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Next stage of RA treatment: is TNF inhibitor-free
remission a possible treatment goal?

Yoshiya Tanaka

ABSTRACT

Biological agents targeting tumour necrosis factor {TNF)
have revolutionised the of i id arthritis

{RA) and clinical remission has become a realistic
treatment goal. Discontinuing anti-TNF therapy after
sustained remission has emerged as an important area of
investigation in theumatology from the risk-benefit point
of view, including health economic considerations.
However, there is little information as to whether
“biologic-free remission’ is possible after sustained

following intensi with TNF
inhibitors in RA. European studies such as BeSt and
OPTIMA in patients with early RA and Japanese studies
such as remission induction by remicade in patients with
RA and HONOR in patients with long-standing RA
encounlered during routine clinical practice have shown
that, after a reduction in disease activity to clinical
remission or low disease activity by infliximab or
adalimumab in combination with methotrexate, patients
can successfully remain in clinical remission without TNF
inhibitors with no radiological and functional damage
progression of articular d ion. Experi | findings
in TNF-deficient mouse models suggest that TNF
inhibitors may change the disease process of RA and
bring about the potential of immunological remission,
raising the possibility of a ‘treatment holiday” of TNF
inhibitors after intensive treatment.

INTRODUCTION

Rheumatoid arthritis (RA) is a systemic inflamma-
tory disease that causes significant morbidity and
mortality.*~ It is recommended that the treatment
of RA is initiated with monotherapy or a combin-
ation of disease-modifying antitheumatic drugs
(DMARDs).>® Patients with active RA, however,
are often resistant to DMARD therapy, especially in
the context of structural progression. Thus, bio-
logical agents targeting proinflammatory cytokines
such as tumour necrosis factor (TNF), which plays
a pivotal role in the pathological processes of RA
leading to joint destruction, have been developed.
The combined use of biological agents targeting
TNF and methotrexate (MTX) has revolutionised
the treatment of RA, producing significant im-
provements in clinical, structural and functional
outcomes that were not previously observed.
Accordingly, the concept of treating RA to target by
employing a composite measure of disease activity
is generally being accepted worldwide® Clinical
remission is perceived as an appropriate and realistic
primary goal in many patients while, in those with
long-standing RA, low disease activity is the aim.

After the induction of clinical remission by com-
bination therapy with TNF inhibitors and MTX, it
has to be maintained as described in No. 8 of the
‘Treat-to-Target’, which leads to structural remis-
sion and functional remission.’ Caution is needed
‘when deciding to reduce or discontinue treatment
with synthetic DMARDs because stopping
DMARDs in remission was followed by twice
as many fare-ups, difficulties in reintroducing
remission and a halt in damage, whereas similar
studies are not available for the biological agents
However, because of the economic burden asso-
ciated with expensive biological products and the
fong-term safety by inhibiting a particular cyto-
kine, the possibility of discontinuation of bio-
logical products after the maintenance of remission
needs to considered. Thus, treatment strategies
with TNF ichibitors targeting induction and/or
maintenance of clinical remission can potentially
lead to subsequent discontinuation of the TNF
inhibitors. However, there is no well-established
firm evidence that remission can be sustained even
if a biological agent is discontinued (ie, ‘biologic-
free remission’). In this paper we discuss whether
the discontinuation of TNF inhibitors such as
adalimumab and infliximab is possible in patients
with RA after achieving low disease activity or
clinical remission during a certain period with
TNF inhibitors.

IS DISCONTINUATION OF ADALIMUMAB
POSSIBLE AFTER SUSTAINED REMISSION?
Clinical remission has recently become an achiev-
able goal by the combination therapy of TNF inhi-
bitors and MTX in many patients, and appropriate
induction of remission is a prerequisite to halt
joint damage and functional disabilities, which
revealed improved outcomes with strategic thera-
peutic approaches.™® If a patient is in persistent
remission after tapering of glucocorticoids, one can
consider tapering TNF inhibitors, especially if this
treatment is combined with DMARDs. However,
there is little information about the characteristics
of patients with long-standing RA in whom adali-
mumab can be successfully discontinued.

We have carried out a study (Humira discontinu-
ation without functional and radiographic damage
progressiON  follOwing  sustained Remission,
HONOR) to investigate whether adalimumab-free
remission is maintained after discontinuation of
adalimumab in Japanese patients with established
RA in sustained remission obtained with adalimu-
mab plus MTX.? In this study, sustained remission
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was defined as a persistent Disease Activity Score 28
(DAS28)-erythrocyte sedimentation rate (ESR) of <26 for at
least 6 months. Informed consent was obtained from patients
aged >18years who had attained sustained remission with
adalimumab plus MTX to discontinue adalimumab and those
followed up for >6 months were evaluated. The primary end-
point was the proportion of patients who maintained sustained
remission for at least another 6 months after discontinuation,
DAS28, simplified disease activity index (SDAI), clinical DAJ,
health assessment questionnaire-disability index (HAQ-DI) and
yearly progression of the modified total Sharp score (AmTSS)
were assessed before and after discontinuation of adalimumab.
To predict retaining adalimumab even after withdrawing it, a
logistic regression and receiver-operating characteristic analysis
were conducted on clinical variables and cut-off values at dis-
continuation were determined.

Of the 197 patients who started adalimumab treatment
between July 2008 and April 2011 in our department, 69 (35.0%)
met the criteria for sustained remission and 51 consented to enter
the study. The mean age of the 51 patients was 59.5 years and
mean disease duration was 7.1 years, indicating that the popula-
tion included patients with long-established disease. The mean
DAS28-ESR score was 5.1, implying that most patients bad active
disease despite MTX. Furthermore, because the mean AmTSS
was 11.5, the addition of TNF inhibitors to MTX was needed to
control joint destruction as well as disease activity. Fifty-eight
percent of the evaluable 50 patients maintained adalimumab-free
remission at 6months. DAS28-ESR at discontinuation was
found significantly to predict the retention of remission with a
cut-off value of 2.16. Most patients (94.9%) showed no evidence
of radiographic progression (AmTSS <0.5) at 1 year. Moreover,
HAQ-DI observed at the time of adalimumab discontinuation
was almost preserved at 6 months. Therefore, although the
sample size is limited, the results of the HONOR study indi-
cated that, after reaching remission with adalimumab plus
MTX, most patients could discontinue adalimumab for more
than 6 months without disease flare, functional impairment and
radiographic damage progression. Also, deep remission at discon-
tinuation was associated with successful biologic-free remission.

Recently, a multinational double-blind randomised controlled
study was performed to determine the optimal protocol for
treatment initiation with adalimumab plus MTX in patients
with early RA (OPTIMA).® Outcomes of withdrawal or con-
tinuation of adalimumab were assessed in patients who
achieved a stable low disease activity target after 26 weeks of
initially assigned treatment with adalimumab and MTX. Of
the 466 patients with RA treated with adalimumab plus MTX,
207 (44%) achieved stable low disease activity and were
re-randomised to placebo or adalimumab plus MTX. At week
78, 86% and 66% of patients treated with adalimumab plus
MTX and placebo plus MTX, respectively, achieved DAS28
remission (<2.6). SDAI remission and AmTSS remission wete
comparable for both groups.

Another trial conducted in Germany (HIT HARD) addressed
the question of whether early induction therapy with a subse-
quent step-down strategy leads to a long-term clinical effect in
patients with recent onset RA compared with initial and con-
tinued MTX monotherapy.® During the first 24 weeks,
172 patients were treated with adalimumab or placebo plus
MTX and, after week 24, both groups were treated with MTX
alone for 24 weeks. During the induction phase 47.9% of
patients treated with MTX plus adalimumab achieved DAS28
remission and, at week 48, 42.4% were still in remission with
24 weeks of adalimumab-free treatment.
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In the OFTIMA and HIT HARD trals, eatly induction
therapy with adalimumab and MTX followed by withdrawal
of adalimumab led to a loss of the response gained with the
initial combination treatment in a subgroup of patients, but
not in all patients. Unlike the HONOR study, among patients
with early RA such as those in both studies, some might be
capable of comprehensive disease control with initial and con-
tinued MTX monotherapy. However, the results of the
HONOR study indicate that a ‘treatment holiday’ of biological
agents by discontinuing adalimumab is now feasible in patients
with RA following sustained remission, even in patients with
long-standing RA encountered during routine clinical practice
(figure 1).

1S DISCONTINUATION OF INFLIXIMAB POSSIBLE AFTER
SUSTAINED LOW DISEASE ACTIVITY?

We also conducted a study (Remission induction by Remicade
in RA patients, RRR) to examine the possibility of biologic-free
remission or low disease activity in Fatiems with RA whose
mean disease duration was 5.9 years.”? This study included a
total of 114 patients with RA from 26 centres. The mean
DAS28-ESR score was 5.6, implying that most patients had
active disease despite MTX therapy. Furthermore, because the
mean AmTSS was approximately 14, the addition of TNF inhi-
bitors to MTX was needed to control disease activity and joint
destruction. The patients enrolled in the study were those who
had reached and maintained low disease activity (DAS28<3.2)
for more than 24 weeks with infliximab treatment and who
then agreed to discontinue the treatment. Among the 102 eva-
luable patients who completed the study, 56 (55%) maintained
low disease activity after 1 year and showed no progression in
radiological damage and functional disturbance, and 44 (43%)
remained in clinical remission (DAS28<2.6). The mean disease
duration of the group who achieved remission or low disease
activity in the RRR study was 4.8:5.9 years, which made this
study the first to prove that patients with long disease duration
may also aim for discontinuation. Furthermore, AmT$5<0.5
was observed in 67% and the HAQ-DI score was only 0.174 in
patients who maintained a low disease activity for 1year after
discontinuation. We therefore conclude that more than balf of
patients who maintain a low disease state for more than
24 weeks on infliximab can discontinue infliximab and main-
tain low disease activity for a year without radiographic or
functional disease progression.

The possibility of biologic-free remission in patients with RA
was initially reported by a TNF20 study.*® The combination of
infliximab and MTX in patients with early RA who had symp-
toms for <12 months provided tight control of the discase
activity. Although infliximab was withdrawn at 1year, low
clinical activity and Functional abilities were sustained for
another year In the Netherlands, the Behandelstrategicén
(BeSt) study was conducted to compare four treatment strat-
egies and to observe clinical outcomes in patients with early
RA (disease duration <2 years after onset, mean disease dur-
ation 0.8years).¥* In this study, 508 patients with high
disease activity were allocated to four groups and evaluated by
DAS44 every 3 months. In patients with DAS44>2.4 (inter-
mediate or high disease activity) a change or addition of medi-
cations was required, in those with DAS4452.4 (remission or
low disease activity) the current medication was continued
and, in patients with DAS44<2.4 continued over 6months,
concomitant medications including infliximab were decreased
and/or discontinued. In the fourth group who started inflixi-
mab, 90 of 120 patients (75%) achieved DAS44<2.4 and
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Figure 1 The next stage of the of it id arthritis: i

TNE, tumour necrosis factor.

infliximab was withdrawn in 77 cases because DAS44<2.4 was
maintained for 6months. In the fourth group started with
MTX and infliximab, the total cost of work loss and medical
expenses was less than half that of the other groups started
with DMARDs.

The biggest difference between the patient populations in the
RRR and BeSt studies was disease duration (mean disease dur-
ation 0.8 years in the BeSt study vs 5.9 years in the RRR study),
implying that biologic-free remission is possible in patients with
early onset RA and also in those with long-established disease. It
remains unclear whether discontinuation of biological agents
targeting TNF is beneficial for comorbidity such as increased car-
diovascular and/or cerebrovascular events. Since nearly a decade
has passed since the BeSt study was initiated, some answers to
this query may be drawn from the study.

IS TNF INVOLVED IN THE DISEASE PROCESSES?

In the BeSt study, 58% of 120 patients discontinued infliximab
and 19% of patients have discontinued all DMARDSs and remained
in clinical remission with minimal joint damage progression
5§ years after xeceiving infliximab and MTX as initial treatment for
RA, suggesting the possibility of treatment-free remission.

In our institution, among 577 patients who wexe treated with
infliximab, 88 patients reached biologic-free remission and only
five are cumently in drug-free remission without MTX.
Although both TNEF inhibitors and MTX play a role in the treat-
ment, our data suggest that discontinuation of MTX appears to
be difficult in patients with long-established RA. The mode of
action of MTX is not discussed here, but its continuation is
needed as a standard key drug. Discontinuation of biological
agents benefits the economic burden of long-term management.

Accurnulated studies indicate the involvement of TNF in the
disease process in animal arthritis models, especially at the
early stages of joint inflammation. Intreduction of TNF trans-
gene into the mouse results in typical polyarthritis, with hyper-
plasia of the synovium, inflammatory infiltrates in the joint
space, pannus formation and cartilage and bone destruction.
However, the polyarthritis and joint destruction obtained were
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and the possibility of a “treatment holiday". IL, interleukin;

completely ameliorated by the ?reventive as well as curative
application of TNF inhibitors.”” Meanwhile, TNF deficiency
reduced the incidence of autoimmune arr.hnus in most
models.®* For instance, K/BxN is a model of arthritis which
expresses both T cell receptor (TCR) transgene KRN and the
MHC class Il molecule Ag7. In the mouse, TCR recognises a
self-antigen glucose-6-phosphate isomerase (GPI) and produces
anti-GPI antibody, and arthritis is induced by the injection of
the serum to naive mice. Although TNF is highly expressed in
K/BxN mice, deficiency of the TNF gene markedly reduced
both the incidence and severity of the autoimmune arthritis.
SKG is also an inflammatory arthritis model with a point
mutation of ZAP-70, a member of spleen tyrosine kinase (Syk)
associated with the TCRE chain. The knockout mutation of
the TNF gene in SKG mice showed amelioration of both the
incidence and the severity of the arthritis.

If animal data partially reflect the efficacy of TNF inhibitors
in patients with RA, it suggests that TNF inhibitors may
change the disease course or induce immunological remission
in RA. Interestingly; 48% of the 577 patients with RA described
became negative for rheumatoid factor (RF) when infliximab
was discontinued, although 77% of them were positive for RF
at baseline when infliximab was initiated. Although the studies
are limited, when the disease course is successfully changed by
intensive treatment including the combination of MTX and
TNF inhibitors, patients with RA may have the possibility of a
‘treatment hohday of TNF inhibitors.

