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Animal experimentation: Unilateral OA was induced in the knee joints of male Lewis rats (body

weight range 360-425 g) using the following rat OA models: 1) MMT + MCLT,(4) 2) ACLT + pMMx,(5)

and 3) ACLT.(6) Treatment was started one week after the operations. Rats were treated intra-

articularly once a week with rhBMP-7 at 0.25 µg/wk or with vehicle at 0.05 mL/wk. Treatment effects

on body weight and OA symptoms were followed during the in-life phase. Knee joints were harvested

in each model as follows: at 6 weeks in the rat MMT + MCLT model, at 8 weeks in the rat ACLT +

pMMx model, and at 10 weeks in the rat ACLT model.

Symptoms of OA: Knee joint discomfort and pain were used as the symptoms of OA. Knee joint

discomfort was analyzed as static weight bearing and measured as hind paw weight distribution

using Incapacitance Tester (Linton Instrumentation, Norfolk, UK). Knee joint pain was analyzed as

static mechanical allodynia and measured as paw withdrawal threshold using von Frey

monofilaments (0.02 - 15.0 g; North Coast Medical, Morgan Hill, CA, USA).

Histological OA assessment: Histological OA assessment was performed following guidelines

recommended by the OARSI histopathology initiative for rat samples.(7) Three coronal sections were

obtained from the weight-bearing area of knee joint at 200 µm intervals and stained in Toluidine blue.

Medial side of knee and especially medial tibial plateau were evaluated for the following parameters

in each section: cartilage matrix loss, cartilage degeneration, osteophytes, calcified cartilage and

subchondral bone damage, synovial membrane inflammation, and medial joint capsule width.

Statistical analyses: All data is presented as mean + standard error of mean. All statistical analyses

were performed as two-sided tests using either parametric one-way analysis of variance (ANOVA)

and linear contrasts of means or non-parametric Kruskal-Wallis and Mann-Whitney U tests.

Materials and Methods

The objective of this study was to characterize the

effects of intra-articular rhBMP-7 treatment on the

development of post-traumatic OA in three rat OA

models, induced by the following surgical operations:

medial meniscal tear combined with medial collateral

ligament transection (MMT + MCLT),(4) anterior cruciate

ligament transection combined with partial medial

meniscectomy (ACLT + pMMx),(5) and ACLT alone.(6)

Aim of the Study

Several experimental animal models have been

developed for human osteoarthritis (OA) and used to study

the preclinical efficacy of disease and symptom modifying

OA drug candidates in various species.(1,2) One of these

drug candidates is recombinant human bone morpho-

genetic protein 7 (rhBMP-7).(3) It is a bone-inducing agent

used currently in clinical practice to enhance bone

formation in spinal fusions and during fracture repair. In

preclinical studies, intra-articular rhBMP-7 treatment has

been shown to attenuate the development of degenerative

changes induced by anterior cruciate ligament transection

(ACLT) in rabbits and by excessive running in rats and to

repair cartilage damage in rabbits, goats, sheep and dogs.

In this study, we characterized the effects of intra-articular

rhBMP-7 treatment on the development of post-traumatic

OA in surgically induced rat models.

Introduction

This study demonstrated a minor chondroprotective

activity for intra-articular treatment with rhBMP-7 in

three rat models of post-traumatic OA.

Conclusions
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Summary

üKnee joint discomfort and pain were observed together

with a reduction in body weight in all rat OA models

before the start of treatment.

üRat MMT + MCLT model demonstrated knee joint dis-

comfort/pain also at 3 weeks, and knee joint discomfort,

cartilage degeneration and the loss of extracellular

matrix (ECM) down to tidemark, large osteophytes and

synovial inflammation at 6 weeks post-surgery.

üIntra-articular treatment with rhBMP-7 improved knee

joint discomfort and pain at 3 weeks, and attenuated the

cartilage degeneration and the loss of ECM focally at 6

weeks post-surgery.

üRat ACLT + pMMx model exhibited knee joint pain also

at 4 weeks, and knee joint pain, cartilage degeneration

and ECM loss down to tidemark, moderate osteophytes

and synovial inflammation at 8 weeks post-surgery.

üIntra-articular treatment with rhBMP-7 attenuated the

cartilage degeneration focally in superficial layer at 8

weeks post-surgery.

üRat ACLT model demonstrated knee joint discomfort and

pain also at 5 weeks, and cartilage degeneration and the

loss of ECM down to deep layer, moderate osteophytes

and synovial inflammation at 10 weeks post-surgery.

üIntra-articular treatment with rhBMP-7 improved knee

joint discomfort at 5 weeks and attenuated the loss of

ECM focally at tidemark at 10 weeks post-surgery.

Rat MMT + MCLT Model

FIGURE 1. The effects of rhBMP-7 treatment on the development of knee OA in the rat MMT +

MCLT model. (A) Static weight bearing and (B) static mechanical allodynia before the start of

treatment (Week 1) and at 3 and 6 weeks post-surgery (Weeks 3 and 6). (C) Cartilage matrix loss

width at midzone, cartilage degeneration volume score (D) at the middle 1/3 and (E) the inner 1/3,

(F) osteophyte score, (G) synovial membrane inflammation score and (H) tibial score after 5 weeks

of treatment. C-letter indicates a significant difference from control rats and v-letter from MMT +

MCLT operated rats treated with vehicle as follows: c/v p < 0.05; cc p < 0.01; ccc p < 0.001.
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FIGURE 2. The effects of rhBMP-7 treatment on the development of knee OA in the rat ACLT +

pMMx model. (A) Static weight bearing and (B) static mechanical allodynia before the start of

treatment (Week 1) and at 4 and 8 weeks post-surgery (Weeks 4 and 8). (C) Total cartilage

degeneration width, cartilage degeneration volume score (D) total and (E) at the outer 1/3, (F)

osteophyte score, (G) synovial membrane inflammation score and (H) tibial score after 7 weeks of

treatment. C-letter indicates a significant difference from control rats and v-letter from ACLT + pMMx

operated rats treated with vehicle as follows: c p < 0.05; cc/vv p < 0.01; ccc p < 0.001.
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FIGURE 3. The effects of rhBMP-7 treatment on the development of knee OA in the rat ACLT model.

(A) Static weight bearing and (B) static mechanical allodynia before the start of treatment (Week 1)

and at 5 and 10 weeks post-surgery (Weeks 5 and 10). (C) Cartilage matrix loss width at tidemark,

cartilage degeneration volume score (D) total and (E) at the outer 1/3, (F) osteophyte score, (G)

synovial membrane inflammation score and (H) tibial score after 9 weeks of treatment. C-letter

indicates a significant difference from control rats and v-letter from ACLT operated rats treated with

vehicle as follows: c/v p < 0.05; cc p < 0.01; ccc/vvv p < 0.001.
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