226 Clinical therapeutics

Figure 1 Overview of clinical studles of tocilizumab

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

MRAI;BZJP [P1/21rial | Extension study —
n=15 MRAQOOIP I_'mj Extension study (Stream)  MRaD10IP J]mmll" )

n=164
' =306 . Japan
wraosze "¢ [ Samural | poown

) MRA214JP 2008
wraziarp =127 | Satori [ Eiorsion sy Jl|  Apri
: . RA2153P 16
Jar._!. anese.s*ud:es MRA2201P =31 -
601 patients Extension Approved
{1891.3 patient-years) MRA221IP n=1M study pp

MRA222JP

=359 [ P2DBT <:|I Charisma (in Europe)

Global phase Ill studies neo @ Extension stuey [} |
4211 patients n=1220 m—,——l

M countries [ Toward | Extension stuey I!"“ 5?)03 |

687 sit n=673 | Ambition | ;
ishes ) Extension stueymﬂ FDA l
n [Radite osonsunlll Fhea |

n=11% [Lithe

| Extension stuey ”"" |

AMBITION, Actemra versus Methotrexate double Blind Investigate Trial In mONotherapy; CHARISMA, Chugai Humanized AntiRheumatic Interleukin
Six Monoclonal Antibody; DBT, double-blind trial; EMEA, European Medicines Agency; FDA, Food and Drug Administration; LITHE, tociLlzumab safety
and THE prevention of structural joint damage trial; OPTION, tOcilizumab Pivotal Trial in methotrexate Inadequate respONders; RADIATE, Research on
Actemra Determining efflcacy after Anti-TNF failurEs; SAMURAI, Study of Active controlled Monotherapy Used for Rheumatoid Arthritis, an IL-6
Iohibitor; SATORI, Study of Active controlled TOcllizumab monotherapy for Rheumatoid arthritis patients with an Inadequate response to methotrexate;
STREAM, Long-term Safety and efficacy of Tocilizumab, an antiinterleukin-6 REceptor Monoclonal antibody, in patients with rheumatoid arthritis;
TOWARD, TOcilizumab in combination With traditional DMARD therapy.

Table 1 Efficacy of tocilizumab therapy in phase Ill studles

ACR20, % (P) ACR50, % (P) ACR70, % (P) DAS28 remission, % (P)
SAMURAI trial :
Tocilizumab (8 mg/kg) 78 (<0.001) 64 (<0.001) } 44 {<0.001) 59 {<0.001}
DMARDs 34 13 8 ) 3
SATORI trial v
Tocilizumab (8 mg/kg) 80 (<0.001) 49 40 - 43 (<0.001)
MTX 25 11 6 2
OPTION study : : ’ o
Tocilizumab (8 mg/kg) 59 (<0.0001) 44 (<0.0001} 22 (<0.0001) 27 {<0.0001)
Tocilizumab (4 mg/kg) 48 (<0.0001) 31 {<0.0001) 12 {<0.0001) 13 {=0.0002)
_Control 26 11 2 : R
TOWARD study
Tocilizumab (8 mgfkg) 61 {<0.0001} 38 (<0.0001) 21 (<0.0001) : 30 (<0.0001)
Control ) 25 [} 3 3
RADIATE study
Tocilizumab (8 mg/kg) 50 (<0.001) 29 (<0.001) 12 (0.001) 30 (0.001)
Tocilizumab (4 mg/kg) - 30 (<0.001) 17 (<0.001) 5 (0.1) 8 (0.058)
Control . 10 4 ' 1 2
AMBITION
Tocilizumab (8 mg/kg) 70 (<0.0001) 44 (0.0023) 28 (0.0002) 34
MTX | 53 34 15 v 12
LITHE
Tocilizumab (8 mg/kg) 56 (<0.0001) 36 (<0.0001) 20 (<0.0001) 47 (<0.0001)
Tocilizumab (4 mg/kg) 47 29 16 30
, Control : 25 10 4 . 8

P value, each of tacilizumab group versus control group, tocilizumab group versus DMRDs group, tocilizumab group versus MTX group. AMBITION,
Actemra versus Methotrexate double Blind Investigate Trial In mONotherapy; DMARDSs, disease-modifying antirheumatic drugs; LITHE, tociLlzumab
safety and THE prevention of structural joint damage trial; MTX, methotrexate; OPTION, tQcilizumab Pivotal Trial in methotrexate Inadequate
respONders; RADIATE, Research on Actemra Determining efflcacy after Anti-TNF failurEs; SAMURAI, Study of Active controlled Monotherapy Used
for Rheumatoid Arthritis, an IL-6 Inhibitor; SATORY, Study of Active controlled TOcilizumab monotherapy for Rheumatoid arthritis patients with an
Inadequate response to methotrexate; TOWARD, TOcilizumab in combination With traditional DMARD therapy.
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Table 2 Incidence rates of adverse event and serious adverse
event observed in phase lll studies

Adverse Serious adverse
event (%) event (%)

SAMURAI trial

Tocilizumab (8 mg/kg) 89 18

DMARDs 82 13
SATORI trial

Tocilizumab (8 mg/kg) 92 7

MTX 72 5
OPTION study

Tocilizumab (8 mg/kg) 69 8

Tocilizumab (4 mg/kg) 71 8

Control 63 6
TOWARD study

Tocilizumab (8 mg/kg) 73 7

Control : 61 4
RADIATE study
" Tocilizumab (8 mg/kg) - 84 , , 6

Tocilizumab {4 mg/kg) 87 7

Control 81 11
AMBITION

Tocilizumab (8 mg/kg) 80 4

MTX 78 ] 3

AMBITION, Actemra versus Methotrexate double Blind Investigate Trial In
mONotherapy; DMARDs, disease-modifying antitheumatic drugs; MTX,
methotrexate; OPTION, tOcilizumab Pivotal Trial in methotrexate
Inadequate respONders; RADIATE, Research on Actemra Determining
efficacy after Anti-TNF failurEs; SAMURAI, Study of Active controlled
Monotherapy Used for Rheumatoid Arthritis, an IL-6 Inhibitor; SATORI,
Study of Active contralled TOcilizumab monotherapy for Rheumatoid
arthritis patients with an Inadequate response to methotrexate; TOWARD,
TOcilizumab in combination With traditional DMARD therapy.

TNF inhibitors have been used all over the world for
patients with RA refractory to DMARDs, including MTX.
Even with TNF inhibitors, however, 60% of patients do
not reach a 50% improvement in disease activity [1]. In
patients with RA refractory to anti-TNF therapy, three
treatment options are currently available: switching
between TNF inhibitors [27-29), switching to the abata-
cept, a costimulation blocker for T cells [30], and rituxi-
mab, a B cell-depleting anti-CD20 antibody [31]). The
Research on Actemra Determining efflcacy after Anti-
TNF failurEs (RADIATE) study first examined, in a
randomized, double-blind, controlled trial, the efficacy
and safety of tocilizumab with MTX in patients with active
RA who failed at least one TNF inhibitor [32°°]. ACR20
was achieved at 24 weeks by 50.0 and 10.1% of patients in
the tocilizumab (8 mg/kg) and control groups, and disease
activity score (DAS)28 remission (DAS28 <2.6) was
achieved by 30.1 and 1.6%, respectively. Although the
efficacy appeared to be a little lower than that observed
in the OPTION study, tocilizumab and MTX sho-
wed efficacy comparable to that obtained with abatacept
and rituximab treatment in a similar population. Further-
more, patients responded regardless of most recently failed
"TNF inhibitor or the number of previous failed TNIF
inhibitors, whereas switching between TNF inhibitors
usually increases the chance of inadequate response. This
implies that targeting IL-6, a molecule different from
TNF, is feasible for patients refractory to anti-TNF

therapy.
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Until now, there has been no biologic agent the efficacy
of which in monotherapy is superior to that of MTX
in patients who have not previously experienced MTX.
The Actemra versus Methotrexate double Blind Inves-
tigate Trial In mONotherapy (AMBITION) study
showed that tocilizumab monotherapy was superior to
MTX monotherapy for alleviating symptorms in patients
with active RA who have not failed prior MTX or biologic
therapy [33°]. The result of AMBITION confirmed the
efficacy of tocilizumab in monotherapy, which has been
shown in Japanese studies [21,23%,24"°].

