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Today’s talk

Cartilage
- What it is and what it does

- What goes wrong in disease (RA and OA)

- Treatment options 

-What we know about the process(es)

-What research offers



What is extracellular matrix (ECM)?

Complex network of proteins and carbohydrates surrounding cells

ECM

cell



What do ECMs do?

• Wound repair

• Embryo development

• Tumour development

• Musculoskeletal strength

• Skin

Cell migration, polarity and 

shape
Support and protection

Transport of nutrients and 

waste products

• Kidney

• Lungs

• Retina

• Pharmaceuticals

Intercellular communication

• Hormones

• Growth factors

• Cytokines

ECM

cell

ECM

cell



Cartilage



Collagen fibres



Collagen fibres provide resistance to stretching forces 

Loss of collagen integrity leads to 

loss of strength of the cartilage matrix



EDS type VIICProcollagen N-

proteinase

EDS type VILysyl hydroxylase 1

Knobloch syndrome18A1

Generalized atrophic benign EB17A1

Several mild chondrodysplasias §, non-syndromic hearing loss, OA11A1;11A2

Schmid metaphyseal dysplasia10A1

Multiple epiphyseal dysplasia, intervertebral disc disease,  OA9A1;9A2;9A3 

Some forms of corneal endothelial dystrophy8A2

EB, dystrophic forms7A1

Bethlem myopathy6A1;6A2;6A3

Ehlers Danlos Syndrome (EDS) types I and II5A1;5A2

Alport syndrome with diffuse oesophageal leiomyomatosis4A5; 4A6

Alport syndrome4A3; 4A4; 4A5

EDS type IV, arterial aneurysms 3A1

Several chondrodysplasias2A1

OI, EDS types I, II, VIIA and VIIB, osteoporosisA1;COL1A2

DiseaseCOL Gene

Diseases caused by mutations in collagen genes or collagen processing enzymes 



Proteoglycans



• Proteoglycans attract water, forming an hydrated gel

• results in a swelling pressure (turgor)

strength and supportresistance to compression



Cells within matrix (or in contact with matrix) secrete the ECM 

molecules

The same cells also secrete enzymes which are able to digest 

the matrix   

How is a healthy ECM maintained?

- to remove damaged matrix

- to remodel matrix

Synthesis

Breakdown

cell

collagen

proteoglycan

protease

Synthesis

Breakdown

chondrocyte

collagen

proteoglycan

protease



Imbalance in proteolytic threshold leads to ECM destruction

Insufficient proteinase(s)Excess proteinase(s)

Matrix destruction

Matrix 
synthesis

Matrix 

breakdown

Enzyme(s)

Inhibitor(s)

Matrix 
synthesis

Matrix 

breakdown

Matrix 
synthesis

Matrix 

breakdown

Inhibitor(s)

Enzyme(s)

Tissue fibrosis= DISEASE  =

Matrix 
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Proteolysis

Intracellular Extracellular

proteinases

Aspartic

proteinases

Serine

proteinases

Cysteine

proteinases

Metallo-

Low pH Neutral pH

Cathepsin D Cathepsin B

Cathepsin H

Cathepsin K

Cathepsin L

Cathepsin S

MMP-1, -8, -13

MMP-3, -10, -11

MMP-2, -9

MT1-6 MMP

ADAM/ADAMTS

Elastase

Cathepsin G

Plasmin

PAs

Furin

Proteosome

proteinases

Threoine



Metalloproteinases family
(~75 members)

Pre Pro Catalytic     Haemopexin

Pre Pro Catalytic     

Pre Pro Fu Catalytic     

Dis Cys EGF

n

TSP-1

Dis Cys TSP-1 C-termTSP-1

n

Sp

Fu FFF

TMV

CA Ig-like

MMP-21

MMP-11, -14, 

-15, -16,-17,

-21, -23, 24,

-25, 28

MMP-2, -9

MMP-14, -15, 16,  -24

MMP-23

MMP-11, -28

* MMP-7, -23, -26 lack the 

haemopexin domain

MMP

ADAM

ADAMTS Zn

Zn

Zn

TM
MMP-23

Cyt

TM Cyt

GPI
MMP-17, -25



Control of metalloproteinase 

activity

Transcriptional control of 

MPs and TIMPs

• cytokines/growth factors

• cell-matrix interaction

Activation of proMPs 

• amongst MPs

• other enzyme families

Inhibition

• TIMPs

• α2-macroglobulin



The first collagenase was discovered in 1962



Collagenases cleave collagen at a single 

and unique site



(ADAMTS)

Aggrecan cleavage



MMP expression changes

MMP-13 MMP-1



RA and OA are both characterized by 

proteolytic degradation of cartilage collagen

Jubb & Fell (1980) 

J Pathol 130: 159-167

“The preservation of the collagen 

network is crucial for the survival 

of cartilage; there is evidence from 

organ culture experiments that 

when the collagen is lost, matrix is 

not regenerated whereas if the 

proteoglycan alone is removed, it 
is rapidly replaced.”

