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Abstract : Chondrocytes and synovial fluid derived markers are used to monitor for osteoarthritis (OA). Specific
inhibitors, known as tissue inhibitors of metalloproteinases (TIMP), regulate the proteolytic activity of matrix
metalloproteinases (MMP). This study investigated whether MMP and TIMP levels were altered in synovial fluid and
cartilage following the experimental induction of OA in canines. Twenty mature beagle dogs underwent a unilateral
surgical transection of the cranial cruciate ligament and the medial collateral ligament as well as a medial meniscectomy.
Matrix metalloproteinase-2 and MMP-9 levels were assayed using Western blot and TIMP-2 levels were measured
with enzyme-linked immunosorbent assays four weeks after OA induction. Increased MMP-2 expression was observed
in chondrocytes isolated from cartilage following OA induction, but MMP-9 expression decreased. Matrix
metalloproteinase-2 and MMP-9 levels in synovial fluid from the OA induced joint significantly increased compared
to those of the sham group. Tissue inhibitors of metalloproteinase-2 concentrations were higher in chondrocytes from
the OA cartilage, yet TIMP-2 remained lower in the synovial fluid of OA. This suggests the elevated release of MMP-
9 over MMP-2 into the synovial fluid following the cartilage degradation-related death of chondrocytes after OA.
Osteoarthritis can be further deteriorated by increased MMP activity in the synovial fluid because TIMP-2 exist low
concentration into the extracellular matrix. As a result, MMP activity, particularly MMP-9 activity, can be useful as
a biomarker in diagnosing and monitoring the early stages of canine OA.
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Introduction

Osteoarthritis (OA) is a syndrome caused by the conver-

gence of different etiologies on the same pathogenic pathway,

resulting in the production of characteristic changes in carti-

lage, subchondral bone, and the synovial membrane. As a result

of cartilage breakdown and its metabolic modifications, several

molecules appear in differing amounts in the synovial fluid of

the affected joints (15). The diagnosis of OA is based upon

clinical orthopedic examination and radiographic assessments,

both of which can be vague and impervious to early joint dis-

ease. Recent studies have included magnetic resonance imag-

ing (MRI), computed tomography (CT), and the evaluation of

biochemical markers within the synovial fluid (e.g. metallopro-

teinases, inhibitors of metalloproteinases, keratin sulphate

epitopes, nitric oxide, chondroitin sulphate, osteocalcin, hyalu-

ronan, antibodies to collagen I and II, and others) (2-4,9,10,23).

Matrix metalloproteinases (MMP) refer to a group of Zn2+

dependent extracellular enzymes that play a key role in nor-

mal and pathological tissue remodeling and have the com-

bined ability to degrade all components of the extracellular

matrix (ECM) (13,17,18). The MMP family of proteinase

includes collagenases 1 and 3 (MMP-1 and MMP-3), gelati-

nases (MMP-2 and MMP-9), and stromelysis (MMP-3).

MMPs are essential for the normal development and turn-

over of the articular cartilage extracellular matrix (10,19).

However, their elevated activity in osteoarthritis and rheuma-

toid arthritis can lead to the excessive destruction of the

ECM. Tissue inhibitors of metalloproteinase (TIMP), of

which TIMP-1 And TIMP-2 are most important, naturally

regulate MMP. Tissue inhibitors of metalloproteinase bind to

the active site on the MMP enzyme to form a 1:1 non-cova-

lent complex that inhibits MMP activity. Imbalances in MMP

and TIMP levels have been determined in cartilage from OA

patients (6). Therefore, MMPs and TIMPs are generally

believed to be effective OA biomarkers.

In the present study, the canine OA model was used to

study biochemical factors involving MMPs and TIMPs, and

to conduct a unilateral surgical transection of the cranial cru-

ciate ligament, the medial collateral ligament, and a medial

meniscectomy. The study also investigated whether MMP
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and TIMP expression was altered in synovial fluid and chon-

drocytes from the experimentally induced canine OA model.

Materials and Methods

Osteoarthritis induction 

Twenty beagle dogs, 1-2 years of age (mean: 1.4±0.4 years)

with a weight of 9-11 kg (mean: 10.2±1.4 kg), were used.

