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OA progression: therapeutic intervention points?OA progression: therapeutic intervention points?

Cartilage structure/function: Cartilage structure/function: 
unun tessuto connettivo molto specializzatotessuto connettivo molto specializzato

from: Hayes, A. J. et al. 
J. Histochem. Cytochem. 2007;55:853-866

(aka Lubricin, PRG4)

SLRPs

Molecular pathogenesis of OAMolecular pathogenesis of OA

± systemic/metabolic factors;
± genetic/epigenetic determinants

from: Krasnokutsky, et al. 2008 OAC 16, S1-S3.
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Targeting the Targeting the ‘‘TribosTribosomeome’’

Canine ACLT (S.Glasson, et al., Wyeth Research)

ECM degradation; fibrillation; erosion

Cartilage degeneration during OACartilage degeneration during OA



Aggrecan (Cartilage Proteoglycan):Aggrecan (Cartilage Proteoglycan):

CS-1 CS-2KSG1 G2 G3

Pathologically Catabolized by Aggrecanases in OAPathologically Catabolized by Aggrecanases in OA
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‘AGGRECANASES’
Glu-Xaa Cleavage

In vivoIn vivo inactivation of ADAMTS5: chondroprotectioninactivation of ADAMTS5: chondroprotection

Glasson SS, et al. 2005. Nature 434:644-648.

Stanton H, et al. 2005. Nature 434:648-652.

Control ADAMTS5 ∆-cat

Surgical OA

Antigen-induced arthritis

WT ADAMTS5 KO

Aggrecanase inactivation: implications for Aggrecanase inactivation: implications for 
therapeutic safetytherapeutic safety

Majumdar, et al. A&R 2007

WT DKO

Issues for therapeutic delivery in the joint: Issues for therapeutic delivery in the joint: 
turnover rates in synovial fluidturnover rates in synovial fluid

T1/2: ~13h (albumin); 5h (diclofenac); 

~2h (salicylate); ~1h (paracetamol). 

Owen, et al. Br J Clin Pharmacol 1994

Dosing considerations for effective therapeutic Dosing considerations for effective therapeutic 
delivery in OAdelivery in OA
Wang, et al. Pharm Res 2008

Tissue targeting of therapeutics in OA: Tissue targeting of therapeutics in OA: 
material carriers and formulationsmaterial carriers and formulations
Rothenfluh, et al. Nature Materials 2008

particle size
matters: 38nm

nanoparticles

96nm
nanoparticles

24h

48h

96h

WYRGRL identified as COL2-binding 
peptide by phage display/biopanning.

Distribution of fluorescein-WYRGRL-poly(propylene)
sulphide nanoparticles in mouse articular cartilage

following intraarticular injection.



Depot strategies for therapeutic deliveryDepot strategies for therapeutic delivery

Shamji, et al. A&R 2007

Inverse phase transition of ELPs

Meyer, et al. Biotechnol Prog 2001

ELP = (V-P-G-X-G)n

X = guest residue 
(not Pro)

also see: Shamji, et al. 
J Control Release 2008

(ELP-sTNFRII)

Lubricin: therapeutic potential of a tissueLubricin: therapeutic potential of a tissue--
targeted, chondroprotective biotherapeutictargeted, chondroprotective biotherapeutic

Lubricin functions as a boundary lubricant and antiLubricin functions as a boundary lubricant and antiLubricin functions as a boundary lubricant and antiLubricin functions as a boundary lubricant and anti----adhesive adhesive adhesive adhesive 

at joint tissue surfaces, to help prevent wear and degeneration.at joint tissue surfaces, to help prevent wear and degeneration.at joint tissue surfaces, to help prevent wear and degeneration.at joint tissue surfaces, to help prevent wear and degeneration.