In evaluating radiographic outcomes, two studies have
been conducted until now, SAMURAI trial and tociLI-
zumab safety and THE prevention of structural joint
damage trial (LITHE) study [34°]. The SAMURAI trial,
a Japanese phase III study, evaluated, in a blinded
manner, radiological progression on hands and feet
of patients with active RA of less than 5-year disease
duration using van der Heijde’s modified Sharpe score
[24°]. In the control DMARD group, dose, type, combi-
nations, and changing of DMARDs could be varied at the

- discretion of the prescribing physician except for TNF

inhibitors or leflunomide. At week 52, significantly more
individuals in the tocilizumab monotherapy group had no
radiographic progression compared with the DMARD
group (56 versus 39%, P < 0.01) and improved total Sharpe
score. Increase in erosion score and joint space narrowing
were also suppressed. The result indicates that tocilizu-
mab, even in monotherapy, retards structural joint damage.
The LITHE study is a fifth global study, including
15 countries and enrolling 1196 moderate-to-severe RA
patients refractory to MTX treatment and assessing the
ability of tocilizumab to inhibit structural joint damage
using Genant-modified Sharpe scores during 12 months of
therapy. The result of the LITHE study showed that
tocilizumab and MTX significantly inhibited the pro-
gression of structural joint damage compared with placebo
and MTX. Significantly more individuals in the tocili-
zumab (8 mg/kg) and MTX group showed no progression
in total Genant-modified Sharpe scores compared with
that of the tocilizumab (4 mg/kg) and MTX group or the
placebo and MTX group (85, 81, and 67%, respectively).
Both studies demonstrated the efficacy of tocilizumab for
preventing structural joint damage in RA. «

Long-term Safety and efficacy of Tocilizumab, an
antiinterleukin-6 REceptor Monoclonal antibody, in
patients with rheumatoid arthritis (STREAM) study is
an open-label extension study of tocilizumab enrolling
143 patients who were treated in the Japanese phase 11
trial [35%%). A total of 94 patients (66%) continually
received tocilizumab for more than 5 years. DASZ8
remission was achieved in 52 out of 94 patients (55.3%),
78 (88.6%) were able to decrease their corticosteroid dose,
and 28 (31.8%) discontinued corticosteroids. Thirty-two
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patients (22%) withdrew from the study because of
adverse events and one patient (0.7%) because of
unsatisfactory response. The serious adverse event
(SAE) rate was 27.5 events per 100 patient-years, with
5.7 serious infections per 100 patient-years, based on a
total tocilizumab exposure of 612 patient-years. The
high rate of continuing tocilizumab therapy implies that
tocilizumab therapy not only sustains the efficacy but
_also has a good safety profile, including less withdrawal
due ta adverse events.

Safety of tocilizumab

Incidence rates of adverse events observed in phase 111
studies aré summarized in Table 2. Most of the adverse
events observed in those studies were mild or moderate
[23°,24°,25%°,26°,32",33°,34°]. Regarding the SAE, infec-
“tions were most frequently observed in every study, and
most of the patients recovered by appropriate treatment.
There was no infection specific to tocilizumab treatment.
Among the SAE reported in the STREAM study, a
- Japanese long-term study, pneumonia (1.5 events per
100 patients-years), herpes zoster (1.1 events per 100
‘patients-years), and bronchids (0.8 events per 100
patients-years) were frequently observed [35°°), although
the incidence rate of serious infections was comparable to
that of TNF tnhibitors. As tocilizumab ameliorates inflam-
matory manifestations and the acute-phase reaction, it also
suppresses the symptom and increase in CRP levels
caused by pneumonia, which may result in the delay of
diagnosis [36]. Therefore, it is necessary to carefully rule
out possible infection even though the symptoms are mild.
Increase in the incidence of tuberculosis (TB) is often the
problem during anti-TNF treatment. In all Japanese
clinical studies, two TB patients were réported among
1981 patient-years, and the incidence was not significantly
increased in comparison with Japanese RA patients with-
out biologics and the Japanese population [37].

Regarding the incidence of malignancies in patients
receiving tocilizumab, only Japanese data have been
available until now. The incidence in all Japanese clinical
studies was almost equivalent to that in an observational
cohort of RA patients or Japanese population data [38].

Drug-related infusion reactions were observed in 0.8—
11% of the patients in the phase III clinical studies
[237,24°°,25°%,26",32°°,33%,34"]. Most of the infusion
reactions were mild to moderate.

About the laboratories, increases in alanine aminotrans-
ferase or aspartate aminotransferase or both were often
reported in the tocilizumab treatment group in every
clinical trial; most of the increases were less than
three-fold of the upper normal limit, and the values
normalized spontaneously or after the cessation of toci-

lizumab therapy [23°,24"%,25°%,26°,32°°,33°,34"]. There
had been no fulminant hepatitis.

Increases in serum cholesterol levels were also frequently
reported in every clinical trial. Total cholesterol (TC)
levels did not continue to increase and became stable
around the upper normal limit in most of the patients in
the Japanese studies [23%,24°°,35°°]. However, inci-
dences of hyperlipidemia were higher in the global
studies [25°%,26%,32°%,33%,34"]. Although cardiovascular
complications associated with increases in cholesterol
levels have not been reported, excessive levels of TC
need to be controlled by lipid-lowering agents.

Transient neutropenia was often reported in every
clinical trial, and neutrophil counts were spontaneously
recovered [23°,24°°,25°%,26°,32°°,33°,34°,35*"]. This may
be because of shifting the distribution of neutrophils [39].
Moreover, there was no apparent association between
neutropenia and infection. This safety profile of tocili-
zumab is acceptable compared with the provided benefit.

Tocilizumab therapy for other inflammatory
diseases :
Systemic-onset JIA (soJIA) is one of common rheumatic
diseases in childhood and is characterized by arthritis,
spiking fever, pericarditis, skin rash, splenomegaly, and
hepatomegaly [40]. Children with soJIA often show
growth retardation and developmental abnormality. In
addition to these abnormalities, patients with soJIA are
often associated with macrophage activation syndrome,
which is sometimes fatal. As IL-6 plays a central role in
the pathogenesis of this disease, therapeutic values of
tocilizumab have been assessed. In a phase III trial for
so]IA in Japan, 56 children (aged 2-19 years) with active
soJIA refractory to conventional treatments were enrolled
[41]. The patients received tocilizumab 8mg/kg body

- weight every 2 weeks for 6 weeks in an open-label lead-in -

phase, and patients who achieved ACR Pediatric 30
response (ACR Pedi 30) and CRP of less than Smg/l
were randomly assigned to receive placebo or continue
tocilizumab treatment for 12 weeks or until withdrawal
for rescue medication in a double-blind phase. The
primary endpoint of the double-blind phase was an
ACR Pedi 30 response and CRP concentration of less
than 15 mg/l. At the end of the open-label lead-in phase, -
ACR Pedi 30, 50, and 70 responses were achieved by 91,
86, and 68% of patients, respectively, and 43 patients
continued to the double-blind phase. In the double-blind
phase, only 17% of the placebo group maintained an ACR
Pedi 30 and CRP less than 15 mg/l compared with 80%
in the tocilizumab group (P <0.0001). Furthermore, at
week 48 of the open-label extension study following the
double-blind phase, ACR Pedi 30, 50, and 70 responses
were achieved by 98, 94, and 90% of the patients,
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respectively. Most of the adverse events were mild or
moderate. In the open-label extension phase of the study,
13 serious adverse events were observed, including bron-
chitis, gastroenteritis, and an anaphylactoid reaction, all of
which improved by adequate treatment. On the basis of
the results of clinical trials, tocilizumab was approved for
patients with so]JIA in April 2008.

Adult-onset Still’s disease is an adult disease showing
pathological features similar to soJIA in childhood. There
are two reports that tocilizumab therapy improved dis-
ease activity of patients with adult-onset Still’s disease
refractory to conventional treatments, including cortico-
steroids and immunosuppressants [42,43]. As the cyto-
kine profile of adult-onset Still’s disease looks similar to
that of so]JIA, the blockade of I1L-6 will be beneficial.

Tocilizumab therapy may also provide a clinical benefit for
vasculitis syndromes. A patient with Takayasu arteritis
refractory to a conventional immunosuppressive therapy
could be successfully treated with tocilizumab [44]. For
these diseases, future clinical studies will be required to
establish safety and efficacy.

Conclusion

In this article, clinical value of blocking IL-6 receptor
with tocilizumab was reviewed. Although a series of
clinical studies have demonstrated excellent safety and
efficacy of tocilizumab therapy for RA and soJIA, the
number.of patients in those clinical trials is still limited.
Thus, a large registry data will warrant the safety profile
of tocilizumab. Nevertheless, tocilizumab will add a
promising therapeutic option for patients with RA and
other inflammatory diseases.