Collagen loss is a key therapeutic target



Atlizumab = Anti-IL-6

Etanercept = Anti-TNF

Infliximab = Anti-TNF

Anakinra = Anti-IL-1

Retuximab = anti-CD20

Biologics as therapeutics (in RA)



OA therapeutics 





RA Progression OA Progression

Often a rapid process Typically a slow process



Disease mechanisms

• RA

- autoimmune; genetic; inflammatory; synovium-driven

- mechanical or trauma; non-inflammatory; cartilage-driven

• OA

• Treatments

- most modulate pain and inflammation, NOT destruction



Current anti-inflammatory 

treatments (eg. NSAIDs) 

effectively reduce synovial 

inflammation, but do not 

prevent joint destruction

In RA, cartilage destruction 

clearly involves more than  

just the synovium

Example of a very ‘florid’ RA 

synovial sample typically 

obtained at time of 

synovectomy in the 1980s



Phenotypic changes in cartilage



Age-related changes to aggrecan

G3-domain & link 

protein cleavage

IGD & CS 

cleavage

Further G1, link & 

HA cleavage



Collagen – Advanced glycation 

endproducts

• Sugar molecules bond to proteins & DNA 

which overtime are modified into AGEs

• Some AGEs form covalent cross-links –

stiffening tissues

• The ½ life of cartilage collagen >100yrs

• AGE levels in cartilage collagen increase 

>50-fold



AGE consequences for cartilage

• AGE increases in cartilage cause

– > tissue stiffness

– > brittleness (mechanical damage)

– < cellular adhesion to ECM

– < proliferation

– Altered gene expression

– < MMP-mediated collagen cleavage 

• >AGE levels in cartilage result in more severe 

OA in an animal model (DeGroot et al A&R, 2004, 50, 1207-1215)



Age-related cartilage changes

??? A little of everything ???

Glycation endproducts 

Senescence

Oxidative stress

Apoptosis

Protein mis-folding

Epigenetics



What do we know about 

the factors that promote 

cartilage destruction?



Inflammation in arthritis is perpetuated by cytokines

Key cytokines in arthritis:

Tumour necrosis factor α (TNFα) 

Interleukin-1 (IL-1)

Oncostatin M (OSM) in arthritis

• interleukin-6-type cytokine

• family share common surface receptor (gp130)

• produced by T-cells and monocytic cells

• increases acute-phase response in the liver

• induces TIMP-1 production in chondrocytes

• was thought to be anti-inflammatory

normal rheumatoid
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Hierarchy Co-operation

eg. TNFα eg. IL-1 eg. OSM
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Cartilage in 14 day culture



Cytokine combinations that work and 

are present in inflammatory arthritis

• IL-1 (Cawston et al., 1995, 1998)

• IL-17 (Koshy et al., 2002a)

• TNFα (Hui et al., 2003a,b)

• IL-6 (+sIL-6R) also identified (Rowan et al., 2001)

We now use IL-1+OSM as a potent, 

model stimulus of cartilage 

breakdown and MMP expression 

within the context of inflammatory 

arthritis



MMP expression profiling in resorbing cartilage
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Rowan et al., 2003
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Gene profiling – “transcriptomics”



When studying OA, what is an 

appropriate control tissue????

Cartilage obtained from OA patients 

undergoing joint replacement is 

END-STAGE disease



Animal model of OA

Surgical destabilisation of 

the medial meniscus (DMM)
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MMP-3

chondrocyte

CARTILAGE 
DEGRADATION

ProMMP-3

Fig 1 Schematic of the mechanism of action of matriptase in OA 

Matriptase is expressed on chondrocytes (1) following ‘abnormal’

loading of cartilage. Its activity can activate PAR-2 (2) which 

induces signaling (3) leading to the expression and secretion of

proMMPs (4). Matriptase can also activate proMMPs including 

proMMP-3 (5) which leads to the generation of active collagenases 

(6) which drive cartilage breakdown (7).
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A model for cartilage destruction in OA in the absence of inflammation



Summary

Cartilage is a complex ECM

Chondrocytes do have a limited “repair response”

OA and RA are characterised by cartilage destruction

Current treatments are not universally effective

Metalloproteinases (MMPs) primarily mediate this destruction

Pro-inflammatory cytokines drive MMP expression

Inflammatory intracellular signaling is complex

Mechanisms that do not involve inflammation per se mediate destruction too

Need to identify the molecular mechanisms that drive cartilage destruction 

in order to develop therapeutics



The Key Questions

Can we cure arthritis?

Can we negate the need for joint 

replacements?

Can we manage arthritis better?

Probably not!

Probably not!

Most definitely!



Any Questions??


