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undergone surgical intervention (Table 2). In
patients with rh ic di p horax com-
plication, in general, tends to be recurrent and in-
tractable, because the most patients have underlying
pulmonary lesions and glucocorticoid therapy. Fur-
thermore, prolonged chest tube use may increase the
risk of infection to these patients. Thus, surgical in-
tervention to pneumothorax complicated in patients
with rheumatic diseases may be considered at the
early stage!”, especially when the pneumothorax is
recurrent or respond poorly to nonsurgical proce-
dure.
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Adiponectin Stimulates Prostaglandin E, Production in
Rheumatoid Arthritis Synovial Fibroblasts

Natsuko Kusunoki,' Kanako Kitahara,' Fumiaki Kojima,? Nahoko Tanaka,' Kaichi Kaneko,'
Hirahito Endo,’ Toru Suguro,' and Shinichi Kawai'

Obj - may infl o infl
tory and/or immune responses. This study was under-
taken to whether adi tin affects the pro-
duction of prostaglandin E, (PGE,) by rh id

Adi
P

duction by RASFs was also increased by the addition of
adlponectm, and this increase was inhibited by RNAi for
the tin receptor gene, or bation with the

arthritis synovial fibroblasts (RASFs).

Methods. Synovial tissue was obtained from pa-
tients with RA who were undergoing joint replacement
surgery. Fibroblast-like cells from the third or fourth
passage were used as RASFs. Expression of adiponectin
receptor messenger RNA (mRNA) and protein was
detected. PGE, (converted from arachidonic acid) was
measured by enzyme-linked immunosorbent assay
(ELISA). Expression of mRNA and protein for cyclooxy-
genase 2 (COX-2) and membrane-associated PGE syn-
thase 1 (mPGES-1), key enzymes involved in PGE,
synthesis, was detected in RASFs. The effects of RNA
interference (RNAi) targeting the adiponectin receptor
genes and the receptor signal inhibitors were examined.
The influence of adiponectin on NF-«B activation in
RASFs was measured with an ELISA kit.

Results. Adiponectin receptors were detected in
RASFs. Adiponectin increased both COX-2 and
mPGES-1 mRNA and prolem expressmn by RASFs in a
time- and rd t PGE, pro-
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recep signal' hibitors. Enh t of NF-xB acti-

vation by adiponectin as well as by interleukin-18 was
observed in RASFs.

Conclu Our findings indi that adip
tin induces COX-2 and mPGES 1 expression, resulting
in the enh t of PGE, prod by RASFs.

Thus, adiponectin may play a role in the pathogenesis of
synovitis in RA patients.

Adipose tissue has long been considered to be a
structural component of many organs and a site for
energy storage. Recently, however, some studies have
demonstrated that the major cellular component of
adipose tissue, the adipocyte, has the ability to synthe-
size and release physiologically active molecules such as
adiponectin, leptin, and resistin, as well as cytokines
such as interleukin-6 (IL-6) and tumor necrosis factor a
(TNFa) (1). These molecules are called adipokines or
adipocytokines. Several adipokines, such as adiponectin,
may play a central role in the regulation of insulin
resistance (2), as well as being involved in many aspects
of infl ion and i y (3,4).

Rheumatoid arthritis (RA) is characterized by
extensive inflammation and proliferation of the syno-
vium in various joints. Since proinflammatory cytokines,
such as TNFe, IL-1p, and IL-6, play a central role in the
pathophysiologic mechanisms of RA, novel strategies
that neutralize these cytokines by using monoclonal
antibodies or soluble receptors have recently been de-
veloped as new treatments for RA (5). Although block-
ade of these cytokines is beneficial, it is not curative and
the effect is only partial, with failure to respond being
common (5). Therefore, it seems possible that other
proinflammatory cytokines may contribute to the patho-
physiology of inflammation in RA patients.
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Some previous studies provoked our interest in
the role of adiponectin in the pathogenesis of arthritis.
For instance, the concentration of adiponectin in RA
synovial fluid was shown to be significantly higher than
in that of patients with osteoarthritis (OA) (6-8). More-
over, serum and plasma concentrations of adiponectin
are higher in RA patients than in healthy controls (7,9)
and are significantly correlated with the C-reactive pro-
tein level (9). Ehling et al (10) showed that adiponectin
exists in cells from the synovial lining layer and in
articular adipose tissue. Furthermore, adiponectin in-
duces proinflammatory molecules, such as IL-6 and
matrix metalloproteinase 1, in RA synovial fibroblasts
(RASFs). Moreover, adiponectin enhances the expres-
sion of monocyte chemoattractant protein 1 and IL-6 by
RASFs (11). Recently, Giles et al (12) reported that
adiponectin may represent a mechanistic link between
low adiposity and increased radiographic damage in RA.
The results of these studies suggest that adiponectin
might play a role in the pathogenesis of RA.

In the synovial tissue of RA patients, we previ-
ously found that proinflammatory cytokines, such as
IL-1B, increased the expression of cyclooxygenase 2
(COX-2) and membrane-associated PGE synthase 1
(mPGES-1), resulting in increased production of pros-
taglandin E, (PGE,) (13). We also found that PGE, was
a strong enhancer of IL-1B-induced mPGES-1 expres-
sion in RASFs (14). In the present study, we examined
the effects of adiponectin on these key enzymes that
contribute to the inflammatory response of RASFs.

MATERIALS AND METHODS

Materials. Recombi human adip in, which
was composed of 3 isoforms (low, middle, and high molecular
weight), was purchased from Biovendor Laboratory Medicine.
It was dissolved in deionized water to prepare a stock solution.
Recombinant human IL-18 was purchased from R&D Systems
and was dissolved in sterile phosphate buffered saline (PBS)
containing 0.1% (volume/volume) bovine serum albumin to
prepare a stock solution. Mouse anti-human COX-1 monoclo-
nal antibody was purchased from Wako Pure Chemical Indus-
tries. Rabbit anti-human COX 2 polyclonal antibody, rabbit

ti-hu mPGES-1 1 dy, and rabbit anti-
human cytosolic PGES (cPGES) polyclonal antibody were
obtained from Cayman Chemical. Rabbit anti-human GAPDH
polyclonal antibody, goat anti-human adiponectin receptor 1
(AdipoR1) polyclonal antibody, and goat anti-human Adi-
poR2 polyclonal antibody were obtained from Santa Cruz
Biotechnology. Horseradish peroxid (HRP)—conjugated
goat anti-rabbit IgG, HRP-conjugated goat anti-mouse IgG
and HRP-conjugated donkey anti-goat IgG were purchased
from Jackson ImmunoResearch Laboratories. ECL Western
blotting detection reagent was purchased from GE Healthcare
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UK, and polyvinylidene difluoride membrane (Immobilon-P)
was obtained from Millipore. Compound C (6-[4-(2-Piperidin-
1-yl-ethoxy)-phenyl)]-3-pyridin-4-yl-pyrazolo[1,5-a] pyrimidine)
was purchased from Merck. MK886 (1-[(4-chlorophenyl)methyl]-
3-[(1,1-dimethylethyl)thio]-aa-dimethyl-5-(1-methylethyl)-1H-
indole-2-propanoic acid, sodium salt) was purchased from Sigma-
Aldrich. RPMI 1640 medi penicillin/ in solution,
fetal bovine serum (FBS), and 0.25% trypsm/EDTA were ob-
tained from Invitrogen. PBS was purchased from Takara
Shuzo. All other chemicals were purchased from Wako Pure
Chemical Industries.

