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ARTICLE INFO ABSTRACT
Article history: Adiponectin (APN) is a hormone released by adipose tissue with anti-inllammatory properties. The pur-
Recelved 24 October 2008 pose of this study was to examine the therapeutic effects of systemic delivery of APN In murine arthritis
online 21 2008 model. Collagen-induced arthritis (C1A) was induced in male DBA1/| mice, and adenoviral vectors encod-
ing human APN (Ad-APN) or beta-galactosidase (Ad-p-gal) as control were injected either before or dur-
ing arthritis progression. Systemic APN delivery at both time points significantly decreased clinical
i’;{""‘"‘";l disease activity scores of CIA. In addition, APN treatment before arthritis progression significantly
ml‘:‘;“r:ft:dw —— decreased histological scores of Inflammation and cartilage damage, bone erasion, and mRNA levels of
Complement pro-inflammatory cytokines in the joints, without altering serum anti-collagen antibodies levels. Immu-
Disease severity nohistochemical staining showed significant inhibition of complement Clq and €3 depesition in the
Inflammation joints of Ad-APN infected CIA mice. These results provide novel evidence that systemic APN delivery pre-
Mice vents inflammation and joint destruction in murine arthritis model,

Rheumatoid arthritis

© 2008 Elsevier Inc. All rights reserved.

Rheumatoid arthritis (RA) is an autoimmune disease character-
ized by chronic inflammation of joint synovial tissues, followed by
cartilage destruction and bone erosion. Collagen-induced arthritis
(CIA) is an established rodent model of autoimmune polyarthritis
with many similarities to human RA, and the immunopathological
process of CIA has been reported in details [1]. Briefly, injection of
chicken type Il collagen (Cll) in complete Freund’s adjuvant (CFA)
results in proliferation and differentiation of T-cells into
CD4+Thl-cells in the draining lymph nodes. These cells then pro-
mote the production of anti-collagen 1gG by activated Cll-specific
B-cells, These antibodies enter the joint and bind to Cll, forming
an immunocomplex (IC), which activates the complement cascade.
Complement enhances the permeability of the vascular endothe-
lium, and facilitates infiltration of monocytes (macrophages) and
neutraphils into the joint. In the joint space. macrophages produce
tumor necrosis factor (TNF)-2 and interleukin (IL)-1, TNF-a en-
hances vascular permeability and migration of inflammatory cells
into the joint space, and IL-1 is the primary trigger of tissue
destruction by infiltrating cells and resident synoviocytes.

* Corresponding author. Fax: +81 6 6879 3739,
E-mail address: ichi®imed2.med.osaka-u.ac jp (1. Shimomura)

0006-291X/S - see front matter © 2008 Elsevier Inc. All rights reserved.
doi:10.1016/j.bbrc2008.11.005

Adiponectin (APN) is an adipocytokine that shares strong
homologies with the complement factor C1q and TNF-xt [2]. APN
has anti-inflammatory effects, and suppresses TNF-x and IL-6 pro-
duction by macrophages activated with lipopolysaccharide (LPS)
through suppression of nuclear factor-kappa B (NF-xB) signaling
|3]. Accumulating evidence suggests a novel link between APN
and inflammatory joint diseases. For example, APN concentration
in the synovial fluid correlates negatively with synovial fluid leu-
kocyte count in patients with RA, suggesting that APN is an anti-
inflammatory molecule in RA [4]. However, APN levels in synovial
fluid and serum are elevated in patients with RA compared with
healthy controls [4], and APN treatment induces IL-6 production
by synovial fibroblasts from RA patients [5], suggesting that APN
is a pro-inflammatory molecule in RA. Thus, the effects of APN in
RA are controversial. In the present study, we investigated the ef-
fects of APN on CIA mice using APN-producing adenovirus.

Materials and methods

Materials. Enzyme-linked immunosorbent assay (ELISA) for
murine APN (including all isoforms) was purchased from Otsuka
Pharmaceutical (Tokyo, Japan). Anti-APN polyclonal antibody used
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for Western blotting was described previously [6]. Tartrate-resis-
tant acid phosphatase (TRAP) staining kit was purchased from Cell
Garage (Tokyo, Japan).

Induction and essessment of CIA. To induce CIA, we injected intra-
dermally 100 pl of an emulsion containing 200 g of chicken Cli
(Sigma, St. Louis, MO) and 200 pg of Mycobacterium rtuberculosis
in CFA (Chondrex, Redmond, WA) at the base of the tail of 6-
week-old male DBA/1] mice (CLEA Japan, Tokyo), twice with a
21-day gap, as described previously [7). Clinical severity of arthritis
was assessed as described previously [8]. Each limb was scored,
yielding a maximum possible score of 16 per mouse. Serum was
collected from the tail vein at cach time poinc

APN adenovirus and systemic delivery in vivo. Adenovirus produc-
ing the full-length mouse APN was prepared as described previ-
ously [9]. Then, 200 of 2 x 10® plaque-forming units of
adiponectin-producing adenovirus (Ad-APN) or control f-galacto-
sidase-expressing adenovirus (Ad-p-gal) were injected into the
Jugular vein, on 19 (before arthritis progression) or 27 (during
arthritis progression) days after initial injection of CIL.

