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Today’s talk

Cartilage
- What it is and what it does

- What goes wrong in disease (RA and OA)

- What we know about the process(es)

- What the treatment options are

- What current research offers 

- Why tissue is important

Concepts rather than specifics



• high prevalence (~1% RA, ~12% OA) 

• several risk factors identified

- gender, age, genetics, obesity

- smoking, alcohol, coffee!

Rheumatoid (RA) and Osteoarthritis (OA)

• RA; autoimmune inflammatory disease

• OA; mechanical, ‘wear & tear’ disease



Cartilage = extracellular matrix
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Why Cartilage?

The breakdown of cartilage is a unifying feature 

of RA and OA irrespective of disease aetiology



RA Sequence





OA Sequence



Disease Treatments

- most modulate pain and inflammation, 

NOT destruction



Atlizumab = Anti-IL-6

Etanercept = Anti-TNF

Infliximab = Anti-TNF

Anakinra = Anti-IL-1

Retuximab = anti-CD20

Biologics as therapeutics (RA)



Lotions and potions as therapeutics (Arthritis)



The only cure?



Why

target 

cartilage?



Why Cartilage?

The breakdown of cartilage is a unifying feature 

of RA and OA irrespective of disease aetiology

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.”
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Phenotypic cartilage changes (OA)



• Proteoglycans attract water, forming an hydrated gel

• results in a swelling pressure (turgor)

strength and supportresistance to compression



We need to better understand 

pathological proteolysis

The ‘end stage’ of both RA and OA is the essentially irreversible destruction 

of the cartilage extracellular matrix (ECM)

Often, even limited proteolysis of this ECM is sufficient for loss of joint function

Therefore, a detailed understanding of the molecular mechanisms

involved should reveal therapeutic targets to prevent further ECM damage

- enzymes (proteinases)

- their substrates

- inflammatory mediators



Imbalance in turnover of matrix leads to disease

Breakdown of matrix
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A delicate balance between synthesis and breakdown of       

ECM molecules is needed to maintain a healthy matrix



Breakdown of matrix
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Enzyme inhibition as a therapeutic: easier said than done!



Proteinases are biological scissors



Most proteinases are made as inactive precursors

Inactive Active



The Human Degradome

There are 570 proteinases in the human genome (this represents 

approx 2% of all genes) – this is called the “degradome”

These can be subdivided into -

Aspartic    = 21

Threonine = 28

Cysteine = 154

Serine       = 176

Metallo = 191
These are mainly 

extracellular

Proteinases are simply enzymes that degrade or cleave other proteins



Collagen cleavage

Collagenase first described 

in resorbing tadpole tails!

Arthritis was the first disease to be associated 

with a MMP (collagenase).

Harris et al. Arthritis Rheum 1969;12:92-102.



Proteinase cascades in disease are interlinked and inter-dependent 

We have data that strongly indicate that serine and metallo-proteinase

cascades are inter-dependent for collagen breakdown to occur



= no MMP-10

= + MMP-10

Linking elevated expression with function
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Proteinases are often multi-domain proteins
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To date, we have probably over-looked the role of the non-enzymatic domains!



Inflammation and RA – how does cartilage respond to inflammatory stimuli?
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Cytokine synergy is not unique to IL-1+OSM

TNFα + OSM (Hui et al.,  2003a,b)

IL-17 + OSM (Koshy et al.,  2002)

IL-17 + IL-1 (Koshy et al.,  2002)

IL-17 + TNFα (Koshy et al.,  2002)

RetA + OSM (Shingleton et al.,  2006)

RetA + IL-1 (Shingleton et al.,  2000)

Synergistic collagenolysis can be blocked

TGFβ (Hui et al.,  2000, 2001, 2003, 2005)

IGF-1 (Hui et al.,  2001, 2005)

IL-4, IL-13 (Cleaver et al.,  2001)

IL-6 + IL-1 (Rowan et al.,  2001)      