The dogs were given intravenous crystalloid fluids (10 mL/

kg/hr). Anesthesia was induced with 6 mg/kg of propofol

(Anepofol Inj®, Hana Pharm. Co. Ltd.; Korea) and main-

tained with enflurane under 100% oxygen. The cranial cruci-

ate ligament and the medial collateral ligament were

transected, and a medial meniscectomy was carried out

according to standard procedures (20). The stifle joint medial

arthrotomy was carried out for sham groups.

Macroscopy and histochemical examination of the

articular cartilage

The experimental dogs were sacrificed at 12 weeks to eval-

uate the severity of OA following surgery. The level of mac-

roscopic synovial inflammation and cartilage damage were

evaluated on digital high-resolution photographs. Histochem-

ical staining was performed on frozen 15 micrometer sec-

tions of the articular cartilage four weeks following OA

induction. All reagents for histochemical staining were

obtained from a commercial supplier (Sigma Chemical Co.;

St. Louis, MO, USA). A solution of naphthol AS-BI phos-

phate in 2.5 mL of n-dimethyformamide to which 40 mL of

0.05 M Tris-malate buffer (pH 5) was then added. To pre-

pare a solution of hexazotized pararosaniline, 80 mg of para-

rosaniline hydrochloride was dissolved in 1.6 mL of distilled

water and 0.4 mL of hydrochloric acid was then added. This

solution was mixed with an equal volume of 4% sodium

nitrite immediately before use. The final reaction mixture for

the histochemical staining was prepared by adding 4 mL of

the hexazotized pararosaniline solution to the naphthol

AS=BI phosphate solution, along with 50 mM of sodium-

potassium tartrate. The final reaction mixture (pH 5) was fil-

tered prior to use. The cartilage were incubated in the reac-

tion mixture at 37oC for 1 hour, rinsed in distilled water,

counterstained with Mayer hematoxylin, and then mounted.

For each batch of slides, a negative control was prepared by

omiting naphthol AS-BI phosphate. The articular cartilage

was examined using light microscopy.

Preparation of synovial fluid

The synovial fluid was collected four weeks after OA

induction in all experimentally dogs. Briefly, the dogs were

sedated with a 0.2 mg/kg acepromazine (Sedazect Inj®, Sam-

woo Pharm. Co. Ltd.; Korea) IV and placed in ventrodorsal

recumbency with the stifle joint flexed. Digital pressure was

applied to the medial side of the straight patellar ligament

and a 21-gauge spine needle was inserted with a 5 mL plas-

tic syringe through the tat pad toward the intercondylar space

lateral to the straight patellar ligament. Available synovial

fluid was collected and care was taken to prevent contamina-

tion with blood. The synovial fluid was measured and centri-

fuged at 4oC for 10 minutes at 12,000 rpm. The supernatant

were stored at −80oC until assay. 

Western blot assay

Chondrocytes were isolated from cartilage obtained from

the osteoarthritis joints. The cells were collected by centrifu-

gation, washed twice with a phosphate buffer saline (PBS),

and resuspended in a lysis buffer [25 mM HEPES (pH 7.4),

100 mM NaCl, 1 mM ethylene diamine tetraacetic acid

(EDTA), 5 mM MgCl2, 0.1 mM dithiothreitol (DTT), and

protease inhibitor mixture]. Synovial fluids were diluted 10

times using phosphate buffer and a protein assay was per-

formed using Western blotting. Equal amounts of the lysate

protein were run on 8-15% SDS-polyacrylamide gels and

electrophoretically transferred to nitrocellulose membrane.

The nitrocellulose blots were blocked with 5% nonfat dry

milk in the PBS with a Tween 20 buffer and incubated with

the primary antibody. Immunoreactivity was detected by

sequential incubation with horseradish peroxidase-conju-

gated secondary antibodies and enhanced chemilumines-

cence (ECL) reagents. The MMP-2 and MMP–9 antibodies

used for Western blotting analysis were obtained from

CHEMICON (USA). The intensities of the bands obtained

after Western blot analysis were measured by laser scanning

densitometry (Bio-Rad Laboratories Inc.; Hercules, CA,

USA) and analyzed as a percentage (%) compared to the

sham group.

