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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



Rheumatoid (RA) and Osteoarthritis (OA)

_____ — ¢ * RA; autoimmune inflammatory disease
| IRAQ: WHERE ARE THE WEAPONS?

* OA; mechanical, ‘wear & tear’ disease

* high prevalence (~1% RA, ~12% OA)

 several risk factors identified
- gender, age, genetics, obesity

- smoking, alcohol, coffee!

Incidence of arthritis and joint pain
Do you have or have you ever had arthritis or joint pain?

The cﬂming Epidemic I- - : m Yes, have arthritis or joirt pain
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= Aged 25-34 BRLT
THE BAD NEWS: Research shows that the

disease starts attacking your joints long before middle age Aged 35-44 B

THE GOOD NEWS: The latest =
treatments are more effective than ever I "l!m I ’Il

Aged 45-54 Bairl
ot 550+ [
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Base: Adulks aged 154 in Great Britain [2,021) Source: MORI




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
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RA Sequence







OA Sequence




Disease Treatments

- most modulate pain and inflammation,
NOT destruction



Biologics as therapeutics (RA)

Anakinra = Anti-1L-1

Kineret

(anakinral Atlizumab = Anti-IL-6

A falophs allenabe

Etanercept = Anti-TNF

Infliximab = Anti-TNF

Retuximab = anti-CD20




Lotions and potions as therapeutics (Arthritis)




The only cure?
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target
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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.”



Phenotypic cartilage changes (OA)
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* Proteoglycans attract water, forming an hydrated gel |

* results in a swelling pressure (turgor)

N

resistance to compression strength and support




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



¢ A delicate balance between synthesis and breakdown of
ECM molecules is needed to maintain a healthy matrix

Matrix
breakdown

—

¢ Imbalance in turnover of matrix leads to disease

Excess matrix Breakdown of matrix
breakdown synthesis
‘ ‘
synthesis breakdown



Breakdown of matrix

Proteinases
Intracellular Extracellular
Aspartic Cysteine Threonine Serine Metallo-
proteinases proteinases proteinases proteinases proteinases

Low pH —Neutral pH

Cathepsin D  Cathepsin B Proteosome Elastase MMP-1, -8, -13
Cathepsin K Cathepsin G MMP-3, -10, -11
Cathepsin L Plasmin MMP-2, -9
Cathepsin S PAs MT1-6 MMP
Furin ADAMSs

ADAMTSs



Proteases in human diseases

Table 2 | Human hereditary diseases of proteolysis

Protease Gene
Loss-of-function group
Cathepsin K CTSK
(Cathepsin C CTSC
Calpain3 CAPN3
Cvlindromatoss proten CYLD1
Ubiquiin C-teminel -~ UCHLT
hycolase 1

(Caspace-8 CASPA
(Caspase-10 CASPID
USPaY USPSY
(Gelatnase A MIAP?

Locus

1021
11g14

15q15

16q12
dptd

233
2%

Yot

Disease

Pycrodysostosis
Papilon-Lefevra and
Ham-Munk syndomes

Limb-grdle musculer
dystrophy type 2A
Cyindromatosis
Parkinson disease
typeV

Autoimmune kmpho-
profifarative sydreme ()
Autoimmune hmphic-
profiferafive symdreme ()
Azocspermia and
hypospemmatogenesis
Muiticentric osteclysis
with arthntis

OMIM

265800
245000

253600

132700
181342

B01858

O304

415000

606156

Dominant’  Function
recessive
Loss
Lnss
R Loss
Loss
Loss
R Loss
OR Loes
D Loss
H Loss

Animal model

KO resemiles dissase

KO does not resamble
dsease

KO resembles disease

Gad mouse resembles
tlsease

KO embryaric lethaly

Mo mause artholeague

KO does not resemile
tlsease




Enzyme inhibition as a therapeutic: easier said than done!