Lubricin at
cartilage surfaces

Immunohistochemistry

Lubricin
in synovial fluid

Western Blot
(reduced SDS-PAGE)
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In vivo depletion of lubricin: pathologyIn vivo depletion of lubricin: pathology

Human lubricin gene mutations (CACP syndrome) prevent 
lubricin synthesis. Patients exhibit synovial hyperplasia 
and fibrosis, and early onset cartilage degeneration.
(Marcelino et al. Nature Genet 1999)

Lubricin KO mice exhibit cartilage degeneration and loss, 
synovial hyperplasia and tendon abnormalities.
(Rhee et al. J Clin Invest 2005; Wyeth unpublished data)

Reduced lubricin expression correlates with disease 
progression in animal models of osteoarthritis. 
(Elsaid et al. Arthritis Rheum 2005; Young et al. Arthritis Res Ther 2006; 
Teeple et al. J Orthop Res 2008)

Indicates lubricin supplementation would be beneficial in treating joint disease

Lubricin construct optimization: Lubricin construct optimization: ‘‘LUBLUB’’ designdesign
(PCT WO 2005/016130 A2)(PCT WO 2005/016130 A2)

Full-Length Lubricin

“LUB:1” protein construct

(33% of wild-type repeat elements)
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Lubricin supplementation studies (summary)Lubricin supplementation studies (summary)

n Intraarticular supplementation with LUB:1 prevents cartilage degeneration 
in the rat meniscal tear (MT) OA model.

�No evidence of fibroplasia (joint capsule thickening) or other adverse 
effects were observed.

�No difference in bone scores between treatment groups (indicates
equivalent joint loading).

n Supplementation of joints with LUB:1 improves signs & symptoms in 
the rat MT OA model:

�Enhanced weight-bearing of OA knee following LUB:1 treatment.

n Radiolabeled LUB:1 localizes to appropriate joint tissues following 
intraarticular administration, and remains detectable for at least 28 
days post-injection (M. Rivera-Bermudez, et al. OARSI 2008 Abstract 
#74).

Strategies to identify novel pathways/targets: Strategies to identify novel pathways/targets: 

ProteomicsProteomics

Human Cartilage (‘normal’ or OA; n=7/group)

Protein Extraction

4M Guanidine-HCl

CsCl gradient 
centrifugation

Low density

High density

D2

D1

D3

Fractionation

Zhiyong Yang, Jiang Wu, et al., Wyeth (Wu, et al. Arthritis Rheum 2007;56:3675-3684)

Nano-LC-MSIn-gel digestion Data processing,

Protein ID

SDS-PAGE

Protein Name
# Unique 

Peptides

log (Normal 

Mean)

log (OA 

Mean) 

Fold 

Change
FDR

PRSS11 (HtrA1) 29 8.224 9.133 8.1 0.030

EFEMP1 (Fibulin-3) 20 4.832 7.566 542.5 0.047

MMP-2 14 5.456 7.554 125.3 0.062

TIMP-2 12 6.020 7.531 32.4 0.087

TGFββββ 3 5.210 4.000 -16.2 0.073

Examples of 59 Differentially Expressed Proteins Identified
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Example: HtrA1 is an abundant protein in OA Example: HtrA1 is an abundant protein in OA 

cartilagecartilage

Most abundant 

matrix proteins

All detected 

proteases

See also studies on HtrA1 presented by P. Mitchell at OARSI 2008, Abstract #A23.

Mass Spec. (Abundance of selected proteins)
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1- PRELP
2- Decorin
3- Fibronectin
4- Link protein 1

5- COMP
6- CILP
7- Vimentin
8- Chondroadherin
9- HtrA1
10- MMP-3
11- MMP-2
12- Cathepsin D
13- MMP-1

Strategies to identify novel pathways/targets: Strategies to identify novel pathways/targets: 

TranscriptomicsTranscriptomics

Geyer, et al. OAC in press 2008
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Unaffected cartilage Mild OA Severe OAUnaffected cartilage Mild OA Severe OA
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Z. Yang, et al. OARSI 2008, Abstract #143
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