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Obesity has been associated with an increased risk of osteoarthritis (OA). However, the
mechanism by which obesity contributes to OA remains uncertain. Adiponectin, an
adipocyte-derived hormone, has shown anti-diabetic and anti-atherogenic properties. In the
present study, we aimed to investigate the role of adiponectin in OA development. We
demonstrated that OA patients expressed significantly lower levels of plasma adiponectin than
control subjects, and that adiponectin was present in OA synovia fluid (SF) whose expression
levels negatively correlated with the clinical severity of OA, though not statistically significant.
FPLC and ELISA studies revealed the distribution and abundance of the adiponectin complexes
in plasma and SF from patients with OA. The percentage of high molecular weight (HMW) per
total adiponectin in OA SF was lower than in OA plasma, while that of the hexamer form was
similar and the trimer form was higher. The expression levels of adiponectin receptors AdipoR1
and AdipoR2 were examined in human OA tissues by RT-PCR. AdipoR1 was abundantly
expressed in cartilage, bone and synovial tissues, whereas AdipoR2 was rarely detected. Finally,
the effects of adiponectin on primary chondrocyte functions were studied using antibody-based
protein array and RT-PCR. The patterns of mRNA expression and protein production strongly
indicate that adiponectin is involved in the modulation of anti-angiogenesis in chondrocytes by
up-regulating TIMP-2 and down-regulating IL-1B-induced MMP-13. Together these findings
clearly demonstrate the significance of adiponectin in the pathophysiology of OA, which may

indicate a potentially important link between obesity and OA.



I
Introduction
Adiponectin is a newly discovered cytokine that is secreted exclusively by adipose tissue

[1-2]. It is abundantly present in the circulation in three molecular forms: trimer, hexamer, and a
high molecular weight (HMW) species [3]. Early studies have suggested that adiponectin plays
akey rolein the control of energy homeostasis because its plasmalevels are inversely correlated
with body mass index (BMI), intra-abdominal fat, and indices of insulin resistance [4-5]. In
addition, the reciproca association of adiponectin and C-reactive protein levels in both human
plasma and adipose tissues has been described, suggesting that adiponectin may participate in
the development of atherosclerosis [6]. Two adiponectin receptors, AdipoR1 and AdipoR2, have
recently been cloned from both human and murine tissues. AdipoRL1 is abundantly expressed in
skeletal muscle, whereas AdipoR2 is predominantly expressed in the liver [7]. AdipoR1 and
AdipoR2 are predicted to contain seven transmembrane domains, but are structurally and
functionally distinct from G-protein-coupled receptors. Studies have also indicated that
AdipoR1 and AdipoR2 may be able to form homo- and hetero-multimers [8-9]. Another receptor,
the more recently reported T-cadherin, has been shown to bind the hexamer and HMW forms of
adiponectin [10].

Osteoarthritis (OA) is the most common form of chronic arthritis yet little is known about its
aetiopathogenesis. The mechanisms underlying the clinical and pathological progression of
structural changes in OA are multiple and complex. It is believed that OA is a consequence of
mechanical and biological events that destabilize the normal coupling of degradation and
synthesis within articular joint tissues. The disease process affects not only the articular cartilage
but also the entire joint structure including the subchondral bone, ligment, cartilage, capsule,
synovia membrane, and periarticular muscles [11-12]. Obesity has been strongly implicated as a
possible risk factor for the development of knee, hip, and perhaps hand OA [13-15]. It has been
suggested that increased joint loading resulting from obesity would increase the risk of
developing knee and hip OA. At this stage, it is difficult to arrive at an explanation for why

obesity would be associated with hand OA. More recently, it has been reported that obesity could
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have a systemic metabolic effect that influences the development of OA [16]. One recent study
has also suggested that another adipocytokine leptin may act as a regulator of chondrocyte
metabolism [17]. While these results are groundbreaking, more data will be important to further
substantiate the role of obesity in the modulation of metabolic processesin OA. The present study
is an extension to the above work and reports the significance of adiponectin in the devel opment
of OA.