Table 1| Matrix metalloproteinase inhibitor drugs in clinical

Inhibitor

Batimastat (BB-94)*
llomastat (GM-6001)*
Marimastat (BB-2516)

Tanomastat
(BAY-12-9566)

Frinomastat
(AG-3340)
Metastat (COL-3)
MNeovastat (AE-041)
BMS-275291
MMI-2708
(CGS-27023A)

Trocade (Ro-32-3555)

L MMI-160

Company
British Biotech
Glycomed

British Biotech:
Schering-Plough

Bayer
Agouron; Plizer

Collagenex

AFterna
Bristol-Myers
Squibb; Celltech
Novartis

Roche

Shionogi

Structure
Peptidomimetic
Feptidomimetic

Feptidomimetic

Small molecule

Small molecule

Low-dose
tetracycline
derivative

Shark cartilage
extract

Small molecule
Small molecule

Peptidomimetic

small molecule

Specificity
Broad spectrum
Broad spectrum

Broad spectrum

Higher specificity towards
MMP2, MMP3 and MMP9;
does not target MMF1

Broad spectrum

Broad spectrum: higher
specificity towards MMP2
and MMP9

Broad spectrum
Broad spectrum
Broad spectrum

MMP1, MMPS and
MMP13

Broad spectrum




Proteinases are biological scissors




Most proteinases are made as inactive precursors

A 4

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”

Proteinases are simply enzymes that degrade or cleave other proteins

These can be subdivided into -

Aspartic =21
Threonine = 28

Cysteine =154

Serine =176

These are mainly
Metallo =191

extracellular

A




Collagen cleavage

Collagenases

(N) (C)

«10) POG- TAGORGVV - GLPGORGERG

71 HLE T84
wl ILG-LPGSRGERGLPG-IAGALG
| I—

HLE

-1
MMP-1{AC)
MMP-3{3C)

} + MMP-1(E2004)

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

ProMMP-2: TIMP-2

ProMMP-13
\}"“" CMMP-14 MMP-13

furin

ProMMP-8 | CARTILAGE

ProMMP-3 % COLLAGEN
S\ | DEGRADATION
MMP-8

plasmin — W3

@% \\‘/Mup-l

Tmasminogen ProMMP-1

Cesll
e D

We have data that strongly indicate that serine and metallo-proteinase
cascades are inter-dependent for collagen breakdown to occur



Linking elevated expression with function

25 - A chondrocytes
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coagulation complement
activation activation
APC \\ Csa
. QO a2
thrombin c‘S\e\\:K neutrophil )
T cell
fibrinogen > fibrin \ B Cell
tPA FDP monocyte
macrophage
growth dendritic cell
plasminogen plasmin —— factor Maes cel
v activation ﬂ ‘
uPA PN3 — _JnUnUnU
PAR
) 1 cat%

/ \ \ NE m = proteinase activated receptor
- chondrocyte‘ - tryptase
ggl fibroblast fég chymase \ = activation of signaling
(| ProMPs A granzyme B

% furin /'\j proMMP\

active MPs :
FAPo. DPPIV active
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Proteinases are often multi-domain proteins

MMP-21 MMP-14, -15, 16, -24

V --l"-n
* MMP-7, -23, -26 lack the | Cyt

haemopexin domain Ve

MMP-1, -3, -8, -10, -12,
MMP Pro . -13, -18/19, -20, -22, -27
il
MMP-23  MMP-11, -14, MMP-2, -9 MMP-23 MMP-17, -25
-15, -16,-17,
-21, -23, 24,
-25, 28
ADAM Pro EGF M TM | Cyt |
n
ADAMTS (zn) Cys| Sp| C-term

To date, we have probably over-looked the role of the non-enzymatic domains!



Inflammation and RA — how does cartilage respond to inflammatory stimuli?

IL-1+OSM-induced cartilage
collagenolysis
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Cytokine synergy is not unique to IL-1+OSM

TNFa + OSM (Hui et al., 2003a,b)

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

IL-17 + TNFa (Koshy et al., 2002)
RetA + OSM (Shingleton et al., 2006)

RetA + IL-1 (Shingleton et al., 2000)
IL-6 + IL-1 (Rowan et al., 2001)

Synergistic collagenolysis can be blocked

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

IGF-1 (Hui et al., 2001, 2005)
IL-4, IL-13 (Cleaver et al., 2001)



Microarray analyses can reveal unexpected (protective) responses

IL-8 (KC)

Table 1.

