whereas only 32.6% of patients whose DAS28 at RRR-entry
was 2.225-3.2 continued to have DAS28<3.2 (figure 3B), indi-
cating that ‘deep remission’ was required to maintain lower dis-
ease activity for 1 year after discontinuation of infliximab.

Structural and functional changes

From the 102 patients enrolled in the study, 49 patients were
selected in whom both hand and feet x-ray data were avail-
able and evaluable; experts examined the structural damage
before and dfter the infliximab treatment. When the baseline
characteristics of the 49 patients in the study were compared
with the rest of the patients in the study with insufficient x-ray
data (n=53), no significant difference was seen. Next, the base-
line characteristics of the 33 patients who achieved RRR and
16 patients for whom RRR failed were compared. As described
in table 1, disease duration was shorter and mTSS was lower

1.00

0.257

e
[=3
P=3

Probability of DAS28<3.2 at endpoint }-

DAS28 (ESR) at RRR-entry

in patients who achieved RRR than in patients for whom RRR
failed, but yearly progression of mTSS (AmTSS) was compa-
rable between two groups (table 2). AmTSS at RRR entry was
also comparable between two groups. However, means (0.3 vs
1.6) and medians (0.0 vs 1.5) of AmTSS were lower in the RRR-
achieved group than in the RRR-failed group and more patients
in the RRR-achieved group (67 %) achieved AmTSS<0.5, radio-
graphic remission, than patients in the RRR-failed group (44%).
Thus, another primary end point for structural remission was
achieved for 1 year after the discontinuation. Furthermore,
HAQ-DI at baseline and RRR entry was comparable between
patients for whom RRR was achieved and those for whom it
failed, whereas HAQ-DI at the primary end point in patients
who achieved RRR was significantly lower than that in patients
for whom RRR failed (0.174 vs 0.614) (figure 4).

DISCUSSION
This multicentre study was undertaken to determine the pos-
sibility of discontinuing infliximab treatment in patients with
RA after acquiring DAS-guided LDA, including those with long-
established disease. Among 102 patients who could be evaluated
at year 1, 56 patients (55%) satisfied the primary end point by
maintaining DAS28<3.2 (LDA) and 44 patients (43%) reached
- DAS<2.6 (remission), remaining without infliximab at year 1
after the discontinuation. Of the 102 patients, 83 (81.4%) were
in clinical remission at study entry and after discontinuing inflixi-
mab, 39/83 patients (47%) remained in remission and 10/83
patients (12%) progressed to LDA at the primary end point.
These data are similar to those of the BeSt study. However, the
greatest difference between the patient populations enrolled in
the two studies is mean disease duration—0.4 years in the BeSt
study versus 5.9 years in our RRR study.'?-16 Joint destruction also
differed between the two studies—mean mTSS 7.0 in the BeSt
study versus 63.3 in our RRR study—suggesting that discontinu-
ation of infliximab after reaching LDA is possible in patients with
early RA and also in patients with long-established disease.!®°
On the other hand, among multiple clinical parameters at base-
line, disease duration was statistically related to RRR-achievement
by multivariate analysis and disease duration was shorter (4.8 vs
7.8) and mTSS was lower (46.9 vs 97.2) in patients who achieved
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<2.225 >2.225
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Figure 3 Logistic analysis of probability of Disease Activity Score, including a 28-joint count (DAS28) was <3.2 at primary end point by DAS28 at
remission induction by Remicade in rheumatoid arthritis entry (RRR entry). (A) Logistic regression analysis to estimate DAS28 at primary end point
as dependent variables by DAS28 at RRR entry as independent variables. The y-axis shows the probability of DAS28 <3.2 at the primary end point
after the 52 weeks discontinuation of infliximab and a scatter diagram of an individual patient and logistic regression curve (solid line) are shown.