Cell culture. RASFs were prepared from synovial
tissue as previously described (15). RA and OA tissue speci-
mens were obtained from patients undergoing total knee
replacement surgery who fulfilled the American College of
Rheumatology (formerly, the American Rheumatism Associ-
ation) criteria for RA or OA (16,17). The protocol for this
study was approved by the Toho University Ethics Committee,
and all patients gave written consent for the use of their tissue
in the present research. Synovial tissue was digested for 2 hours
with 0.25% (weight/volume) bacterial collagenase (Immuno-
Biological Laboratories) and then was suspended in RPMI
1640 medium with 10% (v/v) FBS, 100 units/ml of penicillin,
and 100 pg/ml of streptomycin. The cells were incubated at
37°Cin 5% CO, for several days, after which nonadherent cells
were removed. Fibroblast-like adherent cells from the third or
fourth passages were used as RASFs. The concentration of
RASFs was 2.5 X 10° cells/75-cm? flask.

Reverse transcription—polymerase chain reaction (RT-
PCR). Cells were seeded in culture medium containing 10%
(v/v) FBS, and total RNA was extracted with an RNeasy Mini
kit according to the recc dations of the facturer
(Qiagen). Reverse transcription was performed with a Super-
Script first-strand synthesis system for RT-PCR according to
the recommendations of the manufacturer (Invitrogen), with 1
pg of total RNA from the cells as a template. Equal amounts
of each reverse-transcribed product were amplified by PCR
with HotStar Taq polymerase (Qiagen). The primer sequences
and numbers of cycles were as follows: for AdipoR1 (35
cycles), sense 5'-CCCTGACTGGCTAAAGGACA and anti-
sense 5'-CAGTACAGCCGCCTTCTAGG; for AdipoR2 (35
cycles), sense 5'-TTTGGAGCCCATTTTAGAGG and anti-
sense 5'-TCAACCAGCCTATCTGCCCTA; and for B-actin
(28 cycles), sense 5'-CCTCGCCTTTGCCGATCC and anti-
sense 5'-GGATCTTCATGAGGTAGTCAGTC. After initial
denaturation at 95°C for 15 minutes, PCR involved amplifica-
tion for a variable number of cycles of 30 seconds at 95°C, 30
seconds at 56°C, and 45 seconds at 72°C, followed by elonga-
tion for 5 minutes at 72°C. The amplified complementary
DNA (cDNA) fragments were resolved by electrophoresis on
a 2% (w/v) agarose gel, and were detected under ultraviolet
light using L.AS-3000 (Fujifilm) after staining the gel with
ethidium bromide.

Real-time PCR. To evaluate the expression of messen-
ger RNA (mRNA) for AdipoR1, AdipoR2, COX-2, and
mPGES-1, real-time PCR was performed using real-time
TaqMan technology with a S ion System model
7000 according to the r dati of the f: er
(Applied Biosystems). Cells were cultured under various con-
ditions in medium containing 1% (v/v) FBS, and extraction of
total RNA and synthesis of cDNA were performed as de-
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scribed above. The specific probes for AdipoR1, AdipoR2,
COX-2, and mPGES-1 were obtained from TagMan Gene
Expression Assay (Applied Biosystems). The ID numbers of
the products were Hs00360422_m1 for AdipoR1,
Hs00226105_m1 for AdipoR2, Hs00153133_m1 for COX-2,
zmd H500610420 m1 for mPGES-1. The threshold cycle was
lated from a dard curve. Expression of the target
mRNA was normalized to the expresswn of B-actin mRNA.
Western blot analysis. Cells (at a density of 5 X
10%cm?) were cultured under various conditions in medium
containing 1% (v/v) FBS. Subsequently, the cells were lysed in
Tris buffered saline (TBS) containing 0.1% (w/v) sodium
dodecyl sulfate (SDS) for COX and PGES as reported previ-
ously (14). For AdipoR1 and AdipoR2, the cells were lysed in
Triton lysis buffer containing 50 mM Tris HCI (pH 8.0), 150
mM NaCl, 10 mM EDTA, 1% Triton X-100, and a protease
inhibitor cocktail (Pierce Biotechnology) as reported previ-
ously (18). The protein content of the lysates was determined
with the bicinchoninic acid protein assay reagent (Pierce
Biotechnology), using bovine serum albumin as the standard.
Then cell lysates were adjusted to 10 pg of protein and were
applied to SDS polyacrylamide gel (10-15% [w/v]) for electro-
phoresis. Next, the proteins were electroblotted onto
Immobilon-P polyvinylidene difluoride membranes with a
semidry blotter (Atto). After the membranes had been blocked
in 10 mM TBS containing 0.1% (v/v) Tween 20 (TBST) and 5%
(WNv) skim milk, the primary antibody (goat anti-human Adi-
poR1 antibody, goat anti-human AdipoR2 antibody, rabbit
anti-human GAPDH antibody, mouse anti-human COX-1
antibody, rabbit anti-human COX-2 antibody, rabbit anti-
human mPGES-1 antibody, or rabbit anti-human cPGES
antibody) was added at a dilution of 1:200 (AdipoR1, Adi-
poR2, GAPDH, COX-1, and COX-2) or 1:500 (mPGES-1 and
cPGES) in TBST, and incubated for 1.5 hours. After the
membranes had been washed with TBST, the secondary
d donkey anti-goat anubody, HRP—
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care UK) at 4°C overnight. The supernatant was collected and
added to RASFs cultured in 96-well plates (2 X 10*well) for
measurement of PGE, levels in culture medium. After 18
hours of incubation, PGE, production from arachidonic acid
was analyzed as described above.

RNA interference (RNAi) with adiponectin receptors.
An RNAI assay was performed to down-regulate the expres-
sion of AdipoR1 or AdipoR2 by RASFs. Small interfering
RNA (siRNA) for AdipoR1 and AdipoR2 (Stealth RNAi)
were purchased from Invitrogen. For gene knockdown exper-
iments, RASFs were plated in 10-cm plastic dishes (3 X
10°/dish) in RPMI 1640 medium with 10% (v/v) FBS and
cultured for 18 hours. Then the medium was changed to
serum-free RPMI 1640 medium, and the cells were transfected
with siRNA (10 pmoles/ml) for adiponectin receptors or with
control siRNA (10 pmoles/ml Invitrogen) usmg Lipo-
fectamine RNAIMAX g to the r of
the manufacturer (Invitrogen). After 72 hours, the cells were
replated into 35-mm plastic dishes for PCR or into 96-well
plastic plates for PGE, ELISA and receptor protein analy-
ses.

Receptor protein analyses. RASFs, which were trans-
fected with siRNA for AdipoR1, AdipoR2, or negative control
were plated into 96-well plates (2 X 10*/well) for cell-based
ELISA (R&D Systems) and cultured for 18 hours. The cells
were fixed with 4% for de for 20 at room
temperature. After washing, cells were blocked for 1 hour at
room temperature. Cells were incubated overnight at 4°C with
primary antibody (anti-AdipoR1 antibody, anti-AdipoR2 anti-
body, or anti-GAPDH antibody). Alkaline phosphatase—
conjugated secondary antibody and HRP-conjugated second-
ary antibody were added to the wells, and incubation at room
temperature for 2 hours was carried out. After incubation,
fluorogenic substrates for each secondary antibody were added
to the wells. Fluorescence was measured according to the

conjugated goat anti-rabbit or HRP- gated goat
anti-mouse antibody) was added (at a dilution of 1:10,000 or
1:5,000 in TBST) and incubation was performed for 1 hour.
After further washing with TBST, protein bands were detected
with enhanced chemiluminescence Western blotting detection
reagents (GE Healthcare UK) using LAS-3000 (Fujifilm).
Measurement of PG levels in culture medium. Cells

of the fz Experiments were

performed using triplicate samples from each of 3 patients.
Analysis of nuclear translocation of NF-kB. RASFs
were incubated without serum for 18 hours, and then were
incubated with or without adiponectin (2 pg/ml) or IL-18 (1
ng/ml) for 3 hours. Next the cells were lysed, and nuclear
extracts were obtained with a Nuclear Extract Kit according to

were plated in 24-well plastic plates (1 X 10°Awell) and d
for 18 hours under various conditions in medium containing
1% (viv) FBS in an atmosphere of 5% CO,. After washing with
PBS, 3 M arachidonic acid (Cayman Chemical) was added to
each well. After incubation for 30 minutes, the culture medium
was harvested using a syringe and filtered through a 0.22-pm
filter (M)]llpore) Then PGE, concentrations in the medium
were d by yme-linked immunosorbent assay
(ELISA) kit zu;cordmg to the recommendations of the manu-
facturer (Cayman Chemical). Experiments using RASFs and
OASFs were conducted in triplicate wells, and PGE, concen-
tration was measured in triplicate.