Determination of IgG, [gG2a, and IgG1 titers against CIl and serum
complement Clq and C3 levels. The total IgG anti-collagen antibody
titers against chicken CIl were determined through ELISA kit
(Chondrex). IgG1 and IgG2a anti-collagen antibody titers against
chicken Cil were determined as described previously, and ex-
pressed in optical density (OD) value [10]. Serum C1q and C3 levels
were determined by ELISA as described previously [11].

Histological analysis. On day 35 after initial injection of ClI, joints
were harvested and fixed in phosphate-buffered 4% paraformaide-
hyde, decalcified in 14% ethylenediaminetetraacetic acid (EDTA),
and embedded in paraffin. Joint sections were stained with Safra-
nin O and hematoxylin/eosin, and then histologically scored for
inflammation, cartilage damage, and pannus formation as de-
scribed previously [12]. Immunostaining for mouse 1gG, Clg, C3,
neutrophils, CXC chemokine ligand (CXCL)12, and APN was per-
formed on paraffin-embedded samples with goat anti-mouse 1gG
(Cappel), rat anti-mouse Clq (Hycult Biotechnology b.v., Uden,
Netherlands), rat anti-mouse C3 (Hycult Biotechnology), rat-anti-
mouse neutrophils, (Serotec, Oxford, UK), monoclonal antihu-
man/mouse CXCL12 antibody (R&D Systems Inc., Minneapolis,
MN). and rabbit-anti-mouse APN (Otsuka Pharmaceutical), respec-
tively. The other steps were performed according to the instruc-
tions provided on the labeling of Vectastain Elite ABC system
(Vector Laboratories, Burlingame, CA). Scoring for IgG, Clq and
(3 staining on the cartilage, and CXCL12 staining on the synovium
was performed as described previously [13]. The average number
of infiltrating neutrophils in the synovium was determined using
a modified version of the published method [14).

Quantitative real-time PCR of joint samples. Total RNA was ex-
tracted by pulverizing the frozen individual fore paws with an
RNA STAT-G0 kit. The first-strand cDNA was synthesized using
ThermoScript RT-PCR System (Invitrogen, San Diego, CA). Real-
time polymerase chain reaction (PCR) was performed on a Light
Cycler using the Fast Start DNA Master SYBR Green | (Roche Diag-
nostics, Indianapolis, IN). The sequences of primers were designed
based on a previous report [13], and other primers are listed in
Supplementary Table 1,

Lymph node cell proliferation assay. In vitro proliferation of drain-
ing lymph node (DLN) cells was examined by Cell Proliferation ELI-
SA Bromodeoxyuridine (BrdU) kit (Roche) using a modified version
of the published method [10].

Cytokine production by cultured splenocytes. Spleens were re-
moved and cell suspensions (2 » 10° cells/well) were distributed
to flat bottom 96-well plates. Spleen cells were cultured without
or with either 50 ug/ml heat-denatured chicken CIl (Sigma-Al-
drich) or 5 pg/ml LPS from Escherichia coli (Sigma-Aldrich). After
48-h incubation, the supernatants were collected, and TNF-2t and

IL-1p levels were measured using ELISA kit (Quantikine Mouse ELI-
SA kit, R&D Systems Inc.).

Skeletal morphology. Three-dimensional microcomputed tomog-
raphy (3D-pCT) scan for ankle joints was undertaken and the tra-
becular bone area (percentage of bone volume [BV] per tissue
volume [TV]) of distal tibia was measured using a composite X-
ray analysis system (Shimadzu, SMX-100CT-SV, Kyoto, Japan).

Statistical analysis and ethical considerations. Data were ex-
pressed as means + standard error of the mean, Differences be-
tween groups were examined for statistical significance using
Chi-square test, Student’s ¢ test, or analysis of variance with Fish-
er's protected least significant difference test. A P value less than
0.05 denoted the presence of a statistically significant difference.
The experimental protocol was approved by the Ethics Review
Committee for Animal Experimentation of Osaka University School
of Medicine.
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Fig. 1. Systemic delivery of APN in collagen-induced arthritis (CIA) mouse model
and histological analysis of the joints. (A) On day 19, before arthritis progression,
mice were injected with adenoviral vector directing the expression of either locZ
gene (Ad-f-gal) or APN (Ad-APN) intravenously (n=23 Ad-f-gal-infected mice,
n=21 Ad-APN-infected mice). (B) On day 27, during arthritis progression, mice
were injected with the same adenovirus (n = 6 mice in each group). (C) Histological
e of rep ylin and eosin-stained sections of the ankle
Jjoints (original magnification 200 ), and (D) mean pathological scores of the joints
ol adenovirus-infected CIA mice (n= 36 joints in each group). P<0.05. P<0.01,
“P<0.001, versus Ad-f-gal-infected C1A mice.
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Results
Ad-APN suppresses progression of arthritis in CIA model

First, we tried two protocols to evaluate the effect of Ad-APN on
CIA. When the virus was injected on day 19 (Fig. 1A), the incidence
and disease activity on day 35 were significantly suppressed by Ad-
APN treatment compared with Ad-p-gal (arthritis score: Ad-APN-
infected mice: 1.76 £ 0.63, Ad-p-gal-infected mice: 8.68 £1.06:
P<0,001). In addition, when the virus was injected on day 27
(Fig. 1B), disease activity was significantly suppressed on day 39
by Ad-APN treatment compared with Ad-p-gal (arthritis score:
Ad-APN-infected mice: 5.17%1.25, Ad-p-gal-infected mice:
9.17 £ 1.15; P < 0.05). For the rest of this study, we used the former
protocol (Fig. 1A). Histological analysis of the ankle joint showed
typical features of active arthritis in Ad-f-gal-infected CIA mice,
including infiltration of inflammatory cells into the synovium, car-
tilage damage, and pannus formation. These changes were signifi-
cantly less pronounced in Ad-APN-infected CIA mice (Fig. 1C and
D).