Materials and Methods

Patient Samples. The characteristics of the study subjects are summarized in Table 1. Blood
samples were obtained from 26 patients with knee OA (age range, 38 - 84 years). Synovial fluid
(SF) and synovia tissue samples were prepared as previously described [18-19]. SF was isolated
from 29 patients with knee OA. Patients with OA were selected according to the criteria
developed by American College of Rheumatology [20-21]. The knee radiographs taken from
hospital records were evaluated by two independent orthopedists. Kellgren-Lawrence criteria[22]
were used for classification and grading of OA, and reliability was tested against Ahlback criteria
[23]. The clinical severity of OA ranged from | to V, with grade | being the least severe and grade
V the most severe. Synovial tissues, cartilage, and bone were obtained during surgery from
patients with OA (n = 4) and from subjects with bone fractures (n = 2) who served as controls.
Tissue samples were obtained from the diseased knee and hip joints. All patients were from
Taipei Medical University Hospital. The Research Ethics Board at the Taipei Medical University

approved the use of all specimens.

Measurement of adiponectin. Adiponectin concentrations in plasma and SF from patients with
OA were measured by using a commercial enzyme-linked immunosorbent assay (Human
Adiponectin ELISA Kit; B-Bridge International Inc., San Jose, CA). The absorbance was read on
an automated ELISA plate reader at 450 nm. Values were calculated from a standard curve.
Patient samples were pre-treated according to the instructions of the manufacturer. The results are

expressed as means + SD.



Analysis of oligometric state of adiponectin in plasma and SF. After the preparation of patient
samples, the distribution of the oligomeric state of adiponectin in plasma and SF was determined
by gd filtration chromatography, as described in detail previously [24]. Briefly, human plasma
and SF samples were fractionated in a HiLoad 16/60 Superdex 200 column (Amersham
Pharmacia Biotech) equilibrated with PBS, followed by elution with PBS at a flow rate of 0.5
ml/min with 1.0-ml fractions. Fractions were analyzed for the concentration of individua

isofroms of adiponectin using ELI1SA as described above.

Generation of chondrocytes from human cartilage and cell culture. Cartilage explants were
minced and digested overnight with rotation at 37°C in Dulbecco’s modified Eagle medium
(DMEM) containing 1 ug per ml of bacteria collagenase (Sigma, St. Louis, MO). Cells released
by enzymatic digestion were filtered, washed, and pelleted by centrifugation. Primary human
chondrocytes were cultivated in DMEM/F12 medium supplemented with 10% heat-inactivated
fetal bovine serum (FBS), 2 mM L-glutamine, 100 U/ml penicillin and 100 ug/ml streptomycin at
37°C in a humidified atmosphere of 5% CO,. All culture media and reagents were purchased
from GIBCO BRL (Grand Island, NY) unless otherwise stated. For all experiments, primary

chondrocytes were used at passages 3to 7.

Measurement of cytokine release using antibody arrays. Primary chondrocytes were starved
overnight in serum-free DMEM/F12, and pretreated with recombinant full-length human
adiponectin (R&D Systems, Minneapolis, MN; 30 pg/ml) for 18 h and subsequently with
recombinant human IL-1 B (R&D Systems, Minneapolis, MN; 5 ng/ml) for 6 h. Following
treatments, the supernatants were collected and assayed for angiogenesis-related cytokines using
the Human Angiogenesis Antibody Array | (RayBiotech, Aurora, CO) consisting of 20 different
cytokine antibodies spotted in duplicate onto a membrane. Array experiments were performed

according to the manufacturer’s instructions.