In future studies, we need to establish a method of how to
choose the right drug for the right patient by predicting the
efficacy. If such a prediction becomes possible, it will
lighten the treatment cost. Moreover, patients will achieve
a clinical remission more realistically.
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Abstract The aim of this study was to evaluate the pre-
dictive value of biological, radiological and clinical
parameters for the progression of radiographic joint
damage in rheumatoid arthritis (RA) patients treated
with conventional disease-modifying anti-rheumatic drugs
(DMARDS). We analyzed the 145 patients with active RA
for less than 5 years who were participating in the pro-
spective 1-year randomized controlled trial of tocilizumab
(SAMURAL trial) as a control arm treated with conven-
jtional DMARD:s. Progression of joint damage was assessed
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by sequential radiographs read by two independent blinded
X-ray readers and scored for bone erosion and joint space
narrowing (JSN) using the van der Heijde-modified Sharp
method. Multivariate analysis revealed that increased uri-
nary levels of C-terminal crosslinked telopeptide of type I
collagen (U-CTX-II), an increased urinary total pyridino-
line/total deoxypyridinoline (U-PYD/DPD) ratio and low
body mass index (BMI) at baseline were independently
associated with a higher risk for progression of bone ero-
sion. In addition to these three variables, the JSN score at
baseline was also significantly associated with an increased
risk of progression of the JSN score and total Sharp score.
High baseline U-CTX-II levels, U-PYD/DPD ratio and JSN
score and a low BMI are independent predictive markers
for the radiographically evident joint damage in patients
with RA treated with conventional DMARDs.

Keywords BMI - CTX-II - Joint destruction -
PYD/DPD ratio - Rheumatoid arthritis

Introduction

Although rheumatoid arthritis (RA) has features of a sys-
temic disease and capable of exhibiting a variety of extra-
articular manifestations, it is predominantly characterized
by structural destruction of the joints, leading to functional
disability [1-4]. Joint destruction often progresses early in
the disease process [5-8], but the process is highly variable
from patient to patient [9—12]. The identification of patients
with rapid joint destruction very early in the disease
process is of critical importance to clinicians wanting to
optimize treatment strategies. Indeed, although new
biological therapies are highly effective in preserving joint
structure, they are expensive and may have side effects.
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Thus, targeting these treatments to RA patients manifesting
rapid progression of the disease may be beneficial.

Several prospective studies have been performed to
identify predictive factors indicative of a worse radiologi-
cal progression of RA [13-31]. The earlier investigations
revealed the importance of the rheumatoid factor (RF),
inflammation markers or radiographic damage at baseline
[13, 14, 16-18, 20, 21], while more recent ones have
identified biochemical markers of bone, cartilage and
synovial tissue metabolism and catabolic enzymes as being
associated with progression in RA [15, 19, 22, 24, 27-29].
Alternatively, RA is also associated with accelerated ath-
erosclerosis and increased cardiovascular mortality and,
recently, it has been shown that macrophage inhibitory
cytokine 1 (MIC-1), which is linked to clinical events in
atherosclerosis, may be involved in the pathological pro-
cess of erosive joint destruction [32]. The body mass index
(BMI) has also been reported to be associated with the
radiographic progression of RA, independent of inflam-
mation markers [23, 30, 31], and recent new information
suggests the potential involvement of adipokines as regu-
lators of inflammation in RA [33]. These new findings have
lead to the recognition of RA as a disease involving a
variety of pathological conditions related with joint
destruction and made clinicians aware of the fact that RA is
a systemic disease in terms of the pathology of the bone
and destruction of cartilage. However, to date, there has
been no study that has analyzed concomitantly in the same
population the independent contribution of these various
anthropometric, clinical, laboratory and radiological fea-
tures to the prediction of disease progression in RA.

The aims of the study reported here were to determine
which combination of a few risk factors identified among a
panel of clinical, biological and radiological parameters
would be powerful in predicting the radiological progres-
sion of bone erosion and joint space narrowing (JSN) in RA
patients treated with conventional disease-modifying anti-
rheumatic drugs (DMARDs).

Methods
Patients and protocol

The patient cohort consists of 148 patients with RA
receiving conventional DMARDs who participated in the
control arm of the SAMURALI trial described in a recent
publication [34]. The aim of the SAMURAI, which was a
52-week-long multi-center clinical trial, was to evalnate
the effect of tocilizumab on radiological joint damage.
Three hundred and six patients with RA diagnosed
according to the American College of Rheumatology
criteria [35] were randomly assigned to tocilizumab
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monotherapy (8 mg/kg intravenously every 4 weeks) or
conventional DMARD:s. For the DMARDs group, the dose,
type and combination of DMARDs and/or immunosup-
pressants could vary according to disease activity at the
discretion of the treating physician. The study protocol was
approved by the Ministry of Health, Labor and Welfare of
Japan, and by the ethical committee at each participating
site, and patients gave their written informed consent.

Radiographic assessment

Posteroanterior radiographs of hands and anteroposterior
radiographs of feet were performed at baseline and at
weeks 28 and 52 or at the last visit for patients who
withdrew from the study prior to week 52. Radiographs
were scored using the van der Heijde-modified Sharp
method [36, 37] for bone erosion, joint space narrowing
(JSN) and total sharp score (TSS) independently by two
readers who were well trained and competent to score
radiographs in accordance with the method. The readers
were blinded to the treatment group and chronological
order of the films.

Clinical assessment

The Disease Activity Score on 28 joints (DAS28), clinical
improvement in signs and symptoms of RA, tender joint
count, swollen joint count, and modified health assessment
questionnaire (MHAQ) [38] were assessed at baseline.

Laboratory examinations

Fasting blood samples and the second morming urine
samples were obtained from all subjects at clinical visits.
C-reactive protein (CRP) and erythrocyte sedimentation
rate (ESR) were measured in the local clinical test labo-
ratory of each investigation site.

To assess bone formation, we measured serum intact-
osteocalcin (OC) using a two-site immunoradiometric
assay (Mitsubishi Kagaku Iatron, Japan) and serum bone
alkaline phosphatase (bone ALP) by an enzyme-linked
immunosorbent analysis (ELISA; Quidel, San Diego, CA).
Markers of bone resorption included urinary N-terminal
crosslinked telopeptide of type I collagen (U-NTX-I),
which was measured by an ELISA (Ostex Int, Seattle,
WA), and urinary total deoxypyridinoline (U-DPD) and
total pyridinoline (U-PYD), measured by a high-perfor-
mance liquid chromatography (HPLC) assay. Markers of
cartilage synthesis included the N-terminal propeptide of
type IIA collagen (PILTANP; Linco, St. Louis, MQ) and the
C-terminal propeptide of type II collagen (PIICP; IBEX
Diagnostics, Montreal, Canada). Cartilage degradation
was assessed by the urinary excretion of the C-terminal
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crosslinked telopeptide of type II collagen (CTX-II Carti-
1.aps ELISA; NORDIC Biosciences, Herlev, Denmark).
ynovial tissue metabolism was assessed by measuring
the urinary excretion of glucosyl-galactosyl-pyridinoline
Glc—-Gal-PYD) by HPLC, serum matrix metalloprotein-
se-3 (MMP-3) by ELISA (Daiichi Pure Chemical, Japan)
and serum amyloid protein A (SAA) by a latex immuno-
assay (LIA; Eiken Chemical, Japan). Other measures
included serum interleukin-6 (IL-6) using a chemilumi-
escent enzyme immunoassay (CLEIA) (Fujirebio Japan),
RF by LIA (Mitsubishi Kagaku Iatron, Japan), and
immunoglobulin G (IgG) by LIA (Eiken Chemical, Japan).

. Statistical analysis

*For analyzing the correlation between markers at baseline
and at the 52-week radiological progression of joint dam-
ge, we normalized the markers by logarithmic transfor-
" mation when needed. First, the markers were selected by
" pearson correlation coefficient with TSS, erosion score,
4 and JSN score (Il > 0.15). Then, the predictive factors
ere selected based on the multivariate regression analysis
sing the backward elimination method, the forward
election method, and the best-subset selection procedure
sing Mallows’ Cp- adjusted R?.

The odds ratio of progression in TSS, bone erosion and
SN score according to the levels of these baseline factors
ere estimated by logistic regression analysis with a 95%
“confidence interval (95% CI). The progression of joint
amage was defined as an increase of TSS of 0.5 or more at
- 52 weeks. ’
All statistical analyses were two-sided, and p values
- <0.05 were considered to be significant. All statistical
analyses were carried out using SAS ver. 8.2, TS2MO
SAS Institute, Cary, NC).

. Results

One hundred and forty-five patients were included in the
“intent to treatment (ITT) analyses. Demographics and
baseline disease characteristics are shown in Tables 1 and
3. At baseline, the mean age and the disease duration were
53.1 and 2.4 years, respectively. Patients had very active
disease, as indicated by a DAS28 score of 6.4 and CRP of
4.9 mg/dl at baseline. The kinds of DMARDs and immu-
nosuppressants used for RA treatment during the study and
the number of patients are shown in Table 2.