Ad-APN increases APN protein in serum and bone marrow, and does
not alter serum anti-collagen antibodies or complement levels

In the experiments described in Fig. 1A, injection of Ad-APN re-
sulted in about 5-fold increase on day 21 and about 30-fold in-
crease on day 35 in serum APN levels (Fig. 2A). The high serum
APN protein levels in Ad-APN-infected CIA mice were mainly com-
posed of high- and middle-molecular weight forms of APN
(Fig. 2B). Moreover, Ad-APN substantially increased APN protein
content in knee joints compared with Ad-fi-gal (Fig. 2C). Immuno-
histochemical staining of knee joints with anti-APN antibody indi-

cated accumulation of APN in the bone marrow but not on the
cartilage surface in Ad-APN-infected (1A mice (Fig. 2D). Under such
conditions, anti-Cll IgG, 1gG2a, and IgG1 titers, serum Clq and C3
levels were not different between Ad-APN- and Ad-fi-gal-infected
CIA mice (Fig. 2E and F).

Treatment of CIA mice with Ad-APN suppresses local deposition of Clg
and 3, infiltration of neutrophil, and changes in mRNAs of pro-
inflammatory genes

Next, we examined the accumulation of IgG, Clq, and C3 on the
cartilage of wrist, knee, and ankle joints by immunohistochemical
staining (Fig. 3A and B). Under the conditions with minimum back-
ground staining, IgG deposition on the cartilage was cbserved in
both adenovirus-infected CIA mice. On the other hand, Cig and
C3 deposits on the cartilage were significantly suppressed by Ad-
APN treatment compared with Ad-fi-gal. Furthermore, neutrophil
infiltration and synovium deposition of CXCL12, a chemokine that
promotes leukocyte migration, were also significantly decreased in
Ad-APN-infected CIA mice (Fig. 3A and B), To assess the inflamma-
tory status, mRNA levels of pro-inflammatory genes, complement
factors, and F4/80 (a marker of monocyte/macrophage linage) were
measured in isolated forepaws, The expression levels of IL-1§, IL-6,
COX-2 IFN-y, TNF-o, Cl1q, C3, and F4/80 were all significantly de-
creased by Ad-APN treatment (Fig. 3C).

Effects of Ad-APN on immunocyte activities in lymph nodes and spleen,
and bone erosion of CIA mice

Next, activities of immunocytes were measured. DLN cells from
Ad-APN-infected CIA mice showed marginally inhibited prolifera-
tion activities (Fig. 4A). Splenocytes from Ad-APN-infected CIA
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Fig. 2. High APN levels in serum and joints do not alter serum lewl: of anti=Cll antibody, complernent Clg, or C3 in CIA mice. (A) Serum APN concentrations at each time
point were determined by ELISA (n = 6 in each puup}. serum les (B) and protein lysates prepared from knee joints (C) of adenovirus-infected CIA mice on
day 35 were subjected sodium dodecy! sulfate-polyacryl ide gel el haresis without reducing reagent. and analyzed by westem blot using anti-APN antibody. (D)
Representative sections of p | tibla ined with APN {origh rlusniﬂum 40 ). Serum samples were obtained on day 35, and anti-CIl specific IgG. 1gG2a,
and IgG1 levels (E). and :ompiemm: C1q and C3 levels (F) were mﬂ:urtd by ELISA (n =6 in each group). NS = not significant.
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gG Cig c3 CXCL12 Nautrophil

C3 F4/B0

0
IL-18 IL-8 COX-2 IFNwy TNF-a Cig

Fig. 3. Ad-APN compl d and pro Y
oy fenzy [ ion in CIA mice. (A) Representative sections immuno-
stained for IgC. Cig, C3, CXCL12, and neutrophil on the cartilage surface and
synovium of the ankle joints of adenovirus-infected CIA mice (original magnifica-
tion 200x ). (B) Scoring of immunostained joint sections from adenovirus-infected
C1A mice (n = 16 joints in each group). (C) mANA expression levels in forepaws of
adenovirus-infected CIA mice. (n = 6 joints in each group). Values are normalized to
the level of 3684 mRANA. P <0.05, "P< 0.01, ""P< 0,001, versus Ad-fi-gal-infected
CIA mice.

mice produced less IL-1f in all conditions, and less TNF-a in re-
sponse to LPS in vitro (Fig. 4B). Finally, analysis of bone erosion

of the distal tibia using uCT revealed that trabecular bone volume
were significantly decreased in Ad-p-gal-infected CIA mice com-
pared to those in Ad-APN-infected CIA mice (Fig. 4C). In addition,
the number of TRAP-positive cells was significantly decreased in
ankle joints of Ad-APN-infected CIA mice (Fig. 4D).