TIMP-2 assay

Existing TIMP-2 was measured in the synovial fluid and

chondrocytes removed from the experimentally induced OA

joints and complexed with active forms of MMP using a

commercially available TIMP-2 Biotrack assay kit (Amer-

sham Bioscience Inc., Piscataway, NJ, USA). Synovial fluid

and lysate protein from the chondrocytes were briefly diluted

1:4 in a 0.03 M phosphate assay buffer containing 0.1 M

sodium chloride. 100 µl mixed samples were placed in the

appropriate well and incubated at 20-27oC for 2 hours. Sub-

sequently, all wells were aspirated and washed four times

with a 0.01 M phosphate buffer (pH 7.5) containing 0.05 M

sodium chloride and 0.05% Tween. One-hundred µl of the

equilibrated teramethylbenzidine (TMB) substrate was placed

into each well, and the plate was covered and left to stand for

30 min at 20-27oC. One-hundred µl of 1 M sulfuric acid was

added to the wells to extinguish the reaction, and the plate

was read at a wavelength of 450 nm within 30 min. The

TIMP-2 concentrations were determined from a standard

curve and are reported in ng/mL.

Statistical analysis

All data are expressed as the mean±standard deviation

(SD), and the data was compared using the Student’s T-test
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and the ANOVAs Duncan test with the SAS statistical pack-

age. The results were considered significant at a value of *P

< 0.05, **P < 0.01.

Results

Macroscopic and histochemical examination of the

articular cartilage 

To evaluate macroscopic damage to the articular cartilage

as a result of OA induction, cartilage from the stifle joint was

observed. Damage to the cartilage was found on the tibial

plateau of the experimental joints. The cartilage of the medial

tibia plateau was fibrinoid and demonstrated erosion (Fig

1A). Under microscope, the cartilage of the experimental

joint was hypertrophied, as characterized by scattered chon-

drocytes (Fig 1B). 

Matrix metalloproteinase-2 and MMP-9 measure-

ments in cartilage and synovial fluid acquired from

experimentally induced OA 

Specific inhibitors known as tissue inhibitors of metallo-

proteinase (TIMP-2) regulate the proteolytic activity of

MMP. The present study investigated whether MMP and

TIMP levels were altered in synovial fluid and cartilage fol-

lowing experimentally induced OA. Matrix metalloprotein-

ase-2 and MMP-9 levels were assayed in chondrocytes

isolated from cartilage four weeks following OA induction.

Compared to the sham group, MMP-2 levels in experimental

cartilage increased, and MMP-9 levels decreased (Fig 2A).

To further confirm these results, we carried out a densitomet-

ric analysis of MMP-2 and MMP-9 levels (Fig 2B). Percent-

age variations of the OA cartilage compared with sham

cartilage (100%) were 151.7±14.3 (MMP-2) and 63.8±18.4

(MMP-9).

In addition, we examined MMP-2 and MMP-9 levels in

synovial fluid originating from the OA induced joint using

Western blot. Matrix metalloproteinase-2 and MMP-9 levels

in the OA synovial fluid were significantly elevated com-

pared to the sham group (Fig 3A). The densitometric values

of MMP-2 and MMP-9 proteins in the synovial fluid were

140.2±12.4 and 129.8±10.2, respectively (Fig 3B).

 

Measurement of tissue inhibitor of matrix metallopro-

teinase-2 (TIMP-2) levels in cartilage and synovial fluid

originating from experimentally induced OA

The tissue inhibitor of matrix metalloproteinase-2 levels in

the synovial fluid and chondrocytes were measured with

enzyme-linked immunosorbent assays four weeks following

Fig 2. The expression of MMP-2 and MMP-9 was altered in cartilage at the OA induction joint. (A) Chondrocytes were isolated from

cartilage obtained from the osteoarthritis joints. β-actin indicates a non-specific protein band used to ensure equal protein loading. (B)

Western blotting results were analyzed with image analysis software. Data are expressed as the percentage of sham group protein

expression. Standard error is expressed as p < 0.05 according to the student’s t-test. Images of gels represent results for one of the three

independent experiments. OA; Osteoarthritis.