Inhibition of adi in with antiadi ctin anti-
body. Antiadiponectin antibody was used to neutralize adi-
ponectin as described previously (18). Adiponectin was incu-
bated with mouse antiadiponectin monoclonal antibody
(Millipore), mouse monoclonal IgG, negative control (Milli-
pore), or PBS and Protein G-Sepharose beads (GE Health-

the r dations of the (Active Motif).
These nuclear extracts were diluted and applied to an NF-kB
Family Transcription Factor Assay Kit (Active Motif). Nuclear
translocation of NF-«B subunits was measured by ELISA using
antibodies for each subtype of NF-«B.

Statistical analysis. Data are expressed as the mean =
SEM. Groups were compared using the Kruskal-Wallis test or
Tukey’s multiple comparison test. P values less than 0.05 were
considered significant.

RESULTS

Detection of adiponectin receptor expression in
RASFs. To determine whether the 2 adiponectin recep-
tors were expressed by RASFs, we performed RT-PCR
and Western blotting. Messenger RNA for both adi-
ponectin receptors, AdipoR1 and AdipoR2, was ex-
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Figure 1. A, Western blot analysis of lysates of rheumatoid arthritis
synovial fibroblasts (RASFs) for adiponectin receptor 1 (AdipoR1),
AdipoR2, and GAPDH. RA1 = RA patient 1. B, Prostaglandin E,
(PGE,) production by RASFs and osteoarthritis synovial fibroblasts
(OASFs) treated with various concentrations of adiponectin. RASFs
and OASFs were i with adip in (at the indi concen-
trations) or with interleukin-18 (IL-1B; 1 ng/ml) for 18 hours. The
concentration of PGE, in the culture medium was measured by
enzyme-linked immunosorbent assay (ELISA). Bars show the mean
and SEM from 3 patients with RA and 3 patients with OA. Signifi-
cance across groups was evaluated by Kruskal- Walhs test. C, Inhibition
of adiponectin-induced PGE, production by di in antibody.
Adiponectin was incubated overnight at 4°C with negative control IgG,
antiadiponectin antibody, or phosphate buffered saline (PBS) and
Sepharose beads. PBS incubated alone (nontreat) and PBS incubated
with Sepharose beads were used as negative controls. Supernatant was
collected and added to cultured RASFs. The PGE, concentration was
measured by ELISA. Bars show the mean and SEM (n = 3). * = P <
0.05 versus treatment with PBS alone, by Tukey’s multiple comparison
test.
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Figure 2. Effect of adi in on ion of 1
(COX-1), COX-2, memb; i landin E synthase 1
(mPGES-1), and cytosolic PGES (cPGES) Rheumatoid arthritis
synovial fibroblasts were incubated for 18 hours with adiponectin at the
indicated concentrations. Protein from the cells was subjected to
Western blot analysis for COX-1, COX-2, mPGES-1, cPGES, and
GAPDH. Representative results from 3 patients are shown.

pressed in RASFs from each of 3 RA patients (data not
shown), as previously demonstrated (10,19). RASFs also
expressed adiponectin receptor proteins (Figure 1A).

Effect of adiponectin on PGE, production by
RASFs. To determine whether adiponectin increased
the production of PGE, from arachidonic acid by
RASFs, we measured PGE, concentrations in the cul-
ture medium of RASFs incubated with adiponectin
(Figure 1B). We found that adiponectin significantly
increased PGE, production by RASFs in a
concentration-dependent manner. The effect of 5 pg/ml
of adiponectin was equal to the effect of 1 ng/ml of
IL-1B. In OASFs, adiponectin also stimulated PGE,
production, but its effect was weaker. Production of
2,3-dinor-6-keto-PGF,, (a metabolic product of PGI,),
PGD,, PGF,,, and thromboxane B, (a metabolic prod-
uct of thromboxane A,) by RASFs was not enhanced
after adiponectin treatment (data not shown).
Adiponectin-induced PGE, production was inhibited by
the presence of antiadiponectin antibody (Figure 1C).

Effect of adiponectin on protein levels and ex-
pression of mRNA for enzymes related to PGE, synthe-
sis. To determine whether adiponectin increased the
expression of enzymes related to PGE, synthesis, we
performed Western blotting with selective antibodies for
COX-1, COX-2, mPGES-1, and cPGES. As shown in
Figure 2, adiponectin increased the expression of
COX-2 protein in a concentration-dependent manner.
The expression of mPGES-1 protein was also increased
by adiponectin, whereas COX-1 and cPGES protein
levels were unchanged, as measured by densitometry
analyses of the enzyme:GAPDH expression ratio (data
not shown).
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Figure 3. A and B, Fold induction of COX-2 (A) and mPGES-1 (B) in
rheumalmd arthritis synuwal fibroblasts (RASFs) incubated with
at the i ions for 18 hours. C and D,
Fold induction of COX-2 (C) and mPGES-1 (D) in RASFs incubated
with or without adiponectin (2 ug/ml) for the indicated times. First-
strand cDNA was symhesxzed from total cellular RNA and was
bj d to 1 chain reaction for COX-2 and
mPGES-1, as described i m ials and Methods. The threshold cycle
was calculated from a standard curve, which was drawn using data from
interleukin-1B-stimulated cells. Expression of the target mRNA was
normalized to the expression of B-actin mRNA. Fold induction was
measured relative to mRNA expression by cells incubated without
adiponectin in A and B and relative to mRNA expression by cells
incubated with adiponectin for 0 hours in C and D. Bars show the mean
and SEM (n = 3). Significance across groups was evaluated by
Kruskal-Wallis test. nontreat = untreated (see Figure 2 for other
definitions).

Figures 3A and B show that adiponectin caused a
concentration-dependent increase in the expression of
COX-2 and mPGES-1 mRNA, as detected by real-time
PCR. As shown in Figures 3C and D, COX-2 and
mPGES-1 mRNA expression were both increased by
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PCR (Figure 4B). When cells were seeded in 96-well
plates and incubated with adiponectin for 18 hours,
PGE, production by RASFs transfected with the siRNA

A
R1

R2 NC

adiport [T
Adipor? [a—
p-actin

w

mAdipoR1
mAdipoR2

Fold induction
o
<D

R1 R2 NC

O

p<001

% of control
88888

R1 R2 NC Double

Figure 4. Effect of RNA interference on PGE, production by RASFs.
RASFs were transfected with small interfering RNA (siRNA) for Adi-
poR1 (R1), siRNA for AdipoR2 (R2), negative control siRNA (NC), or
with siRNA for both receptors (double). A, Reverse transcription—
polymerase chain reaction (RT-PCR) for AdipoR1, AdipoR2, and
B-actin. Tolal RNA was isolated from cells and was subjected to RT-PCR

adiponectin treatment in a time-dependent
COX-2 mRNA expression was detected after 3 hours of
incubation with adiponectin and was maximal at 18
hours; mPGES-1 mRNA expression also peaked after 18
hours of treatment.