To attain DAS28 <3.2 at the end point in 50% of the 102 patients, DAS28 at RRR study entry was estimated by reciprocal statistics. (B) From the
receiver operating characteristic curve based on the logistic regression analysis above, the cut-off point of DAS28 at RRR-study entry was 2.225.
Subsequently, one-way analysis of DAS28 at the primary end point by DAS28 at study entry, <2.225 versus between 2.225 and 3.2, was performed
and the statistical difference of the two groups was sought by non-parametric Wilcoxon t test (***p<0.001). ESR, erythrocyte sedimentation rate.
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Tahle 2 Radiographic indicators and baseline disease characteristics

RRR-achieved RRR-failed p (probability
(N=33) (N=16) >x3)
Baseline
Disease duration 4.7 (0.5-14.0) 8.6 (0.5-25.0) 0.0280
(years)
DAS28 (ESR) score 5.5 (1.9-7.6) 5.7 (4.2-6.8) 0.6976
HAQ-DI 1.0 (0.0-2.3) 1.1 (0.0-1.8) 0.6271
mTSS 46.9 (1.0~216.5) 97.2 (6.0-314.0)  0.0207
Bone erosion score  23.7 (0.0-127.5) 555 (1.5-192.5) 0.01179
Joint space 23.2 (1.0-83.0) 416 (4.5-121.5)  0.0621
narrowing score
Yearly progression 13.1(0.8-51.3) 15.0 (1.0-47.8) 0.5794
of mTSS
RRR-entry
Yearly progression 1.0(-291010.5) 07(-20t06.7)  0.5788
of mTSS
Primary end point
Yearly progression 0.3(~3.6t08.5) 16(-3.6t07.0) 0.1087
of mTSS
Median of yearly 0.0 15 -
progression of
mTSS
Yearly progression 67 44 0.2161
of mTS$S <0.5 (%)

Data are number of patients (%) for categorical data and the means for continuous data.
Statistical difference was assessed by non-parametric Wilcoxon t test and p (probability
>x?) values were shown. Values in italic indicate a significant difference (p<0.05).
DAS28, Disease Activity Score based on assessments of 28 tender and 28 swollen
joints; ESR, erythrocyte sedimentation rate; HAQ-DI, Health Assessment Questionnaire-
Disability Index; mTSS, modified total Sharp score; RRR, remission induction by
Remicade in rheumatoid arthritis.

RRR than in those for whom RRR failed. These results imply
that remission free from biological agents can be more easily
obtained in patients with shorter disease duration than in those
with more established disease, but discontinuation of infliximab
is still possible even in patients with long-established RA, because
eight patients whose disease duration was >10 years successfully
remained without infliximab for 1 year.

Among 102 evaluated patients, disease in 29 patients flared
within 1 year, 17 patients had DAS28>3.2 at year 1 after discon-
tinuing infliximab and 32 patients had already been re-treated
with infliximab. One of the major concems of restarting inf-
liximab is the possibility of an infusion reaction after the long-
term discontinuation, partly owing to human anti-chimeric

antibodies.?? However, minimal adverse reactions at infusion of
the agent were seen only in five patients at the first or second
infusion. Another concem is the progress of joint damage after
discontinuation of infliximab. However, although the yearly
progression of mTSS at RRR-study entry was also comparable
between two groups, means (0.3 vs 1.6) and medians (0.0 vs 1.5)
of AmTSS were shorter in the RRR-achieved group than in the
RRR-failed group. Furthermore, at year 1 after the discontinu-
ation of infliximab, more patients in the RRR-achieved group
(67%) tended to satisfy AmTSS<0.5—that is, structural remis-
sion, than those in the RRR-failed group (44%) and HAQ-DI in
patients who achieved RRR was significantly lower than that
in patients for whom RRR failed (0.174 vs 0.614). These results
indicate that both structural remission and functional remission
were maintained for 1 year in patients with LDA even after dis-
continuing infliximab. .