• IL-8 is chemotactic

• Activin A promotes TIMP and collagen synthesis

• Pentraxin-3 is anti-angiogenic

Microarray analyses can reveal unexpected (protective) responses



Molecular changes in OA ↔ dysregulation



Gene Disease

COL1A1;COL1A2 OI, EDS (EHLERS-DANLOS SYNDROME) types I, II, VIIA and 

VIIB, osteoporosis

COL2A1 Several chondrodysplasias §

COL3A1 EDS type IV, arterial aneurysms 

COL4A3;COL4A4;COL

4A5

Alport syndrome

COL4A5; COL4A6 Alport syndrome with diffuse oesophageal leiomyomatosis

COL5A1; COL5A2 EDS types I and II

COL6A1; COL6A2; 

COL6A3

Bethlem myopathy

COL7A1 EB, dystrophic forms

COL8A2 Some forms of corneal endothelial dystrophy

COL9A1; COL9A2; 

COL9A3

Multiple epiphyseal dysplasia, intervertebral disc disease, 

osteoarthritis

COL10A1 Schmid metaphyseal dysplasia

COL11A1; COL11A2 Several mild chondrodysplasias §, non-syndromic hearing loss, 

osteoarthritis

COL17A1 Generalized atrophic benign EB

COL18A1 Knobloch syndrome

Lysyl hydroxylase 1 EDS type VI

Procollagen N-

proteinase

EDS type VIIC

Diseases caused by mutations in collagen genes or collagen processing enzymes 



Molecular changes ↔ altered “phenotype”

Toll-like receptor (TLR) 

changes in OA

Cells will become 

more or less 

responsive 

dependent on the 

altered phenotype



But is this altered 

phenotype a cause 

or an effect of 

disease?

TLR3 responds to 

nucleic acid from 

necrotic cells

Based on our own data, OA cartilage will make less MMP-1 via TLR6/2 

but more MMP-13 via TLR3



Identification of gene expression changes in 

cartilage with age and OA progression
Q. Do OA chondrocytes have a senescent transcriptome?

OA CARTILAGE GENE PROFILE 

RESEMBLES THAT OF PROLIFERAVTIVE 

NOT SENESCENT CELLS



Superoxide dismutase expression is down in OA cartilage
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Why do we need human tissue?

Relevant to human disease

OA tissue is diseased tissue and comparison with ‘normal’ tissue can 

tell us what differences exist and how this might make tissue more 

susceptible to proteolysis

Each joint is n = 1

To generate data with high confidence, we need to repeat and repeat! 

Biological samples vary, so this is an essential part of what we have to do

Individual samples are a limited resource

To generate data with high confidence, we need to repeat and repeat! 

Cartilage samples vary, so this is an essential part of what we have to do

MRG is establishing a biobank of joint tissues

Where possible, we want to begin to generate a biobank of joint tissue 

samples (especially RNA and DNA) for future studies that will require 

high numbers of age- and sex-matched samples



Acknowledgements

Paul Paul KoshyKoshy

Wang Wang HuiHui

Jon Catterall

Beverley Degnan

Severine Carerre

Heather Bigg

Bill Shingleton

Sarah Elliott

Tanya Morgan

Emma Barksby

Gary Litherland

Jenny Milner

Post-docs

Paul Koshy

Wang Hui

Claire Logan

Angela Pyle

Craig Dixon

Salma Abusrer

Steve Hartland

Nicholas Peake

Katie Lowes

Maria King

Neil Henderson

Steve Hartland

Qian Zhang

Mathew Farren

Mathew Jefferson

Amit Patel

Rachel Duncan

Students

Technical

Debra JonesDebra Jones

Tim RobsonTim Robson

Key Collaborators

NewcastleNewcastle

Tim CawstonTim Cawston

David YoungDavid Young

Helen FosterHelen Foster

ExternalExternal

Ian ClarkIan Clark

Dylan EdwardsDylan Edwards

John Heath John Heath 

Robin WaitRobin Wait

Ben Ben CravattCravatt

Connie Connie BrinckerhofBrinckerhof

Carl RichardsCarl Richards

NorwichNorwich

BirminghamBirmingham

Imperial CollegeImperial College

Scripps (USA)Scripps (USA)

Dartmouth (USA)Dartmouth (USA)

McMaster (Canada)McMaster (Canada)