Discussion

In the present study, we demonstrated for the first time that
Ad-APN significantly improved joint inflammation and bone erg-
sion in CIA mice. There were no significant differences in anti-Cll
1gG, Clq, and C3 levels between Ad-APN and Ad-p-gal infected
CIA mice (Fig. 2E and F), indicating that Ad-APN has little effect
on humoral immunity. On the other hand, C1q and C3 deposition
were markedly suppressed on the cartilage surface of Ad-APN-in-
fected CIA mice (Fig. 3A and B), Therefore, we investigated the di-
rect effect of APN on complement activation. APN has a substantial
sequence similarity to C1q, and also binds to C1q receptor [15]. In
addition, we confirmed the binding between human recombinant
APN from mammalian cells and human Clq in vitro as reported
previously [16], However, in our preliminary experiments, this re-
combinant APN did not alter Clq binding to adherent CII-IC [11],
Cll-IC-induced mouse serum C3 activation (mainly involves classi-
cal pathway) [ 11], or zymosan-induced mouse serum C3 activation
{mainly involves alternative pathway) [10] in vitro (data not
shown). To elucidate the direct effect of APN on the complement
activation, further in vivo and in vitro analyses are required.

We showed marked suppression of C1q and C3 deposition,
accompanied by significant downregulation of Clq, C3, and F4/80
mRNAs in the Ad-APN-infected CIA joints (Fig. 3). A previous report
demonstrated that APN inhibited the expression of endothelial
adhesion molecules induced by TNF-«, and consequent transendo-
thelial migration of monocytes [17]. In addition, TNF-x-induced
vascular permeability is required for the migration of Inflamma-
tory cells into the joint and development of inflammatory process
in mouse arthritis models [1]. and APN was reported to inhibit
TNF-2-induced hyperpermeability in endothelial cells [18]. Our
group demonstrated that APN was protective against murine coli-
tis through Inhibition of macrophages infiltration and release of
pro-inflammatory cytokines [19]. Considering that C1q Is mainly
produced by monocyte/macrophage linage [20], and C3 is pro-
duced by liver and inflamed synoviocytes [21], reduced accumula-
tion of F4/B0 positive cells and consequent C3 production by
inflamed synovium should result in suppression of complement
deposition and pro-inflammatory cytokine production in the CIA
joints,

We also observed that Ad-APN suppressed synovial deposition
of CXCL12. CXCL12 is a chemokine anchored to heparan sulfate
(HS) proteoglycans on endothelial cells of RA synovium [22], and
4acts as a critical chemoattractant in the pathogenesis of CIA [23].
APN inhibits the binding of CXCL12 to HS, and alters the distribu-
tion of CXCL12 at the site of inflammation [24]. Taken together, Ad-
APN may improve joint inflammation through decreased CXCL12
deposition in CIA synovium.

Previous studies showed that the cellular immunity, repre-
sented by the activity of immunocytes of lymph nodes or spleen,
Is causally associated with the disease activity in CIA mice [25].
In this study, Ad-APN marginally reduced DLN cells proliferation
(Fig. 4A), and significantly suppressed IL-1p production and TNF-
« production from splenocytes (Fig, 4B), These results indicate that
Ad-APN could suppress disease activity of CIA partially through
inhibition of cellular immunity.

In this study, Ad-APN reduced the number of TRAP-positive
cells and resulted in amelioration of bone erosion in the joints of
CIA mice (Fig. 4C and D). Previously, we and others reported that
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Fig 4. Effects of Ad-APN on DLN cefl p and pro-infl y cytokine production from splenocytes, and bone erosion in CIA. All samples were obtained on day 35.
(A Proliferative resp of DLN cells d from adenovi fected CIA mice. Isolated cells from lymph nodes were cultured for 72 h without {control) or with either
50 pg/ml heat-denatured chicken Cll or 5 pg/ml phytohemagglutinin (PHA). (B) Production of pro-inflamunatory cytokine by splenocytes from adenovirus-infected CIA mice,
IL-10 and TNF-u levels were measured in supernatants of splenocytes by specific ELISA. (C) Three-dimensional uCT scan of the distal tibia of adenovirus-infected CIA mice.
Trabecular bone volume {s expressed as percentage of total tissue volume (BV/TV [%]) (1 =4 joints in each group). (D) Reduced number of osteoclasts in Ad-APN-infected CIA
mice joints. Sections of ankle joints stained with TRAP {original magnification 100x L The number of TRAP-positive cells was counted in 5 randomly selected flelds (n=8

joints in each group). NS = not significant. 'P<0.05, "P<0.01, P < 0.001, versus Ad-p-gal-infected CIA mice.

APN inhibits osteoclasts differentiation in RAW264 cells [26] and
mouse bone marrow macrophages [9]. Collectively, besides anti-
inflammatory effects in the joints, Ad-APN might directly inhibits
bone erosion of CIA mice by inhibiting osteoclasts differentiation.

The present study demonstrates for the first time that systemic
APN delivery provides protection against the development of
inflammatory arthritis in a murine model, through several anti-
inflammatory mechanisms. The results provide new insights on
the role of APN in inflammatory arthritis and new strategies for
the treatment.
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Serum adiponectin concentrations correlate with severity
of rheumatoid arthritis evaluated by extent

of joint destruction
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Abstract Adiponectin is a hormone released by adipose tis-
sue with antidiabetic, antiatherogenic, and anti-inflammatory
properties. The present observational study focused on the
relation between serum adiponectin level and the disease
severity of established rheumatoid arthritis (RA). Ninety
patients with more than 5-year diagnosis of RA and 42 age-
and BMI-matched control were enrolled. The severity of RA
was evaluated according to the number of destructed joints of
overall 68 joints on plain radiographs (37 patients had mild
RA and 53 had severe RA). Serum adiponectin level was
significantly higher in the severe RA group (17.7£6.7 pg/ml)
than in the control (9.1£3.8 pg/ml) and mild RA groups
(13.946.5 pg/ml) (control vs. mild RA group, P<0.001; mild
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RA vs, severe RA group, P<0.01). These results suggest that
increased number of joint destruction is associated with
hyperadiponectinemia in established RA patients.