RNA preparation and RT-PCR analysis. Total RNA was extracted from freshly isolated
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synovial tissue, cartilage, and bone of OA patients and normal subjects as well as from primary
chondrocytes using TRIzol Reagent (Gibco/BRL, Grand Island, NY'). The sequences of the sense
and anti-sense primers are listed in Table 2. RT-PCR was performed with BD Advantage 2 PCR
Enzyme System (BD Biosciences Clontech). The RT-PCR reaction was carried out in a 25-ul
volume containing 25-50 ng of cDNA template, 10 pmol of each sense and anti-sense primers for
a specific cDNA, and 2.5 pul 10X Advantage 2 PCR Buffer, 0.25-0.5 ul 50X Advantage 2
Polymerase Mix, 1 ul 10 mM dNTP mix, and sterile water. For MMP3, the PCR program
consisted of 35 cycles of 94°C for 45 s, 60°C for 45 s, and 72°C for 2 min. For MMP13, the
amplification cycles were 95°C for 1.5 min, 55°C for 2 min, and 72°C for 3 min for 35 cycles.
For GAPDH, the amplification cycles consisted of 30 cyclesof 94°C for 45, 55°C for 45 s, and
72°C for 1 min. For AdipoR1 and AdipoR2, the conditions were 95°C for 5 min, followed by 30
cyclesof 15sat 95C, 1 min at 60°C, and 1 min at 72°C . For T-cadherin, the conditions were 94
‘C for 5min, followed by 30 cyclesof 30 sat 94°C, 30 sat 55°C, and 30 sat 72°C. For TIMP-1,
the conditions were 94°C for 5 min, followed by 45 sat 94°C, 45sat 56°C, and 45 sat 72°C. All
PCR amplifications were preceded by an initial denaturation for 5 min at the given temperature,
followed by a fina extension cycle a 72°C for 10 min. The PCR products were analyzed by

agarose (1.5%) gel electrophoresis and visualized by ethidium bromide staining.

Satistical analysis. Data were analyzed by SAS (Statistical Analysis System, version 8.0, SAS
Institute Inc., North Carolina, USA). Differences (between experimental groups) were analyzed
by Student’s unpaired t test, and linear regression model was used to examine the relationship

between selected variables. P < 0.05 was accepted for statistical significance.

Results
Table 1. Physical and biochemical characteristics of OA patients

Note. Values are expressed as means + SD.



Plasma SF
n 26 24
Age (years) 65.4+ 10.8 60.9 + 14
BMI (kg/m?) 258 +3.1 252 +34
Adiponectin 5.3+ 1.3 (ng/ml) 0.044 £ 0.017 (ng/ml)
(1.3~12.7) (19.4~97.7)

Abbreviations: BMI, body mass index; SF, synovial fluid.
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Adiponectin expression in OA patients. (A) Plasma adiponectin levels expressed in relation to
subject BMI. (B) Relation between SF adiponectin levels and log plasma adiponectin in OA
patients.
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Analysisof oligomeric states of adiponectin in OA plasma and synovial fluid. (A) Elution
profiles of adiponectin fractionated on a gel filtration column. Patient samples for analysis were
prepared as described under “Materials and Methods”, loaded into a HiLoad 16/60 Superdex 200
column, and eluted in PBS. The gdl filtration fraction numbers are indicated. An aiquot of each
fraction was subjected to ELISA system (B). The content of adiponectin HMW, hexamer, and
trimer is expressed relative to the total amount of adiponectin. Statistically significant differences
areindicated.

Figure4
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Expression of AdipoR 1 and AdipoR2 mRNA in OA bone, cartilage, and synovial tissues.
Adiponectin receptors 1 and 2 mRNA levels were analyzed by RT-PCR using cDNA prepared
from OA tissue RNA. The number for each patient is listed above the bracket. R1 and R2,
adipoR1 and adipoR2, respectively. Representative results from 3 experiments are shown.
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Protein microarrays of cytokines secreted by human primary chondrocytes after exposure
to adiponectin. (A) Chondrocytes were treated in serum-free medium with or without 30 pug/ml
adiponectin in the presence or absence of 5 ng/ml IL1p. The respective media were used to detect
cytokine release. The comprehensive map of this array is shown in panel (B).

Figure6
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Effects of adiponectin on MM P13, MM P3, and TIMP-1 mRNA expression in human
primary chondrocytes. Confluent chondrocytes were treated for 24 h with 30 ng/ml adiponectin
and subsequently with 5 ng/ml IL1p for 24 h. Total RNA was collected for analysis as described
in “Materials and Methods”. Lanes: 1, adiponectin only; 2, untreated control; 3, IL1 only; 4,
IL1p3 and adiponectin. Representative results from 3 experiments are shown.
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