CONCLUSIONS

Although the studies are limited, after reduction of disease
activity to clinical remission by TNF inhibitors such as inflixi-
mab and adalimumab in combination with MTX, patients may
be able to discontinue TNF inhibitors without clinical flare,
radiographic progression of articular destruction and functional
impairment. A ‘treatment holiday’ of biological agents is pos-
sible in patients with early RA and also in those with long-
established RA. It has to be realised that intensive treatment
with a TNF inhibitor is required to bring about the ‘treatment
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In vitro and in vivo analysis of a JAK inhibitor in

rheumatoid arthritis
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ABSTRACT

Multiple cytokines play a pivotal role in the pathogenesis
of theumatojd arthritis:(RA). The appropriate intracellular
signalling pathways must be activated via cytokine
receptors on the cell surface, andthe tyrosine

kinases transduce the first ‘outside to in’ signals to

be phosphorylated after receptor binding to its ligand.

. Among them, members of the Janus kinase [JAK} family
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are ial for the si p ¥ of various
cytokines and are implicated in the pathogenesis of RA,
Thein vitro, ex vivo and in vivo effects of a JAK inhibitor
CP-690,550 {tofacitinib) for the treatment of RA are
reported. In vitro experiments indicated that the effects
of tefacilinib were mediated through suppression of
interleukin 17 {IL-17) and interferon  production and
proliferation of CD4 T cells, presumably Tht and Th17.

. A treatment study was conducted in the severe

combined immunodeficiency {SCID}-HuRAg mice, an RA
animal model using SCID mice implanted with synovium
and cartilage from patients. Tofatitinib reduced serum
levels of human IL-6 and IL-8 in the mice andalso reduced
synovial inflammation and invasion into the implanted
cartilage. A phase 2 double-blind study using tofacitinib
was carried out in Japanese patients with active RA and
inadeq ponse to mett (MTX). A total

of 140-patients were randomised to tofacitinib 1,3, 5,
10mg or placebo twice daily and the American College
of Rheumatology 20% improvement criteria [ACR20)
response rate at week 12, a primary end point, was
significant for all tofacitinib treatment groups. Thus,
anorally available tofacitinib in combination with MTX
was efficacious and had a manageable safety, profile.
Tofacitinib at 5 and 10 mg twice a day appears suitable
for further evaluation to optimise the treatment of RA.

INTRODUCTION

Rheumatoid arthritis (RA) is a representative auto-
immune disease characterised by chronic and
destructive inflammatory synovitis that causes
severe disability and mortality. A new concept of
‘treat-to-target’ is emerging in treatments of RA,
whereby patients are treated according to prespeci-
fied goals, such as remission. Conventional discase-
modifying antitheumatic drugs (DMARDs), most
commonly methotrexate (MTX), remain the cor-
nerstone of RA treatment. Fatients for whom MTX
produces an inadequate response ate treated with
biological agents targeting tumour necrosis factor
(TNE) and interleukin 6 (IL-6). The combined use
of a TNF inhibitor and MTX has produced previ-
cusly unseen sigaificant improvements in clinical,
structural and functional outcornes and has revolu-
tionised the treatment goal of RA to clinical remis-
sion. However, since only about 80% of patients

treated in this way attained clinical remission,
next-generation treatments are a prerequisite for
patients with refractory RA.™8

The importance of . inflammatory cytokines
in the pathogenesis of RA has become apparent
from the clinical efficacy of biological agents. For
such cytokines to exert their biological activities,
the appropuate signalling pathways must be acti-
vated via their specific receptors on the cell surface.
Tyrosine kinases are the first intracellular signalling
molecules to be activated after receptor binding in
a cytokine response and play a part in inflamma-
tion. Among them, a Janus kinase (JAK) family has
received particular attention since JAKs are essen-
tial to the signalling pathways of various cytokines
and are implicated in the pathogenesis of RA.JAK3
expression is mainly limited to lymphocytes and
dendritic cells and constitutively binds to the com-
mon Y (Yc) chain, which is a common receptor sub-
unit for many cytokines involved in RA (figure 1).

In view of this background, an orally available
JAK inhibitor CP-690,550, which is now designated
tofacitinib, was developed with the expectation
that it would be 2 new immunosuppressant agent
with few side effects.? > Tofacitinib improved end
points of both murine collagen-induced arthritis
and rat adjuvant-induced arthritis. Tofacitinib at
low concentration was also repoxted to greatly sup-
press JAK3 with few side effects in a graftversus-
host disease experiment.* Tofacitinib is currently
being used in clinical trials for RA, with satisfactory
effects and acceptable safety. However, the mode
of action of tofacitinib in patients with RA remains
unclear. We here document the in vitro, ex vivo and
in vivo effects of a JAX inhibitor for the treatment
ofRA.

JAK-STAT PATHWAY IN INFLAMMATION

RA is characterised by systemic, chronic and
destructive inflammatory synovitis. Various inter-
cellular signalling pathways have a pivotal role
during its pathological process, some of which are
mediated by soluble ligands, such as cytokines and
growth factors, and others are affected by cognate
interaction through costimulatory molecules and
adhesion molecules. For such intercellular signals
to exert their biological activities, the appropriate
intracellular signalling pathways must be activated
by engagement of their specific xeceptors on.the cell
surface, that is ‘outside to in’ signalling. The intra-
cellular signals are represented by the following
pathway: (1) phosphorylation of a protein kinase
such as serine/threonine kinase, tyrosine kinase
and mitogen-activated protein kinase; (2) guanos-
ine triphosphate-binding proteins, including small
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G-protein such as Rho and Ras and heterotimeric G-protein
consisting of Go, GB, Gy; (3) second messengers such as cyclic
adenosine cyclic monophosphate and guanosine cyclic mono-
phosphate; (4) protease-activating, apoptotic-related proteins
such as caspase; (5) ubiquitination. The transduction of these
intracellular signals leads to various cellular functions through
dixectly, sequentially activating ox regulating one another.

More than 99% of kinase proteins are serine/threonine kinases
under physiclogical conditions. In contrast, although tyrosine
kinase accounts for <1% of them under ordinary conditions, ic
is the first intracellular signalling molecule to be phosphorylated
after receptor binding in a cytokine response and is involved in
Fundamental functions, such as cell proliferation, differentia-
tion and adhesion in various pathological processes, including
inflammation and cancer. Therefore, many investigators have
examined tyrosine kinases as a target for the teatment of vari-
ous diseases. More than 90 genes encoding tyrosine kinases
have been identified from human genome-wide studies and 14
tyrosine kinases are known to be involved in RA7

Of the tyrosine kinases, a JAK family, consisting of JAK1,
JAKZ, JAK3 and Tyk2,. has reccived particular attention since
JAKSs are essential for the signalling pathways of various cytok-
ines. JAKs are phosphorylated just after cytokines bind to their
receptors and consecutively activate transcription factor signal
transducers and activators of transcription (STAT) (fgure 1).513
Afeer the engagement of homodimeric or heterodimeric recep-
tors for cytokines and growth factors, which are constitutively
bound to JAKs, JAXs are activated by a conformational change
in the receptor thatallows trans- and/or autophosphorylation of
the two bound JAXs. These in tum phosphorylate the cytokine
receptots. STAT proteins bind the phosphorylated receptor
chains, which allows the JAKs to phosphorylate the STATs.
Phosphorylated STATs form dimers and translocate into the
nucleus, where they regulate gené trancription and expression.

Thus, the JAK-STAT pathway regulates multiple imumune
functions. For instance, different STATs are involved in dif-
ferential cytokine production from CD4 T cell subsets: STAT1
and STAT4 mainly induce interferon y ((ENy) from Thi; STATG
induces IL-4 from Th2; STATS induces transforming growth
factor B from regulatory T cells and STAT3 induces IL-17 from
Th17.JAKS expression is essentially limited to lymphocytes and
dendritic cells and constitutively binds to the yc chain, which is
a common receptor subunit for IL-2, IL-4, IL-7, IL-9, IL-15 and
IL-21. The deficiency or dysfunction of JAK3 leads to severe
combined immunodeficiency (SCID) in both humans and mice.
Thus, a number of tyrosine kinase inhibitors have recently been
evaluated in clinical trials. Selective inhibition of JAKS was con-
sidered as a potential target in the treatment of RA without
affecting other organ systems,

IN VITRO EFFECTS OF A JAK INHIBITOR IN BA
JAKs are gssential for the signalling pathways of various cytok-
ines and are implicated in the pathogenesis of RA. An orally
available JAK inhibitor CR-690,550 (tofacitinib) is undergoing
clinical trals for RA, with satisfactory effects and acceptable
safety. However, the mode of action of tofacitinib in patients
with RA remains unclear. Walker et al reported that JAKS,
STAT1, STAT4 and STAT6 were highly expressed in the syn-
ovium of patients with RA, whereas their expression was rare
in the synovium of normal volunteers and patients with osteoar-
thritis and spondyloarthritis.14

In view of the important role 0ofJAK3 in lymphocyte develop-
ment, differentiation and proliferation, we assessed the effects
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of tofacitinib on CD4 T cells at local inflammatory sites in
patients with RA. We have previously assessed the effects of
tofacitinib on immune cells prepared from the pexipheral blood
and synovium tissue of patients with RA.3® The proliferation
of CD4 synovial T cells in patients with RA stimulated with
anti-CD3 and anti-CD28 antibodies was inhibited by tofaci-
tinib in a dose-dependent manner. Treatment of synovial CD4
T cells with tofacitinib inhibited production of IL-17 and IENy,
but had no effect on IL-6 and IL-8 production. Howevey, CD14
monocytes and synovial fibroblasts isolated from the synovium
in patients with RA. were not affected by tofacitinib. Our in
vitro results suggested that the effects of tofacitinib in RA are

diated through the suppression of IL-17 and IFNy produc-
tion and proliferation of CD4 T cells without affecting synovial
fibroblasts and monocytes. Since IFNy and IL-17 are produced
by Th1 and Th17 cells, respectively, and are important drivers
of destructive arthritis in mice and humans, JAK3in CD4 T cells,
presumably Th1 and Th17 cells, plays a crucial role in theuma-
toid synovitis.

EX VIVO EFFECTS OF A JAK INHIBITOR IN RA

‘We next conducted a treatment study in SCID-HuRAg mice, an
RA animal model using SCID mice implanted with synovium
and cartilage from patients with RA, in which tofacitinib was
administered via an implanted osmotic mini-pump.'® Male SCID
mice (C.B-17/lcx), 6-8 weeks old, were housed in specific patho-
gen-free conditions at our university animal centre, Synovial tis-
sue and articular cartilage and bone obtained from two patients

12, 114, 117
119, IL-15, IL-21

T, R

infeciinid
{CPBR0.538)
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Figure 1 The JAK-STAT signalling pathway. JAK3 expressionis

ially limited to b poietic cells and constitutively binds to the
~yc chain which is a comman receptor subunit for interleukin {IL}-2, 1L-4,
17, IL-8, IL-15 and 1121, An orally available JAK3 inhibiter GP-530,550
{tofacitinib) is currently in clinical trials for theumatoid arthritis.

in



Downloaded from ard.bmj.com on January 23, 2013 - Published by group.bmj.com

R

Srk
vehicle CP-690,550 1.5mp/kg/day

Figure 2 A JAK3-inhibiter tofacitinib used for {SCIB}-HuRAg mice with severe combined i defich RH

CP-690,550 15mpfkglday

id arthritis {RA) synovium

with articular cartilage was co- :mplanted onto the back of SCID mice. Treatment with vehicle or tofacitinib (1 5 and 1 5 mg/kg/day) was started on day
7,and th serum was collected weekly. The co-implants were removed on day 35 and then stained for histol Thet
section was stained with haematoxylin and eosin, Light mlchSCUPlC features of cartilage erosion in the engraﬂed spec;mens are shown. Arcows show

the invasive frant of the synovial tissue {original ification %400}, These

were simitar.

withRA at the time of joint replacement surgery were used. The
synovium was cut into sections, 5-10 mm in diameter, cartilage
was cut jnto 2 mm? pieces, and then synovium and cartilage
were transplanted onto the back of nine SCID mice. A week
after the implantation, the nine mice were randomly divided
into three groups, and tofacitinib dissolved in polyethylene gly-
col 800 was administered continuously at 0 (n=3), 1.5 (n=8) or
15 (n=3) mg/kg/day via Alzet osmotic mini-pumps inplanted
subcutaneously on the back. Blood samples were collected and
the serum samples were stored at —80°C until measurement of
16 and IL-8. Treatment of SCID-HuRAg mice with tofacitinib
reduced their serum levels of human IL-6 and IL-8. However,
we have previously shown that tofacitinib did not affect IL-6
and IL-8 production from CD4 T cells, synovial fibroblasts and
CD14 monocytes in vitro. On the other hand, IL-17 and IFNy
production is known to induce eytokine production from mono-
cytes and fibroblast, and IL-6 has been reported to be mainly
derived from macrophages and fibroblasts of the synovium, 13 1¢
These findings led us to speculate that tofacitinib specifically
inhibited IL-17 and IENY production by CD4 T cells (presum-
ably Thi and Thi7 cells), which in turn regulated synovitis by
indirectly suppressing IL-6 and IL-B from synovial fibroblasts
and CD14 monocytes.

Next, implanted tissues were removed from the SCID-HuRAg
mice 5 weeks after inapl ion, paraffin embedded and stained
with haematoxylin and eosin, Histological evaluation was car-
ried out and showed that in mice treated with vehicle alone,
prominent invasion of the synovial tissue into the implanted
cartifage had occurred. However, treatment with tofacitinib
markedly inhibited this invasjon, indicating that tofacitinib has

peri were repeated with two patients with RA and the results

efficacy end point—ACR20 response rate at § weeks. Rapid
improvements in disease activity were seen in patients treated
with tofacitinib, and ACRS50 and ACR70 response rates signifi-
cantly zmpmvcd in all treatment groups by week 4. The most
common adverse events (AEs) reported were headache and nau-
sea. The infection rate in the 15 mg twice daily group and the 30
mg twice daily group was 30.4% (26.2% in placebo) and oppor-
tunistic infections or deaths were not seen.

A phase II, double-blind study was also carried out to inves-
tigate the efficacy and safety of orally available tofacitinib in
Japanese patients with active RA in whom MTX had produced
an inadequate response.'® A total of 140 patients were ran-
domised to tofacitinib 1, 3, 5, 10 mg, or placebo twice daily in
this 12-week trial and continued to receive background MTX.
The ACR20 response rates at week 12, a primary end point, were
significant for all tofacitinib treatment groups—14.8%, 64.3%,
77.8%, 963%, 80.8% in the placebo, 1, 3, 5 and 10 mg twice
daily groups, respectively, at 12 weeks (fgure 3). Significant
improvements in ACR50, ACR70 and the Health Assessment
Questionmaire-Disability Index were also obtained by the use

" of 5 or 10 mg tofacitinib. Furthermore, in patients with high dis-

ease activity at baseline (28-joint Disease Activity Score (DAS28)
>5.1), the greatest percentage of patients achieving DAS remis-
sion at week 12 was seen in the group receiving tofacitinib
10 mg twice daily (45.5%). In patients with low to moderate
disease actvity at baseline (DAS28 <5.1), the group receiving
tofacitinib 5 mg twice daily containied the greatest percentage of
patients achieving DAS remission at week 12 (80.0%).