Fig 1. Evaluation of articular cartilage following experimentally

induced osteoarthritis. (A) Photomicrograph of the articular car-

tilage. (B) Histochemical stains were performed on frozen

15 µm sections of articular cartilage four weeks following the

OA induction. OA; Osteoarthritis.
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OA induction. In the OA cartilage chondrocytes, TIMP-2

levels were higher than values obtained for the sham carti-

lage (Fig 4A). Following OA induction, TIMP-2 concentra-

tion in the chondrocytes was 98.7±7.3 ng/mL. The normal

chondrocytes, on the other hand, had a TIMP-2 concentra-

tion of 66.3±4.4 ng/mL. In addition, we measured TIMP-2

concentrations in synovial fluid originating from the OA

induced joint. These TIMP-2 levels were significantly lower

than values obtained from the sham group (Fig 4B). Follow-

ing induction, the synovial fluid TIMP-2 concentration was

57.2±18.2 ng/mL. Synovial fluid from the sham group had a

concentration of 177.2±8.6 ng/mL.

Discussion

Arthritis is a disorder that causes pain, stiffness, and swell-

ing in or around the joints. The two common types of arthri-

tis include rheumatoid and osteoarthritis. Osteoarthritis (OA)

is the most common cartilage and joint disease related to

advancing age and is characterized by the destruction of

articular cartilage. However, other tissues, including bone

(7), synovium (11), fat, and ligaments (16,22), are also

altered in OA joints and may be involved in the pathogene-

sis of the disease. The etiology of OA varies among individ-

uals, with possible contributions from genetics and obesity,

as well as local biomechanical factors, such as muscle weak-

ness, joint laxity, and traumatic injury. 

Up to 17.8% of dogs in purebred populations demonstrate

radiographic evidence of elbow OA (25), a condition that

often supercedes other canine medical conditions including a

fragmented medial coronoid process (FCP). The assessment

of canine OA can be achieved through a number of invasive

Fig 3. The expression of MMP-2 and MMP-9 increased in the synovial fluid at the OA induction joint. (A) The synovial fluid was

collected four weeks following OA induction. β-actin indicates a non-specific protein band used to ensure equal protein loading. (B)

Western blotting results were analyzed with image analysis software. Data are expressed as the percentage of sham group protein

expression. The bar indicates standard error. *p < 0.05 vs. sham sample; Student’s t-test. Images of gels represent the results for one

of the three independent experiments. OA; Osteoarthritis.

Fig 4. Tissue inhibitor of matrix metalloproteinase-2 concentrations in the experimental synovial fluid were significantly lower than

the sham group. (A) The TIMP-2 measurements are taken using the TIMP-2 Biotrack assay kit for chondrocytes acquired from the

experimental OA cartilage. Cell lysates were diluted 1:4 in an assay buffer and absorbance values were determined at a wavelength

of 450 nm. (B) The TIMP-2 concentrations were measured in the synovial fluid. The bar indicates standard error. *p < 0.05, **p < 0.01,

sham vs. OA (t-test). OA; Osteoarthritis.
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and non-invasive means including clinical examination, radi-

ography, computed tomography, magnetic resonance imag-

ing, gross examination, histological evaluation, and molecular

measures. In the present OA model, the fibrillation of the

articular surface as well as chondrocyte death with clone for-

mation in tibial plateau was observed using histological anal-

ysis. Histological results obtained in this OA model were

similar to previous cranial cruciate ligament transection mod-

els conducted with postoperative exercise (14,20). 

Significant work has been conducted in previous years to

determine the markers of articular cartilage metabolism. Mol-

ecules regarded as promising markers include matrix metal-

loproteinase (MMP) and the tissue inhibitor of matrix

metalloproteinase (TIMP), which are thought to play a signif-

icant role in the cartilage damage process (8,12,21). In partic-

ular, MMP-2 and MMP-9 have three repeats of fibronectin-

type domain inserted in the catalytic domain that interact

with collagens and gelatins (1,24) and are significantly

involved in the initiation and progression of the disease. In

this study, we measured MMP-2 and MMP-9 levels in chon-

drocytes and synovial fluid following the experimental

induction of OA. Matrix metalloproteinase-2 expression in

the cartilage increased following OA induction, but MMP-9

expression significantly decreased compared to the sham

group. This suggests that MMP-9 is released in greater quan-

tities into the extracellular environment than MMP-2 follow-

ing the cartilage degradation-related death of chondrocytes in

OA. Matrix metallproteinase-2 and MMP-9 levels in the syn-

ovial fluid originating from OA induced joints were also sig-

nificantly elevated compared to those of the sham group.

This indicates that MMP flows into the synovial fluid as a

result of damage to articular cartilage and chondrocytes in

OA.