Keywords Adiponectin - Disease severity -
Number of joint destruction - Rheumatoid arthritis

Introduction

Adiponectin is a hormone released by adipose tissue and
has various biological properties, such as antidiabetic [1],
antiatherogenic [2], and anti-inflammatory effects [3]. Part
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of these effects is mediated by suppressing the production
of tumor necrosis factor (TNF)-« and interleukin (IL)-6 by
activated macrophage [3]. In addition, it has been reported
that adiponectin stimulates the proliferation and differentia-
tion of human osteoblasts [4] and suppresses the differen-
tiation of osteoclasts [5], suggesting that adiponectin may
play a role in rheumatoid arthritis (RA).

A recent clinical study showed that serum adiponectin
concentrations are higher in RA patients than in healthy
control [6, 7). In addition, adiponectin induces the
production of pro-inflammatory IL-6 from RA synovial
fibroblasts in vitro [8], suggesting that adiponectin is a
potent driving force of arthritis. On the other hand, another
report demonstrated that adiponectin concentrations corre-
lated negatively with the number of leukocytes in the
synovial fluid of RA patients [7], indicating that adiponectin
is a counterpart of the local inflammatory process. Thus, the
role of adiponectin in RA is controversial. In a step to
define the role of adiponectin in RA, the present study was
designed to investigate the correlation between serum
adiponectin level and RA disease severity.

Materials and methods
Patients

We have previously reported that serum adiponectin level is
significantly higher in females than in males and negatively
correlates with body mass index (BMI) [9]. In addition,
previous reports have demonstrated that most of the
progression of joint damage in RA occurs during the first
years of the disease and decreases thereafter [10, 11].
Therefore, to investigate the correlation between serum
adiponectin level and disease severity and joint destruction
in established RA, 90 female patients with more than 5-year
history of RA were enrolled in this study. RA was
diagnosed based on the 1987 revised American College of
Rheumatology (ACR) criteria [12]. The first assessment
was carried out from September to November, 2005, and 18
patients were enrolled in the second assessment from
March to April, 2008, about 2.5 years after the first
assessment. Sixty-five patients (72.2%) were treated with
oral prednisolone and 48 patients (53.3%) with methotrexate.
All patients were followed-up at Osaka University Hospital.
For non-RA controls, 42 age- and BMI-matched women
who underwent health examination at the institutions that
participated in the Japanese Visceral Fat Syndrome (J-VFS)
Study Committee of the Ministry of Health and Welfare of
Japan and subjects who visited Osaka University Hospital
for health check were enrolled in the present study [13].
Patients treated with antihypertensive, antidiabetic, or
antihyperlipidemic regimen or patients who met the

€) Springer

definition of each disease indicated in the relevant guide-
lines were defined as having hypertension, diabetes, and
hyperlipidemia, respectively. Patients treated with drugs
influencing serum adiponectin levels. such as anti-TNF-cx
[14, 15], insulin [16], thiazolidinediones [17], telmisartan
[18], glimepiride [19], and all other biologics were excluded
in this study. The study was approved by the Ethical
Committee of Osaka University School of Medicine and
written informed consent was obtained from each patient.

Assessment of disease severity and disease activity

The severity of RA was evaluated by the number of joints
with erosions among 68 joints of whole body using plain
radiographs, as described previously [20]. Joint erosion was
defined as changes equal to or more severe than stage II
according to the criteria of Steinbocker et al. [21]. Patients
were classified according to disease severity as described
previously [22]. Briefly, the least erosive subset (LES)
group exhibited erosions in less than 20 joints and erosive
articular changes limited to the small peripheral joints of
hands or feet. The more erosive subset (MES) group had
erosions in more than 21 joints and erosive articular
changes in large axial joints, The most erosive subset with
mutilating disease (MUD) group, that had erosions in more
than 46 joints, and almost all joints were extensively
damaged in the early period of RA. In this study, we
categorized LES patients as the “mild RA group” (n=37),
and MES/MUD patients as the “severe RA group™ (n=353).
Disease activity score including a 28 joint count/CRP (DAS28-
CRP) was evaluated as described previously [23].

Measurement of serum adiponectin concentrations

Total serum adiponectin level (including all isoforms) was
measured with an enzyme-linked immunosorbent assay
(ELISA) kit (Otsuka Pharmaceutical, Tokyo, Japan), as
reported previously [13].