The most commonly reported AEs were nasopharyngi-
tis (n=13), and increased alanine aminotransferase (n=12) and

the potential to inhibit the progression of structural damage of

aminotransf {n=9). These AEs were mild or mod-

joints in patients with RA (figure 2).

IN VIVO EFFECTS OF A JAK INHIBITOR IN RA
In view of these results, an orally available JAK inhibitor, tofaci-

cnate in severity. Serious AEs were reported by five patients,
but no deaths occurred. It is noteworthy that dose-dependent
decreases in mean neutrophil counts were seen but did not result
m any patients discontinuing treatment. At week 12, the mean

tinib, is currently undergoing clinical trials for RA. Kremer et af
reported a phase II dose-ranging trial which was carried out to
investigate the efficacy, safety and tolerability of oral tofacitinib
in 264 patients with active RA in whom MTX, etanercept, inflix-

imab or adalimumab caused an inadequate or toxic response. 1677
Patients were randomised to placebo, 5, 15 or30 mg tofacitinib
twice daily for 6 weeks, and were fol{owcd up foranadditional 6
weeks after treatment. The American College of Rheumatology
20% improvement criteria (ACR20) response rate was 26.9%,
70.5%, 81.2% and 76.8% in the placebo, 5, 15 and 30 mg twice
daily groups, respectively, at 6 weeks. Thus, patients treated
with tofacitinib in all treatment groups achieved the primary

in

in peutrophil counts from baseline was significantly
different from placebo for all tofacitinib treatment groups. Also,
small changes in mean haemoglobin [evels were observed across
all of the tofacitinib eatment groups, although no potentially
life-threatening anaemia was seen for any freatment group.
Furthermore, dose-dependent increases in low-density lipopro-
tein, high-density lipoprotein and total cholesterol were seen,
and appeared to plateau between weeks 4 and 12, although no
patients stopped treatment owing to increases in serum lipids.
Neutrophil changes and anaemia may result from treatment
with tofacitinib, which can inhibit signalling by haematopoietic
cytokines, such as erythropoietin and granulocyte~macrophage
colony-stimulating factor, through JAK2. It is interesting that
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Figure 3 Efficacy of tofacitinib for patients with active rheumatoid
arthritis {RA). A phase [l double-blind study was carried out to
investigate the efficacy and safaty of orally available tofacitinib in

140 Japanese patients with active RA and inadequate response to
methotrexate. Patients were randomised to tofacitinib 1,3, 5, 16 mg
or placebo twice daily (bid) for 12 weeks, The ACR20 respense rates
for weeks 0-12 {non-responder imputation) are shown. Modified from
Tanaka et al.'8, LOCF, last observation carried forward.

some of the AEs seen here for tofacitinib, including decreases
in neutrophils and increases in cholesterol and liver transami-
nases, were similar to those previously reported for tocilizumab,
a humanised anti-IL-6 receptor antibody that blocks IL-6 sig-
nalling¥® Results from animal models of arthritis, showing
decreased [L-6 levels in tofacitinib-treated animals, and the dose-
dependent increase in blood lipids levels seen in clinical trials,
suggest that tofacitinib may have an inhibitory effect on IL-6.
Therefore, although tofacitinib has been reported to be highly
specific to JAKS, it is now known that it functions as a pan-JAK
inhibitor because the inhibition of JAK1 and JAK2 should also
be taken into account.

In Japanese patients with active RA and in whom MTX had
produced aninadequate response, an orally available JAK inhibi-
tor tofacitinib, in combination with MTX over 12 wecks was
efficacious and had a manageable safety profile. Accordingly,
longer dose-ranging studies of this new JAK inhibitor tofacitinib
in the treatment of patients with RA who are MTX-naive, or
who have an inadequate response to MTX/DMARDs or TNF
inhibitors are continuing. Multiple global clinical examinations
and efficacy studies examining the regulation of progress in
structural damage and functional disability are continuing.

CONCLUSION

Biological DMARDs such as TNF inhibitors have changed the
treatmentstrategy of RA. Clinical remission is, however, obtained
in only one-third of patients wreated with biological agents, and
antibodies to these agents are found. Accordingly, orally avail-
able Jow molecular weight products such as tofacitinib, target-
ing intracellular signalling molecules, would provide enormous
power and flexibility in the of RA. Ithast clear
that JAK inhibition with tofacitinib in patients with RA results
in a rapid and remarkable clinical effect equivalent to that of
TNF inhibitoxs. However, the mechanism of action of tofacitinib
had not been determined. Our in vitro and in vivo studies have
shown that tofacitinib mainly acts on CD4 T cells, subsequently
suppressing cell proliferation and production of inflammatory
cytokines such as IL-17 and IFNy and reducing synovial inflam-
mation (figure 4). Since it is possible to design low molecular
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Fagure 4 Schematic diagram of the JAK-STAT pathway and tofacitinib
inT cell subsets. Effects of tofacitinih i in rheumalmd arthyitis were

iiated through supp! of i {iL}-17 and i ¥
(IFNY) production and proliferation of CD4 T cells, presumably Tht and
Th17 cells. TGFB, transforming growth facter B; TNF, tumour necrosis
factor.

weight products recognising a particular conformation of target
raolecules in the signalling cascade, the success of tofacitinib
will accelerate new development of multiple products for RA
and for many inflammatory diseases.
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Amplification of Toll-like receptor-mediated signaling
through spleen tyrosine kinase in human B-cell activation

Shigeru lwata, MD, PhD,* Kunihiro Yamaoka, MD, PhD,* Hiroaki Niiro, MD, PhD,” Kazuhisa Nakano, MD, Pib,?
Sheau-Pey Wang, MS,” Koichi Akashi, MD, PhD,” and Yoshiya Tanaka, MD, PhD®  Kitakyushu and Fukuoka, Japan

Background: B cells are activated by combined signals through
the B-cell receptor (BCR) and €D40. However, the underlying
mechanisis by which BCR signals synergize with Toll-like
receptor (KLR) signaling in human B cells remain unclear.
Objective: We sought o elucidate a role of spleen tyrosine
Kkinase (Syk), a key molecule of BCR signaling, in TLR-mediated
activation of human B cells,

Methods: Human naive and memory B cells were stimulated
with combinations of anti-BCR, soluble CD40 ligand, and
CpG. Effects of the Syk ishibitors on.several B-cell functions
and expression of TLRY, TNF receptor-associated factors
(TRAFs), and phospho-nuclear factor xB in B cells were
assessed.

Results: Activation of BCR synergized with CD40- and TLR9-
mediated siguals in driving robust proliferation, cell-cycle
progression, expression of costimulatory molecules, cytokine
production, and i tobulin prod of human B-cell
subsets, especially memory B cells. H 3 the Syk inhibit

Abbreviatipns used
AICDA: Activation-induced cytidine d
BCR: B-cell receptor .
FITC: Fluorescein isothiocyanate
NF-xB: Nuclear factor kKB
PI: Propidium iodide
SLE: Systemic lupus erythematosus
Syk: Spleen tyrosine kinase
TLR: Tolt-like receptor
TRAF: TNF receptor-associated factor
XBP-]: X-box binding protein 1

(SLE). Activated sclf-reactive B cells not only are a source of
pathogenic autoantibodies but also exert effector functions,

remarkably abrogated these B-cell functions. Notably, after
stimulation through all 3 receptors, B-cell subsets induced
marked expression of TLRY, TRATG, and phospho-nuclear
factor «B, which was again significantly abrogated by the Syk
inhibitors.
Conclusion: Syk-mediated BCR signaling is a prerequisite for
optimal induction of TLRY and TRAFG, allowing efficient

tion of TLRY-mediated signaling in memory B cells.
'lhesc results also underscore the role of Syk in aberrant B-cell
activation in patients with autoimmune diseases. (J Allergy Clin
Immuno} 2012;129:1594-601.)

Key words: Syk, Toll-like receptor 9, TNF receptor-assaciated
Jactor 6, B cells

B cells play a pivotal role in initiation ard perpetuation of

1

luding antigen p ion, cytokine production, and mod-
ulation of the T-cell repertoire. We recently reported that B-cell
depletion therapy with xituximab for refractory patients with
SLE not only rapidly depleted both naive and memory B cells in
peripheral blood but also rapidly downregulated the expression
levels of CD69, CD40 ligand, and inducible costimulator on
CD4" T cells. Thus B cells can facilitate antoimmune pro-
cesses in both antibody-dependent and antibody-independent
manaers.

B cells are effectively activated by combined signals through
B-cell receptor (BCR) and CD40; however, they require addi-
tional signals for efficient proliferation and differentiation.
Accordingly, when combined with BCR and CD4O stimulation,
Toll-like receptor (TLR) sxgmhng by mucleic acids® induces the
most robust B-cell activation.?® In patients with SLE, RNA- or
DNA-containing self-antigens coligate BCRs and TLR7 or
TLRY, causing activation, proliferation, and differentiation of

di including ic lupus eryth DSU;
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1f- tive B cells. However, the underlying mechanisms by
which BCR signals potentiate TLR signaling in human B cells
remain unclear.

On BCR ligation by antigens, protein kinases, including Lyn,
an Src family kmase. Lyn, and splecn tyrosine kinase (Syk), are
initially activated.” Activation of Syk is a key event for further
propagation of downstream signaling moleculesin B cells.* n ad-
dition to BCR, Syk is activated through T-cell receptor and Fo re-
ceptor.® Nutably, Syk inhibitors exert potent therapeutic efficacy
against rthewmatoid arthritis, as well as bronchial asthma and idi-
opathic thrombocytopenic purpura.®! Moreover, Syk blockade
prevents the development of skin and kidney lesions in mice
with lupus.”™? Our cument understanding of BCR-
mediated Syk activation, however, extrapolates mainly from ro-
dent studies.

TIn this study we demonstrate that Syk-mediated BCR signaling
is a prercquisite for optimal induction of TLR9, TNF receptor—
associated factor (TRAF) 6, and nuclear factor kB (NF-xB),
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FIG 1. Syk I fon and ceil-cycl fon in B-cell subsets on BCR, CD40, and TLR9
stimulation. A, BCR-| mduced ¥ horyl M.ofSyk(ls ). B-D, Tritiated thymidine (*HTdr) incorpo-

ration of human B cells was measured during the last

means * SDs. *P<.05. sCD40L, Soluble CD40 figand.

18 hours of the 72-hour culture. The data are shown as
E, FACS histograms of nuclear DNA content in mem-

ory B cells 24 hours later. Unstim, Before stimulation; 35, BCR, CD40, and TLR9 stimulation. Results are rep-
ive of 3 i

thereby driving efficient TLRO signaling that is critical for the
proliferation and differentiation of human memory B cells.

METHODS
Reagents

Syk inhibitor I, Syk inhibitor I, Syk inhibitor IV, BAY61-3606, PP1, and
PP2 were purchased from Merck (Darmstadt, Germany). Lyn peptide
inhibitor was purchased from Tocris Bioscience (Ellisville, Mo). PF-956980
(JAK3 kinasc inhibitor) was provided from Pfizer, Inc (New York, NY),
Anti-BCR mAbs (anti-Igh and anti-Igk), recombinant human IL-2, recom-
binant human CD40 ligand, and phosphorothioate-protected CpG-oligonu-
cleotide 2006 (CpG-ODN 2006; 5'-TCGTCGTTTIGICGTTTTGTCG
TT3') were from BD PharMingen (San Dicgo, Calif), R&D Systems
(Minneapolis, Minn), -PeproTec (Rocky Hill, NI), and Greiner Bio-Onc
(Tokya, Japan), respectively.

Isolation, cuiture, and stimulation of B-cell subsets

This study protocol has been approved by the ethics committee of our
university. PBMCs from 3 healthy donors were isolated with lymphocyte
separation medium (ICN/Cappel Pharmaceuticals, Aurora, Ohio). B celis
were obtained by means of negative sclection from PBMCs by using the

memory B-cell isolation kit (Miltenyi Biotec, Bergisch Gladbach, Germany).
CD27* memory B cells were then isolated by means of positive selection from
B cells with CD27 microbeads. The negative fraction of this isolation was as-
signed to CD27 ™ naive B cells. Purity of naive.and memory B cells was greater
than 90% (sec Fig E in this article’s Onlinc Repository at www.jacionline.
org). B cells were cultured in RPMI 1640 (Wako Pure Clinical Industries,
Osaka, Japan) supplemented with 10% FCS (Tissue Culture Biologicals, Tu-
lare, Calif), 100 U/mL penicillin, and 100 U/mL streptomycin (Fnvitrogen,
Carlsbad, Calif). According to a previous smdy." we used the combination
of anti-Igk and anti-IgA mAbs for BCR stimulation and initially ensured
strong induction of Syk pt ylation by these antibodies (Fig 1, A).
CD40 stimulation with recombinant hurman CD40 ligand is hereafter referred
(o simply as CD40 stimulation, CpG-ODN 2006 is a type B CpG-ODN spe-
cific for human TLRY and mainly activates B cells but only weakly stimulates
TEN-o secretion in plasmacytoid dendritic cells."

Proliferation assay

Purified B cells were stimulated in 96-well plates (1 X 10° per well) with
anti-BCR mAbs (anti-Igh and anti-Igk, 1 pg/mL cach), soluble CD40 ligand
{2 pg/mL), and CpG-ODN (2.5 pg/mL) with or without IL-2 (10 ng/mL).
Cells were cultured for 72 hours and pulsed with 0.5 nCi (18.5 kBg) per
well of tritiated thymidine during the last 18 hours of culre and then har-
vested with a semiautomatic cell harvester (Abe Kagaky, Chiba, Japan), and
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with a scintllation counter

thejrup of tritiated thymidi
(Aloka LSC-3500ETM, Tokyo, Japan).