This study also shows the significance of DAS-guided tight
control of RA in order to maintain remission free from biologi-
cal agents. There was a significant correlation between DAS28
(ESR) or DAS28 (CRP) at RRR entry and DAS28 (ESR) at year
1 after the discontinuation of infliximab by univariate analysis
of multiple variables and a logistic regression analysis. Thus,
DAS28 at RRR-study entry had the greatest correlation with
maintenance of LDA for 1 year after discontinuation. Also,
DAS28 at study entry was mainly influenced by PaGA and ESR
among the composite measures. By reciprocal statistics, the esti-
mated DAS28 (ESR) at RRR-~study entry was 2.22 (1.85-2.70),
to attain DAS28<3.2 at the primary end point in 50% of the
102 patients studied. Also, 71.4% of patients whose DAS28 at
study entry was <2.225, a cut-off point calculated from ROC
curve, remained DAS28<8.2 for 1 year, whereas only 32.6% of
patients whose DAS28 at RRR-entry was 2.225-3.2 remained
DAS28<3.2. These results indicate that ‘deep remission’ appears
to be required to maintain lower disease activity for 1 year after
discontinuation of infliximab.

About 55% of the 102 patients, who were inan LDA state for
>24 weeks with infliximab and MTX treatment, could discon-
tinue infliximab for >1 year without progression of radiological
articular destruction or functional disturbance. These data may
have significant implications for the optimal use of expensive
biological treatments: (4) re-treatment with infliximab is effi-
cient and tolerable in the patients for whom RRR failed; (5) DAS-
guided monitoring is valuable to keep tight control; (c) ‘deep

A Baseline B At RRR entry C At primary endpoint
3.0
*p<0.01
= 2.0 ) —
O’ -l ] "
é n II- =
N | ]
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n s 1 L B |
lll - el “‘1“ I I'
0.0 T.‘ L —n = -— ]
RRR-failed RRR-achieved RRR-failed RRR-achieved RRR-failed RRR-achieved
(n=17) (n=23) (n=20) (N=32) (n=11) (n=29)

Figure 4 Health Assessment Questionnaire-Disability Index (HAQ-DI) in patients for whom remission induction by Remicade in rheumatoid arthritis
failed (RRR-failed)’ and in patients for whom ‘RRR was achieved (RRR-achieved)' at (A) baseline, (B) RRR entry and (C) the primary end point. The
line in the box represents the median value and the upper and lower ends of the box indicate the 25th and 75th centiles of the population. Statistical

difference was assessed by non-parametric Wilcoxon t test.
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remission’ by tight control is required to maintain discontinua-
tion of infliximab; () remission free from biological agents may
be easier to attain in patients with early RA, but is possible for
patients with long-established disease; (¢) treatment aimed at
reaching a target of LDA is pivotal to the approach to remis-
sion free from biological agents. Finally, TNFa is not a cause
of RA, but if appropriate treatment with inflixiab can lead to
drug-free remission, TNF inhibitors may shut down pathologi-
cal processes and may change or modify the disease course in
RA. Thus, a clinical and basic research approach to the ‘process-

driven disease’ of RA is warranted.
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Mast Cell-Derived Tryptase Inhibits Apoptosis of Human
Rheumatoid Synovial Fibroblasts via Rho-Mediated Signaling

Norifumi Sawamukai,! Sonosuke Yukawa,? Kazuyoshi Saito,” Shingo Nakayamada,”
Taku Kambayashi,® and Yoshiya Tanaka®

Objective. An abundance of mast cells are found
in the synovium of patients with rheumatoid arthritis
{RA). However, the role of mast cells in the pathogenesis
of RA remains unclear. This study was undertaken to
elucidate a role for mast cells in RA by investigating the
antiapoptotic effects of tryptase, a major product of
mast cells, on RA synovial fibroblasts (RASFs).

Methods. RA synovial tissue was obtained from
RA patients during joint replacement surgery, and
histologic changes in the tissue were examined. The
expression of cell surface molecules and apoptotic
markers on RASFs were detected by flow cytometry. Rho
activation was determined using a pull-down assay.