MMPs are dependent on the activation of pro-enzymes and

are regulated by specific inhibitors such as α2-macroglobulin

and TIMPs (26). Four TIMPs (TIMP-1, TIMP-2, TIMP-3,

and TIMP-4) have been identified in vertebrates (5), and their

expression is regulated during development and tissue remod-

eling. Disruption of the balance between these proteinases

and their inhibitors can lead to proteolysis in the inflamed

joints (12,27). The present study investigated whether TIMP-2

levels were altered in the synovial fluid and chondrocytes

following the induction of OA. Our results demonstrate that

TIMP-2 concentrations were higher in chondrocytes from the

OA cartilage, but lower in the synovial fluid. These data sug-

gest that TIMP-2 exist as low concentration into the extracel-

lular matrix, resulting in further deteriorated osteoarthritis.

This effect is exacerbated by increased MMP activity in the

extracellular environment. 

Conclusion

This study examined whether MMP and TIMP expression

was altered in the articular chondrocytes and synovial fluid

following the experimental induction of OA in canines.

Matrix metalloproteinase-2 expression in chondrocytes iso-

lated from OA cartilage increased, whereas MMP-9 expres-

sion decreased. However, MMP-2 and MMP-9 levels in the

synovial fluid from OA induced joints were significantly ele-

vated compared to those of the sham group. Our results also

demonstrated that TIMP-2 concentrations were higher in OA

cartilage chondrocytes, but lower in OA synovial fluid. This

suggests the elevated release of MMP-9 over MMP-2 into

the synovial fluid following the cartilage degradation-related

death of chondrocytes following OA. MMP activity, particu-

larly MMP-9, can be use as a biomarker for diagnosing and

monitoring the early stages of OA. Furthermore, TIMP-2 in

post-OA chondrocytes was not released into the extracellular

matrix, indicating that osteoarthritis can experience greater

deterioration as a result of increased MMP activity in the

synovial fluid.
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개 퇴행성 관절염 모델을 이용한 연골과 활액 내 단백질 분해

효소와 억제제의 작용 연구

설재원·이해범·김남수·이영훈*·강형섭·김인식·박상열1

헬스케어 기술개발 사업단, 전북대학교 수의과대학 생체안전성 연구소, *전북대학교 치과대학 구강생체과학연구소

요 약 :퇴행성관절염(Osteoarthritis,OA)은 관절 부위의 퇴행성 변화가 특징이며, 이를 진단하기 위해서는 연골세포나

활액에서 유래된 표지인자가 일반적으로 사용된다. 이번 연구에서는 개를 이용하여 실험적으로 퇴행성관절염을 유도하

고, 활액과 연골세포에서 단백질 분해 효소인 matrix metalloproteinase (MMPs)와 MMPs의 활성을 억제시키는 것으로

알려진 tissue inhibitors of metalloproteinases (TIMPs)의 발현 정도를 조사하였다. 20마리의 비글견이 퇴행성관절염

모델로 사용되었으며 MMP-2 와 -9은 Western blot 분석에 의해서, TIMP-2의 농도는 ELISA (enzyme-linked

immunosorbent assays)에 의해 결정하였다. 퇴행성관절염 유도 4주 후에 연골에서 분리한 연골세포에서 MMP-2의 발

현은 증가되었지만 MMP-9의 발현은 감소되었다. 그러나, 퇴행성관절염을 유도한 개의 활액에서는 MMP-2와 -9의 발

현이 모두 증가하는 것을 보였다. TIMP-2의 농도는 퇴행성관절염을 유도한 연골에서 분리한 연골세포에서는 높았지

만, 활액에서는 낮은 농도를 보였다. 이러한 결과는 MMP-9가 퇴행성관절염 시 연골 조직의 변성에 따른 연골세포의

손상에 의해 MMP-2보다 더 활액으로 방출된다는 것을 보여주며, 활액 내 TIMP-2의 감소에 따른 MMPs의 활성이 퇴

행성관절염을 더욱 악화시키는 것을 제안해준다. 결국 MMPs의 활성은, 특히 MMP-9, 개의 퇴행성관절염의 조기 진

단과 치료를 위한 표지인자로서 사용할 수 있을 것으로 사료된다.

주요어 : MMP, TIMP, 퇴행성관절염, 연골, 활액.