Flow cytometric analysis
After washing, B-cell subsets were incubated in blocking buffer (0.25%
human globulin, 0.5% human albumin [Yoshitomi, Osaka, Japan}, and 0.1
NaN; in PBS) in a 96-well plate at 4°C for 15 minntes, Cells were then sus-
pended o 100 L of FACS solution (0.5% human albumin and 0.1% Nal;
in PBS) and treated with fluorescein isothiocyanate (FITC)-labeled murine
IgGlk, anti-humen CDSO (BD PharMingen, San Diego, Calif), or anti-
human CD86 (Dako Japan, Kyote, Japan) for 30 minutes at 4°C. Cells were
‘washed 3 times with TACS solution and analyzed with a FACSCalibur (Bec-
ton-Dickinson, San Jose, Calif) and FlowJa software (Tomy Digital Biology,
“Tokyo, Japan). Por intracellular staining of phosho-Syk, Blimp-1, TRAF2,
TRAF3, TRAFS, TRAFS, and phospho-NF-kB, cells were fixed with PBS
ining 1% Jdehyde and p bilized with in-PBS (PBS con~
taining 0.1% saponin, 0.1% BSA, 0.19% NaN3, and 0.01 mol/L HEPES). After
washing, cells were resuspended in saponin-PBS and stained with mouse anti-
human phospho-Syk (pY348) (BD PharMingen), goat anti-human Blimp-
1 (¥-20; Santa Cruz Biotechnology, Sanma Crz, Calif), rat anti-human
‘TRAF2 QMBL), rabbit anti-ht TRAF3 (Santa Cruz Biotechnology), rabbit
anti-human TRAFS (Santz Cruz Biotechnology), mouse anti-h TRAFG
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wmixes for X-box binding protein 1 (XBP-1) (Hs00152973-m1), AICDA
(Hs00757808-m1), and TLR9 (FIs00964360-m1) were purchased from Ap-
plied B XBP-1, activation-induced cytidine deami (AICDA)
and TLR9 mRNA expression levels were normalized to the Jevels of 18 ribo-
somal RNA (Hs99999901-m1, Applied Biosystems) as an endogenous con-
trol, and the relative quantity compared with the PEMC sample as a

{ by using the quantificati ive eyele tuesh-
old (AACy) formula, Refative quantity was calculated by using the AAC for-
rula-referenced sample of PBMCs.

Western blot analysis

Raji cells were lysed in an NP-40 buffer containing NaCl, Tris-HCL (pH 8.0),
distilled water, and protease jnhibitor. Lysates were then mixed with an equal
volume of sample buffec solution (2-mercaptosthancl; Wako Purc Chemical
Industies) and boiled for 5 minutes. Proteins were scparated by means of SDS-

PAGE, onto nitracell {Whatman, Tokyo, Japan),
blocked with 5% skim milk, and imumunoblotted. with anti-human Syk,
anti-human phospho-Syk (pY348), anti-h ‘TRAFS, anti-t phosph

NE-xB p65 (Sex 536, 93H1), and k di idase~labeled anti dary

(¥NA931V and #NA934V; GE Healthcare, OSakﬂ. Japan) by using immunore-
action enhancer solution (Can Get Signal; Toyobe, Osaka, Japan). Blots were
d with ECL Western Blotting Detection Reagents (GRE Healthcare) and

(Santa Cruz Biotechnology), or rabbit anti-human phospho-NE-xB p65
(Ser536,93H1; Cell Signaling Technology, Tokyo, Japan), followed by wash-
ing with saponin-PBS. FITC-labeled donkey amti-goat IgG (Santa Cruz
Biotechnology), phycosrythrin-labeled goat anti-rat (BD PharMingen),
phycoerythrin-labeled goat anti-rabbit (CALTAG), FITC-fabeled rat anti-
mouse (BD PharMingen), and FITC-labeled goat anti-rabbit JgG (BD Phar-
Mingen) were used as secondary antibodies. Isotype-matched goat IgG, rat
I12G, rabbit IgG, or mouse IgG controls (all from Sigma-Aldrich, St Louis,
Mo) were used to evaluate the background.

Apoptosis assay

Purified B cells were stimutated for 72 hours in 96-well plates (2 X 10° per
well) with anti-BCR mAbs (anti-Igh and anti-Igk, 1 pg/ml each), soluble
CD40 ligand (2 pg/mL), and CpG-ODN (2.5 pg/mL) with or without Syk in-
hibitor XV, Adter culture, cells were doubl d with FITC-Annesin Vand
propidium iodide (PT) in Apoprosis Detection kit (BD PharMingen). The per-
centage of apoptotic cells was measuced by using flow cytometry.

Cell-cycle analysis

Yor cell-cycle analysis, cells were suspended in PX staining buffer (50 ug/
mLPI, 5 mmol/L EDTA, 1 pg/mL DNase-free RNase, and 0.1% szponin in
PBS). The samples were then incubated for 30 minutes at 37°C, and DNA
content was analyzed by using flow cytometry.

Cytokine production

visualized with a light-capture instrument (ATTO, Tokyo, Japan).

Statistical analysis

All statistical analyses were performed with JIMP vcrsxon 8.0.2 statistical
software (SAS Institute Tnc, Cary, NC). Statistical significance of differcuces
between the prefreatment and posttreatment values was tested by using the
Wilcoxon test. P values of less than .05 were considered statistically
significant.

RESULTS
Syk is critical for proliferation and cell-cycle
progression in memory B cells

‘We investigated the cffect of BCR, CD40, and TLRY stimu-
Jation on the proliferation of B-cell subsets, BCR stimulation
alone remarkably induced Syk phosphorylation; however, it had
only marginal effects on DNA synthesis in B cells (Fig 1, A and
B). Combined stimulation of BCR, CD40, and TLRY strongly in-
duced DNA synthesis in both naive and memory B cells, although
siguificantly more so in the lawter. This robust proliferation
was inhibited by Syk inhibitor IV (BAY61-3606) in a dose-
dependent manner (Fig 1, B). Similar data were obtained with
another Syk inhibitor (Syk inhibitors I and II; Fig 1, C). In contrast
tothese Syk inhibitors, non-Syk inhibitors (PP1, PP2, and JAK in-
hibitor) were not effective, even at high concentrations (Fig 1, D).

Syk inhibitor IV was hereinafter used for further experiments. We

Levels of IL-6, IL-10, IL-12 p70, and TNF-o in culture ds ined by
using the BD Cytommc Bead Amay human Flex set, according to the
s @BDP ingen).
lgG ELISA

For quantification of invitraIgG Becell sub: lured with
anti-BCR mAbs, CD40 ligand, and CpG-ODN 2006 in 96-well plates (1 X 10°
perwell) for 5 days. XgG levels in culture were determined by using a human
1gG ELISA Quantitation Kit (Bethyl Lak ies, Inc, My Ala).

Quantitative real-time PCR
‘Total RNA was prepared by using the RI\casy Mini Kit (Qaagcn. Chats-

next tested cell-cyele progression in memory B cells after BCR,
CD40, and TLRY stimulation (Fig 1, E). The percentage of cells
in the G/M phase without stimulation was 37.6%. This value in-
creased further up to 94.2% with combined stimulation of BCR,
CDA40, and TLRY. Consistent with our results (Fig 1, B and £},
Syk inhibitor IV significantly inhibited G,/M phase progression
in memory B cells. Together, these results suggest a critical role
for Syk in BCR~-, CD40-, and TLR-induced proliferation and
cell-cycle progression in hursan memory B cells.

Syk regulates expression of costimulatory
molecuies and cytokine production in B-cell subsets

woith, Calif). First-strand cDNA was synthesized, and ive real-time
PCR was performed in the Step One Plus instrument (Applied Biosystems,
Foster City, Calif) in tiplicate wells in 9G-well plates. TagMan target

We tested expression of the costimulatory molecules CD80 and
CD86 in B cells (Fig 2). Both were only marginally expressed in
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FIG 2. Sykregulates expression of CD80 and CD86 in B-cell subsets on stii ion. Overlay hi: di
pict refative fluorescence intensities of human naive and memory B cells cultured for 72 hours. Unstiny, Be-
fore stimulation; 3S, BCR, CD40, and TLRY stimulation. Results are representative of 3 independent

experiments.
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FIG 3, Syk regulates cytokine production in B-cell subsets on stimulation. Human periphera! blood naive
and memary B cells were cultured for 72 hours, and supernatants were harvested and assayed by using the
cylometric bead array for IL-6, TNF-a, and {L-10 content. Data are shown as means * SDs and are

of 3 independ i sCD40L,

memory but not naive B cells without stimulation. Combined
stimulation of BCR, CD40, and TLR9 induced significant expres-
sion of CD80/CD86 in memory B cells compared with that seen in
naive cells. Syk inhibitor IV almost completely canceled CD80/
CD86 cxpression in both subsets, suggesting a role of Syk in ex-
pression of costimulatory molecules in B cells.

‘We next analyzed cytokine production (IL-6, IL-10, and TNF-
a) by B-cell subsets (Fig 3). Combined stimulation with BCR

Soluble CD40 ligand.

any conditions (data not shown). These resuits suggest the critical
role of Syk in BCR-, CD40-, and TLR-induced cytokine produc-
tion in B-cell subsets and also underscore the therapeutic efficacy
of Syk inhibitors in decreasing the inflammatory consequences of
autoimmune diseases by modulating proinflammatory cytokines,
such as TNF-« and IL-6.

CD40, and TLRY induced pzoducuon of the proinfl

cytokines IL-6 and TNF-e in naive and memory cells, al[hough
more markedly in the latter. Syk inhibitor IV clearly inhibited
production of these cytokines in both subsets in a dose-
dependent fashion. In contrast to proinflammatory cytokines,
anti-inflammatory IL-10 production was more pronounced in na-
ive than memory B cells, which is consistent with a recent
study that IL-10-producing B cells are enriched in human
CD27°CD38" B cells.' Again, dose-dependent suppression of
IL-10 production by Syk inhibitor IV was observed in both sub-
sets. We failed to detect IL-12 p70, IL-2, IFN-at, and TFN-y under

Syk regul B-cell differentiation on BCR, CD40,
and TLR9 stimulation

On strong stimulation, B cells differentiate to plasma cells and
undergo class-switching along with expression of critical mole-
cules, such as AICDA, XBP-1, and Blimp-1. Both naive and mem-
oty B cells strongly induced expression of AICDA, XBP-1, and
Blimp-1 after BCR, CD40, and TLR9 stimulation, which was
inhibited by Syk inhibitor IV (Fig 4, A and B). In addition, IgG
production induced by BCR, CD40, and TLR stimulation, which
was particularly highin memory B cells, was again greatly reduced
by Syk inhibitor IV in a dose-dependent manner (Fig 4, O).
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These results suggest that Syk also regulates B-cell differentiation
induced by BCR, CID40, and TLR9 stimulation.

TRAF6 is a key Syk-regulated molecule in B-cell
subsets on stimulation

Syk is a key downstream signaling molecule of BCR, but not
CD40 or TLRY, in B cells, ' Considering that Syk blockade sig-
nificantly abrogates proliferation, cytokine production, aud dif-
ferentiation after BCR, CD40, and TLR9 stimulation (Figs 1-4),
we particularly sought to elucidate the mechanisms by which
Syk regulates TLR9 signaling in human B-cell subsets. Given
that TLRY expression is significantly induced in BCR-
stimulated B cells and that TRAFs are the critical downstream
molecules in CD40 and TLRY signaling in B cells,"™"” we rea-
soned that TLR9 and TRAFs were possible candidates. Memory
B cells constitutively expressed more TLR9 mRNA than naive B
cells (Fig 5, A). On BCR, CD40, and TLRY stimulation, TLR9
mRNA expression was more drastically induced in memory
than naive B cells. Syk inhibitor IV inhibited expression of
TLR9 mRNA in memory B cells to the level seen in unstimulated
naive B cells (Fig 5, A). Among TRAFS, expression of TRAF2,
TRAF3, and TRAFS was constitutively detected; however, their
expression was not affected by BCR stimulation (Fig S, B). In
contrast, TRAF6 expression was only slightly detected in mem-
ory B cells without stimulation. BCR stimulation alone, however,
potently increased TRAF6 expression in both subsets (Fig 5, B).
TRAF6 expression was further pronounced by additional CD40
and TLRY stimulation, and strong NF-«xB phosphorylation was
correlatively observed. Expression of these molecules was
blocked by Syk inhibitor IV (Fig 5, B and C).

Unstim, Before stimulation; 3S, BCR, CD40, and TLR
by using ELISA. Data are shown as means £ SDs and
<.05. sCD40L, Soluble CD4g ligand.

‘Without stinmuli, Raji cells exhibit higher basal (tonic) signal-
ing that supports proliferation and survival.® In these cells TLRY
mRINA was expressed at a much bigher level than in unstimulated
naive B cells, which was markedly reduced by Syk inhibitor IV
(Fig 6, A). In addition, these cells constitutively exhibited pro-
nounced expression and phosphorylation of Syk. Syk inhibitor
IV clearly inhibited Syk phosphorylation without affecting its
protein levels. Of note, TRAF6 expression and NF-kB phospho-
rylation were strongly reduced as well by Syk inhibitor IV (Fig 6,
B). These suggest that Syk blockade exerts an inhibitory action on
expression of TLR9, TRAFG6, and NF-«B phosphorylation, even
in B cells with high basal BCR signaling.

DISCUSSION

In this study we demonstrate that engagement of BCR in
conjunction with ligation of CD40 and TLR9 induces remarkable
proliferation, expression of costimulatory molecules, cytokine
production, and immunoglobulin production in human B cells,
especially the memory subset. Moreover, the Syk inhibitor
suppresses all of these functions to background levels, at least
in part through inhibition of expression of TLR9 and TRAFS,
resulting in decreased phosphorylation of NF-xB.

‘We show that combined stimulation with BCR and CD40 was
sufficient to activate memory B cells, whereas it had less effect on
naive B cells. However, Additional CpG stimulation caused
potent activation of both subsets, although always more strongly
in the memory subset, suggesting that memory B cells exhibit a
lower threshold for activation compared with naive B cells.
Memory B cells can survive without antigenic stimulation, and
they can be fully activated only by cognate T-cell help and
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cytokines.” In addition, the costimulatory molecules CD80  memory B cells is higher than in naive B cells, which might ac-
and CD86, as well as TLRY and TRAFG, are weakly expressed  count for the maintenance of serologic memory. 2

in memory B cells in the nonstimulated (steady) state (Figs 2 ‘What signaling molecules are responsible for a basal BCR
and 5). These findings suggest that a basal BCR tonic signal in  tonic signal in memory B cells? We recently showed that without
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BCR stimulation, weak acavauon of Syk is consutuuvely
observed in memory B cells.® Given that Syk activation is a
key event for further propagation of the BCR signaling pathway,*
these findings support our rationale that blockade of Syk activa-
tion regulates the functions of memory B cells. Surprisingly, the
effects of the Syk inhibitor on B-cell functions were more dra-
matic than we had initially expected: it aimost completely abro-
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Qur cument findings provide a novel imsight into B-cell
aberrations in patients with SLE. The prevailing hypothesis of
B cell-mediated autoimmunity is that both autoantigen-triggered
BCR signals and costirulatory signals are required for activation
of autoreactive (pathogenic) B cells, which are particularly
enriched in the memory subset. However, recent studies showed
that TLR? and TLRY can recognize self-derived RNA and DNA,

gated B-cell proliferation, activation, cytokine production, and

ively, and that TLR signaling is necessary for autoantibody

differentiation induced by a combinatorial stimulation of BCR,
CD40, and TLR9 (Figs 1-4). We also cvaluated B-cell survival
by determining the percentage of apoptotic cells with FITC-An-~
nexin V and PI. Consistent with our previous study,”® without
stimuli, a considerable fraction of B cells spontaneously under-
‘went apoptotic cell death in vitro, and such cell death was not af-
fected by the Syk inhibitor, cxcluding nonspecific cytotoxic
effects of this inhibitor on B-cell survival (see Fig E2 in this arti-
cle’s Online Repository at www.jacionline.org). On stimulation
with BCR, CD40, and TLR9, apoptotic ccll death (Annexin
V*PI” and AmnexinV*PI") was considerably protected. This
protection was indeed abrogated by the Syk inhibitor in a dose-
dependent manner, suggesting (hat.Syk provides survival signals
as well for B cells after stimulation through all 3 receptors (see
Fig E2).