Results. Mast cells, bearing both c¢-Kit and
tryptase, accumnlated in the sublining area of prolifer-
ating synovial tissue from RA patients. Protease-
activated receptor 2 (PAR-2), a receptor for tryptase,
was expressed on RASFs in the lining area, close to
tryptase-positive wmast cells in the RA synovium. Fas-
mediated apoptosis of RASFs was significantly inhib-
ited, in a dose-dependent manner, by the addition of
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tryptase, and this effect correlated with increased acti-
vation of Rho kinase. Furthermore, Y27632, a Rho
kinase inhibitor, reduced the antiapoptotic effect of
tryptase on RASFs, suggesting that Rho was responsible
for the antiapoptotic effects of tryptase.

Conclusion. These results demonstrate that
tryptase has a strong antiapoptotic effect on RASFs
through the activation of Rho. Thus, we propose that the
release of tryptase by mast cells leads to the binding of
tryptase to PAR-2 on RASFs and inhibits the apoptosis
of RASFs via the activation of Rho. Such mechanisms
could play a pivetal role in the marked proliferation of
RASFs and hyperplasia of synovial tissue seen in RA
synovium. :

Rheumatoid arthritis (RA) is an inflammatory
disease that is characterized by persistent joint inflam-
mation, eventually leading to destruction of the joints,
which results in significant impairment of daily activity.
In addition to decreased mobility, joint destruction
causes tenderness and pain, and the quality of life and
life expectancy of RA patients is drastically reduced
compared with that of healthy subjects (1). The recent
emergence of biologic drugs that target inflammatory
cytokines, including tumor necrosis factor a (TNFe), has
greatly improved the treatment of RA. Despite such
advances, the RA remission rate still remains low, at
only 30-40%. Thus, further understanding of the patho-
genesis of RA in order to yield new perspectives on RA
treatment is necessary in those cases in which the
current therapeutic strategy is insufficient.

In the joints of RA patients, a proliferating mass
in the synovium, known as pannus, covers the RA joint
cartilage and contributes to joint erosion and fibrous
ankylosis. Pannus consists of granulation tissue and
proliferating synovial fibroblasts (SFs), accompanied by
neoangiogenesis and inflammatory cell infiltrates (2). A
main contributor to joint destruction is the RASF, which

— 229 —



ANTIAPOPTOTIC EFFECTS OF MAST CELL TRYPTASE ON RA

multiplies in the same manner as neoplastic cells and
infiltrates into cartilage and bone, resulting in tissue
destruction. However, it is puzzling that RASFs prolif-
erate excessively in vivo despite a high level of expres-
sion of Fas and sensitivity to Fas-mediated killing in
vitro (2,3). Thus, it is possible that RA joint cartilage
contains a mechanism for the suppression of apoptosis
of SFs, which leads to inappropriate SF hyperplasia.
We have previously reported that mast cells may
be an effective therapeutic target in the treatment of
chronic inflammation in RA (4). Such notions stem from
the observation that an abundance of mast cells is
present in the synovial tissue of RA patients compared
with those with other joint diseases (5). Mast cells

appear to contribute to RA pathology in mouse studies,

as was shown in a mouse mode! of autoantibody-induced
arthritis in which mast cell-deficient mice exhibited
attenuated joint inflammation (6). Moreover, mast cells
produce cytokines that are of great relevance in RA,
including TNFa and interleukin-1 (7). Thus, although
the specific details remain unclear (8), it is conceivable
that mast cells also play an important role in the
pathogenesis of human RA.

In the present study, we hypothesized that mast
cells may contribute to the pathogenesis of RA by
inhibiting the apoptosis of RASFs. The results demon-
strate that mast cells are found in close proximity to
RASFs in the synovium of RA patients. Furthermore,
RASFs express the receptor for mast cell tryptase,
known as protease-activated receptor 2 (PAR-2), and
are protected from Fas-mediated apoptosis by tryptase
in a Rho GTPase~dependent manner. We propose that
such mechanisms could play a pivotal role in the marked
proliferation of RASFs and hyperplasia seen in RA
synovium.