Bivariate linear correlation analyses showed that base-
line values of U-PYD, the ratio U-PYD/DPD, U-CTX-II,
U—Glc—Gal—PYD, TSS, erosion score, JSN score, age and
BMI were associated significantly with the 1-year increase
in all three radiological indices of joint damage, i.e. bone

Table 1 Baseline demographics, clinical and laboratory characteris-
tics of thie patient cohort

Baseline demographics, clinical Values

and laboratory characteristics

Number of patients 145

Age, years (mean) 531+ 125
Female, n (%) 119 (82.1)
BMI (kg/m?) 21.8+130
RA duration (years) 24+ 1.3
Number of previous DMARDs 28

Tender joint count 144 £75
Swollen joint count 11.8 £ 5.8
CRP (mg/dl) 49 +29
DAS28 64+ 09
Radiological total Sharp score . 30.6 + 42.0
Radiological bone erosion score 13.9 &+ 21.7
Radiological joint space narrowing (ISN) score 16.7 £ 21.8

Values are given as the mean + standard deviation, unless otherwise
indicated

RA Rheumatoid arthritis, DAS28 Disease Activity Score based on 28
joint counts, CRP. C-reactive protein, BMI body mass index,
DMARD:s disease-modifying anti-rheumatic drugs

Table 2 Number of patients using concomitant drugs related to
rheumatoid arthritis during the study

Variables Number of patients®
Corticosteroids 145 (100%)
Methotrexate 123 (84.8%)
Mizoribine 11 (7.6%)
Azathioprine 7 (4.8%)
Ciclosporin 5 (3.4%)
Tacrolimus hydrate 3 (2.1%)
Sulfasalazine 60 (41.4%)
Bucillamine 33 (22.8%)
Sodium aurothiomalate 4 (2.8%)
p—Penicillamine 11 (7.6%)
Actarit 6 (4.1%)
Lobenzarit disodium 2 (14%)
Cyclophosphamide 2 (1.4%)
Minocycline hydrochloride 2 (1.4%)

® Values are given as the number of patients taking a drug; patients
can take more than one drug

erosion score, JSN score and TSS (Table 3). The baseline
levels of U-DPD, S-PIIANP, triglyceride, ferritin also had
a significant association with one or two variables among
these three radiographic progression parameters (Table 3).
None of the clinical indices of disease activity mor the
biological parameters of inflammation were associated
significantly with radiological progression. In the
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Table 3 Baseline patient measurements and Pearson correlation coefficient between the levels of candidate factors at baseline and the changeg
in radiographic score at week 52

Variables Levels at baseline  r value between baseline levels and radiological progression at week 52
(mean £ SD) N .
Total sharp Bone erosion Joint space
score score narrowing (JSN) score

Bone markers

Intact-osteocalcin (ng/ml) 51421 NS NS NS
Bone alkaline phosphatase (U/1) 215+ 6.5 NS NS NS
S-NTX-I (nmol BCE/) 158 £ 4.8 NS NS NS
U-NTX-I (nmol BCE/mmol creatinine) 62.6 + 31.9 NS NS NS
U-DPD (umol/mol creatinine) 8+4 0.185% NS 0.187*
Bone or cartilage markers '
U-PYD (umol/mol creatinine) 55 £ 37 0.278** 0.253%* 0.274%*
U-PYD/DPD 72+18 0.190* 0.180* 0.178*
Cartilage markers
S-PIIANP (ng/ml) 459.8 =+ 210.9 NS —0.188* NS
S-PICP (ng/ml) 819.1 £ 311.6 NS NS NS
U-CTX-II (ng/mmol creatinine) 902.5 £919.2 0.356%** 0.32]%** 0.356%**
Radiographic scores
Total Sharp score 16.7 £ 21.8 0.323 %% 0.303%** 0.307%**
Erosion score ) 30.6 = 42.0 0.313%*= 0.308%** 0.282%*
Joint space narrowing score 13.9 £+ 21.7 0.323*%* 0.29] %% 0.322%**
Symptoms or functions
DAS28 6.4+ 09 NS NS NS
Objective signs
Tender joint count 144 £75 NS NS : NS
Swollen joint count 11.8 £58 NS NS NS
Patients reported functional assessment
-MHAQ ‘ 0.90 + 0.58 NS NS NS
Inflammation markers .
CRP (mg/dl) 49 +29 NS NS NS
ESR (mm/h) 71 +25 NS NS NS
MMP-3 (ng/ml) 456.5 & 3475 NS NS NS
SAA (pg/ml) 347 &+ 307 NS NS NS
Fibrinogen (mg/dl) 490 £ 96 NS NS NS
Interlenkin-6 (pg/ml) 60.2 + 64.9 NS NS NS
Synoviam degradation marker
U-Glc-Gal-PYD (nmol/mmol creatine) 11.6 £ 9.3 0.255%* 0.238** 0.245%*
Hematological parameters
WBC (/ul) 8,923 + 2,430 NS NS NS
RBC (10*/1) 397 + 38 NS NS NS
Hemoglobin (g/dl) 113+ 14 NS NS NS
Platelet (104/;,L1) 372 £ 101 NS NS NS
Lipid parameters
Total cholesterol (mg/dl) 182 £ 33 NS NS NS
HDL cholesterol (mg/dl) 56 £ 14 NS NS NS
LDL cholesterol (mg/dl) 108 &+ 27 NS NS NS
Triglyceride (mg/dl) 90 £ 35 —0.187* —0.193* NS
Other biomarkers
RF (IU/ml} 247 £ 452 NS NS NS
@_ Springer
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‘Table 3 continued

ariables Levels at baseline 7 value between baseline levels and radiological progression at week 52

(mean £ SD) X
Total sharp Bone erosion Joint space
score score narrowing (JSN) score
IgG (mg/dl) 1,697 + 492 NS NS NS
Albumin (g/dl) 3.7+03 NS NS NS
Ferritin (ng/ml) 105 + 116 NS —0.182%* NS
ge 531+ 125 —0.259** —0.278** —0.205*
26:119 NS NS NS
uration of disease 24+13 NS NS NS
Anthropometric factor r
BMI (kg/m?) 21.8 £3.0 —0.298%** —0.257** —0.311%**

'S pot significant, §-NTX Serum type I collagen cross-linked N-telopeptides, U-NTX urinary type I collagen cross-linked N-telopeptides, U-DPD
rinary deoxypyridinoline, U-PYD urinary pyridinoline, S-PIIANP serum N-terminal propeptide of type IIA collagen, S-PIICP serum C-terminal
- propeptide of type 1I collagen, U-CTX-II urinary C-terminal telopeptide of type II collagen, MHAQ modified health assessment questionnaire,
"ESR erythrocyte sedimentation rate, MMP-3 matrix metalloproteinase-3, SAA serum amyloid protein A, U-Glc~Gal-PYD urinary glucosyl-
! galactosyl-pyridinoline, /gG immunoglobulin G, WBC white blood cell, RBC red blood cell, HDL cholesterol high-density lipoprotein cho-

esterol, LDL cholesterol low-density lipoprotein cholesterol
p < 0.05; ** p < 0.01; *** p < 0.001

Table 4 Multivariate regression analysis relating JSN U-CTX-II,
U-PYD/DPD, or BMI to changes in the radiographic scores at 52

aseline predictor Parameter estimate p value
'otal Sharp score progression
ISN 4.88 0.04
PYD/DPD 20.81 0.02
CTX-IT 9.41 <0.01
BMI —0.92 <0.01
R 0.24 <0.001
Bone erosion progression
PYD/DPD 11.20 0.04
CTX-I 5.58 <0.01
BMI —0.48 0.02
R 0.17 <0.001
oint space narrowing progression
JSN 2.37 0.04
PYD/DPD 9.62 0.02
CTX-II 4.56 <0.01
BMI —0.46 <0.01
R 0.25 <0.001

SN Joint space narrowing, PYD/DPD logarithmic transformed uri-
ary pyridinoline/deoxypyridinoline ratio, CTX-II logarithmic trans-
ormed urinary C-terminal telopeptide of type II collagen

multivariate analyses, increased levels of U-CTX-II, an
Increased U-PYD/DPD ratio and decreased BMI were
the only independent predictors of the progression of
one erosion (Table 4). Together, these three variables
xplained 17% of the interindividual variance in the pro-
gression of bone erosion. For the progression of JSN and

TTS, baseline JSN was also an independent predictor in
addition to U-CTX-II, the U-PYD/DPD ratio and BMI
(Table 4).