It remains somewhat unclear whether Syk is directly activated
in CD40 and TLRY sigualing pathways in B cells.''? Ying ct a1’
showed that Syk is synergistically activated in B cells on BCR/
CD40 cosumulauon, suggesting a role for Syk in CD40 signaling.
Sanjuan et al** showed, using human monocytic cell lines, that ty-
rosine phosphorylation of TLR9 by the Sxc family kinases leads to
the recruitment and activation of Syk, suggesting a role for Syk in
TLRY sigoaling. fn contrast to these findings, we found that robust
proliferation in memory B cells after CD40, TLRY, or both stim-
ulation is not influenced by the Syk inhibitor (data not shown).
Thus other regulatory mechanisms of B-cell activation by the
Syk inhibitor are more likely to exist.

We show here that Syk is a regulator of expression of TLR9 and
TRAFSG, both of which are critical for TLR9-induced NF-«B
activation. Consistent with our results, a previous study showed
that TLR9 mRNA is expressed at high levels in memory B cells

and its expression js enhanced by BCR cross-linking, ' although.

involvemnent of Syk in this process was not investigated. NF-xB
activation regulates TLR9 mRNA expression induced by BCR,
CDA40, and TLRY stimulation,? suggesting that NFF-xB~-induced
‘TLRY expression forms anovel feed-forward loop in NF-«B acti-
vation in B cells, Blockade of Syk-mediated BCR signaling could
thus shut off this loop, thereby inhibiting NF-«B activation and
TLRY expression. Indeed, we found that Syk inbibition reduces
expression of TLR9 mRNA in memory B cells to the levels
seen in unstimulated, steady-state naive B cells (Fig 5, A).
TRAF6 plays a pivotal role in TLR9—mduced ¢-Jun N lermmal
Kinase activation, CD80 expression,”® and IL-6 production.”' B
cell-specific disruption of TRAFS results in a lower number of
matuce B cells, as well as inhibition of auubody class-switching
and impaired differentiation to plasma cells.’? We found that
BCR stimulation alone strongly induces TRAF6 expression,
which is further ephanced by additional CD40 and TLRY stimu-
lation (Fig 5, B). TRAF6 cxpression, as well as NF-«B phospho-
rylation, on B-cell activation is markedly inhibited by Syk
blockade. These findings clearly suggest that Syk-mediated
BCR signaling is a prerequisite for optimal induction of
TRAF6, allowing cfficient propagation of TLR9 signaling.

production in mice with lupus,**** BCR-induced calcium mobi-
lization and protein tyrosine phosphorylanon were both pro-
nounced in B cells from mice with SLE indicating that
alterations in B-cell signaling alxeady occur at the proximity of
the BCR. We here demonstrate that Syk-mediated BCR signaling
is a prerequisite for optimal induction of TLRY and TRAFS,
thercby allowing efficient propagation of CID40 and TLR signal-
ing, which are critical for the proliferation and differentiation of
human memory B cells. Our curent findings also underscore
the potential role of Syk inB ccll—medla(cd pathologic processes
in patients with autoi namely Syk-mediated
BCR signaling, could be already activated probably by autoanti-
gens and that Syk inhibitors have potential as new drugs in the
treatment of autoimmune diseases, including SLE and RA.

We thank Ms T. Adachi, Ms N. Sakaguchi, and Ms K. Noda for their
excellent technical assistance.

Clinical implications: Syk inhibitors might he promising for
controlling the aberrant TLRY signaling that is related to the
proliferation and dilferentiation ol pathogenic memory. B ¢ells
inpatients With autoimnune diseases fncluding SLE:ind RAL
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FIG E1. Phenotypic analysis of B-cell subsets in human peripheral blood. B cells were obtained by means of
negative selection from PEMCs. CD27* memory B cells were then isolated by using positive selection from
B cells with CD27 microbeads. The negative fraction of this isolation was assigned to CD27™ naive B cells,
The purity of naive and memory B cells was greater than 80% (x-axis, CD18; y-axis, CD27).
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Annexin V

FIG E2, Sykprovides survival signals for B cells i ion through all 3 recep! 8 cells {2 X 10° per
well} were cultured in triplicate in 96-well plates with anti-igh and anti-lgk antibodies {1 pg/mL), soluble
CDM) ligand (sCDdOL. 2 pg/mL), and CpG-ODN 2006 (2.5 pg/ml) with or without Sykinhibitor IV for 72 hours.

poptotic B cells was d by means of double-staining with FITC-Annexin V and Pl
(x ax:s, Pl; y-axis, Annexin V),
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The JAK Inhibitor Tofacitinib Regulates Syﬁovitis Through
Inhibition of Interferon-y and Interleukin-17 Production by
Human CD4+ T Cells

Keisuke Maeshima,! Kunihiro Yamaoka, Satoshi Kubo,” Kazuhisa Nakano,? Shigeru Iwata,”
Kazuyoshi Saito,? Masanobu Ohishi,? Hlsaakl Miyahara,® Shinya Tanaka,z Koji Ishii,*
Hironobu Yoshimatsu,* and Yoshiya Tanaka?

Objective. Tofacitinib (CP-690,550) is a novel
JAK inliibitor that is cuxrently in clinical trials for the
treatment of rheumatoid arthritis (RA). The aim of this
study was to examine the effects of tofacitinib in vitro
and in vivo in R4, in order to clucidate the role of JAK
in the disease process.

Methods. CD4+ 'L cells, CD1d4+ ytes, and

originating from synovium and peripheral blood inhib-
ited the production of interleukin-¥7 (IL-17) and
interferon-y (IFNy) in- a dose-dependent manner, af-
fecting both proliferation and transcription, but had no
effect on IL-6 and XL-8 production. Tofacitinib did not
affect TL-6 and IL-8 production by RASFs and CD14+

synovial fibroblasts (SFs) were purified from the syno-
vium and peripheral blood of patients with RA and were
evaluated for the effect of tofacitinib on cytokine pro-
duction and cell proliferation. For in vivo analysis,
synovium and cartilage ples obtained from patient:
with RA were implanted in i defici nrice
(SCID-HuRAg mice), and tofacitinib was administered
via an osmotic minipump,

Results, Tofacitinib treatment of CD4+ T cells

Supposted in paxr by the Ministry of Health, Labor, and
h G ); b

ytes. However, conditioned medinum from CD4+
T cells cultured with tofacitinib inhibited IL~6 produc-
tien by RASFs and IL-8 production by CDid+ mono-
cytes. Treatment of SCID-HuRAg mice with tofacitinib
decreased serum Jevels of human I-6 and IL-8 and
markedly suppressed invasion of synovial tissue info
cartilage. .

Conclusion. Tofacifinib directly suppressed the
preduction of TL~17 and XFNy and the proliferation of
CD4+ T cells, vesnlting in inhibition of IL-6 production
by RASFs and IL-8 production by CD14+ cells and
decreased cartilage destruction, Xn CD4+ T cells, pre-
swmably Thl and Th17 cells, JAK plays a crucial role in
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RA synovitis.

The importance of inflammatory cytokines in the
pathogenesis of rheumatoid arthritis (RA) has become
apparent based on the clinical efficacy of biologic agents
targeting tumor nccrosis factor o (INFa), interleukin-1
(IL-1) receptor, and IL-6. For such cytokines to exert
their biologic activities, the appropriate intracellular
signaling pathways must be activated via their specific
receptors on the cell surface. Tyrosine Kinases are the
first intraceliular signaling molecules to be activated
following receptor binding in a cytokine response.
Therefore, various tyrosine kinases are involved at the
sites of inflammation (1,2). Scveral recent studies have
focused on tyrosine kinases as potential targets for the
treatment of RA. Among these, the JAK family, consist-
ing of JAK-1, JAK-2, JAK-3, and tyrosine kinase 2
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(Tyk-2), has gathered particular attention, because JAKs
are ial for the signaling patl of various cyto-
kines and growth factors that have been implicated in
the pathogenesis of RA (e.g, IL-2, IL~6, IL-7, IL-12,
IL-15, TL-17, IL-23, granulocyte~macrophage colony-
stimulating factor, and interferon-y [IFNy]).

The importance of JAKs in development of the
immune system has been demonstrated by gene deletion
or mutation. According to the abundant expression of
JAK-1 and JAK-2, deletion or mutation of either gene in
mice has been shown to be lethal, whereas mutation of
Tyk-2 or JAX-3 results in immunodeficiency in both
humans and mice (3,4). In contrast to other members of
the JAK family that are widely expressed, JAK-3 expres-
sion is essentially limnited to hematopoietic cells, and
JAK-3 constitutively binds to the common y-chain (v~
chain). The y.-chain is a common receptor subunit for
12, L4, IL-7, IL-9, IL-15, and IL-21, some of which
are known to be involved in RA. In fact, tofacitinib, an
orally available selective inhibitor of JAK, “dose-
dependently decreased endpoints of disease” in both
murine collagen-induced arthritis and rat adjuvant-
induced arthritis (5). Furthermore, tofacitinib is cur-
rently in clinical trials for the treatment of RA, and
satisfactory effects, acceptable safety, and, surprisingly,
efficacy comparable with that of known biclogic agents
have been observed (6-8).

Tofacitinib is a sclective inhibitor of JAKs with
nanomolar potency resulting in the inhibition of trans-
migration of STAT molecules to the nucleus. Initially,
the high specificity of tofacitinib for JAK-3 attracted
attention; however, recent cfforts to investigate the
mechanisin of action have shown that tofacitinib inter-
acts with multiple JAKs and presumably othex kinases
(9-11). Tofacitinib preferentially inhibits JAK-1, JAX-3,
and STAT-1 activation, resulting in potent inhibition
of y-chain cytokines, IL-6, and IFNy in naive CD4++
T cells (12).

Althongh the biologic roles of JAK in lympho-
cytes are well known, its function in monocyte-li

The remarkable effects of tofacitinib observed in
clinical studies thus far indicate that this agent will be
widely used for the treatment of RA. Although the
precise action of tofacitinib on the JAK/STAT pathway
in mice has been investigated, the exact mechanism of
action under inflammatory conditions in humans re-
mains unclear. Improved knowledge of the underlying
mechanisms of tofacitinib would contribute to a better

Jerstanding of the patk is of RA and to furthex
application of the drug in other diseases. In this study,
we used synovium from patients with RA for in vitro and
in vivo experiments to evaluate the effect of tofacitinib
and elucidate the role of JAKs at the sites of inflamma-
tion in RA.

PATIENTS AND METHODS

Tofacitinib (CP-690,550). Tofacitinib (kindly provided
by Pfizer) was dissolved in DMSO (Wako) and kept as a
20-pdf stock solution at —80°C.

Cell isolation. Human synovial tissue specimens were
obtained from patients undergoing joint replacement surgery
or synovectomy at our university and at the National Hospital
Organization Kyushu Medical Center. All patients fulfilled
the 1987 American College of Rheumatology criteria for the
classification of RA. (14) and provided written informed con-
sent. All patients had active RA but had never xeceived
treatment with biologic agents. The tissue was digested with
collagenase (1 mg/ml; Wako) and Dispase (1,000 proteolytic
units/ml; Godo Shusei) for at least 2 houts at 37°C. After being
filtrated, the cells were cultured in 16-cm culture dishes with
RPM] 1640 medium cx ing 10% heat-inactivated fetal calf
serum, 100 unitsiml penicillin, and 100 pg/ml streptomycin.
Following overnight culture, CD14+ cells were isolated from
adherent cells by positive sclection, and CD4+ T cells were
isolated from nonadherent cells by negative sclection using a
magnetic cell separation system (Miltenyi Biotec). Purities
were >90%, as determined by flow cytometry (FACSCahbur
BD PharMingen). Adherent cells were subcultured in Dulbec-
co’s modified Eagle’s medium to purify RA synovial fibroblasts
{RASFs). Cells between passages 3 and 6 were used for the
experiments, as a homogeneous population of RASFs. Periph-
eral blood mononuclear cells were isolated by density-gradient
oenmfuganon over Lymphocyte Separation Medium (ICN

cells remains elusive. Previously, we reported that den-
dritic cells (DCs) from Jak3™/~ mice produce increased
TL~10, but not IL-6 or TNFe, compared with wild-type
DCs, in response to Toll-like receptor ligands (13).
Ghoreschi et al also showed increased YL-10 production
in mouse plasma after the mice received an intraperito-
neal injection of lipopolysaccharide (LPS) following
tofacitinib pretreatment (12). Accordingly, tofacitinib
may affect not only lymphoid cells but also myeloid cells
and other cells that do not express JAK-3, such as
mesenchymal cells involved in synovitis, as an off-target
effect.

Phar and CD4+ T cells and CD14+ monocytes
were obtained as described above.
Cell proliferation, apopts and ki

Synovial and peripheral blood CD4+ T cells were plated at
2 X 10° cells/200 pl with the indicated concentrations of
tofacitinib and stimulated with plate-bound anti-CD3 anti-
bodies (100 ngfvell; R&D Systems) and soluble anti-CD28
antibodies (1 pg/ml; R&D Systems) for 72 hours; supernatants
were harvested to measure cytokine levels and to use as culture
medium for RASFs and CD14+ cells. Peripheral blood CD4+
T cells were prestimulated with ant-CD3 and anti-CD28
antibodies for 72 hours, collected and washed, and re-plated at
2 %X 10° cells/200 pl with the indicated concentrations of
tofacitinib; the cells were stimulated with recombinant IL-2
(100 ng/ml; R&D Systems) for 72 houss, and supernatants
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were harvested. A BD Cytometric Bead Array (BD Biosci-
ences) and a DuoSet enzyme-linked immunosorbent assay
(R&D Systems) were used to measure cytokine concentra-
tions. To analyze cell proliferation, cells were pulsed with
*H-thymidine for the last 16 hours of culture. Cell apoptosis
was evaluated by staining with fluorescein isothiocyanate—
conjugated annexin V and propidivm iodide (PI) (BD
PharMingen). RASFs werc plated at a density of 5 X 10%
cells/200 pl and stimulated with LPS from Escherichia coli
055:B5 (10 ng/ml; Sigma-Aldrich), IL-13 (10 pg/ml; Relia
Tech), or 1L-17 (10 ng/ml; R&D Systems) for 48 hours.
CD14+ cells were plated at 1 X 10% cells/200 pl and cuitured
for 24 hours.