Decrease in PGE, production by RASFs after
RNAI with adiponectin receptors. To determine whether
the induction of PGE, production by adiponectin oc-
curred via adiponectin receptors, we examined the effect
of RNAI with the 2 adiponectin receptors (AdipoR1 and
AdipoR2). RASFs were transfected with siRNA for
AdipoR1 or AdipoR2, or with negative control siRNA,
and then expression of AdipoR1 or AdipoR2 mRNA
was detected by RT-PCR (Figure 4A) and real-time

as descri in ials and Methods. Representative results from
fibroblasts obtained from 3 patients are shown. B, Fold induction of
mRNA for AdipoR1, AdipoR2, and negative control in RASFs trans-
fected with siRNA for AdipoR1, AdipoR2, or negative control. First-
strand cDNA was synthesized from total cellular RNA and was subjected
to real-time PCR for AdipoR1 or AdipoR2 as described in Materials
and Methods. The threshold cycle was calculated from a standard
curve, which was drawn using data from nontransfected cells. Expres-
sion of the target mMRNA was normalized to the expression of B-actin
mRNA. Fold induction was measured relative to mRNA expression by
negative control cells. Bars show the mean and SEM (n = 3). C,
Concentration of PGE, in the culture medium of cells transfected with
siRNA for AdipoR1, AdipoR2, negative control, or both receptors and
incubated with adiponectin (10 ug/ml) for 18 hours. The concentration
of PGE, in the culture medium was measured by ELISA. Bars show
the mean and SEM (n = 3). Significance across groups was evaluated
by Kruskal-Wallis test. See Figure 1 for other definitions.



for AdipoR1 or AdipoR2 was significantly reduced
compared with that by RASFs transfected with control
siRNA (Figure 4C). The mRNA knockdown of both of
the adiponectin receptor genes also decreased
adiponectin-induced PGE, production (Figure 4C).

AdipoR1 and AdipoR2 protein expression in
RASFs transfected with siRNA for each receptor were
measured using cell-based ELISA. The siRNA for Adi-
poR1 down-regulated mean = SEM AdipoR1 protein
expression by 34.6 = 18.8% (n = 3 patients) compared
with the negative control, whereas the siRNA for Adi-
poR2 down-regulated mean = SEM AdipoR2 protein
expression by 8.3 = 11.3% (n = 3 patients) compared
with the negative control. However, these differences
were not statistically significant.

Effects of compound C and MKS886 on
adiponectin-induced PGE, production by RASFs. The
data shown in Figure 4 suggest that both AdipoR1 and
AdipoR2 participate in PGE, production by RASFs
exposed to adiponectin. Previous studies have shown
that phosphorylation and activation of AMP-activated
protein kinase (AMPK) are stimulated by adiponectin
via AdipoR1 (20,21). In the present study, we found that
compound C, an inhibitor of AMPK, decreased
adiponectin-induced PGE, production (Figure 5A).
Adiponectin has also been shown to enhance peroxi-
some proliferator-activated receptor a (PPAR«) signal-
ing via AdipoR2 (22). We examined the effect of
MKS886, an inhibitor of PPARe, on adiponectin-induced
PGE, production in RASFs. As shown in Figure 5B,
MK886 significantly inhibited adiponectin-induced
PGE, production.
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Figure 5. A, Concentration of PGE, in RASFs incubated for 18 hours
without adiponectin, with adiponectin (10 ug/ml) alone, with adi-
ponectin and cc d C, or with p d C alone. B, C -
tion of PGE, in RASFs incubated for 18 hours without adiponectin,
with adiponectin (10 pg/ml) alone, with adiponectin and MK886, or
with MK886 alone. The concentration of PGE, in the culture medium
was measured by ELISA. Bars show the mean and SEM (n = 3). * =
P < 0.01 versus cells treated with adiponectin only, by Tukey’s multiple
comparison test. See Figure 1 for definitions.
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Figure 6. Activation of nuclear translocation of NF-xB in RASFs
incubated without serum for 18 hours and then left untreated or
incubated with adiponectin (2 pg/ml) or IL-18 (1 ng/ml) for 3 hours.
The cell lysate was diluted and applied to the ELISA plate. Transcrip-
tion factor activation was assessed using antibodies to p50 (A) or p65
(B), subtypes of NF-xB. Bars show the mean and SEM of triplicate
cultures. Representative results from 2 independent experiments are
shown. * = P < 0.01 versus untreated cells, by Tukey’s multiple
comparison test. OD = optical density (see Figure 1 for other
definitions).

Effect of adiponectin on nuclear translocation of
NF-«B. NF-«B is an essential transcription factor in-
volved in the up-regulation of COX-2 (23) and
mPGES-1 (24). To determine the association of NF-«B
with adiponectin-induced PGE, production in RASFs,
we examined whether adiponectin activated the nuclear
translocation of NF-«B. As shown in Figures 6A and B,
adiponectin induced nuclear translocation of the p50
and p65 subunits of NF-«B, similar to the effects of
IL-1B. However, translocation of the c-Rel, p52, and
RelB subunits was not altered by adiponectin treatment
(data not shown).

DISCUSSION

In the present study, we demonstrated that expo-
sure to adiponectin induced the expression of mRNA
and protein for COX-2 and mPGES-1, resulting in
PGE, overproduction by RASFs. Addition of antiadi-
ponectin antibody or siRNA for adiponectin receptor
gene decreased adiponectin-induced PGE, production.
Recently, we demonstrated that adiponectin stimulates
IL-8 production by RASFs and that the culture super-
natant of RASFs treated with adiponectin induces che-
motaxis (18). These results may help to explain the
contribution of adiponectin to inflammation in patients
with RA.

With regard to its role in inflammation, physio-
logic concentrations of adiponectin have been shown to
inhibit TNFa-induced adhesion of human monocytic
THP-1 cells in a dose-dependent manner. Adiponectin
also decreases TNFa-induced expression of vascular cell
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adhesion molecule 1, endothelial leukocyte adhesion
molecule 1 (E-selectin), and intracellular adhesion mol-
ecule 1 by human aortic endothelial cells (25). In
contrast, adiponectin activates NF-«B, an essential tran-
scription factor for the expression of inflammatory pro-
teins, in a time- and dose-dependent manner in U937
cells (26). These findings suggest that adiponectin might
have antiinflammatory and/or proinflammatory proper-
ties under different experimental conditions.

Turner et al (27) reported that commercial re-
combinant adiponectin (Biovendor Laboratory Medi-
cine) contained endotoxin at concentrations of 30 pg/ug
of adiponectin. The endotoxin contamination of the
adiponectin concentrations used in our study (1-10
pg/ml) can be estimated as 30-300 pg/ml. Picogram
levels of lipopolysaccharide did not induce PGE, pro-
duction in previous studies using monocytes (28) or
RASFs (29). To confirm that the induction of PGE, by
adiponectin is due to adiponectin itself, we conducted an
experiment neutralizing adiponectin using antiadiponec-
tin antibody. As shown in Figure 1C, antiadiponectin
antibody significantly reduced adiponectin-induced
PGE, production, whereas negative control IgG did not
decrease PGE, production. Therefore, we confirmed
that the induction of PGE, production by recombinant
adiponectin was caused by adiponectin itself and not by
endotoxin or other contaminants.