Statistical analysis

Data are expressed as mean % standard deviation (SD).
Differences in variables between the mild and severe RA
groups were assessed by the Mann-Whitney U test and the
chi-square test. Changes in serum adiponectin levels
between the first and second assessment was examined by
the Wilcoxon’s signed rank test. The influence of serum
adiponectin level on other variables was investigated by
calculating Spearman’s correlation coefficients, The corre-
lation between BMI and disease severity was investigated
by logistic regression analysis. Conditional multivaniate
logistic regression models were constructed and odds ratios
(ORs) and 95% confidence intervals (95% CI) were cal-
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culated to investigate the association of serum adiponectin
level on disease severity, with adjustment for BMIL. To
investigate the cutoff value for serum adiponectin, a value
yielding 80% correspondence to the severity of RA was
estimated by a logistic regression model and statistical sig-
nificance was estimated by Fisher's exact test. Probability
values of less than 0.05 were considered statistically
significant. All statistical analyses were carried out with
SAS software version 9.1.3 (SAS Institute, Cary, NC, USA).

Results

Clinical and biochemical characteristics
of the study subjects

There were no significant differences between mild and
severe RA groups in age (60.8+11.0 vs. 61.7%11.7 years),
disease duration (15.5£6.9 vs, 17.3£6.8 years), body mass
index (22.1+3.4 vs. 20.8£3.0 kg/m®), and prevalence of

Table 1 Baseline demographic, laboratory, and clinical characteristics
of the two RA groups

mild RA severe RA P* value
group (n=37) group (n=53)

Age, years 608+11.0 61.7=11.7 NS
Duration of disease, years 15.5+£6.9 17.3£6.8 NS
Body mass index, kg/m*  22.1+34 20.843.0 NS
CRP, mg/l 0913 1.9£2.0 0.003
MMP-3, ng/ml 146,5+150.9 222.8+177.6 0.047
IL-6, pg/ml 14.5+£36.0 18.1+£26.2 NS
RF titer, 1U/ml 158.14417.0 235.7+366.9 NS
RF positivity, % patients ~ 77.1% 82.7% Ns®
BAP, UA 240+13.5 23.9+9.5 NS
iOC, ng/ml 6.9+£3.5 6.7+£7.3 NS
ICTP, ng/ml 49+1.9 6.5+3.1 0.010
uDPD, nmol/mmol 6.6+2.2 79432 NS

creatinine
DAS28-CRP 22+1.0 LR ES 0.001
Prednisolone dosage, mg/day 2.2+£2.5 43+16 0.001
Methotrexate dosage, 43+32 44+36 NS

mg/week
Adiponectin, pg/ml 13.9+6.5 17.7%6.7 0.008
Data are mean + SD

RA theumatoid arthritis, NS not significant, CRP C-reactive prmam.
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Fig. 1 Box-and-whisker plots of serum adiponectin levels in the
control group, mild RA group, and severe RA group evaluated by the
number of joint destruction in 68 joints on plain radiograph. The mean
serum level of adiponectin was significantly higher in the severe RA
group (17.7£6.7 ug/ml) than in the control (9.1£3.8 pg/ml) or mild
RA group (13.9£6.5 pug/ml) (control vs. mild RA group: P<0.001,
mild RA vs. severe RA group: £<0.01, control vs. severe RA group:
P<0.001)

hypertension (18.8% vs. 28.3%), diabetes (16.2 vs. 18.9%),
and hyperlipidemia (21.6 vs. 24.5%). The age and BMI of
subjects of the control group were 61.0=11.4 years and
21.9£3.2 kg/m?, respectively. The prevalence of each

Table 2 Spearman’s correlation analysis of the relation between
serum adiponectin and other variables in all RA patients

Variable r value P value
Age, years 0.046 NS
Duration of disease, years 0.068 NS
Body mass index, kg/m* -0.269 0.011
CRP, my/liter 0.078 NS
MMP-3, ng/ml 0.098 NS
IL-6, pg/ml 0.120 NS
RF titer, IU/ml -0.033 NS
BAP, Un -0.193 NS
i0C, ng/ml =0.075 NS
ICTP, ng/ml 0.033 NS
uDPD, nmol/mmol creatinine ~0.002 NS
DAS28-CRP 0.096 NS
Prednisolone dosage, mg/day 0.040 NS

MMP-3 matrix metalloproteinase-3, /L-6 interleukin-6, RF rh
factor, B4P bone-specific alkaline phosphatase, iOC intact osteocalein,
ICTP pyridinoline cross-linked carboxyterminal telopeptide of type |
collagen, uDPD urinary deoxypyridinoline, DAS28-CRP discase
activity score including a 28-joint count/CRP

*Except where otherwise indicated, determined by Mann-Whitney
U/ 1est

Y Except where otherwise indicated, determined by chi-square test

r value Spearman’s rank correlation coefficient, NS not significant,
CRP C-reactive protein, MMP-3 matrix metalloproteinase-3, [L-6
interleukin-6, RF rheumatoid factor, BAP bone-specific alkaline
phosphatase, /OC intact osteocalcin, /CTP pyridinoline cross-linked
carboxyterminal telopeptide of type | collagen, uDPD urinary
deoxypyridinoline, DAS28-CRP discase activity score including a
28-joint counVCRP
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Table 3 Results of Spearman’s rank correlation analysis of the relation between adiponectin and other variables with a significant difference

between the severe and mild RA groups

CRP MMP-3 ICTP DAS28-CRP Prednisolone Adiponectin
CRP 0.574%%+ 0.486%** 0.717%%* 0.335% 0.078
MMP-3 0.331° 0.532%+* 0.510%** 0.098
ICTP 0.389%=* 0.220* 0.033
DAS28-CRP 0.372%* 0.096
Prednisolone 0.040

CRP C-reactive protein, MMP-3 matrix metalloproteinase-3. /CTP pyridinoline cross-linked carboxyterminal telopep