Logistic regression analysis after the categorization of
the four predictive variables with the cut-off value of
500 ng/mmol/creatinine in U-CTX-II, median level for the
U-PYD/DPD ratio, two cut-off values of 18.5 and 25 kg/
m>, respectively, in BMI and a O or >0 score in JSN score
at baseline showed that the odds ratio for a yearly increase
of TSS >0.5 was 2.6- to 9.9-fold higher risk in the high-risk
group than in patients with low risk levels (Fig. 1a); the
respective figures for progression in erosion score and for
progression in JSN were 2.8-4.8 and 1.8-20.0, respectively
(Fig. 1b, c). Baseline levels in the categorized groups are
shown in Table 5.

Discussion

Based on our analysis of a panel of several demographical,
clinical and laboratory parameters of disease activity, we
found that increased urinary CTX-II, a high PYD/DPD
ratio and low BMI were independent predictors of radio-
logical progression in bone erosion and TTS in patients
with RA receiving conventional DMARDs and that base-
line JSN was also an independent predictor of radiological
progression in JSN and TTS. These results suggest that
these factors should be useful in identifying patients at high
risk.

The bivariate analyses revealed that the baseline levels
of U-PYD, the U-PYD/DPD ratio, U-CTX-II, TSS, erosion
score, JSN score, U-Glc-Gal-PYD, age and BMI were
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JSN 9.9(3.4-286) __|_ a
BMI 3.7 (0.9-15.3)
U-CTXl  2.6(1.2- 5.4) —+
U-PYD/DPD 2.6(1.3- 5.3) +

0.1 1 10 100
BMI 48(1.1-20.0) | b
UCTXIl  31(15- 66) —+
U-PYDDPD 2.8 (1.4- 5.6) —|-

041 1 10 100
JSN 20.0 (4.5 - 89.3) —3
BMI 4.8(1.1 -20.0) —
U-CTX-lI 28(1.3 - 5.9) ——
U-PYD/DPD 1.8 (0.88- 3.5) H-

01 1 10 100

Fig. 1 Odds ratio (95% confidence interval) of radiological progres-
sion associated with high baseline joint space narrowing (JSN), high
urinary C-terminal telopeptide of type II collagen (U-CTXID), high
urinary total pyridinoline/total deoxypyridinoline (U-PYD/DPD), or
low body mass index (BMI). Progression of joint damage over 1 year
was defined as an increase >0.5 U of the total Sharp score (a), bone
erosion (b) or JSN (¢)

Table 5 Baseline levels in the categorized groups

Variables Cut-off n Mean of

value baseline

value £ SD

JSN 0 30 0

0< 115 21.1+£225
U-CTX-I <500 53 327.2 £ 104.6

(ng/mmol/creatinine)  500< 88 1,249.0 + 1,014.9

U-PYD/DPD <median (6.8) 72 5.8+ 07

Median (6.8)< 73 86t14
BMI (kg/m®) <185 20 175+£12

18.5=, <25 102 215+ 16

25< 21 27.1 £1.7
@ Springer

significantly associated with the 1-year increase in all three
indices of TSS, erosion score and JSN score and that the
baseline levels of U-DPD, S-PIIANP, triglycerides and
ferritin were significantly associated with one or two
variables among these three radiographic progression
parameters. However, there was no significant association
with radiographic progression in the baseline levels of
inflammation markers, MMP-3, hematological parameters,
patients-reported functional assessments, such as MHAQ,
and objective symptomatic scores. Although several pre-
vious studies showed that MMP-3 was predictive of
radiological progression [22, 29, 39, 40] in RA, our data
and those of Cunnane et al. [41] failed to reveal a signifi-
cant association. Circulating MMP-3 levels have been
reported to be significantly decreased after treatment with
methotrexate or sulfasalazine or both together [29, 41-44].
These findings suggest that levels of MMP-3 are dependent
on the type, duration and intensity of the pharmacotherapy.
It is thus possible that differences in the therapeutic regi-
men between studies may explain some of the inconsis-
tencies in the relation of MMP-3 to progression. Additional
factors may include differences in disease duration and
activity and variation in assay characteristics, which are not
standardized between studies. Consistent with the results of
a recent study [29], we confirmed that patient-reported
functional assessments and clinical symptomatic indices
were not useful in predicting radiological progression.
Inflammation markers, such as CRP and ESR, have been
regarded as useful predictors of joint damage in RA.
However, our study confirmed the recent findings of
Young-Min [29], showing that when novel and more spe-
cific markers of joint tissue metabolism were included in
the model, these unspecific laboratory tests were no longer
predictive. Among these novel tissue turnover markers, the
strongest and most consistent association with progression
was observed for urinary CTX-I], a biochemical marker of
cartilage degradation, a finding consistent with several
previous studies involving patients with early RA receiving
MTX or etanercept [19], very early RA receiving the
COBRA combination therapy or sulfasalazine alone [45] or
late RA treated with conventional DMARDs [29]. Taken
together, the results from these previous studies and the
current one suggest that urinary CTX-II is predictive of
radiological progression across patient populations and
independent of the type of therapy. We also found that
urinary-Gle—~Gal-PYD, a specific biochemical marker of
synovial tissue metabolism, was associated significantly
with radiographical progression in bivariate analysis. This
result was consistent with that of a previous study [19] of
early RA patients receiving methotrexate or etanercept.
However, urinary-Gle-Gal-PYD did not remain in the final
panel of predictors after multivariate analysis, confirming
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the recent study of Young-Min [29] who showed that
Glc-Gal-PYD was predictive in bivariate, but not in multi-
variate analyses when CTX-II was included in the model.
This lack of independent predictive value is likely to be due
to the high correlation of Glc-Gal-PYD with CTX-II
(r =0.61, p < 0.001) and suggests that in early active RA,
degradation of cartilage is closely linked to synovitis.
Whether urinary Glc-Gal-PYD could be an independent
predictor of progression in late RA or in patients receiving
biological therapies remains to be determined.

Previously published cross-sectional studies found an
increased urinary PYD/DPD ratio in patients with RA [46~
49]. Our study, however, is the first showing that U-PYD/
DPD ratio is an independent predictor of radiological
progression. Both PYD and DPD are non-reducible cross-
links of mature collagen molecules, and they are believed
to be important factors for maintaining the structure of the
collagen fibril network in the matrix of the various tissues,
including bone and cartilage. In healthy tissues, the PYD/
DPD ratio is highest in cartilage (ratio: 50), intermediate in
synovial tissue and tendons (ratio: 15-16) and lowest in
‘bone (ratio: 3.5) [50-52]. The tissue PYD/DPD ratio can be
altered in RA tissue, with the latter showing a higher ratio
than healthy synovium [23, 51]. In addition, a high tissue
PYD/DPD ratio in bone caused by the overhydroxylation
of Lys at the helical cross-linking sites in type I collagen
“has been observed in the hip fracture cases [53] and oste-
“oporosis [54]. Thus, the PYD/DPD ratio may theoretically
‘provide some indication of the type of articular tissue that
is predominantly degraded in RA. In our study, this ratio,
ut not PYD and DPD separately, was associated with
diological progression of bone erosion and JSN inde-
endently of CTX-II, which is a specific marker of carti-
ge degradation and of Gle-Gal-PYD (a specific marker
f synovial metabolism), suggesting indeed the added
-value of this parameter. One possibility is that this ratio
3 artially reflects structural alterations of bone tissue matrix
sociated with increased bone fragility, as suggested by
me ex vivo biochemical studies [53, 54].

We found that high BMI was correlated negatively with
e progression of joint erosion and JSN and that patients
ith lower values (<18.5), defined as underweight, had a
8-fold (95% CI 1.1-20) higher risk than the patients with
gher BMI (>25) who were defined as overweight. Pre-
ously published reports showed a body weight loss due to
sease activity [55-58] in RA, although no significant
orrelation between BMI and inflammation markers
as observed at baseline in our study (data not shown).
ur results agree with studies published previously by
aufmann [23], Westhoff [31] and van der Helm-van Mil
0] which showed that high BMI was protective against
e radiological progression in early RA. It has been
ugeested that the relationships between BMI and joint

damage are mediated in part by the adipocytokines secreted
by fat tissues. Interestingly, we recently reported that
increased serum levels of adiponectin—which is negatively
associated with BMI—are associated with a greater overall
joint destruction in patients with RA [59]. Using a bivariate
analysis, we found that triglycerides, but not total choles-
terol and its subfractions were negatively correlated with
radiological progression. However, in the multiple variable
model, triglycerides were not an independent predictors,
possibly because of its positive association with BMI
(r = 0.29, p < 0.001).

Previously published data showed that high initial
radiographical damage evaluated with TSS or the Larsen
score was associated with subsequent radiological pro-
gression [16, 17] and that the initial erosion score in par-
ticular has a predicting value for radiological prognosis
[14, 18, 23]. These data were analyzed without biochemical
markers of joint tissue turnover as the initial factors;
however, we found that baseline radiological joint damage
of the extent of JSN was strongly and independently pre-
dictive of biochemical markers of joint tissue turnover
associated with progression.