The plasma concentration of adiponectin in RA
patients and healthy controls has been shown to be ~10
pg/ml (9). In our experiments, adiponectin (0.5-10
pg/ml) increased PGE, production from RASFs by
enhancing the expression of COX-2 and mPGES-1.
However, leptin and resistin (2 other adipokines) did not
increase PGE, production by RASFs at levels up to
100-fold higher (1 pg/ml) (data not shown) than their
serum concentrations in RA patients (9,30). The po-
tency of adiponectin for inducing these enzymes in
RASFs was almost equal to that of IL-18 (1 ng/ml).
Therefore, adiponectin may have a proinflammatory
influence on RASFs in RA patients through induction of
PGE, production.

In our study, adiponectin also induced PGE,
production from OASFs. However, the PGE, produc-
tion seemed to be weaker than that from RASFs. Tan et
al (11) reported that expression of mRNA for AdipoR1,
but not AdipoR2, in RASFs was significantly higher than
that in OASFs. This might explain the difference be-
tween RASFs and OASFs with regard to the degree of
the effect of adiponectin on PGE, production.

Shibata et al (31) demonstrated that adiponectin
induced COX-2-dependent synthesis of PGE,, resulting
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in the protection of cardiomyocytes against ischemia-
reperfusion injury. Yokota et al (32) suggested that
adiponectin prevents preadipocyte differentiation via
induction of COX-2 expression and the release of PGE,
by stromal preadipocytes. In this study, we showed that
treatment of RASFs with adiponectin induced 2 key
enzymes related to PGE, production, which were
COX-2 and mPGES-1. Contributions of the PGE, bio-
synthesis pathway, including cytosolic phospholipase A,
(33), COX-2 (34), mPGES-1 (35,36), and EP4 receptor
of PGE, (37), to arthritis in mouse models have been
reported, and mice with knockdown of each molecule
show amelioration of arthritis compared with wild-type
mice. Therefore, adiponectin-induced PGE, production
might be a factor that promotes aggravation of inflam-
mation in RA patients.

Adiponectin has been shown to stimulate
RANKL and to inhibit osteoprotegerin expression in
human osteoblasts via the MAPK signaling pathway
(38). Adiponectin also induces the expression of nitric
oxide synthase and matrix metalloproteinases in chon-
drocytes (39). It has been suggested that adiponectin
might play an important role not only as a proinflam-
matory molecule (such as in its effect on PGE, produc-
tion), but also in regulating bone metabolism.

Previous studies have demonstrated that the con-
centration of adiponectin in the synovial fluid of patients
with RA is significantly higher than that in the synovial
fluid of patients with OA (6-8) and that serum and
plasma concentrations of adiponectin are higher in RA
patients than in healthy controls (7,9). These findings
may indicate that adiponectin plays a role as a proin-
flammatory cytokine in RA. However, some studies
have shown that the serum concentration of adiponectin
in RA patients increases by ~20% during anti-TNFa
therapy (40-43). The mean adiponectin concentration
detected before anti-TNFa therapy in these studies was
higher than that in healthy controls in observational
studies (7,9). The reason the already high serum adi-
ponectin concentration in RA patients increased further
during anti-TNFa therapy cannot be explained at
present. It is possible that adiponectin is not directly
related to inflammation caused by TNFa.

In this study, we detected expression of protein
and mRNA for 2 adiponectin receptors (AdipoR1 and
AdipoR2) in RASFs, as has previously been shown in
RASFs (10,19) and in various other tissues (20). In
addition, adiponectin-induced PGE, synthesis was re-
duced by siRNA targeting of both adiponectin receptor
genes. Reduction of PGE, production by double knock-
down of AdipoR1 and AdipoR2 genes showed almost
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the same results as knockdown of the individual receptor
genes. These results demonstrate that adiponectin-
induced PGE, production was mediated, at least in part,
by these adiponectin receptors in RASFs. Pathways
other than AdipoR1 and AdipoR2 might exist in
adiponectin-induced PGE, production in RASFs. Al-
though mRNA expression was reduced almost com-
pletely by transfection of siRNA for the target gene, the
inhibitory effect of each receptor on protein expression
was not significant in our experimental condition. Addi-
tional studies of receptor proteins are needed.

After adiponectin combines with AdipoR1, acti-
vation of AMPK occurs (20,21). Therefore, we investi-
gated the effect of compound C, an inhibitor of AMPK,
on PGE, production by RASFs stimulated with adi-
ponectin. Adiponectin-induced PGE, production was
significantly decreased by compound C, suggesting that
this PGE, production at least involved signal transduc-
tion via AdipoR1. Yamauchi et al (22) demonstrated
that the PPAR« signaling pathway existed downstream
of AdipoR2. In our study, MK886, an antagonist of the
PPAR« pathway, reduced the PGE, production that was
induced by adiponectin treatment in RASFs.

NF-«B is known to play a central role in the
regulation of inflammatory reactions in various cells
(44). With regard to PGE, production by RASFs,
NF-«B is an important factor in the transcriptional
regulation of COX-2 (23). In the present study, adi-
ponectin activated the translocation of NF-kB in
RASFs. This suggests that adiponectin induced COX-2
expression in RASFs via activation of NF-«B transloca-
tion. Since the mPGES-1 promoter does not contain an
NF-«B-responsive element, expression of mPGES-1
might be induced indirectly after activation of NF-«xB
(45), unlike COX-2. An increase in PGE, production by
COX-2 activation after adiponectin treatment could
lead to autocrine enhancement (14) of mPGES-1 ex-
pression.
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Clinical Activity After 12 Weeks of Treatment with
Nonbiologics in Early Rheumatoid Arthritis May

Predict Articular Destruction 2 Years Later

YOICHI ICHIKAWA , TERUNOBU SAITO, HISAST YAMANAKA, MASASHI AKIZUKI, HIROBUMI KONDO,
SHIGETO KOBAYASHI, HISAJI OSHIMA, SHINICHI KAWAI, NOBUAKI HAMA, HIDEHIRO YAMADA,
TSUNEYO MIMORI, KOICHI AMANO, YASUSHI TANAKA, YASUO MATSUOKA, SUMIKI YAMAMOTO,
TSUKASA MATSUBARA, NORIKAZU MURATA, TOMIAKI ASAI, YASUO SUZUKI; the Study Group for

the Japanese Ministry of Health, Labor and Welfare, Research for Establishment of Therapeutic Guidelines in

Early Rheumatoid Arthritis Program

ABSTRACT. Objective. To investigate earlier prediction of future articular destruction in patients with early

rheumatoid arthritis (RA).

Methods. We randomly allocated patients with RA with disease duration < 2 years to different non-
biologic disease modifying antirheumatic drug (DMARD) therapies in a double-blind trial.
Progression of articular destruction over the 96-week treatment period was assessed using the mod-
ified Sharp method.

Results. Progression of articular destruction correlated more strongly with the American College of
Rheumatology (ACR) core set measures after 12 weeks of than with values.
Multiple regression analysis of data after 12 weeks yielded a correlation coefficient of 0.711. The sen-
sitivity and specificity to predict articular destruction over the 75th percentile of the cohort were 78.6%
and 84.6%, respectively. Patients who showed articular destruction over the 75th percentile of the
cohort had low response to treatment at 12 weeks, and continued to have high clinical disease activity
thereafter. Contrasting data were found in patients with slow progression of articular destruction.
Conclusion. In patients with early RA, ACR core set measures after 12 weeks of nonbiologic
DMARD treatment may predict articular destruction 2 years later. Low response to treatment at 12
weeks and continuing high disease activity thereafter were found in patients with rapid radiological
progression. These data can be used to determine the appropriateness of treatment at 12 weeks and
aid the decision to introduce biologic DMARD. (First Release March 1 2010; J Rheumatol

2010;37:723-9; doi:10.3899/jrheum.090776)
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The usefulness of biologic disease-modifying antirheumatic
drug (DMARD) therapy is well known in the treatment of
rheumatoid arthritis (RA), and in particular the effects in
suppressing articular destruction are revolutionary'->. These
therapies are expensive, however, and sometimes cause
severe adverse reactions. It is necessary to select those
patients who will benefit most from the treatment.