PATIENTS AND METHODS

Human studies. The study protocol was approved by
the Human Ethics Review Committee of the University of
Occupational and Environmental Health in Japan. Signed
informed consent was obtained from each subject involved in
this study.

Synovial tissue and culture of SFs. Synovial tissue was
obtained from 5 women (ages 47-60 years) with active RA,
whose disease had been diagnosed according to the criteria of
the American College of Rheumatology (formerly, the Amer-
ican Rheumatism Association) (9) and who had undergone
joint replacement surgery. All enrolled patients had >6 swol-
len joints, >3 tender joints, and an erythrocyte sedimentation
rate {Westergren) of >28 mm/hour.

Synovial tissue samples were dissected under sterile
conditions in phosphate buffered saline, and fibroblast-like

synovial cells were isolated and cultured. Briefly, the tissue
samples were minced into small pieces and digested with
collagenase (Sigma-Aldrich, Tokyo, Japan) in serum-free Dul-
becco’s modified Eagle’s medium (DMEM; Gibco BRL,
Grand Island, NY). The cells were filtered through a nylon
mesh, washed extensively, and suspended in DMEM supple-
mented with 10% fetal calf serum (FCS; Bio-Pro, Karlsruhe,
Germany) and streptomycin/penicillin (10 units/ml; Sigma-
Aldrich). Finally, isolated cells were seeded in tissue culture
flasks (Falcon, Lincoln Park, NJ}, and nonadherent cells were
removed, The medium was changed biweekly, and the cells
were used after 5 passages. .

The resulting synovial cells were spindle-shaped and
grew in a cobblestone pattern. Flow cytometric analysis of
these cells indicated that they lacked macrophage markers,
such as class IT major histocompatibility complex, CD14, and
CD11b (resuits not shown). Thus, the RA synovial cells
obtained appeared to represent type B synovial fibroblast-like
cells.

Reagents. Human B-tryptase was purchased from Pro-
mega (Madison, WI). The following monoclonal antibodies
(mAb) were used: fluorescein isothiocyanate—conjugated con-
trol mAb anti-Thyl.2 (Becton Dickinson, San Jose, CA) and
anti-human PAR-2 mAb (R&D Systems, Minneapolis, MN}).
A Rho activation kit containing glutathione S-transferase—
Rhotekin-Rho binding domain (GST-RBD) beads was pur-
chased from Cytoskeleton (Denver, CO).

Immunohistochemistry. Synovial tissue was stained as
previously described (10). Briefly, sections (6 pam) were fixed in
ice-cold acetone, and endogenous peroxidase was quenched
with 3% H,O,/methanol. Sections were incubated with block-
ing buffer and then with the SAM-11 mAb (Santa Cruz Bio-
technology, Santa Cruz, CA) at 4 pg/ml for 12 hours at 4°C.
SAM-11 is a previously characterized (11) highly specific
mAD to human PAR-2 that binds the membrane-bound part
of the receptor, in both cleaved and uncleaved states. Endog-
enous biotin was blocked using an avidin-biotin kit (Vector,
Peterborough, UK), and biotinylated secondary antibody (Auto-
gen Bioclear, Wiltshire, UK) was then applied, followed by the
addition of peroxidase-conjugated streptavidin, Antigen-antibody
complexes were visualized utilizing 3,3'-diaminobenzidine.
Sections were also probed with an antibody specific for mast
cell tryptase (Dako, Ely, UK).

Flow cytometry. Staining and flow cytometric analyses
of RASFs were performed using 2 FACScan (BD PharMingen,
San Diego, CA) and standard procedures as described else-
where (12). The RASFs (2 X 10° cells) were incubated with a
negative control antibody (mAb anti-Thyl.2; Becton Dickin-
son) or phycoerythrin-conjugated anti-PAR-2 mAb (Mouse-
Mono 344222; R&D Systems) in fluorescence-activated cell
sorting (FACS) medium consisting of Hanks’ balanced salt
solution (Nissui, Tokyo, Japan), 0.5% human serum albumin
(Yoshitomi, Osaka, Japan), and 0.2% NaN, (Sigma, St. Louis,
MO) for 30 minutes at 4°C. After washing the cells 3 times with
FACS medium, the fluorescence intensity was detected using a
FACScan.