We believe that the four independent predictors of
radiological progression we identified in this study may
reflect different and complementary information of the
various pathophysiological processes involved in joint
destruction. The baseline Sharp score provides an esti-
mation of the amount of joint destruction that has
occurred, on average, during 2.3 years of disease dura-
tion before the start of the follow-up. Urinary CTX-II is
a dynamic indicator of the rate at which cartilage tissue
will deteriorate during the course of the disease. The
PYD/DPD ratio may be related to increased bone fra-
gility, and the BMI may provide integrated information
on contribution of adipose tissue metabolism to maintain
joint tissues health. These four independent predictors
were statistically selected using those patients with high
disease activity who were participating in the control
arm of the SAMURAI study and who had >6 tender
joints (of 49 evaluated), >6 swollen joints (of 46 eval-
uated joints), ESR of >30 mm/h and CRP of >2 mg/dl.
These predictors may therefore be beneficial for targeting
new biological therapies to patients with rapid progres-
sion of joint destruction.

Although our study covered one of the largest ranges of
predictive variables for the progression of joint damage
ever investigated concomitantly in the same population,
due to sample volume limitation we could not analyze a
number of the biochemical markers that have been reported
to be associated with joint damage in RA, including anti-
CCP antibody, cartilage oligomeric matrix protein (COMP)
[25, 26, 60], osteoprotegerin (OPG) and Receptor Activator
of Nuclear Factor-kappa B Ligand (RANKL) [61]. Our
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study included patients with RA within 5 years of disease
duration, so it remains to be determined whether the same
set of predictive factors will also perform similarly in
patients with earlier RA. Furthermore, our study could not
clarify the prognostic factors in the each type of DMARDs
treatment nor whether CTX-II, the PYD/DPD ratio, the
JSN score and BMI predict progression independent of the
type of DMARDs treatment, since the dose, type and
combination of DMARDs and/or immunosuppressants was
varied and changed according to disease activity at the
discretion of the treating physician in our study. However,
our data could provide the prognostic values of CTX-II,
PYD/DPD ratio, JSN score and BMI in the actual clinical
practice of RA treatment.

In summary, among of a panel of 40 different variables,
we identified baseline joint damage, urinary CTX-II, the
PYD/DPD ratio and BMI as strong and independent factors
of radiological progression in patients with RA receiving
conventional DMARDs. If confirmed in other studies, this
set of few variables may be useful to identify patients with
RA who are at high risk for disease progression.
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Specifically Modified Osteopontin in Rheumatoid Arthritis
Fibroblast-like Synoviocytes Supports Interaction With
B Cells and Enhances Production of Interleukin-6

Yasuhiro Take,' Ken Nakata,' Jun Hashimoto,' Hideki Tsuboi,”> Norihiro Nishimoto,?
Takahiro Ochi,* and Hideki Yoshikawa'

Objective. Osteopontin (OPN) is expressed by
fibroblast-like synoviocytes (FLS) in rheumatoid arthri-
tis (RA), but its pathologic role is still obscure. The
present study was undertaken to analyze the role of
OPN in RA by focusing on its effects on cell-cell
interactions between FLS and B lymphocytes.

Methods. FLS obtained from 10 patients with RA
and 10 non-RA subjects and a B lymphocyte cell line
were studied. The characteristics of OPN expression by
FLS were analyzed by Western blotting, immunoprecipi-
tation, and immunofluorescence studies. In cocultures
of FLS and B lymphocytes, the effects of OPN on
adhesion of B lymphocytes to FLS and the consequent
production of interleukin-6 (IL-6) were analyzed in
experiments involving overexpression and knockdown
of OPN and inhibitory studies with an OPN-blocking
antibody. In vivo, the expression of OPN in RA syno-
vium was examined by immunohistochemistry.

Results. A specifically modified 75-kd form of
OPN was predominantly expressed in RA FLS, and this
was associated with expression of >200-kd thrombin-
cleaved OPN that was crosslinked with fibronectin and
localized on the surface of the FLS. In FLS-B lympho-
cyte cocultures, 75-kd OPN-positive FLS produced a
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significantly higher amount of IL-6 than did 75-kd
OPN-negative FLS. When the FLS were separated from
B lymphocytes or cultured alone, the production of IL-6
was low and was not significantly different between
these 2 culture conditions. Moreover, OPN overexpres-
sion enhanced production of IL-6 in 75-kd OPN-
positive FLS~B lymphocyte cocultures. Addition of the
OPN-blocking antibody inhibited the adhesion of B
lymphocytes to FLS. Immunohistochemical analyses
revealed that localization of IL-6-positive cells coin-
cided with the sites at which OPN and B lymphocytes
were colocalized.

Conclusion. Specifically modified 75-kd OPN was
expressed by RA FLS. This form of OPN affected FLS-B
lymphocyte interactions by supporting the adhesion of B
lymphocytes to FLS and enbancing the production of
IL-6.

In patients with rheumatoid arthritis (RA), the
synovium of the inflamed joints is the site of a chronic
inflammatory reaction, in which leukocytes and macro-
phages infiltrate, synoviocytes proliferate, and several
proinflammatory cytokines (especially, interleukin-6
[IL-6] and tumor necrosis factor «), autoantibodies, and
immune complexes are produced (1). In this situation,
infiltrating leukocytes and proliferating synoviocytes are
thought to interact with each other. Accordingly, several
in vitro studies have focused on the interaction between
fibroblast-like synoviocytes (FLS) and leukocytes by
studying the findings in cocultures of these cells (2-7).
Coculture of FLS obtained from RA synovium with B
lymphocytes causes adhesion of B lymphocytes to FLS,
and consequently this interaction supports the survival
of B lymphocytes and also enhances the production of
cytokines and immunoglobufin (8-12). The former
mechanism is dependent on vascular cell adhesion mol-
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ecule 1 (VCAM-1) and very late activation antigen 4
(VLA-4) (10), whereas the latter is yet to be determined.

Osteopontin (OPN) is abundant in the bone
matrix, where it acts as a bridge between hydroxyapatite
and osteoclasts to support bone resorption (13-15). It is
also secreted by T lymphocytes and assists in the matu-
ration of B lymphocytes and the migration of macro-
phages (16-18). These diverse functions are partly ex-
plained by the several functional domains of OPN,
including integrin-binding, calcium-binding, and
heparin-binding sites. Several studies have revealed that
the function of OPN depends on posttranslational mod-
ifications (19-24). These modifications, which vary be-
tween different OPN-expressing cells, consist of phos-
phorylation at dozens of serine and threonine residues,
along with glycosylation (25), sialylation (21), transglu-
tamination (26), and cleavage (27,28). However, the
association between the details of posttranslational
modification and the function of OPN is still poorly
understood.

As for the relationship between OPN and arthri-
tis, OPN-null mice are protected against inflammatory
joint destruction in collagen-induced arthritis (29). A
blocking antibody directed against the thrombin-cleaved
neoepitope of OPN, which cooperates with several inte-
grin receptors as a ligand (30,31), also shows a curative
effect on induced arthritis in mice and monkeys (32,33).
Indeed, in patients with RA, OPN, especially in the
thrombin-cleaved form, is strongly detected in the syno-
vium and synovial fluid of inflamed joints (34-36). In
vitro studies on the function of OPN in arthritis have
revealed that OPN stimulates the production of several
proinflammatory cytokines by mononuclear cells in pa-
tients with RA (37), and also that monocytes obtained
from mice with induced arthritis show increased migra-
tion toward thrombin-cleaved OPN (32). However,
these studies were performed using recombinant OPN,
which lacks various posttranslational modifications, and
thus the posttranslational modification-dependent func-
tions were not taken into account.

Considering these results and the fact that OPN
is also strongly expressed in FLS from the RA synovium
(35), we hypothesized that RA FLS express a unique
form of OPN that acts to stimulate production of
cytokines by creating a bridge between FLS and B
lymphocytes in cocultures of these cells. The purpose of
this study was to analyze the role of OPN in the
development of RA, by focusing on the interaction
between FLS and B lymphocytes.
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PATIENTS AND METHODS

Patients and cell culture. After obtaining the patients’
informed consent and securing Institutional Review Board
approval, synovial tissue samples were collected from 11
patients with RA. 8 patients with osteoarthritis of the knee.
and 2 patients with medial meniscus degeneration who under-
went meniscectomy and synovectomy. All of the patients with
RA fulfilled the American College of Rheumatology (for-
merly, the American Rheumatism Association) revised criteria
for RA (38). FLS were isolated by enzymatic digestion of the
synovial tissue from 10 patients with RA and 10 non-RA
subjects, as described previously (9). The FLS were muintained
in Dulbecco’s modified Eagle’s medium (Gibco BRL, Grand
Island, NY) containing 10% fetal bovine serum (FBS; Hyclone
Laboratories, Logan, UT) and 1% penicillin/streptomycin
{Gibco BRL). Cells from passages 4-10 were used for these
experiments. A human B cell line, MC/car, was purchased from
the American Type Culture Collection (Rockville, MD} and
maintained in RPMI 1640 medium (Gibco BRL) containing
10% FBS and 1% penicillin/streptomycin.