Genes synergistically induced in chondrocytes following stimulation with IL-1 plus OSM*

Signal log ratio

IL-1

QSM

IL-1+05M

i Signal intensity vs. control Fold change vs. control
g 200 IL-1 + IL-1 + IL-1 +
= Control IL-1 OSM OsM  1L-1  OSM OSM IL-1 OSM  OSM
3 00
22A 1,875P 28 4217P 6.1 0.3 73 67.6 1.3 15767
y o 376P 5,862P 318P  8910P 34 0.2 4.4 10.2 1.1 2115
’ IL-1 OSM  IL-1+0SM 30A 99p 14A 1774 1.2 —06 23 23 07 4.8%
IL-1+0SM 5TA 1,015P 37TA 2447P 36 —-0.3 4.9 125 -08 30.7¢
3A 280P 18P 1,548P 5.9 2.0 8.4 58.9 4.1 342.5¢
22 28A 97A 248P 0.0 1.8 32 1.0 35 8.9
112P 175P 68A 400P 0.4 -0.7 24 1.1 —06 6.9
4A 20A 525 1,125p 22 5.8 7.2 44 557 1470
. . ' 274P 1,217P 500P 1,912 2.2 1.2 2.9 4.6 23 7.5
A':tlvl n A Chemokines, cytokines, receptors, and signal
transduction
- TL-8 2A 896P 24 19712 77 -0.2 90 2079 -09 51207
Ty BT A IL-1B8 24A 150A 48A 560P 2.9 0.8 2 2 1.7 18.4
Fral . MCP-1 3A 175P 43A 285P 5.0 39 6.3 32. 14.4 T8.8%
g e T MCP-3 43A 360P 89P 734P 38 1.6 73 13.9 30 28.8%
. £ IL-6 53A 251P 43A 1486 1.7 -0.1 43 33 09 20.4%
o .1 £ w LIF 12A 125M 9A 226 31 -0.1 4.0 43 09 10.2%
i £ OSMBR 25P 7P 155P 253 1.2 2.7 33 2. 6.5 9.2
e z ENA-T8 9A 10A 6A 217P 06 -02 4.4 1.5 —03 20.4%
N L PBEF 305P 928P 604P  2303P 16 1.0 3.0 3.0 20 8.1%
E ,': 'ra‘i'- . | Activin A S8A 90P 17A 1254 0.7 -23 1.5 1.8  —07 2.3%
el T,' L - Jak 2 kinase 28A 88P 98P 37TIP 14 1.5 2 2.7 2.8 9.1
iy .'-%. 2 Extracellular proteins
IL-1 OsM  IL-1+0SM Decorin variant A 14P 64P 23P 126P 1.8 0.1 33 2.3 1.2 18.47
IL-1+0SM Decorin variant C 98P 255P 99p 826p 1.7 0.0 35 33 1.0 11.3
Fibronectin 130P 140P 397P 709P 011 1.6 2. 1.0 29 6.3
Serum amyloid A2 5A 289P 9A  2288P 515 0.9 8.9 85.0 1.1 362.0
P‘rx Calcium binding protein A9 TA 45A 18A 339P 151 14 3389 2.8 26 453
Calcium bindi tein A8 33A 63A 19A 604P 091  —02 4.0 1.9 1.7 16.0
.3 P%)c(l-tilim e prote 18A 123P 24P 407P 259 0.7 5.1 6.0 1.6 3367
% L Chitinase-3-like 2 T9A 215P TIA  L750P 156 —03 39 2, 1.0 14.9
R ¢ Chitinase-3-like 1 243p 5T9P  1L666P  2,320P 1.21 2.7 2 2. 6.4 9.2
£ INT " SOD-3 24P 232p 25A 44P 345 02 5.7 24.8 1.5 41.6
L
L] e i T . .
SN i e IL.-8 is chemotactic
\ \ z
LI 4 Fhy = o o :
FANER . B * Activin A promotes TIMP and collagen synthesis
L by 1]
L]
N IR . ~ promotes TR a8
. Pentraxin-3 is anti-angiogenic