TagMan polymerase chain reaction analysis. Total
RNA was isolated using an RNeasy Mini Kit (Qiagen), and
complementary DINA was synthesized. TagMan Gene Expres-
sion Assays for human IL-174 (¥1s99999082 m1), TRNy
(Hs99999041_m1), and GAPDH (Fs99999905_m1) (Applied

. Biosystems) were used to evaluate gene expression. The rela-

tive quantitics were obtained using the comparative threshold
(C,) method and were normalized to GAPDH. Stimulation-
dependent fold induction was calculated relative to the C,
value obtained in the unstimulated cells. All cxperiments were
performed in triplicate.

SCID-HuRAg mice. Male SCID mice (CB17/lcr;
CLEA Japan), 6-8 weeks of age, were housed in specific
pathogen—frce conditions at our university animal center.
Synovial tissue, articular cartilage, and bone obtained as a mass
from 2 patients with RA at the time of joint replacement
surgery were used. Synovium was cat into pxcces 5-10 mm in
diameter, and cartilage was cut into 2-mm® pieces. Mice were
anesthetized according to the guidelives established by our
animal ethics comumitiee, and synovium and cartilage were
transplanted onto the backs of 9 SCID mice (day 0). One week
after implantation, the 9 mice were randomly divided into 3
groups, and tofacitinib dissolved in polyethylene glycol 300
(Sigma-Aldrich) was administered continuously at dosages of 0
mg/kg/day (n = 3), 1.5 mg/kg/day (n = 3), or 15 mg/kg/day (n =
3) via Alzet osmotic minipumps (DURECT Corporation)
(5,15) implanted subcutaneously on the backs. Blood samples
were collceted, and the sera were stored at —80°C until
measurement of IL-6 and 1L-8.

Histologic evaluation of SCID-HuRAg mice. Im-
planted tissues were removed from the SCID-HuRAg mice 5
weeks after implantation, paraffin embedded, and stained with
hematoxylin and eosin. Immunostaining was performed with
anti~I -6 antibodies (R&D Systems) and anti-IL-8 antibodies
(R&D Systems). Invasion of synovial tissue into the cartilage
was quantified according to 2 semiquantitative score ranging
from 0 to 4, based on the number of invading cell layers and
the number of affected cartilage sites. Brosion was classified as
previously described (16), as follows: 0 = no or minimal
invasjon, 0.5 = invasion of 1-2 cell layers, 1 = mvasxon of 3*5
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the data on separate case record forms without exchanging any
information.

Statistical analysis. All data were evalnated by one-
way analysis of vaxiance with Dunnett’s post hoc test. P values
Iess than 0.05 were considered significant.

RESULTS

‘Tofacitinib-induced inhibition of proliferation of
CD4+ T cells from synovium and peripheral blood. We
first analyzed the effect of tofacitinib-on the prolifera-
tion of CD4+ T cells isolated from the synovium and
peripheral blood of patients with active RA. When
CD4+ T cells were stimulated with anti-CD3 and anti-
CD28 antibodies, marked proliferation was induced.
However, the addition of tofacilinib to the culture
inhibited the proliferation in a dose-dependent manner,
with a statistically significant difference starting at 10
nM) (Pigures 1A and B). Similar inhibitory effects were
observed in CD4+ T cells from healthy subjects (data
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Figure 1. Tofacitinib inhibits proliferation of CD4+ T cells derived
from the synovium and peripheral blood of patients with theumatoid
arthritis (RA), without cell toxicity. Synovial (A and C) and peripheral
blood (B and D) CD4+ T cells were stimulated with anti- CDB/ann-

cell Jayers, 1.5 = invasion of 3-5 cell layers at 3 i
sites of the cartilage, 2 = invasion of 6-10 cell 1ayers, 25 =
invasion of 6-10 cell Iayers at 3 independent sites, 3 = invasion
of >10 cell layers, 3.5 = invasion of >10 cell layers at 2
independent sites, and 4 = invasion of >10 cell layers at =3
indepeadent sites. The invasion scores were determined by
counhng cells at 400X magnification in 7 high-power Selds in

ach i Histologic were made under
doublc “blind conditions. Threc animal researchers recorded

CD28 antibodies in the p: of i ing doses of itinib. A
and B, To analyze cell proliferation, cells were pulsed with “H-
thymidine for the last 16 hours of culture. Values arc the mean % SD
of triplicate cultures. The experiments were repeated in 3 RA patieals,
and the results were similar; representative data are shown. * = P <
0.05; #+ = P < 0.01 versus stimulated unireated cells. C and D, Cell
apoptosis was evaluated by staining with fluorescein isothiocyanate—
conjugated annexin V and propidium icdide. Values are the mean 3
SD zesults of all experiments,




TOFACITINIB INHIBITS 1FNy AND IL-17 PRODUCTION BY CD4+ T CELLS 1793
A c D
= Tr 200 ¢
2 o~ 2
‘E £ = =
& & . a A
) Sos s Z ok -
’T w o o "
= = @ &
[} b ¢
anti-CDY28 - + + + + + R ek B I S
tofeciinib(oi)- - 2 § 88 --R88g lohdlnibaM) - - 2888
_ o4 15 10 L
3 3 - r I
% _ .- % - § £
£ 02 " Eos 1 w 35 s 2 r
£ iI e é . g g .
0 > 0 [ Qo
a0l CD328 -+ + + + + S E -4+ + 4 4 ani-CD328 '*"'*;2
tofaciinibin) - - €8 8 § --28 § § --88 8 § tofacitinloott) - - RS kS
E F G
a0 2 04 ¢
by @ pary
E [ K E
» = 5
s o Fl £o2 ¢
=
- o Wdbdbldls 0 o
ant-CD3i28 -+ 4 + + + R L2 - &+t 4+
o [~} oo
fofaciinibn) - - 2B E G © - ®BEE  wndien - - 888
100 2 ¢ —2 -
=y £
£ U © £ N
B = £
£ 50 = %1
3 g 5 “en
o Ui ] [
antiCD3128 - + % + + + R L2 - skt
tofacibloly - - € ] 8 § - - 2888 b - - 2588
Figure 2. Inhibitory effect of itinib on i -17 (IL-17) and intesferon-y (IFNY) production, but not IL-6 and I8 production, by CD4+

T cells derived from the synovium and peripheral bload of patients with theumatoid arthritis (RA). Synav:al (A, C, E, a0d X) and pextphcni blood

(B and D) CD4+ T cells were stimulated with anti-CID3/anti-CD28 antibodies for 72 hours in the p

A B, and E, Culture sup were 1 for analysis of gytokine p jon. C, D, and F, M RNA spression (fold & ion versus
d cells) was ined by TagMan pol chain reaction. G, After prestimulation with anti-CD3/anti-CD28 antibodics for 72

howss, peripheral blood CD4+ T cells were restimulated with I1-2 (100 ng/ml) for 72 hours, and supematants were harvested. Values are the mean +

SD of triplicate cultures. The experiments were zepeated in 3 RA patieats, and the results irnilar; ive data are shown. * = P < 0.05;

#% = P < 0.01 versus stimulated untreated cells. RQ « relative quantity.

not shown). Next, in order to evaluate whether these indicating that the effects of tofacitinib were not medi-
inhibitory effects were mediated by the cytotoxicity of ated by apoptosis,

tofacitinib, synovial and peripheral blood CD4+ T cells Tofacitinib-induced inhibition of XL-17 and IFNy
were stained with annexin V and PL The addition of  production by CD4+ T cells. We next assessed the
tofacitinib did not significantly affect the percentage of effects of tofacitinib on cytokine production by CD4~ T
apoptotic cells (annexin V-positive/PI-negative and an- cells obtained from patients with RA, Although stimu-
nexin V-positive/PI-positive) even at the highest con- lation of CD4+ T cells derived from both the synovium
centration of tofacitinib (300 nM) (Figures 1C and D), and peripheral blood with anti-CD3/anti-CD28 anti-
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Figure 3. Tofaqumb does not affect interleukin-6 (IL-6) and IL-8 production by rheumatoid arthritis synovial fibroblasts (RASFs) and CD14+

from RA vi A,RASstexe i
ILA17 for 48 hours, alone or with

d with 10 ng/m! of lipopolysaccharide (LPS), 10 pg/ml of IL-18, or 10 ng/ml of

concentrations of tofacitinib, and sup was collected for analysi

B, CD14+ were cultured for 24 hours with increasing

f 1.6 and IL-8 production. Values are the mean + SD of triplicate cultures.

The experiments were repeated in 3 RA patients, and the results were similar; representative data are shown.

bodies strongly induced the production of 1L-17 and
IENYy, the addition of tofacitinib to the culture inhibited
production of these cytokines in a dose-dependent man-
ner, starting at the minimum concentration of 10 nM
(Figures 2A and B). Furthermore, tofacitinib decreased
messenger RNA (mRNA) levels of IL-17 and IFNyin a
dose-dependent manner, indicating inhibitory effects on
gene transcription (Figures 2C and D). In contrast to its
effect on IL-17 and IFNy, tofacitinib did not affect IL-6
and JL-8 production by synovial and peripheral blood
CD4+ T cells, at both the protein and mRNA levels
(Figures 2B and F, and data not shown). Further-
more, when peripheral blood CD4+ T cells were re-
stimulated with IL-2 (100 ng/ml) for 72 hours in the
presence or absence of tofacitinib aftex prestimulation
with anti-CD3/anti-CD28 antibodies, production of
I1-17 and IFNy by pexipheral blood CD4+ T cells was
inhibited by tofacitinib in a dose-dependent manner
(Figure 2G). These results suggest that inhibition of
-17 and JFNy production could be associated with
inhibition of the IL-2-mediated JAK-1/3/STAT-S path-
way by tofacitinib.

Lack of effect of tofacitinib on IL-6 and XL-8
production by RASFs and CD14+ monocytes. We next
investigated the effect of tofacitinip on RASFs and
CD14+ monocytes, which together are the major source
of cytokines in RA synovium. Because RASFs expressed
JAK-1 and JAK-2 abundantly but did not express JAK-3
(data not shown), we cxpected off-target effects of
tofacitinib on RASFs. Both LPS and IL-1f, which are
not implicated in JAK/STAT signaling, strongly induced
the production of IL-6 and IL-8 by RASFs. The produc-
tion of these cytokines was not, however, affected by the
addition to the culture of fofacitinib at any concentra-
tion (Figure 34). Furthermore, although CD14+ mono-
oytes isolated from RA synoviam produced large
amounts of IL-6 and TL-8 without any stimulation, the
addition of tofacitinib did not affect production of these
cytokines (Figure 3B). Based on our previous studies of
JAK-3-deficient DCs, we expected tofacitinib to in-
crease IL-10 production by CD14+ monocytes. How-
ever, we did not observe the parallel phenotype in vitro
(data not shown). These results indicate that the mode
of action of tofacitinib appeared to be restricted to
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proliferation and particular cytokine production by
CD4+ T cells rather than CD14+ monocytes and
RASFs in patients with RA.

Indixect effect of tofacitinib on IL-6 production
by RASFs and XL-8 production by CDI14-+ monacytes.
Because direct inhibitory effects of tofacitinib on IL-6
and JL-8 production by RASFs and CD14+ monocytes
were not observed, we next investigated the possibility
of an indirect effect of tofacitinib through CD4+ T cells.
We collected the culture supernatants from purified
CD4+ T cells that were stimulated with anti-CD3/
anti-CD28 antibodies in the presence of tofacitinib,
added the obtained conditioned medium to RASFEs or
CD14+ monocytes from RA synovium, and assessed
IL-6 and -8 levels in the supernatants of RASFs
and CD14+4 monocytes after further incubation. When
RASFs were cultured with supernatant from CD4+ T
cells treated with tofacitinib, JL-6 produclion was re-
duced significantly at doses of 30 nM and higher,
while IL~-8 production was not affected (Figure 4A).
When CD14+ monocytes were cultured with. the super-
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Figure 4. Tofacitinib indirectly supp L6 production by RASFs
and IL-8 production by CD14+ Peripheral blopd CD4+ T

cells were stimulated with anti-CD3/anti-CD28 antibodies for 72 hours
in the presence of increasing concentrations of tofacitinib. Culture
supernatants (sup) were harvested and cultured with RASFs or
peripheral blood CD14+ cells. RASFs (A) and CD14+ monocytes (B)
were cultured for 48 hours and 24 hours, respectively, and the
supernatants were collected to measure cytokine concentration. Val-
uves are the mean = SD of 3 individual experi The experi
were repeated in 3 RA patients, and the results were similar. # = P <
0.05; %+ = P < 0,01 versus stimulated untreated cells. See Figure 3 for
other definitions.

natant, IL-8 production decreased significantly at doses
of 30 nM and higher, whereas IL-6 production was not
affected (Figure 4B). Thus, tofacitinib-induced jnhibi-
tion of cytokine production by CD4++ T cells appeared
to resulf in reduced production of IL-6 and IL-8 from
RASFs and CD14+ monoaytes in a cell-trophic manner.

Effect of tofacitinib on production of human X-6
and TL-8 and invasion of synovial-cells into cartilage in
SCID-HuRAg mice. In order to clarify the mode and
mechanism of action of tofacitinib, we assessed the in
vivo effects of tofacitinib in SCID-HuRAg mice. Tofac-
itinib was continuously administered to these mice by
osmotic minipump. We observed increased production
of human YL-6 and IL-8 in serum from the SCID-
HuRAg mice, which peaked 7-14 days after implanta-
tion and then gradually decreased and became undetect-
able within 21 to 28 days (data not shown). Human TNF
and YL-10 were not detected in the serum. Because of
the variable levels of cytokine production depending on
the condition of sypovium samples, IL-6 and IL-8 levels
on day 14 were compared with those on day 7 to evaluate
the cffect of tofacitinib in vivo (Figure SA). In the
groups receiving tofacitinib at dosages of 1.5 mg/kg/day
and 15 mg/kg/day, the serum level of human IL-8 was
significantly Jower compared with that in the control
group. Human IL-6 was also inhibited by tofacitinib,
although there was no significant difference compared
with control.