For coculture experiments, 4 X 10* FLS were plated in
12-well plates and, on the following day, 3.3 X 10° B lympho-
cytes were added to each well. To prevent cell—cell contact
between FLS and B lymphocytes, a Millicell culture insert with
0.4-um pores (Millipore, Billerica, MA) was used. After
incubation for 48 hours, enzyme immunoassay (EIA) was
performed to measure the concentrations of IL-6 and OPN in
the culture supernatant using a homogeneous time-resolved
fluorescence human IL-6 assay kit (CIS Bio International,
Saclay, France) and a human OPN assay kit (IBL Japan,
Gunma, Japan).

Protein collection, sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS-PAGE), and Western
blotting. Total cell lysates of FLS were collected by placing the
cells in lysis buffer (10X Cell Lysis Buffer; New England
Biolabs, Beverly, MA), using 4 X 10* FLS plated in 12-well
plates and grown in normal growth medium; some of the FLS
had undergone transfection with small interfering RNA
(siRNA) or lentiviral infection. We did not add any other
reagent to the lysis buffer, which consisted of Tris HCl buffer
with detergent, protease inhibitor (leupeptin), and phospha-
tase inhibitors (sodium pyrophosphate, B-glycerophosphate,
and sodium orthovanadate). After 1 freeze-thaw cycle, sam-
ples were centrifuged and the supernatant was collected. An
aliquot was obtained for protein quantification with the bicin-
choninic acid assay, and the remaining supernatant was boiled
in SDS sample buffer. As a control, recombinant human OPN
was used.

Surface protein was collected from 1.2 X 10° FLS using
a Cell Surface Protein isolation kit (Pierce, Rockford, IL).
Equal amounts of each sample were separated by SDS-PAGE,
blotted onto a polyvinylidene difluoride membrane (Hy-
bond-P; Amersham, Piscataway, NJ), and blocked with 5%
bovine serum atbumin (BSA)/Tris buffered saline containing
0.1% Tween 20 (TBST). The membrane was then incubated
overnight at 4°C with one of the following primary antibodies:
rabbit anti-human OPN antibody (O-17; IBL Japan) or mouse
anti-OPN N-Half antibody (34E3; IBL Japan) (each at 2
pg/ml), which detects the thrombin-cleaved neoepitope
YGLR. mouse anti-B-actin antibody (AC-15; Sigma, St. Louis.
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MO) at 1:10.000, or rabbit antifibronectin antibody (H-300,
Santa Cruz Biotechnology, Santa Cruz, CA) at 1:200. Specific-
ity of the 34E3 antibody was confirmed by Western blotting of
thrombin-treated recombinant OPN. After reaction with
horseradish peroxidase—conjugated anti-rabbit or anti-mouse
I¢G and enhanced chemiluminescence Western blotting detec-
tion reagents (all from Amersham), images of the membrane
were captured using a FAS-1000 Lumino Imaging Analyzer
(Toyobo, Osaka, Japan).

Immunoprecipitation analysis. Total cell lysates were
prepared for immunoprecipitation using RA FLS from a single
patient (RA sample 4 in Figure 1A), When the cells had
reached 909 confluence, they were collected in a 10-cm dish,
and after centrifugation, the resulting supernatant was pre-
cleared with ImmunoPure Immobilized Protein A Plus
(Pierce), divided into 3 centrifuge tubes, and incubated over-
night at 4°C with protein A-Sepharose bound with 10 g of the
anti-OPN antibody (O-17), the antifibronectin antibody, or
normal rabbit 1gG (Santa Cruz Biotechnology) as a negative
control. On the following day, the samples were washed and
eluted with SDS sample buffer, and then analyzed by Western
blotting.

Immunofluorescence analysis. FLS cultured in Cham-
ber Slides (Nunc, Rochester, NY) were fixed in 4% parafor-
maldehyde, permeabilized with TBST, blocked with 5% BSA/
TBST, and incubated overnight at 4°C with the anti-OPN
antibody (O-17) or normal rabbit IgG (Santa Cruz Biotech-
nology) (each at 2 pug/ml). After the samples were reacted with
Alexa Fluor 488-conjugated anti-rabbit IgG at 1:500 (Molec-
ular Probes, Eugene, OR), the fluorescence intensity of the
samples was examined under an epifluorescence microscope
(Nikon Eclipse 90i; Nikon, Tokyo, Japan).

Transfection with siRNA. Commercially available, pre-
designed double-stranded RNA (nontargeting siRNA [siCON-
TROL Pool #1] and siRNA for human secreted phosphopro-
tein 1 [OPN] and IL-6 [siGENOME SMARTpool siRNA]J;
Dharmacon, Lafayette, CO) were used for the RNA interfer-
ence experiments. One microliter of X-TremeGENE reagent
(Roche Diagnostic, Penzberg, Germany) and 20 pmoles of the
siIRNA from either pool were diluted in serum-free medium,
and the mixture was then incubated for 15 minutes and added
to 4 % 10° FLS in a 12-well plate. Two days after transfection,
messenger RNA (mRNA) was collected and reverse-
transcribed to first-strand complementary DNA {(¢cDNA) using
a high-capacity cDNA reverse transcription kit. Real-time
reverse transcription-polymerase chain reaction (PCR) was
then performed to evaluate the OPN-knockdown efficacy.
using TagMan gene expression assays (Applied Biosystems,
Foster City, CA). Three days after transfection, the cocultures
were started.

B lymphocyte adhesion assay. Adhesion of B lympho-
cytes to FLS was assessed as described previously (11), with
some modifications. Briefly, 6.6 x 10* FLS were plated into a
96-well plate, After 3 days, the cells were incubated at 37°C for
2 hours with a polyclonal OPN-neutralizing antibody or normal
goat IgG (both from R&D Systems, Minneapolis, MN) at 10
wg/ml. Subsequently, 3.3 X 10° B lymphocytes were added and
incubated at 37°C for another 2 hours. B lymphocytes that did
not adhere firmly to the FLS were removed by vigorous
washing. Three separate fields were viewed under an inverted
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microscope at a magnification of 100X per well to count the
adherent B lymphocytes, with results expressed quantitatively
as the mean number of adherent B lymphocytes.

Transglutaminase inhibition. FLS were plated at 4 X
10% cells in 12-well plates, followed by incubation with cysta-
mine sulfate (500 pM) for 2 days to inhibit transglutaminase
activity. Subsequently, total cell lysates were collected for
further analysis.

Plasmid construction and lentiviral infection. The
full-length OPN-coding sequence was amplified by PCR from
a human synovial cell ¢DNA library using the following
primers: 5'-CCCTCGAGATGAGAATTGCAGTGATT-
TGC-3 (NM_001040058, nt166-186) and 5'-CGGGATCC-
TTAATTGACCTCAGAAGATGCAC-3" (NM_001040038,
nt1088-1110). The PCR product was digested with Xho T and
Bam HI, and then purified and ligated to pcDNA3.1 (Invitro-
gen, Carlsbad, CA) for sequencing. The vector was cut with
Prie 1 and the OPN insert was obtained by gel extraction/
purification, which was then ligated to the lentiviral expression
vector pWPI. Lentivirus infection was performed on 4 x 10*
FLS in a 12-well plate, as described previously {39,40). Three
days after infection. coculture was started for measurement of
IL-6 production.

Immunohistochemistry. Specimens of synovial tissue
obtained from a patient with RA were fixed in 10% formalde-
hyde, dehydrated, and embedded in paraffin. Sections of the
tissue were cut (4 um thick) on a microtome, and then were
analyzed by immunohistochemistry, as described previously
(41), using the following primary antibodies: rabbit anti-OPN
antibody (O-17) or normal rabbit 1gG at 2 pg/ml, mouse
anti-CD79« antibody (JCB117; Nichirei, Tokyo, Japan) at
1:50, normal mouse IgG1 (R&D Systems), and goat anti-
human IL-6 antibody or normal goat IgG at 2.5 ug/mi.

Statistical analysis. Results are expressed as the
mean = SD of at least 3 independent experiments, if not
specified. For statistical comparison, 2-way factorial analysis of
variance (ANOVA) (sometimes followed by a Bonferroni post
hoc test) was performed using SPSS software (version 16.0;
SPSS, Chicago, IL). P values less than 0.05 were considered
significant.