In general, treatment commences with nonbiologic
DMARD, and biologic DMARD are introduced when dis-
ease activity cannot be fully controlled, progression of artic-
ular destruction is rapid, or prognosis is otherwise poor*-.
Conversely, patients with a rather benign disease course
would prefer treatment without biologic DMARD in order
to avoid the potential adverse reactions and added expense.

It has been reported that rheumatoid factor (RF) positiv-
ity! 612, anticyclic citrullinated peptide (CCP) antibody pos-
itivity!0-14, presence of HLA-DRBI genes for shared epi-
tope” 9121415 and female sex'6 are poor prognostic factors
for articular destructions in patients with early RA. Other
prognostic factors include indicators of disease activity,
such as swollen joint count!?, serum C-reactive protein
(CRP)'3, and erythrocyte sedimentation rate (ESR)”!2. The
averaged values of clinical activities over an observation
period correlated significantly with the progression of artic-
ular destruction!’-'8, However, it is important to be able to
anticipate bone destruction at an early stage, rather than
depending on mean values over a longer period.

We conducted a randomized double-blind controlled
study evaluating prognostic factors, including pretreatment
of clinical disease activity and treatment at 12-week inter-
vals thereafter, with the aim of determining the measures
that better and earlier predict the progression of articular
destruction over 96 weeks of treatment.

MATERIALS AND METHODS
We ducted a double-blind lled trial of the efficacy and safety of
methotrexate (MTX) monotherapy 8 mg/week, bucillamine monotherapy
200 mg/day (BUC; with molecular structure similar to that of D-penicil-
lamine!?), and MTX and BUC combination therapy for 96 weeks. At the
same time, we i ig: ic factors for the p of articular
destruction. Because the dosage of MTX, 8 mg per week at most, is set by
official regulation in Japan, the initial dosage was determined accordingly.
We enrolled 55 patients who fulfilled the American College of
Rheumatology (ACR) 1987 revised criteria for the classification of RA!,
with symptoms for < 2 years. The Institutional Review Board of St.

Marianna Medical College approved the study protocol, and all participants
provided informed consent at the time of enrollment. All patients had a ten-
der joint count of at least 6 out of 48 joints and a swollen joint count of at
least 3 of 46 joints, and cither serum CRP 2 1.0 mg/dl or ESR 2 30 mm/h.
All subjects had taken no DMARD previously, and were receiving a corti-
costeroid dosage < 7.5 mg/day prednisolone equivalent.

The study was at 15 participating instituti using a dou-
ble-dummy double-blind method. The following factors were assessed at
12-week intervals: tender joint count, swollen joint count, patient’s pain
estimation using a visual analog scale (VAS), patient’s global assessment of
disease activity using a VAS, physician’s overall assessment of disecase
activity by VAS, the dified Health A Questi i
(MHAQ)?2, ESR using the Westergren method, and serum CRP.

HLA-DRBI1 typing was done using the polymerase chain reac-
tion-restriction fragment length polymorphism (PCR-RFLP) method (SRL
Inc., Tokyo, Japan). Anti-CCP antibody was assayed by MBL Co., Ltd.
(Nagoya, Japan).

The initially allocated DMARD could be changed after 24 weeks if an
ACR20 response was not achieved, and DMARD could be changed if

adverse reactions did not permit i was at
the di: ion of the treating ician, including the dose of MTX being
increased more than 8 mg per week.

Articular destruction was evaluated using Sharp’s method modified by
van der Heijde®, scoring plain radiographs of both hands taken at com-
mencement of treatment and after 96 weeks’ treatment simultaneously, with
the dates concealed. The total Sharp score, the erosion score, and the joint
space narrowing score were the mean of scores determined independently
by 3 rheumatologists (YT, NH, and HY).

‘We examined the relationships between the ACR core criteria meas-
ures?* and the increase in the total Sharp score during 96 weeks using sim-
ple and multiple linear regression analyses. We used stepwise methods to
determine a multivariate model. We used the StatView statistical analysis
software (SAS Institute Inc., Cary, NC, USA).

RESULTS

Findings at the start of the study in the 55 patients are shown
in Table 1. The mean duration of disease was 9.2 months.
The mean serum CRP was 4.09 mg/dl and the mean DAS28
4.78. The mean increase in total Sharp score during the 96-
week study period was 24.2 + SD 26 4; median and 25th and
75th percentiles were 16.0, 6.3, and 30.1, respectively.

The mean increase in total Sharp score was more than
twice as rapid in patients positive for HLA-DRB1*0405 or
with shared epitope than in patients who were negative (p =
0.034, p = 0.037, respectively; Table 2). Progression of
articular destruction in patients positive for RF and positive
for anti-CCP antibody was also more than twice as rapid as
in the corresponding negative patients, although the differ-
ences were not statistically significant.

Simple linear regression analysis of laboratory data and
radiographic findings, other than ACR core set measures, at
enrollment and the progression of articular destruction dur-
ing 96 weeks were studied. The initial total Sharp score
(correlation coefficient R = 0.382, p = 0.0004), erosion
score (R =0.363, p =0.007), joint space narrowing score (R
= 0.327, p = 0.015), and serum matrix metalloproteinase
(MMP-3) levels (R = 0.327, p = 0.022) correlated signifi-
cantly with the progression of articular destruction, but no
significant correlation was seen with the RF titer (R =
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Table 1. Characteristics of study patients at enrollment.

Characteristics Mean + SD
or %

Age, yrs 512120
Female, % 782
Duration of joint symptoms before study, mo 92451
No. of tender joints (0—48)* 144+88
No. of swollen joints (0—46)* 100 £6.1
MHAQ (0-3)* 0.76 +0.40
Pain estimation by patients (0-100)* 66.4+242
Global assessment of disease activity by patient

(0-100)* 67.0+243
Global assessment of disease activity by physician

(0-100)* 66.4 £ 18.4
ESR, mm/h 68.7 £32.2
CRP, mg/dl 409 +3.84
MMP-3, ng/ml 280 + 297
DAS28-4 (CRP) 4.78 £091
Total Sharp score, mean + SD, 187 +14.8

median, 25th, 75th percentile 13.3,6.9,279
Positive rheumatoid factor, % (> 20 IU/ml)** 90.9
Positive anti-CCP antibody, % (= 4.5 U/ml)** 89.6
Positive antinuclear antibody, % (= 40)** 60.0
HLA-DRB1*0405+, % 65.5
HLA shared epitope, %" 745
Corticosteroid therapy, % 236
Dose (prednisolone equivalent), mg/day 4717
Tr : MTX/BUC inati 19/20/16

* Ranges of possible values, ** Values that are considered positive.
tincludes HLA-DRB1*0405+, 0101+, and 0401+.

Table 2. Patients’ characteristics and increase in total Sharp score over 96
week study period.

Increase in Total Sharp Score,

mean + SD
Characteristic +- + - p
HLA-DRB1*0405 36/19 29.7+303 140x+114 0034

HLA-DRBI shared-epitope* 41/14 286 +28.7 11.7+104 0037
Rheumatoid factor-positive 50/5 257+271 103x96 0216
Anti-CCP antibody-positive 43/5 239+272 109+13.5 0304
Female/male 43/12 271 +288 142+9.1 0.136
Age> 52 yrs 28/27 263+312 273+256 0570

* Includes HLA-DRB1*0405+, 0101+, 0401+.