Apoptosis assay. Apoptosis was evaluated by flow
cytometry utilizing annexin V binding (Annexin V-Fluorescein
Isothiocyanate Apoptosis Detection Kit I; Becton Dickinson).
Briefly, RASFs were cultured under starved conditions for
24 hours with 1% DMEM, and were then incubated with or
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Figure 1. Detection of mast cells and protease-activated receptor 2 (PAR-2)-expressing synovial fibroblasts in rheumatoid arthritis
(RA) synovial tissue. A-D, Synovial tissue specimens (surgically removed basal layer) from a patient with RA were stained with
hematoxylin and eosin (H&E) (A) or subjected to immunohistochemical staining using an anti-c-Kit antibody (B), antitryptase
antibody (C), or anti-PAR-2 antibody (D). E, In synovial tissue from the same patient, inmunohistochemical staining was performed
on serial sections using antitryptase antibody (left) and anti-PAR-2 antibody (right). Representative results from 1 of 5 RA patients

are shown.

without CH11 (1 pg/ml), tryptase (1-4 pg/ml), and Y27632
(0.1-10 pudf; Calbiochem, La Jolla, CA) for 12 hours in DMEM
containing 1% FCS. In some experiments, E11 fibroblasts
(immortalized RASF cell line [13]) were treated with CH11
(1 pg/ml) with or without tryptase (2 pg/ml) and/or nafamostat
mesylate (1 nM; Tocris Biosciences, Ellsville, MO) for 12 hours
in DMEM containing 10% FCS. Cells were then stained with
annexin V and propidium iodide (PI), according to the man-
ufacturer’s instructions, and analyzed using a FACScan flow
cytometer (Becton Dickinson). All PI-positive cells were con-
sidered dead. PI-negative and annexin V-positive cells were
considered early apoptotic cells, and the remaining double-
negative cells were considered viable.

Rho activation assay, Rho activation was determined
with the use of a pull-down assay with GST-RBD beads
(14,15). RASFs were stimulated with 0.1-2 pg/ml tryptase,
quickly washed with ice-cold Tris buffered saline, and lysed in
500 wl of lysis buffer (50 mM Tris, pH 7.5, 10 mM MgCl,, 0.5M
NaCl, 1% Triton X-100, 0.5% sodium deoxycholate, 0.1%
sodium dodecyl sulfate [SDS], 500 pg/ml tosyl arginine methyl
ester, and 10 pg/ml each of leupeptin and aprotinin). Cell
lysates were immediately centrifuged at 8,000 revolutions per
minute at 4°C for 5 minutes, and equal volumes of lysates were
incubated with 30 ug GST-RBD beads for 1 hour at 4°C. The
beads were washed twice with wash buffer (25 mM Tris, pH
7.5, 30 mM MgCl,, 40 mM NaCl), and bound Rho was eluted
by boiling each sample in Laemmli sample buffer. Eluted

samples from the beads and total cell lysate were then elec-
trophoresed on 12% SDS-polyacrylamide electrophoresis gels,
transferred to nitrocellulose, blocked with 5% nonfat milk, and
analyzed by Western blotting using a polyclonal anti-Rho
antibody.

Statistical analysis. Results are expressed as the
mean * SD. Differences in comparison with the control group
were examined for statistical significance by the Mann-
Whitney U test. P values less than 0.01 were considered
statistically significant.

