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Cartilage lubrication: historical perspectives

“... Nature has conveniently covered the rubbing surfaces of the
bones with a highly polished layer of cartilage... and has provided
a viscous liquid (synovial fluid) to moisten these surfaces.”

“It might seem unduly i to that the sy
fluid of a joint is not a lubricant; this is, however, the object of this
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loundary Lubrication. The irregular rubbing surfaces are
Ailms of to

chemical adhesion. The low-friction phenomenon is thus
of low molecular attraction between the free ends of the
adherent molecules of boundary lubricant,
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Lubricin is a synovial glycoprotein which

localizes to and protects cartilage surfaces
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Lubricin functions as a boundary lubricant and anti-adhesive
at joint tissue surfaces, to help prevent wear and degeneration

Lubricin

+ 1970-80s: Isolated from synovial fluid and characterized (Swann, et al.).
- Early 1990s: Gene cloned at Genetics Institute; described as ‘MSF’.
« Late 1990s: Identity of MSF with lubricin established.

SMB = din-B (vitr in)-lik
HEP = heparin-binding
HPX = hemopexin-like

MUCIN-LIKE ‘KEPAPTT’ peptide repeat elements:
3 = Lubricating O-linked oligosaccharide: B-(1-3)-Gal-GalNAc (+/- sialic acid)
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In 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 J Clin Invest 2005; Wyeth unpublished data)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
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Lubricin construct optimization: ‘LUB’ design
(PCT WO 2005/016130 A2)

Full-Length Lubricin

MUCIN-LIKE (78 x ‘KEPAPTT)
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“LUB:1" protein construct
(33% of wild-type repeat elements)
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Ex vivo functional assays
Binding to cartilage surfaces:
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- Extract cartilage with PBS/1.5M NaCl.
* Incubate sagittal section with PBS or 100ug/ml LUB:1 in PBS.
» Immunohistochemical detection with anti-lubricin Ab 06A10.

LUB:1 expression and purification

» Expressed in stably-transfected CHO cell line.
« Purified from serum-free media.

» LUB:1 dimers observed under non-reducing conditions.

1ts confirm appropriate glycosylation:

O-glycosid ialid tr

[a-NeuAc-(2-3)-13-D-Gal-(1-3)-0-D-GalNac-(1-3)-[L-Thr]
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Ex vivo functional assays

Boundary lubrication of cartilage:

*P<0.05 [6.25g/ml]
**P<0.001 [>6.25g/mI]

Coefficient of Friction (Heq)
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Cartilage-on-glass friction testing apparatus
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Ex vivo functional assays

Prevention of synovial cell adhesion:
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« Coat wells with LUB:1 at increasing concentrations
« Wash and add calcein AM-labeled SW982 cells (synovial cell line).
» Wash and read fluorescence.
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Efficacy of LUB:1 in a surgical model of OA

« Rat Meniscal Tear (MT) model: Transection of the medial collateral ligament
and medial meniscus to induce joint instability and OA.

« Scoring system:
» Histologic scores reflect an average of 3 sections per joint, 200 um apart.

» Medial cartilage degeneration.
- incorporates chondrocyte death/loss, proteoglycan loss, and collagen loss o fibrillation.

0 =none 3 = moderate
1 = minimal 4 = marked
2 =mild 5 = severe
» Total joint score
= cartilage ion scores and scores.

» Significant Cartilage Degeneration Width (um)
- Reflects areas of tibial cartilage degeneration in which both chondrocyte and proteoglycan loss
extend through greater than 50% of the cartilage depth.

- May retain intact collagenous matrix, and little/no cartilage fibrillation.
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Other objective scoring

» Matrix loss: micrometer measurements of the width of cartilage damage
- Total width of cartilage loss: Incorporates collagen loss and fibrillation.
- >50% loss of cartilage depth = severe lesions.

» Fibroplasia assessed by measuring width of the medial joint capsule.
L ———
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Study design to assess DMOAD activity

N=20 rats/group.

Unilateral hind-limb MT surgery performed;
treatment started one week later.

Treatment groups:

PBS (40u) | sy, i
Study 1: 'week dosing
Y LuB:1 (20pg) } for 4 weeks

Study 2: PBS (a0 } 1X/week dosing

LUB:1 (20ug) for 4 weeks

Representative histological appearance
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Progression of Cartilage Lesions Post-MT

LUB:1 significantly attenuates OA progression
(3X/week dosing)
§ 5 10
N . $ — *
£ ) -j: o 15%
g’ 1 E 24
g PBS LUB:1 PBS LUB:1
Ean T
£ B
® 404 * E5 - —
g S5 = i )
£ 2 83% E g 30%
== i
= PBS LUB:1

(1X/week dosing)

LUB:1 significantly attenuates OA progression

3

g 7

5

] _

2 * o 101 *

2 5 —T— g o

5

2 4 4 £ o #%

& a 18% 3

3, 5 41

) I

£ 1 2

3 : : v ;

© PBS LUB:1 PBS LUB:1

gwo- . £ 8007

2 250] §2

s S < 600 *

o 5 ==

g ol T £5 1
&% 24%

ﬁ 100 g% £5 aof

£ % ag

2 o T T

= PES LUB:1 PBS LuB:1

Wyeth

Research

*p <0.05 vs. PBS ‘Wyeth
Research




Assessment of LUB:1 efficacy in a preclinical
model of OA pain

Incapacitance meter: time-averaged dual
channel weight bearing.

« Perform unilateral hind-limb surgery (sham or
meniscal tear).

« Intraarticular treatment with PBS (vehicle) or LUB:1.

» Measure hind-limb weight bearing distribution.
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LUB:1 treatment significantly improves weight
bearing in the rat MT model

# #p < 0.05 vs.SHAM
T *p < 0.05 vs. PBS
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Lubricin supplementation studies: summary

« Supplementation with LUB:1 (3X/week or 1X/week for 4 weeks)
prevented cartilage degeneration in the rat MT OA model.
» No evidence of fibroplasia (joint capsule thickening) or other adverse
effects were observed.

» No difference in bone scores b groups (i
equivalent joint loading).

« Supplementation with LUB:1 improves signs & symptoms in the rat
MT OA model:

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

« Radiolabeled LUB:1 localizes to appropriate joint tissues following
intraarticular administration (M. Rivera-Bermudez, et al. OARSI 2008
poster #74).

» Localized LUB:1 remains detectable for at least 28 days post-
injection.




