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Today’s talk 

Cartilage 
- What it is and what it does 

- What goes wrong in OA 

-What we know about the process(es) 

- What research offers (an example or two) 



Complex network of proteins and carbohydrates surrounding cells 

ECM 

cell 

Cartilage = extracellular matrix (ECM) 



What does ECM 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 = extracellular matrix 

Collagen Aggrecan 
Adhesive 

glycoprotein 

ECM 

cell 



The Clinical Need 

Cartilage collagen loss is essentially irreversible 

and therefore a critical step for therapeutic 

intervention  

 

Loss of collagen = loss of joint 

function 



Current Treatments 

• Analgesics and total joint replacement are only current treatments 



 

Breakdown of matrix 
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   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 
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OSTEOARTHRITIS: ends in cartilage degradation 





Disease mechanisms 

 RA 

- autoimmune; genetic; inflammatory; synovium-driven 

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

 OA 

 Treatments 

- most modulate pain and inflammation, NOT destruction 





Age-related cartilage changes 

??? A little of everything ??? 

Glycation endproducts  

Senescence 

Oxidative stress 

Apoptosis 

Protein mis-folding 

Epigenetics 



Phenotypic changes in cartilage 



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 



MMP expression changes 

MMP-13 MMP-1 



•  Proteoglycans attract water, forming an hydrated gel 

•  results in a swelling pressure (turgor) 

strength and support resistance to compression 

Aggrecan cleavage 

http://www.theathletesfootshop.co.uk/ishop/1062/shopscr67.html


(ADAMTS) 

Aggrecan cleavage 

Wild-type ADAMTS-5 KO 



Pro-inflammatory cytokines 

Interleukin-1 (IL-1) 

Interleukin-6 (IL-6) 

Interleukin-17 (IL-17) 

Tumour necrosis factor α (TNFα) 

 

Oncostatin M (OSM) 

 



Cartilage collagenolysis model 
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MMP expression profiling in resorbing cartilage 
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Adenoviral delivery of  IL-1+OSM in murine joints 



Rowan et al., 2003 
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Proteoglycan Collagen MMP-3 MMP-13 TIMP-1 

Rowan et al., 2003 



Gene profiling – “transcriptomics” 

Barksby et al., 2006 (A&R) 

Activin A 

Pentraxin-3 



Membrane serine proteases expressed in cartilage 

= NOF 

= OA 

*** p<0.001 

**   p<0.01 
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Matriptase-induced cartilage collagen release 

is MMP-dependent 
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Matriptase inhibition reduces cartilage damage 
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Matriptase activates 

proMMP-3 

and 

 

 

proMMP-1 

matriptase +  

proMMP - 
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PAR-2+/+

PAR-2-/-
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Matriptase activates PAR-2 

Milner et al 2010 Arthritis Rheum 



PAR-2 absence prevents cartilage erosions in a murine model 

of OA 

Ferrell W R et al. Ann Rheum Dis 2010;69:2051-2054 

©2010 by BMJ Publishing Group Ltd and European League Against Rheumatism 

Wild-type PAR-2 knockout 



COLLAGEN 

DEGRADATION 

Mechanism = a ‘definable’ molecular pathway 

- 1 - 1 - 1 

MMP 3 

MMP - 1 

- 

ProMMP - - 13 ProMMP ProMMP - 1 - 1 ProMMP - 1 - 1 

ProMMP 3 

MMP - 13 MMP MMP - 13 MMP 

- 

Milner et al 2010 Arthritis Rheum 

= Proteinase activated receptor 2 

   PAR-2 

= matriptase 

= signalling 

induction 

activation 
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Summary 

Cartilage is a complex ECM 

OA (and RA) are characterised by cartilage destruction 

No Current treatments for OA 

Metalloproteinases (MMPs) primarily mediate this destruction 

Pro-inflammatory cytokines drive MMP expression 

Chondrocytes have a limited “repair response” 

Distinct molecular pathways contribute to disease 

 

Need to identify the molecular mechanisms that drive cartilage destruction 

 

 

 



The Key Questions 

Can we cure arthritis? 

Can we negate the need for joint 

replacements? 

Can we manage arthritis better? 



Any Questions?? 