RESULTS

Detection of mast cells in close proximity to
PAR-2-expressing SFs in RA synovial tissue. Synovial
tissue specimens were surgically removed from the joints
of patients with RA, and the samples were used to
investigate the localization of mast cells and SFs in the
synovial tissue. Histologic examination of the tissue by
hematoxylin and eosin staining revealed the presence of
pannus, represented by detection of SFs, inflammatory
cell infiltrates, and finer vessels (Figure 1A). Moreover,
immunohistochemical staining of the tissue samples
demonstrated numerous c-Kit-positive cells (Figure 1B)
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Figure 2. Expression of protease-activated receptor 2 (PAR-2) by
isolated rheumatoid arthritis synovial fibroblasts (RASFs) from the
synovial tissue of 5 patients with RA. RASFs were labeled with an
antibody against PAR-2, in comparison with an isotype control, and
the fluorescence intensity in 5 separate RA patient samples was
measured by flow cytometry.

and tryptase-positive cells (Figure 1C), which are char-
acteristic of mast cells, in the pannus and sublining area.
This suggested that large numbers of mast cells are
present in hyperplastic synovial tissue.

Since we hypothesized that tryptase, a mast cell-
specific protease, may be involved in the pathogenesis of
RA, we next determined which cells could respond to
tryptase, by examining the expression of PAR-2, the
receptor for tryptase. PAR-2 was expressed in spindle-
shaped cells, most likely representing RASFs, which
were present in the lining area (Figure 1D). Notably, in
serial sections, PAR-2-expressing cells were found in
close proximity to the area in which tryptase was ex-
pressed (Figure 1E). Similar results were obtained in
synovial tissue samples from 5 other patients with RA
(results not shown).

To verify that PAR-2 is expressed on RA fibro-
blasts, SFs were isolated from the RA synovial tissue
samples and PAR-2 expression was detected with the
use of flow cytometry. Consistent with the findings on
immunohistochemical analysis, flow cytometry revealed
the expression of PAR-2 on isolated RASFs obtained
from 5 separate RA patients (Figure 2), thus confirming
that PAR-2 is expressed on RASFs.

Inhibition of anti-Fas amtibody-induced cell
death by tryptase in RASFs. We previously reported
that RASFs express Fas and are susceptible to Fas-
induced cell death (3). Nevertheless, in the synovial
tissue of RA patients, RASFs proliferate, rather than
undergo apoptosis, suggesting that there might be a
mechanism that prevents RASFs from undergoing apo-
ptosis in situ. Given that mast cells lie in close proximity
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to RASFs and that RASFs express PAR-2, we ques-
tioned whether a mast cell-specific PAR-2 activator
such as tryptase would suppress apoptosis induction in
RASFs. To test this notion, RASFs were treated with or
without anti-Fas antibody (CH11) in the presence or
absence of tryptase, under starved conditions. As ex-
pected, cell death was morphologically apparent and
increased 12 hours after incubation with CHI1I1, as
compared with that in cultures with untreated cells
(Figure 3). In contrast, the addition of tryptase signifi-
cantly inhibited such morphologic changes in the RASFs
(Figure 3).

To enumerate the proportion of live cells remain-
ing in each well, the cells were removed from the wells
with the use of trypsin, and live cells were counted using
trypan blue exclusion. Compared with untreated cells, a
significant decrease in the proportion of live cells was
found in cells treated with CH11, which was reversed by
the addition of tryptase (Figure 3). Of note, cell death
was also observed in ~50% of the untreated cells, which
was attributable to the starved culture conditions neces-
sary to make the cells more sensitive to CH11-induced
apoptosis.

To confirm the results obtained by trypan blue
exclusion, we next used a flow cytometric- approach
involving annexin V and PI staining to detect apoptotic
cells. The fraction of PI'"“annexin V™" cells (early
apoptotic) and PI"&"annexin V™" cells (late apoptotic)
increased after treatment of RASFs with CH11 (Figure
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Figure 3. Inhibition of anti-Fas antibody-mediated apoptosis of theu-
matoid arthritis synovial fibroblasts (RASFs) by tryptase. Top, RASFs
were left untreated (left) or treated with anti-Fas antibody in the
absence (middle) or presence (right) of tryptase. Cells were observed
using an inverted light microscope 12 hours after treatment (original
magnification X 400). Bottom, The total number of viable cells was
determined by counting the number of live cells on trypan blue
staining. Bars show the mean and SD percentage of live cells.
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