IL-1+0SM



Molecular changes in OA < dysregulation

Mechanical injury Inflammation
Hereditary factors Repetitive injury
Aging Subchondral bone changes
/N / \ N
f \ I LY ~
\ |Imbalance in expression, activity and
f" \ signallng of cytokines & grnwth factors
y 4 ) ) Y

Initiation —» Early OA ———— Progression ——» Late OA

Activation of stress-  Proliferation/cluster formation
induced pathways MMP & ADAMTS production
Cytoskeletal changes Cytokines, EMP/TGFj

Cell senescence/apoptosis
Collagen gene activation:
COL2A1, COL6, COL9, COL11

AGE & ROS (aging) Proteoglycan synthesis/degradation Altered collagen types:
Tidemark disruption/angiogenesis COL1A1/A2, COL3

Collagen degradation

Release of matrix fragments Osteophyte formation

Tidemark duplication

Hypertrophy (COL10A1, Runx2)
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Diseases caused by mutations in collagen genes or collagen processing enzymes

Gene

Disease

COL1A1;COL1A2

COL2A1
COL3A1

COL4A3;COL4A4;COL
4A5

COL4A5; COL4A6
COL5A1; COL5A2

COL6A1; COL6AZ;
COLGA3

COL7A1
COL8A2

COL9A1; COL9AZ;
COL9A3

COL10A1
COL11A1; COL11A2

COL17A1
COL18A1
Lysyl hydroxylase 1

Procollagen N-
proteinase

Ol, EDS (EHLERS-DANLOS SYNDROME) types |, Il, VIIA and
VIIB, osteoporosis

Several chondrodysplasias §
EDS type IV, arterial aneurysms
Alport syndrome

Alport syndrome with diffuse oesophageal leiomyomatosis
EDS types | and Il
Bethlem myopathy

EB, dystrophic forms

Some forms of corneal endothelial dystrophy

Multiple epiphyseal dysplasia, intervertebral disc disease,
osteoarthritis

Schmid metaphyseal dysplasia

Several mild chondrodysplasias §, non-syndromic hearing loss,
osteoarthritis

Generalized atrophic benign EB
Knobloch syndrome

EDS type VI

EDS type VIIC



Molecular changes < altered “phenotype”
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Toll-like receptor (TLR)
changes in OA

1%1072

1%107%

o
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Relative expression/18S
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1x1078

] TLR1 TLR2 TLR3 TLR4 TLR6
X0 71T 717 1T T T T T 1

Figure 1 Differential Toll-like receptor (TLR) gene expression in normal
and osteoarthritic cartilage. The gene expression levels of TLR1, 2, 3, 4
and 6 in hip cartilage from patients with osteoarthritis (0A) (shaded bars;

Cells will become n=12) or normal controls (fractured neck of femur (NOF)) (open bars;
n= 12) were determined as described in Materials and methods and

more or less normalised to the level of 185 rRNA. Since all primer/probe combinations
responsive amplify with essentially equal efficiencies, TLR expression levels are

directly comparable. Significant differences between the normal and 0A

dependent on the groups were determined using a two-sided Mann—Whitney U test, where

altered phenotype ** p<<0.01. Lines within the boxes represent the median, the boxes
represent the 25th and 75th percentiles and the lines outside the boxes
correspond to the minimum and maximum values.



MMP=1/185
(fold induction)
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Based on our own data, OA cartilage will make less MMP-1 via TLR6/2
but more MMP-13 via TLR3

TLR3 responds to But is this altered
nucleic acid from phenotype a cause
necrotic cells or an effect of

disease?
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Q. Do OA chondrocytes have a senescent transcriptome?

cartilage with age and OA progression

|dentification of gene expression changes in

I




Superoxide dismutase expression is down in OA cartilage

1034 S0OD2 gene expression
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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 jointisn =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
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