0.060, p = 0.661) or anti-CCP antibody titer (R = 0.069,
p =0.641).

Table 3 shows the correlation coefficients between the
ACR core set measures, at pretreatment and at 12 and
24-week intervals, and the increase in the total Sharp score
over 96 weeks’ treatment. Of the core set measures evaluat-
ed at baseline, only CRP levels and the swollen joint count
showed significant correlation. However, high correlation
coefficients around 0.5 were seen for many core set meas-
ures and for Disease Activity Score 28 [DAS28-4(CRP);
http://www.das-score.nl]> after 12 weeks of treatment. The
mean values of many measures over the 96-week period
yielded high correlation coefficients > 0.5.

As shown in the upper part of Table 4, “Articular destruc-
tion A,” the initial total Sharp score (b1), swollen joint count
at 12 weeks treatment (b2), CRP at 12 weeks (b3), and pain
estimation by patients at 12 weeks (b4) were all significant-
ly and independently involved in the multiple linear regres-
sion model. The predicted value, y =-13.097 + 0.590 x bl
+1.365 x b2 +1.761 x b3 +0.308 x b4, correlated well with
the actual progression of articular destruction (R = 0.711,
p < 0.0001). With R? = 0.505, this regression model was
able to explain more than 50% of the progression of articu-
lar destruction. Multivariate logistic regression analysis
with the core set measures at 12 weeks of treatment and the
dichotomous variables, such as positivity of HLA
shared-epitope alleles, RF positivity, and anti-CCP antibody
positivity, failed to yield higher correlation coefficients than
linear regression analysis (data not shown). The results of
multiple linear regression analysis with the initial total
Sharp score and the mean values of measures over 96 weeks
as independent variables are shown in the lower part of
Table 4, “Articular destruction B.” The predicted values cor-
related well with the progression of articular destruction (R
=0.728, p < 0.0001).

The sensitivity and specificity of the prediction of articu-
lar destruction greater than the 75th percentile of the cohort
were calculated by receiver-operating characteristic (ROC)
curve analysis, where the predicted values of the multiple
regression model at 12 weeks were used as cutoff points.
The sensitivity and specificity with a cutoff of 32.06 were
78.6% and 84.6%, respectively. The sensitivity and speci-
ficity for the prediction of articular destruction less than the
25th percentile of the cohort were 78.6% and 76.9%, respec-
tively, where the cutoff was 17.68.

In Table 5, patients are divided into 3 groups, whose pro-
gression of articular destruction over 96 weeks was greater
than 75th percentile, between 75th and 25th percentiles, and
less than 25th percentile of the cohort. The mean swollen
joint count, serum CRP level, and pain estimation by
patients, which were selected as independent variables in the
multiple regression analysis, in the 3 patient groups at base-
line and after 12 weeks treatment are given in Table 5. The
percentage decrease from the mean of initial values to the
mean of 12-weeks values ranged from 8.8% to 21.6%,
28.2% to 50.6%, and 51.7% to 62.6%, respectively.

Differences of distribution of initial DMARD treatments
among the 3 groups were not statistically significant.
Patients whose DMARD regimens were changed because of
insufficient effectiveness as defined above were 57.1%,
23.1%, and 6.7% of patients in the respective groups.
DMARD regimens were changed between Weeks 24 and 60
(mean 34.4 + 15.0 weeks) to MTX with dosage up to 12.5
mg per week in 6 cases, to MTX + BUC combination ther-
apy in 5, to sulfasalazine in 2, and others. Total Sharp score
at start and HLA-DRB1*0408 positivity tended to be high-
er in the group above the 75th percentile.

—{ Personal non-commercial use only. The Journal of Rheumatology Copyright © 2010. All rights reserved. }——

Ichikawa, et al: Prediction of joint destruction

725



Table 3. Correlation coefficients between ACR core set measures and DAS28 determined at 12 to 24 week inter-
vals and means of these variables over the 96 week period, and the increase in total Sharp score over 96 weeks.

Initial 12 Weeks 24 Weeks 48 Weeks 72 Weeks 96 Weeks Mean*

CRP 0.292*% 0.477***  0.562***  0.521***  0479*** 0227 0.573%**
ESR 0.235 0.491***  0.402**  0.350* 0.055 0.028 0.380**
MHAQ 0.138 0.183 0.210 0.250 0.246 0.005 0272
Patients pain estimation’ 0.163  0.521***  0.428**  0405**  0472** 0.025 0.531***
Patients’ global assessment't 0.152  0.500%**  0.470*** 0.382**  0.563***  0.049 0.554***
Swollen joint count 0.279* 0.434** 0.411** 0.518***  0.266 0214 0.523%*%
Tender joint count 0085 0257 0.149 0202 0.240 0031 0.275*
Physicians’ global 0.253  0.449%**  0.478***  0453***  (0.419** 0.101 0.524***
assessment'tt
DAS28-(CRP) 0.384%* 0.592%**  0.610%** (.538***  (.447** 0.293*%  0.618%**

* Patients’ estimation of pain on visual analog scale (VAS). ' Patients’ global assessment of disease activity on

pal ty
VAS. 't Physicians’ global assessment of disease activity on VAS. * p < 0.05; ** p < 0.01; *** p < 0.001.
# Mean of values determined every 12 weeks over 96 week treatment period.

Table 4. Multiple linear regression analysis of prognostic factors for articular destruction.

Dependent Variable Independent Variable Regression  Standardized P
Coefficient Regression
Coefficient
Articular destruction A* 0.711%** <0.0001
Constant -13.097 0.0455
Initial total Sharp score 0.590 0332 0.0032
Swollen joint count after 12 wks 1.365 0.278 0.0213
CRP after 12 wks 1.761 0.228 0.0491
Patients’ pain after 12 wks’ 0.308 0.283 0.0229
Articular destruction B** 0.728%%* < 0.0001
Constant -11.902 0.0383
Initial total Sharp score 0477 0272 0.0120
Mean swollen joint count'™ 3521 0.407 0.0002
Mean CRPH 4.837 0.354 0.0021

* Determined by multiple linear regression analysis of relationship between initial total Sharp score and the ACR
core set measure after 12 weeks” and the of articular d ion. ** Del d by mul-
tiple linear regression analysis with the initial total Sharp score and the mean values of measures over the 96
week study period as independent variables. *** Multiple regression coefficient. * Patients’ pain estimation after
12 weeks. T Mean of values determined every 12 weeks for 96 weeks.

As shown in Table 6, the means of both serum CRP
levels and DAS28 of the group above the 75th percentile
showed definitely higher values than those of patients in
the other groups at 12 weeks, and continued at higher
values thereafter to 72 weeks. Contrary results were
observed in CRP and DAS28 of the group under the 25th

destruction one or several years later’!012, This may indi-
cate the presence of a patient group with rapid articular
destruction, or another core group of RA. Other proposed
factors include female sex'® and advanced age!°.

In addition to these prognostic factors that do not change
during the course of treatment, the connection between var-

percentile. ious inflammatory markers and articular destruction is well
known. Initial levels of inflammatory markers that correlate
DISCUSSION significantly with the progression of bone destruction are

If RA is considered to be an aggregation of different disease
types, then RF positivity and anti-CCP antibody positivity
denote a patient group with typical disease. A patient group
possessing a genetic predisposition in the HLA shared-epi-
tope alleles can also be considered a representative group.
The degree of articular destruction seen on plain radio-
graphs at the commencement of observation has been
reported to correlate well with the degree of articular

ESR71216 CRP!3, MMP-32%6, swollen joint count!-2,
patient’s global health assessment®, and grip strength'2.
However, it has also been reported that initial level of CRPY
or ESR? did not correlate with articular destruction.