To further investigate the effect of tofacitinib on
cytokine expression and cartifage destruction, we re-
moved the implanted specimens on day 35 and per-
formed histologic cvaluation. Immunochistochemical ana-
Iysis demonstrated that IL-6 was highly expressed in the
RA synovium grafts in mice treated with vehicle, but that
the number of IL-6-positive cells was markedly reduced
in the tofacitinib-treated group (Figure 5C). Tofacitinib
also decreased the expression of IL-8 (Figure 5€) and
IL~17 (data not shown) in the implanted RA synovium
graft. Furthermore, the mice treated with vehicle alone
showed prominent invasion of synovial tissue into the
implanted caztilage. However, treatment with tofacitinib
markedly inhibited this invasion (Figure 5D). Histologic
evaluation according to the erosion score also showed a
dose response, with significant differences between mice
treated with high-dose tofacitinib (15 mg/kg/day) and
placebo-treated controls (Figure 5B).

DISCUSSION

The JAK/STAT pathway is a common signaling
pathway activated by inflamimatory cytokines, which has
recently received attention as a new potential molecular
target for the treatment of RA. In this study, we used
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Figure 5. Tofacitinib suppresses human interleukin-6 (IL-6) and IL-8 production and cartilage destruction in SCID-HuRAg mice. Rheumatoid
arthritis (RA) synovium and articular cartilage were co-implanted onto the backs of SCID mice. T with vehicle or itinib (1.5 or
15 mg/kg/day) was initiated on day 7, and thereafter serum was collected weekly. The co-implants were xemoved on day 35 and stained for histologic
¢ ion. A, kedly d d production of human IL-6 and IL-8 in the itinib-treated groups pared with the vehicle-treated group.
B, Cartilage crosion score in each group. The experil were rep in 2 RA patients, and the results were similar. Bars show the
mean  SEM of 3 individual experiments, ¥ =P < 0.05 trol. Cand D, I histechemical ion of human IL-6~ and IL-8-positive
cells (C), and Jight microscopic features of cartilage erosion in the engrafted specimens (D). Axrows show the invasive front of the synovial tissue.
Original magnification % 400.

CD4+ T cells, RASFs, and CD14-+ monocytes purified trials (6,8) have indicated that tofacitinib also exerts an
from the synovium and peripheral blood of patients with inhibitory effect on other JAKs. The present study
RA to clarify the mechanism of the JAK inhibitor showed that the therapeutic potency of tofacitinib in
tofacitinib, which has shown clinical benefit in trials patients with RA could occur via the inhibition of CD4+
involving patients with active RA (6-8). Although the T cells, especially proliferation and cytokine production
high specificity of tofacitinib for JAK-3 was shown in for which JAK plays a critical role in physiologic pro-
earlier studies (9), recent in vitro evidence (10,12) and cesses.

the emergence of anemia and neutropenia in clinical IL-6 plays a pivotal role in the pathologic pro-
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cesses in RA, and anti-IL-6 receptor antibody is thera-
peutically useful in RA (17,18). Although previous stud-
ies have shown that tofacitinib decreased the serum IL-6
level in a rodent model of asthritis (5,11), this study is
the first to show that tofacitinib inhibited both human
IL-6 and IL-8 dexived from RA synovium implanted in
SCID mice. However, we observed that tofacitinib did
not directly affect IL-6 and IL-8 production by RASFs,
CD14+ monocytes, and CD4-+ T cells in vitro, whereas
IL-17 and IENy production by CD4+ T cells was
markedly decreased by tofacitinib in vitro. In contrast,
we also observed that production of XL-6 and Y-8 by
RASFs and CD14+ monocytes was significantly reduced
in a concentration-dependent manner when these cells
were cultured with supernatant from CD4+ T cells
treated with tofacitinib. This suggests that tofacitinib
inhibited IL~6 production by RASFs and IL-8 produc-
tion by CDI14+ monocytes in an indirect manner
through the inhibition of CD4+ T cells. Moreover, the
numbers of IL-6- and IL-8-positive cells were signifi-
cantly reduced, with decreased cartilage destruction in
SCID-HuRAg mice treated with tofacitinib. Thus, it
appears that tofacitinib-induced specific inhibition of
1L-17 and YFNy production by CD4+ T cells (presum-
ably Th1 and Th17 celis) resulted in the suppression of
11-6 and TL-8 production by RASKs and CDD14+ mono-
cytes, with decreased cartilage destruction in SCID-
HuRAg mice.

The mechanism of tofacitinib-induced inhibition
of IL~17 and IFN+ production by CD4+ T cells remains
unknown. We observed that the concentration of IL-2 in

Although the present study confirmed the speci-
ficity of the action of tofacitinib on CD4 T cells, it
remains possible that other immune cells expressing
JAKs could be targeted. Dose-related decreases in neu-
trophil counts (6,8) have been observed that can be
related to attenuation of inflammation (11); however,
it is highly likely that neutropenia can occur through
inhibition of JAX-1. Because active RA responds to
ritwdmab, a monoclonal antibody selectively targeting
CD20+ B cells (22-24), and because B cells also express
JAKs, it is possible that tofacitinib dircctly affects B
cell function. Treatment with tofacitinib was previously
reported to decrease the absolute number of CD3+
CD16+CD56+ natural killer cells (25), suggesting an
antiinflammatory effect through natural killer cells. Ad-
ditionally, a growing body of evidence indicates the
involvement of mast cells in the pathogenesis of RA
(26,27), and these immune cells also express JAXKs.
Tndeed, the majority of IL-17A~expressing cells in syno-
vium have been reported to be mast cells (28), suggest-
ing another possible underlying mechanism of the anti-
inflammatory effect.

Here, we demonstrated that tofacitinib functions
through a mechanism different from that of biclogic
agenis that target IL-6 or TNF. Our results indicate that
tofacitinib is potentially useful in various autoimmune
diseases involving autoxeactive T cells. This JAK inhib-
itor could therefore be indicated widely for immunologic
abnormalities and inflammatory conditions in the fu-
ture. In addition to the effect of tofacitinib in R4, the
chmcal benefit of orally available tofacitinib in other

the culture supernatant of CD4+ T cells stimulated with
anti-CD3/anti-CD28 antibodies was apparently in-
creased when tofacitinib was added to the culture (data
not shown), as reported by other investigators (19). This
suggests that tofacitinib might inhibit the consumption
of YL~2, which is produced by CD4+ T cells stimulated
with anti-CD3/anti-CD28 antibodies. Alternatively, IL-2
production by CD4+ T cells is also thought to be
enhanced by tofacitinib, because tofacitinib might cancel
the IL-2-mediated negative feedback loop through acti-
vating STAT-5 (20). Furthermore, it has been reported
that tofacitinib inhibited IL-2-enhanced XEN?y produc-
tion by T cells in the peripheral blood of the cynomolgus
monkey (21). Our study also showed that tofacitinib
significantly decreased IL-2-induced production of
IL-17 and IFNy by peripheral blood CD4-+ T cells
(Figure 2G). Taken together, our observations suggest
that J-2-dependent activation of CD4+ T cells may be
important in the pathologic processes of RA, and that
tofacitinib could inhibit the IL-2-mediated JAK/STAT
signaling pathway.

it such as inflammatory bowel disease
and psoriasis has been obscived in ongoing clinical trials.
‘We await with intexest the results of these and future
trials, to establish the usefulness of tofacitinib in clinical
practice.

Finally, we conclude that JAKs in CD4+ T celis
play an important role in RA. synovitis. However, con-
sidering the dramatic effect of tofacitinib in R4, further
basic and clinical research is needed to fully determine
the mechanism of tofacitinib’ and the importance of
immune cells expressing JAKs and mesenchymal cells
expressing only JAK-1 and JAK-2 in RA pathology.
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Abstract We introduced abatacept (ABT) in a very early
rheumatoid arthritis (RA) patient with active tenosynovitis of
hands defined by musculoskeletal ultrasonography (MSKUS).
MSKUS-proven tenosynovitis remarkably improved at
2 months in spite of clinical exacerbation, followed by clinical
remission at 5 months. MSKUS abnommalities also disap-
peared. Although ABT was discontinued due to an adverse
event after the sixth infusion, she remained in clinical remis-
sion as well as imaging remission by MSKUS at 13 months.

Keywords Rheumatoid arthritis - Musculoskeletal
ultrasonography - Abatacept
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RF Rheumatoid factor
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Introduction

Musculoskeletal ultrasonography (MSKUS) in rheumatic
disease has become widely used in Western countries as
well as in Japan. MSKUS is more sensitive and may be
more reliable than clinical examination for detecting joint
injury in patients with rheumatoid arthritis (RA) [1-3].
Synovitis, tenosynovitis, and bone erosion are major joint
injuries that are frequently found in patients with RA

examined by MSKUS [1-4). The grayscale mode detects |

morphological abnormalities such as hypertrophy of
synovial tissues, while the power Doppler mode identifies
their vascularity [1-5], such that MSKUS is very useful in
diagnosis and evaluation of the disease activity of RA.
Most previous reports have focused on the severity of
articular synovitis, considering the therapeutic efficacy of
disease-modifying antirheumatic drugs (DMARDs) [6, 7],
while other components such as tenosynovitis and bone
crosion might also reflect the disease activity of RA [8, 9].
We describe herein a case of very early RA in which the
findings of MSKUS-proven tenosynovitis were very useful
in understanding the patient’s clinical condition and
deciding upon a therapeutic strategy. The patient achieved
biologic-free clinical remission and imaging remission by
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MSKUS in a short time by the introduction of cytotoxic
T-lymphocyte-associated antigen-4 (CTLA-4)-1gG, or
abatacept (ABT), in the early phase of RA.

Case report

The patient was a 63-year-old Japanese woman, She had
noticed arthralgia of right wrist in July 2010. She visited
our hospital in November 2010. On physical examination,
she had 3 tender joints and 8 swollen joints of the right
wrist and fingers (Fig. la). Her laboratory tests showed
C-reactive protein (CRP) of 0.14 mg/dl (normal range

<0.17 mg/dl), erythrocyte sedimentation rate (ESR) of
26 mwh (normal range <15 mm/h), rheumatoid factor
(RF) of 25.1 IU/m! (normal range <15 IU/Mml), and anti-
cyelic citrullinated peptide antibodies (ACPA) of >100 U/
ml (normal range <4.5 U/ml). Plain radiography of bilat-
eral hands and feet was normal. She was diagnosed with
RA according to the 2010 RA classification criteria [10]: at

least 1 joint with definite clinical synovitis (swelling) not
better explained by another disease, and a total disease
score of 8 [joint involvement, 8 small joints (43); serology,
high-positive ACPA (-+3); acute-phasc reactants, abnormal
ESR (+1); and duration of symptoms, longer than 6 weeks
(+1)]. MSKUS showed mild articular synovitis of gray-
scale 1 without power Doppler (PD) signal of 2nd to 4th
proximal interphalangeal (PIP) joints, but rather remark-
able tenosynovitis of the extensor tendon of the right wrist
and the flexor tendon of the right index finger (Fig. 1b, ¢).
Clinical disease activity was moderate with Discase
Activity Score 28 (DAS28) of 4.74 and Simplified Disease
Activity Index (SDAI) of 19.1.

Her clinical course is shown in Fig. 2. Treatment with
6 mg/week methotrexate (MTX) was initiated in December
2010. The dose of MTX could not be increased because of
leukocytopenia. Moderate disease activity continued, and
the MSKUS-proven tenosynovitis was not improved at
3 months after initiation of MTX therapy. Therefore,
she additionally received 500 mg abatacept (ABT)

Fig. 1 The findings of physical i and loskeletal
ultrasonography (MSKUS) at initial visit, a She had 3 tender joints
and 8 swollen joints of right wrist and fingers on physical examina-
tion. b First compartment (abductor pollicis Jongus and

findings of tenosynovitis, which is defined by irregular hypertrophy of
the synovium of the tendon sheath with positive-sign Doppler signals.
¢ The flexor tendon on the volar aspect of the finger. Images obtained

pollicis brevis tendons) of the extensor tendons on the dorsal aspect of
the wrist. Images obtained in longitudinal scan using grayscale
(upper) and power Doppler mode (fower). Images show typical

in u scan using grayscale (leff) and power Doppler mode
(right). Tmages show typical findings of tenosynovitis, which is
defined by hypertrophy of the synovium of the tendon sheath with
positive-sign Doppler signals
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ABT 500mg
DO 66
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DAS28

MTX 6mg/wk

infusion, but MTX administration (6 mg/week) continued
for the following 6 months. At 13 months after the initia-
tion of MTX (6 months after discontinuation of ABT), the
patient remained in clinical remission (DAS28, 2.08;
SDAI, 1.1) with imaging remission (no abnormalities) as
determined by MSKUS.
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Y
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2010 2011
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Fig. 2 Clinical course of the present case. MTX methotrexate, DAS28
Discase Activity Score 28, SDAI Simplified Disease Activity Index

intravenously every 4 weeks from March 2011 (DAS28,
3.83; SDAJ, 10.5; tender joint count (TJC), 4; swollen joint
count {(SJC), 4; patient global visual analog scale (pVAS),
15; evaluator global visual analog scale (€VAS), 15; ESR,

16 mmv/h; CRP, 0.03 mg/dl). Treatment with ABT seemed

not to exert an effect, and her clinical disease activity was
exacerbated at 2 months after initiation especially due to
left knee joint arthritis (DAS28, 5.41; SDAI, 23.4; TIC, 4;
SIC, 5; pVAS, 70; eVAS, 70; ESR, 46 mm/h; CRP,
040 mg/dl). However, because the tenosynovitis had
remarkably improved and articular synovitis of wrist and
finger joints was not detected on MSKUS by this time
(Fig. 3a), ABT was continued, Her symptoms gradually
improved from 3 months, and she achieved low disease
activity scores (DAS28, 3.07; SDAI, 3.92) at 4 months and
clinical remission at 5 months. The MSKUS findings dis-
appeared altogether at 4 months (Fig, 3b).

In August 2011, she was admitted because of a subcu-
taneous abscess of the left glutcal region. An examination
revealed that she was implanted the placenta, which was a
supplement, in the site of lesion before the initiation of
ABT therapy. ABT therapy was discontinued after the sixth
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In this case, we found that MSKUS was very important
in monitoring the efficacy of ABT in a patient with very
carly RA. .