RESULTS

Detection of specifically modified 75-kd OPN in
all 10 RA FLS and 3 non-RA FLS, in conjunction with
significantly higher IL-6 production in FLS-B lympho-
eyte cocultures. Western blotting of the total cell lysates
from FLS. using the antibody for the N-terminus of OPN
(O-17), showed several bands at 75 kd and also around
54 kd (Figure 1A), which is a well-known characteristic
of OPN (42). Double bands around 54 kd, each at an
equal density., were detected in every FLS sample.
Recombinant human OPN also migrated at around 54
kd. However, 75-kd OPN was predominantly detected in
all 10 RA FLS samples (RA samples 1-10 in Figure 1A)
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Figure 1. Detection of osteopontin (OPN) and production of
interleukin-6 (IL-6) in fibroblast-like synoviocytes (FLS). A, Total cell
lvsates of rheumatoid arthritis (RA) FLS and non-RA FLS (n = 10
samples each) were assessed using Western blotting with an
N-terminus antibody (Ab) against OPN (O-17), in comparison with
recombinant human OPN (rhOPN); p-actin (ACTB) served as stan-
dard. B, The concentration of interleukin-6 (IL-6) in the culture
supernatants of FLS monocultures, FLS-B lymphocyte (BL) cocul-
tures without contact (separated by a Millicell culture insert), and
FLS-B lymphocyte cocultures with contact was evaluated by enzyme
immunoassay separately in 75-kd OPN-positive FLS (n = 13) and
75-kd OPN-negative FLS (n = 7). Bars show the mean and SD. § =
P < 0.001 by Bonferroni r-test.
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and in only 3 non-RA FLS samples (non-RA samples 3,
8, and 9). Thrombin-cleaved OPN was not detected
around the reported molecular weight of 30 kd (43).

EIA analysis of the full-length OPN secreted in
the culture supernatant showed that the concentration
of OPN was 9-18 ng/ml, and this did not differ between
RA and non-RA FLS (results not shown). Since the
expression of 75-kd OPN was distinct, FLS were
grouped into 75-kd OPN-positive and 75-kd OPN-
negative FLS.

Production of IL-6 was evaluated by EIA for
determination of the IL-6 concentration in the culture
supernatants obtained in several culture conditions with
FLS and B lymphocytes. In FLS monoculture (i.e., FLS
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cultured alone), the mean = SD IL-6 production by the
75-kd OPN—positive FLS (n = 13) and the 75-kd OPN-
negative FLS (n = 7) was 1,113.3 = 818.9 pg/ml and
643.1 £ 576.5 pg/ml, respectively. In FLS-B lymphocyte
cocultures without contact (i.e., FLS cocultured with B
lymphocytes, but separated by the Millicell culture in-
sert), the IL-6 levels were 1,363.3 = 714.6 pg/ml in 75-kd
OPN-positive FLS and 902.6 = 772.5 pg/ml in 75-kd
OPN-negative FLS. There were no significant differ-
ences in IL-6 production among these 4 groups.

However, in cocultures with contact (i.e., FLS
and B lymphocytes cultured in contact with each other),
IL-6 production was significantly elevated in 75-kd
OPN-positive FLS, and showed a tendency to be ele-
vated, although not to a significant extent, in 75-kd
OPN-negative FLS. The IL-6 production by the 13 FLS
positive for 75-kd OPN cocultured in contact with B
lymphocytes was elevated to 19,928.5 = 10,351.8 pg/ml,
which was significantly higher than that in the other 2
culture conditions (P < 0.001, by Bonferroni -test) and
significantly higher than that in the 7 FLS negative for
75-kd OPN that were in contact coculture with B
lymphocytes (910.9 = 744.1 pg/ml; P < 0.001, by Bon-
ferroni r-test) (Figure 1B).

Transfection of the FLS with IL-6 siRNA signif-
icantly reduced the levels of IL-6 in the 75-kd OPN-
positive FLS that were in contact coculture with B
lymphocytes. In contrast, when B lymphocytes were
cultured alone, IL-6 was not detected in the culture
supernatants (results not shown).

Production of >200-kd thrombin-cleaved OPN in
the cell surface protein fraction of 75-kd OPN—positive
FLS, and cell membrane distribution of OPN. Analysis
of cell surface proteins from FLS, using Western blotting
with an antibody against the thrombin-cleaved neo-
epitope of OPN (34E3), detected the presence of
>200-kd OPN in the surface fraction of 75-kd OPN-
positive FLS. This band was poorly detected in 75-kd
OPN-negative FLS or in the nonsurface fraction of FLS
(Figure 2A). A similar result was obtained with the O-17
antibody, but the signals were much weaker (results not
shown). As a loading control, Western blotting with the
antifibronectin antibody probe was performed. When
the anti-OPN antibody O-17 was used to analyze the
75-kd OPN—positive FLS by immunofluorescence assay,
the distribution of OPN followed the cell outline, re-
gardless of permeabilization (Figure 2B).

Detection of >200-kd OPN in the immunopre-
cipitant by antifibronectin antibody, and reduction by
transglutaminase inhibitor treatment. According to a
previous study, OPN appears at >200 kd when it is
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Figure 2. Characteristics of the 75-kd OPN. A, Isolation of cell
surface proteins was followed by Western blotting with or without the
antibody (Ab) directed against the thrombin-cleaved neoepitope of
OPN (34E3). The >200-kd form of OPN was detected in the surface
protein fraction of 75-kd OPN-positive FLS. Fibronectin (FN) expres-
sion was used as the loading control. B, Immunofluorescence assay
(IFA) was used to assess the expression pattern of OPN on 75-kd
OPN-positive FLS stained with OPN antibody O-17. with results
showing a distribution of OPN corresponding to the cell outline,
regardless of permeabilization. C, When >200-kd OPN was further
examined by immunoprecipitation-Western blotting (IP-WB), the
>200-kd band was detected in the immunoprecipitant of the OPN
antibody (O-17) blotted with the FN antibody, and vice versa. Normal
rabbit IgG was used as the negative control. D, The OPN-positive FLS
were treated with or without a transglutaminase inhibitor, cystamine
sulfate, and assessed by Western blotting. Expression of >200-kd OPN
was reduced by treatment with cystamine sulfate, whereas the expres-
sion levels of 75-kd and 54-kd OPN were not altered. See Figure 1 for
other definitions.

covalently crosslinked to fibronectin by transglutamina-
tion through 2 widely conserved glutamine residues at its
N-terminus (26). Therefore, immunoprecipitation of
total cell lysates from 75-kd OPN-positive FLS with the
anti-OPN or antifibronectin antibody was performed,
and this was followed by Western blotting with these
antibodies. The >200-kd band was detected when the
immunoprecipitant obtained with the antifibronectin
antibody was probed by the anti-OPN antibody, and vice
versa (Figure 2C). A transglutaminase inhibitor, cysta-
mine sulfate, reduced the expression of >200-kd OPN
when the inhibitor was added to the FLS cultures, but
did not alter the levels of 75-kd or 54-kd OPN (Figure
2D).

Enhanced IL-6 production by OPN overexpres-
sion in 75-kd OPN-positive FLS, but not in 75-kd
OPN-negative FLS, in cocultures with B lymphocytes.
To clucidate the role of OPN in FLS-B lymphocyte
cocultures, gain of function experiments were performed
by inducing overexpression of OPN with a lentiviral
vector. Western blotting of the cells after lentiviral
infection showed that all 75-kd OPN-positive FLS
showed up-regulation of the 75-kd, >200-kd, and 54-kd
OPN bands, along with an extra band at 50 kd, whereas
the 75-kd and >200-kd bands were not up-regulated in
any of the 75-kd OPN-negative FLS (Figure 3A).
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Figure 3. Gain of function experiments, targeting OPN by lentiviral
infection with an overexpression vector. A, The 75-kd OPN-positive
and 75-kd OPN-negative FLS were subjected to lentiviral infection
with an empty vector or OPN-overexpressing vector and then assessed
by Western blotting. The 54-kd form of OPN, with an extra lower band.
showed increased expression in both types of FLS, while >200-kd
OPN and 75-kd OPN were increased only in 75-kd OPN-positive FLS.
B, After lentiviral infection of the FLS and then coculture in contact
with B lymphocytes, the IL-6 concentration in the culture supernatant
was evaluated. IL-6 levels were significantly increased by OPN over-
expression in 75-kd OPN-positive FLS, whereas the levels were not
altered in 75-kd OPN-negative FLS. Solid squares show individual
FLS samples. § = P < 0.001 by 2-factorial analysis of variance. NS =
not significant (see Figure 1 for other definitions).
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