The time-averaged DAS and CRP over 1 to 5 years were
also reported to correlate significantly with changes in the
Sharp score>!7-18_ In our study, mean values over the 96
weeks’ study period of all ACR core set measures, apart
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Table 5. Improvement of inflammatory indices after 12 weeks of treatment and the observed characteristics in

3 groups of different radiological progression.

Radiological Progression

= 75th Percentile’ 75-25th Percentile < 25th Percentile

Improvement of core set at 12 weeks
No. cases
Swollen joint count
Basal
At 12 weeks
% decreasett
CRP
Basal
At 12 weeks
% decrease'"
Patient’s estimation of pain
Basal
At 12 weeks
% decrease't
Characteristics of 3 groups
Initial treatment (MTX, BUC, MTX+BUC,
respectively)

No. cases, initial DMARD regimens changed (%)" 8 (57.1)**

Total Sharp score at start

Increase of total Sharp score during 96 weeks
HLA-DRB1*0405-positive, %

RF-positive, %

Anti-CCP antibody-positive, %

14 26 15
122169 94166 89x39
9.6+ 6.5%% 47+43 43x33

216 50.6 517
6.0 +29*% 4445 18 +2.1%*
55+ 3.4%% 31%35 0.7 £0.9%*

8.8 282 62.6
704 +224 695+25.1 572+231%

59.0 + 26.2%* 423+215 26.0 + 16.5%*
16.1 39.2 54.5
5,72 11,6,9 3,75

6(23.1) 1(6.7)*
249 + 150" 19.8 +16.0 10.9 + 8.49*
60.0 + 28.1%** 17374 3.12 % 3.12%%%
85.7* 615 533
100.0 923 80.0
9.0 95.7 80.0

 Pr ion of articular

during 96 weeks is greater than the 75th percentile of the cohort.

 Percentage decrease from mean of initial values to mean of 12 week values. ''f Regimen was changed when
ACR20 was not achieved after 24 weeks. # p < 0.1 vs cases other than this group; * p < 0.05 vs cases other than
this group; ** p < 0.01 vs cases other than this group; *** p < 0.0001 vs cases other than this group.

Table 6. Time courses of CRP levels and DAS28 in 3 groups of different radiological progression.

No. Cases 0 Week 12 Weeks 24 Weeks 48 Weeks 72 Weeks 96 Weeks

Serum CRP

2 75 percentile group 14 5.99 £2.93* 546+ 3.37** 524 £3.65%** 375+£274*** 203+221* 100+085

75-25 percentile group 26 436+ 445 313353 128 £121 140 +1.58 121+134 072x083

< 25 percentile group'" 15 184 £209**  0.69+092** 055x1.16%* 081+153* 043+£0.61* 0.50+0.84*
DAS28-4 (CRP)

2 75 percentile group' 14 530 £0.95* 472+091% 400 £1.06%** 375097+ 3.10+145% 231x0.61

75-25 percentile group 26 4.72 £ 0.86 3.66 092 292+0.86 273 +£1.08 247+1.18 226+108

< 25 percentile group’™ 15 4.41£0.80 296 £0.85%*  2.35x0.94%* 230 £0.90% 1.62 +0.84** 143 +0.56**

¥ Cases showed radiological progression greater than 75 percentile of the cohort. *f Cases showed radiological progression less than 25 percentile of the
cohort. * p < 0.05 vs cases of the other 2 groups; ** p < 0.01 vs cases of the other 2 groups; *** p < 0.001 vs cases of the other 2 groups; ¥ p < 0.0001 vs

cases of the other 2 groups.

from the MHAQ), correlated strongly with the progression of
articular destruction.

It is important, however, to be able to anticipate bone
destruction at an early stage. Patients with higher DAS28
scores at Week 14 showed greater progression of joint dam-
age from baseline to Week 54 than those with lower DAS28
scores!. In this study, the initial values of a few measures
correlated significantly with the progression of articular
destruction, whereas most measures correlated strongly
after 12 weeks of treatment. The levels of inflammatory

markers measured after 12 weeks of treatment would be
influenced by the therapeutic effect of DMARD adminis-
tered and patients’ responsiveness to DMARD.

The correlation coefficients between the ACR core set
measures and the DAS28 at 12 weeks’ treatment and the
progress of articular destruction were similar to those of the
corresponding mean values over 96 weeks. Multiple linear
regression analysis of initial values yielded a correlation
coefficient of 0.548 for the progression of articular destruc-
tion (data not shown), whereas values after 12 weeks of
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treatment yielded a higher correlation coefficient of 0.711,
about the same as that obtained from the mean values over
the 96 weeks’ study period. These results indicate that meas-
ures assessed after 12 weeks of DMARD therapy can pre-
dict the progression of articular destruction 2 years later as
well as mean values over the entire 2-year period.

The predicted value of 32.06 for articular destruction
obtained by multiple regression analysis of the ACR core
set measures at 12 weeks’ treatment was used as the cutoff
point of ROC analysis that could select patients whose
articular destruction would be greater than the 75th per-
centile of the cohort with a sensitivity and specificity
around 80%. This patient group may be considered candi-
dates for a change of nonbiologic DMARD therapy, or for
treatment with biologic DMARD. On the other hand, ROC
analysis with a cutoff point of 17.68 could select patients
with minimal articular destruction, less than the 25th per-
centile of the cohort, with sensitivity and specificity of
nearly 80%. These patients would not require any changes
in their DMARD therapy.

The decision to change initial RA treatment is usually 3
months after start of treatment*®. Our findings support the
clinical status quo that one considers changes in DMARD
therapy 3 months after initiation of therapy from the view-
point of articular destruction 2 years later.

In this study, 3 kinds of treatment were randomly allo-
cated for patients studied, who were divided into 3 groups
according to radiological progression during 96 weeks
(Tables 5 and 6). In patients with radiological progression
greater than the 75th percentile of the cohort, clinical activ-
ity was not definitely high at commencement, but responses
to treatment were small at 12 weeks. Moreover, a relatively
high level of clinical activity continued thereafter in these
patients, although most of the patients changed their initial
DMARD because of not achieving ACR20. In contrast,
patients whose radiological progression was less than the
25th percentile of the cohort showed good response at 12
weeks, and continued with low clinical activity thereafter,
while DMARD regimens were rarely changed because of
insufficient effectiveness.

Although 3 DMARD regimens were allocated randomly
and the distribution of initial DMARD regimens was not
significantly different between the 3 groups, clinical activi-
ty at 12 weeks and responses to treatment at 12 weeks
showed definite differences between the groups. The differ-
ent clinical activities observed at 12 weeks in the 3 groups
continued thereafter.

The question is, what caused differences in responsive-
ness to DMARD treatment at 12 weeks and in different con-
tinuing activity thereafter in the 3 groups of patients. HLA
shared-epitope, RF, and anti-CCP antibody positivity may
be involved. High total Sharp score at commencement may
also be important, although it is not clear what factors influ-
ence this phenomenon. There may still be other unknown

prognostic factors that result in the difference in treatment
responses and clinical activities thereafter.
HLA-DRB1*0405 positivity was found to be common in
Japanese patients with RA282, Wakitani, er al reported that
the HLA-DRB1*0405 genotype was more common in
patients in the more erosive subset and the most erosive sub-
set with mutilating disease than in the least erosive subset?®.
In our study, the progression of articular destruction, deter-
mined by Sharp’s method modified by van der Heijde, was
more rapid in HLA-DRB1*0405-positive or HLA shared-epi-
tope-positive than in the respectively negative patients.
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