First, we were able to accuratcly understand the
patient’s clinical condition by MSKUS. In fact, MSKUS
predominantly showed active tenosynovitis rather than
articular synovitis. Tender and swollen joints on physical
examination were suggested to be due to remarkable
tenosynovitis adding to articular synovitis. Tenosynovitis is
widely accepted to be common in RA and postulated to be
the first manifestation in some cases [11]. Previous studies
have described MSKUS as the gold-standard imaging
method for assessing tendon involvement in RA [12]}, even
in the carly phase [11]. Tenosynovitis is defined by
abnormal hypoechoic or anechoic material with or without
fluid inside the tendon sheath and with positivessign
Doppler signals in two perpendicular planes {11, 13, 14].
We have recently revealed the utility of MSKUS for clin-
ical diagnosis toward patients with early RA [15). In this
issue, we have also found a high frequency of tenosynovitis
in these patients [15]. It may be caused by invasion of the
pannus into the tendon or by compression of the pannus,
either of which would cause edema, ischemia, and necrosis
[11]. Hypervascularity determined by an intense PD signal
was found in this case, confirming that this patient was
suffering from active tenosynovitis by RA.

Secondly, the findings of MSKUS were very helpful in
considering therapeutic strategies in this case. ABT therapy
was initiated because the abnormal findings of MSKUS
were persistent at 3 months after initiation of MTX ther-
apy. ABT therapy was continued for 2 months despite
exacerbation of clinical disease activity estimated by
DAS28 and SDAI, because the abnormal findings of
MSKUS of wrist and finger joints had obviously improved.
A previous study of RA patients treated with anti-tumor
necrosis factor (TNF) therapy found that the PD score of
articular synovitis correlated well with DAS28 [16].
Although knowledge is limited regarding the response of
tenosynovitis to anti-inflammatory treatment, a recent
report revealed that the PD tenosynovitis score of RA
patients was also improved by adalimumab [8]. Another
report found a positive association between tenosynovitis
of the ankle joints and RF {17], suggesting that we should
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Fig. 3 The findings of loskeletal ul phy (MSKUS)
after treatment with abatacept. a The findings of MSKUS at 2 months,
when clinical disease activity worsened. First compartment (abductor
pollicis longus and extensor pollicis brevis tendons) of the extensor
tendons on the dorsal aspect of the wrist (upper longitudinal scan,
grayscale; middle longitudinal scan, power Doppler mode) and the
flexor tendon on the volar aspect of the finger (fower transverse scan,

be aware of the importance of tenosynovitis in pathogen-
esis as well as in response to DMARD therapy. There are
no case reports regarding the change of MSKUS findings
including tenosynovitis in patients with RA treated by
ABT. The present case has firstly shown that ABT therapy
induces clinical as well as imaging remission in early RA
patients.

The efficacy of ABT in early RA is prominent compared
with its effect in established RA [18]. The abatacept study
to determine its effectiveness in preventing development of
rheumatoid arthritis in patients with undifferentiated
inflammatory arthritis and to evaluate safety and tolerability
(the ADJUST trial) focused on patients with undifferenti-
ated arthritis (UA) or very early RA [19]. In the ADJUST
trial, improvement of magnetic resonance imaging score of
synovitis was achieved by ABT at 6 months; furthermore,
its effect was maintained after cessation of ABT [19].
Although the follow-up period in the present patient was
short, this is the first observation that tenosynovitis of a very
early RA patient could disappear by ABT even after inci-
dental cessation of ABT.

According to previous reports, the presence of abnor-
malities detected by MSKUS (especially PDUS) and MRI

power Doppler mode). Although hypertrophy of tendon sheath
persisted, power Doppler signals disappeared. b The findings of
MSKUS at 4 months, when clinical discase activity improved. ‘First
compartment of the extensor tendons on the dorsal aspect of the wrist
(upper longitudinal scan, power Doppler modc: /ower transverse scan,
power Doppler mode). The hypertrophy of the tendon sheath and
power Doppler signals disappeared

(especially MRI osteitis) predict further radiographic pro-
gression even in RA patients with clinical remission [20].
Therefore, the ideal imaging remission is considered as no
abnormality found in MSKUS and MRI. Although the
present case did not receive MRI study, abnormal MSKUS
findings including articular synovitis and tenosynovitis had
disappeared after 4 months of introduction of ABT.
Therefore, we concluded that the patient achieved imaging
remission in addition to clinical remission.

In this case, biologic-free remission might also be
induced in a short time by the introduction of ABT in the
early phase of RA. Although the clear definition of bio-
logic-free remission is still obscure at present, biologic-free
duration longer than 1 year may be a criterion, since Ta-
naka et al. have recently examined the characteristics of
RA patients who were able to discontinue infliximab longer
than 1 year [21]. The findings of MSKUS were very
helpful in observing the clinical status of this patient;
however, more longitudinal observation is needed to
determine whether the present case achieved biologic-free
remission.

Conflict of interest None.
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Magnetic resonance imaging (MRI) detection of synovitis
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Abstract

Objective  To explore whether synovitis and bone lesions
in the wrists and finger joints visualized by plain magnetic
resonance imaging (MRI)-based findings correspond
exactly or not to those judged by gadolinium-diethylene-
triamine pentaacetic acid (Gd-DTPA)-enhanced MRI-

based findings.
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Methods Magnetic resonance imaging of the wrists and
finger joints of both hands were examined in 51 early-stage
rheumatoid arthritis (RA) patients whose median disease
duration from the onset of articular manifestations to entry
was 5 months, by both plain (T1 and short-time inversion
recovery images) and Gd-DTPA-enhanced MRI (post-
contrast fat-suppressed Tl-weighted images) simulta-
neously. We focused on 15 sites per hand, to examine the
presence of synovitis and bone lesions (bone edema and
bone erosion). Gd-DTPA-enhanced MRI-based findings
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were considered “true” lesions, and we evaluated the
accuracy of plain MRI-based findings in comparison to
Gd-DTPA-enhanced MRI-based findings.

Results  Synovitis, judged by plain MRI-based findings,
appeared as false-positive at pretty frequency; thus, the
specificity, positive predictive value and accuracy of the
findings were low. The rate of enhancement (E-rate) in
false-positive synovitis sites was significantly low com-
pared with true-positive synovitis sites where Gd-DTPA
enhancement appears. In contrast to synovitis, the false-
positivity of bone lesions, judged by plain MRI-based
findings, was very low compared with Gd-DTPA-enhanced
MRI-based findings.

Conclusion  Synovitis judged by plain MRI-based find-
ings is sometimes considered false-positive especially in
sites where synovitis is mild. However, plain MRI is
effective in identifying bone lesions in the wrist and finger
joints in early-stage RA.

Keywords Early-stage RA - Plain MRI -
Gd-DTPA-enhanced MRI - Synovitis - Bone lesions

Abbreviations

ACR American College of Rheumatology
CRP C-reactive protein

E-rate Rate of enhancement

Gd-DTPA Gadolinium—diethylenetriamine

pentaacetic acid
HLA-DRBI*SE HLA-DRB!*shared epitope

RA Rheumatoid arthritis
UA Undifferentiated arthritis
Introduction

Magnetic resenance imaging (MRI) reveals joint inflam-
mation and damage in early-stage rheumatoid arthritis
(RA) [1-4] that take the form of synovitis and bone lesions,
including bone edema and bone erosion {I-4]. As active
synovial lesions in patients with RA are rich in vascularity,
gadolinium-diethylenetriamine  pentaacetic  acid  (Gd-
DTPA)-enhanced MRI-based findings have become the
gold standard to evaluate joint inflammation and damage in
RA [1). Accordingly, by assessing Gd-DTPA-enhanced
MRI-based findings of the wrists and finger joints of both
hands, we have determined that symmetrical synovitis and
bone lesions are important predictors of the development of
RA in patients with undifferentiated arthritis (UA) [5~8]. In
these earlier studies, we did not specifically compare
Gd-DTPA-enhanced MRI-based findings with plain MRI-
based findings. However, Gd-DTPA-enhanced MRI is an

expensive diagnostic tool compared to plain MRI, and
Gd-DTPA can induce serious adverse events [9]. Thus, if
plain MRI is sufficiently sensitive for the purpose, it should
be possible to reduce both the cost and the adverse events
associated with Gd-DTPA by using plain MRI

The aim of the study reported here was to determine
whether plain MRI-based findings are effective in evalu-
ating joint inflammation and damage in early-stage RA in
comparison to Gd-DTPA-enhanced MRI-based findings.
Our results suggest that plain MRI is a sufficiently sensitive
diagnostic tool to evaluate bone lesions, but that synovitis
determined by plain MRI-based findings may on occasion
appear as a false-positive, especially at sites where syno-
vitis is mild.

Patients and methods
Patients

The Early Arthritis Clinic opened in 2001 as part of the
Unit of Translational Medicine of the Department of
Immunology and Rheumatology of the Graduate School of
Biomedical Sciences of Nagasaki University. It is a
regional center for the wreatment of arthritis, with patients
from the whole western part of Japan, Nagasaki Prefecture
(approx. 450,000 inhabitants) being referred there for
treatment. For our study, we recruited 51 early-stage RA
patients. from this clinic. The disease status of these
patients was formally confirmed by a rheumatologist in our
department, and a diagnosis of RA was based on the 1987
criteria for RA of the American College of Rheumatology
(ACR) [10]. Baseline clinical manifestations and variables
included sex, age, localization of arthritis, moming stiff-
ness, number of tender joints, number of swollen joints,
C-reactive protein level (CRP; measured by latex turbidi-
metric immunosorbent assay; Daiichi Pure Chemicals,
Fukuoka, Japan), immunoglobulin M-rheumatoid factor
(IgM-RF) positivity (measured by latex-enhanced immu-
nonephelometric assay; cut-off value 14 IU/ml; Dade
Behring, Marburg, Germany), positive status for anti-cyclic
citrullinated peptide (CCP) antibodies (measured by
enzyme-linked immunosorbent assay; cut-off value 4.5 Urml;
DIASTAT Anti-CCP; Axis-Shield, Dundee, UK), HLA-
DRBI genotyping, and MRI findings for both the wrists
and finger joints, as previously described [5-8, 11). All
variables were examined on the same day, as previously
reported [5-8, 11]. Each patient provided a signed
consent form to participate in the study, which was
approved by the Institutional Review Board of Nagasaki
University.
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MRI of wrists and finger joints

Magnetic resonance scan images of both the wrists and
finger joints were acquired using a 1.5 T system (Signa; GE
Medical Systems, Milwaukee, WI) with an extremity coil.
Tl-weighted spin-ccho (TR 450 ms, TE 13 ms) images,
short-time inversion recovery (STIR; TR 3000 ms, TE
12 ms, T1 160 ms) images, and Gd-DTPA-enhanced ima-
ges were simultaneously acquired. The images were eval-
uated for bone edema, bone erosion, and synovitis in 15
sites in each finger and wrist: the distal radioulnar joint, the
radiocarpal joint, the midcarpal joint, the first carpometa-
carpal joint, the second-fifth carpometacarpal joints (toge-
ther), the first-fifth metacarpophalangeal joints, and the
first~fifth proximal interphalangeal joints (PIP joints) sep-
arately (a total of 30 sites in both hands), as recently
reported [5-8, 111, The presence of synovitis, bone edema,
and bone erosion was evaluated according to the methods
described by Lassere et al. [12] and Conaghan et al. [13), by
two experienced radiologists (M.U. and A.F.), and decisions
were reached by consensus, as previously described [5-8,
11]. Since the focus of our study was to compare MRI-based
findings and Gd-DTPA-enhanced MRI-based findings in
terms of their accuracy in determining synovitis and bone
change, we included bone edema and bone erosion as bone
lesions in our study. Gd-DTPA-enhanced images were
obtained by intravenous injection of 0.1 mmol/kg of
Gd-DTPA (Magnevist; Bayer Schering Pharma, Berlin,
Germany). A dynamic study was performed to evaluate the
vascularity of the affected joints as a rate of enhancement
(E-rate), which was determined by examining coronal
sections taken at 4-s intervals over a 150-s time period with
fast spoiled gradient recalled acquisition in the steady state
(SPGR) sequences, as previously described [5-8, 11).

Comparison of plain MRI-based findings
and Gd-DTPA-enhanced MRI-based findings

Gd-DTPA-enhanced MRI-based findings are the gold
standard for evaluating joint inlammation and damage by
MRI in RA [1]. Thus, we assumed that Gd-DTPA-
enhanced MRI-based findings represented “true” lesions
and subsequently calculated the accuracy of plain MRI-
based findings, comparing sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
and accuracy.

Statistical analysis
Differences between the groups shown in Table 4 were
examined for statistical significance using the Mann—

Whitney U test. A P value of <0.05 was taken to indicate a
statistically significant difference.
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Results
Patient characteristics

Table | shows the baseline characteristics of the 51
patients with RA enrolled in our study. Since the median
disease duration from the onset of articular manifestations
to entry was 5 months, this study population was consid-
ered to have early-stage RA. The median Genant-modified
Sharp score of the 51 patients at baseline was 0.49, which
also identifies them as early-stage RA patients. The rates of
seropositivity of IgM-RF and anti-CCP antibodies were
62.7 and 74.5%, respectively, and the rates of carriership of
the HLA-DRB1*0405 allele and HLA-DRB1*shared epi-
tope (SE) allele were 44.0 and 56.0%. These characteristics
of autoantibodies and HLA-DR typing indicate that our
study population manifested typical RA characteristics.

Synovitis and bone lesions of the wrists and finger
joints of both hands according to plain MRI-based
findings and Gd-DTPA-enhanced MRI-based findings

Among the 1530 sites of interest, we were able to evaluate
synovitis in 1416 sites on both plain MR and Gd-DTPA-
enhanced MR scan images. Synovitis was considered
positive in 65.6% of sites (929/1416) according to plain
MRI-based findings, but was not found in 316 of these
929 sites by Gd-DTPA-enhanced MRI-based findings

Table 1 Demographic features of 51 carly-stage theumatoid arthritis
patients

Demographic feature Value
Gender (M:F, % F) 8:43 (84.3%)
Age (years) 52 (19-80)
Duration (months) 5(1-28)
Distribution of arthritis

Symmetric (%) 824

Only upper extremities (%) 215

Both upper and lower extremities (%) 725
Genant-modified Sharp score 0.49 (0-8.58)
Positivity of IgM-RF (%) 62.7
IgM-RF (1U/m]) 18.0 (4.5-395)
Positivity of anti-CCP antibodics (%) 145
Anti-CCP antibodies (IU/ml) 24.3 (0.6-2115.3)
Positivity of CRP (%) 70.0
CRP (mg/dl) 1.14 (0.03-11.13)

Carriership of HLA-DRBI1*0405 (%) 44,0 (diploid: 8.0%)
Carricrship of HLA-DRB1*shared epitope (9)  56.0 (diploid: 8.0%)

Values are given as the median with the range in parenthesis, unless
otherwise stated

M Male, F female, igM | lobulin M, RF 1t id factor,
CCP cyclic citrullinated peptide, CPR C-reactive protein