DAS28-CRP disease activity score including a 28-joint count/CRP
*P<0.05; **P<0.01; ***P<0.001

disease in the control group was 0% for hypertension, 2.3%
for diabetes, and 9.5% for hyperlipidemia. Patients of the
severe RA group had a significantly higher serum C-
reactive protein (CRP) (P=0.003), matrix metalloproteinase
(MMP)-3 (P=0.047), pyridinoline cross-linked carboxyter-
minal telopeptide of type | collagen (ICTP) (P=0.010),
disease activity score including a 28-joint counv/CRP
(DAS28-CRP) (P=0.001), and prednisolone dose (P=
0.001) than the mild RA group (Table 1), reflecting high
inflammatory state and bone resorption level in this group
as described previously [24]. The mean serum level of
adiponectin was significantly higher in the total RA group
(16.1£6.8 pug/ml) than in the control group (9.1+3.8 pg/ml)
(P<0.001). Moreover, the mean serum level of adiponectin
was significantly higher in the severe RA group (17.7+
6.7 pg/ml) than in the control (9.1+3.8 pg/ml) or mild RA
group (13.9£6.5 pg/ml) (control vs. mild RA group, P<
0.001; mild RA vs. severe RA group, P<0.01, control vs.
severe RA group, P<0.001) (Fig. 1). Univariate analysis of
the relationship between serum adiponectin level and other
variables showed that adiponectin correlated negatively
with BMI (r=—0.269, P=0.011), but did not correlate with
other variables such as inflammatory markers, bone metabo-
lism markers, DAS28-CRP, or the dose of prednisolone
(Table 2). Calculation of Spearman’s rank correlation
coefficients for the variables with a significant difference
between the mild and severe RA groups showed that CRP
correlated with MMP-3 (»=0.574, P<0.001), 1ICTP (r=
0.486, P<0.001), DAS28-CRP(r=0.717, P<0.001), and
dose of prednisolone (r=0.335, P<0.01), while there was
no significant correlation with adiponectin (r=0.078, P>
0.05) (Table 3). In addition, the dose of prednisolone
correlated with CRP, MMP-3, ICTP, and DAS28-CRP, but
not with adiponectin (r=0.040, P>0.05) (Table 3). Multi-
variate logistic regression analyses revealed that even when
the odds ratios were adjusted for BMI, serum adiponectin
level significantly correlates with disease severity of RA
(P=0.031) (Table 4),

&) Sprin ger

le of type 1 collagen,

Cutoff point of serum adiponectin for severe RA

Figure 2 shows the histogram of serum adiponectin levels
of patients of the mild and severe RA groups. For clinical
translation, the cutoff levels were selected. The cutofT value
for serum adiponectin level was estimated at 18 pg/mi,
yielding 80% correspondence with the severity of RA.
Among the patients with serum adiponectin level of
=18 pg/ml, 81.3% (26/32) belonged to the severe RA
group and 18.8% (6/32) belonged to the mild RA group.
This cutofT line showed significant correlation with disease
severity (P<0.01). The specificity of this cutoff value was
53.4% (31/58) (Table 5).

Changes in serum adiponectin levels and severity
of RA during follow-up

To further investigate the time-course changes of serum
adiponectin levels and severity of RA, 18 patients under-
went a second assessment 2.5 years later (Fig. 3). The mean
serum adiponectin level of all patients did not change sig-
nificantly, although it showed tendency to increase (14.0+
5.5 to 15.2+£5.2 pg/ml; P=0.07). Furthermore, the mean
serum adiponectin level did not change significantly within
the RA group (10.8£5.8 to 12.4£5.8 pg/ml in the mild RA
group, P=0.122 and 17.242.7 to 18.0£2.4 pg/ml in the
severe RA group, P=0.372). Assessment of RA severity
revealed that none of the mild RA patients progressed to
severe RA (data not shown).

Table 4 Adjusted ORs of serum adiponectin level and BMI for
disease severity of RA

Adjusted OR  95% CI P value
Adiponectin, pg/mi 1.085 1.007-1.168  0.031
BMI, kg/m’ 0.907 0.785-1.048 NS

ORs odds muos, 95% CI 95% confidence interval, NS not significant
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Fig. 2 Histograms showing a
the distribution of serum

adiponectin levels in mild RA

group (a) and severe RA group e
(b). Each column covers a

serum adiponectin range of n
2 ug/ml. When the cutoff value

for adiponectin was set at 18 pg/

ml, there was §0% correspon- 5
dence with the severity of RA.

Among patients with serum 2
adiponectin levels =18 pg/ml, §
81.3% (267/32) belonged to the =
severe RA group and 18.8%

(6/32) belonged to the mild RA

group ]

0 10 18

serum adiponectin (ug/ml)

Discussion

The long-term functional prognosis of RA patients in daily
life is mainly determined by the extent of damage in large
joints such as the hip, knee, ankle, subtalar, shoulder, and
elbow joints, rather than in small joints of the hands or feet.
A previous report using Ochi’s method demonstrated that
MES and MUD groups underwent higher frequency of total
knee or hip replacement than LES group (54.7% vs. 0.5%)
[25], suggesting that Ochi’s method offers some advantages
for assessing large joint destruction [20, 25-27]. Therefore,
we used Ochi’s method to evaluate the severity of RA, to
investigate the factors associated with the extent of overall
joint destruction, especially in large joints [20]. Evaluation
using this method revealed that markers associated with RA
activity, such as CRP, MMP-3, 1CTP, and DAS28-CRP
were all significantly higher in the severe RA group than in
the mild RA group. These results were in agreement with
previously published reports evaluated by the modified
Sharp/van der Heijde method and Larsen’s method (CRP
[28], MMP-3 [29], ICTP [30], and DAS [31]).

We showed for the first time that serum adiponectin
levels were higher in the severe RA group than in control
and mild RA groups. Interestingly, while other disease

Table 5 Separation of mild and severe RA using a cutofT value for
serum adiponectin of 18 pg/ml

Serum adiponectin level

<18 pg/ml =18 pg/ml
Mild RA group (n) 31 6
Severe RA group (n) 27 26
% with severe RA 46.6% B1.3%

mild RA group (n=37) b

ma |l

severe RA group (n=53)

20 0 10 18 0
serum adiponectin (ug/mi)

severity-related variables, such as MMP-3, 1CTP, DAS28-
CRP, and dose of prednisolone correlated with CRP, serum
adiponectin levels did not, in both the mild and severe RA
groups (Table 3). It has been reported that serum TNF-«
and CRP levels are elevated in RA patients [32, 33],
and TNF-a, CRP, and corticosteroid markedly inhibit
adiponectin gene expression in cultured adipocytes [16,
34]. Furthermore, anti-TNF-a therapy restored serum
adiponectin level in RA patients [14, 15, 35]. On the other
hand, despite elevated CRP levels and higher dose of
treated oral prednisolone (corticosteroid), serum adiponectin
levels were elevated in the severe RA group than in the mild

a8
= 20} ®m severe RA group
5 o mild RA group
15
10}
g 5F D-------a::zs.-.__a
EE——
0 "
Oy 2.5y

Fig. 3 Changes in serum adiponectin levels of 18 RA subjects in 2.5-
year interval, The mean serum adiponectin level of the whole group
was 14.0+5.5 pg/ml at baseline (0 years) and 15.2£5.2 pg/ml at
follow-up (2.5 years, P=0.07); 10.8+5.8 vs. 12.4£5.8 pg/ml in mild
RA group (P=0.122) and 17.2£2.7 vs. [8.022.4 pg/ml in severe RA
group (P=0.372) and the change was not significant in either groups.
None of the mild RA patients showed worsening to severe RA

gory during this period
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RA group in the present study (Table 3). Considered
together, serum adiponectin should be induced by unknown
factors associated with the number of destructed joints,
especially in large joints, and their effects should exceed the
inhibitory effects of TNF-a, CRP, and prednisolone in RA
patients, Recently, Fantuzzi [36] suggested that adiponectin
promotes survival during periods of catabolism secondary
to malnutrition and that hyperadiponectinemia may be the
result of response to catabolic state in RA. Consequently, a
catabolic state accompanied by joint destruction, especially
in large joints, may be one of the strong inducer of serum
adiponectin level.

It has been reported that a low BMI is a sensitive and
independent predictor of radiographic progression of joint
damage assessed by Larsen's method in RA [37, 38). In this
study, there was no significant difference in BMI between
control, mild RA, and severe RA group (21.9+3.2 vs. 22,1
3.4 vs. 20.8+3.0 kg/m®). In addition, in total RA group,
BMI showed only tendency of positive correlation with
disease severity (P=0.059). However, under such condi-
tion, serum adiponectin levels were significantly higher in
severe RA group than in the control and mild RA groups
(Table I, Fig. 1). Furthermore, multivariate logistic regres-
sion analyses revealed that even when the odds ratios were
adjusted for BMI, serum adiponectin level significantly
correlates with disease severity of RA (Table 4). Therefore,
we speculate that serum adiponectin levels can be a better
sensitive indicator of the expansion of joint destruction than
BMI in RA patients. To further investigate the time course
changes in serum adiponectin levels and severity of RA, 18
patients were assessed 2.5 years later. The results showed
no significant change in serum adiponectin levels and none
of the mild RA patients progressed to severe RA. The lack
of change in the severity category during this period is
compatible with previous reports indicating that most of the
progression of joint damage in RA occurs during the first
years of the disease and decrease thereafler [10, 11, 20];
and under such conditions, serum adiponectin level is rela-
tively stable in established RA (disease duration =5 years).

For clinical translation of these findings, we determined
the cutoff level of serum adiponectin level. The estimated
cutoff levels estimated by the histogram of serum adiponectin
level showed relatively high sensitivity (81.3%) but low
specificity (53.4%) in this study (Fig. 2, Table 5), indicating
that increased number of destructed joints may be one of the
additive, but not a specific factor of high serum adiponectin
level in RA. Consequently, prospective studies in early
stage of RA (disease duration <5 years) and in large
number of RA patients are needed to determine the cutoff
level of adiponectin to be used as an indicator or predictor
of destructed joints, In addition, to elucidate the effect of
hyperadiponectinemia on the severity of RA. further animal
experiments are needed.

€ Springer

Despite the limitation of observational study, we demon-
strated that the severity of RA, evaluated by the number of
destructed joints on piain radiographs detected in the whole
skeleton, correlated with serum adiponectin concentrations.
This finding should encourage further research to investigate
the role of adiponectin in RA and design new adiponectin-
based treatment strategies for RA.
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