Challenges for Persistent Cell -Based

Cell-Based Articular Cartilage Repair Regeneration of Articular Cartilage

» Three-dimensionality of chondral
defect and subchondral lesion (size,
shape, unconfined)

Location (opposed or  “kissing ”
lesions)

Inflammatory environment and other
disease causing factors
Insufficiency of partial endogenous
tissue repair response
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Autologous Chondrocyte :
Implantation/Transplantation (ACI/ACT) Cha”enges in ACI/ACT

Technical difficulty
Insecurity of periosteal flap

Periosteal hypertrophy and
ablation

_ Uneven cell distribution
New England Journal of Medicine
Volume 331:889-895, October 6, 1994, Number 14 Effus'on Of Ce||S II"ItO JOInt

Treatment of Deep Cartilage Defects in the Knee with Autologous Chondrocyte

Transplantation S pace
Mats Brittberg, Anders Lindahl, Anders Nilsson, Claes Ohlsson, Ol le Isaksson,

and Lars Peterson




Second Generation ACI/ACT

Use of biomaterial scaffold to stabilize
the graft:

« Native (HA/collagen) and synthetic
biomaterials

* To ensure even cell distribution, iniital
biomechanical stability, promote
chondro-differentiation, allow easy
handling
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Repair of Porcine Articular Cartilage with a
Biphasic Osteochondral Composite
Jiang et al. J Orthop Res 25: 1277-1290 (2007)
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Arthritis Research & Therapy 2007, 9:R41 (doi:10.1186/ar2180)
Research article This article is online at: http://arthriis-research.com/content/9/2/Ra1

Treatment of posttraumatic and focal osteoarthritic cartilage
defects of the knee with autologous polymer-based
three-dimensional chondrocyte grafts: 2-year clinical results
Christian Ossendorf!, Christian Kaps?, Peter C Kreuz!, Gerd R Burmester2, Michael Sittinge
Christoph Erggelet!

« Second generation, matrix-enhanced autologous chondrocyte
transplantation (ACI)

» BioSeed-C (gel-loaded porous biodegradable fleece, BioTissue
Technologies GmbH, Germany) seeded with autologous
chondrocytes

« 2-Year follow-up, 40 patients, 52 knee defects (mean size of first
lesions = 4.6 cm?, range 2.0-15 cm?)

« Knee radiographs, clinical examination, and MRI (30 patients)

* Repeat arthroscopy in 14 patients

» Knee function at 2 years improved 20-30%

» Focal defects (improvements in pain, symptoms, and quality of

life); post-traumatic cartilage defects (improvements in quality of
life)

Histology and Clinical Scores
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Adult Mesenchymal Stem Cells

Undifferentiated cells derived from various adult t issues
3 d G e n e ratl O n AC I/ACT Distinct from hematopoietic stem cells

Extended self -renewal ability

Immunomodulatory activities

Potential to differentiate into multiple mesenchyma | lineages (e.g.,
osteogenesis, chondrogenesis, adipogenesis, etc.)

(A)utologous (mplantation
} ell {
(A)llogeneic (T)ransplantation

STEM CELLS!

Cartilage Cardiac Stroma  Tendon  Adipose

(from Osiris Therapeutics)

Tissue Sources | Cartilage Formation by

of Multipotential S Human Mesenchymal Stem Cells

Mesenchymal - : (in high density pellet culture in vitro )
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Histology

Tuan, Boland

Additional sources:

Cord blood/umbilical cord
Articular cartiage Pertosteun chendronyte, ssteobiat

Ligament/tendon Pericgte chondeosyte

Placenta (Wharton 's Jelly) eeteotlzat

Deciduous teeth/dental pulp Blocd adipocyte, fibroblast, osteoblat, ostzodlant
Thymus Spoovial membrave _ adpouybs, thondsoayts, ausele, osteoblast
Pancreas

Tonsil

Alcian -blue stained cartilaginous matrix

Preparation of Nanoscale Fibers

Tissue Engineering Scaffold _ ano
Using Electrospinning Process

Li + (200
Polymer Li + (2002) JBM
Solution Li + (2003) JBMR
(a-Hydroxy
Polyester) -
FDA-approved Li + (2005) Macromolecules,
resorbable J Biomed Nan:
biomaterials

Li + (2006) Tissue Engine

“ta Biomater
J Biomechan
Li + (2007) JOR, Acta Biol
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Li + (2004) Biomaterials

Nanofibers: A hallmark of the extracellular
matrix of connective tissues. I e
e Nesti + (2008) Ti e Engineer

Li + (2008) Tissue Engineer

(2 patents pending)




Tissue -Engineered Cartilage Using Nanofibrous Scaffold,

Electrospun
nanofibers

Human Adult Stem Cells, TGF -b, and Bioreactor

Electrospun
Nanofibers seeded
With cells

Seeded cells interact with
ous scaffold

Proliferation:
MSCs proliferate more
on nanofibers than on

(2\8.050015. 2006a,b, Microfibers (Li 2007, 2008)
a,b)

Cartilage Repair Using
Nanofiber -based Tissue Engineered Construct

(mini -pig model)
(In collaboration with CC Jiang, NTUH)

Human MSC + NFS Defect only

(Li +, 2008)

Hwang NS, Varghese S, Elisseeff J. .
Cartilage tissue engineering: Directed differentiat ion of embryo nic (lPS Ce“S)
stem cells in three -dimensional hydrogel culture.
Methods Mol Biol. 2007;407:351-73.

Hwang NS, Varghese S, Elisseeff J.
Derivation of chondrogenically -committed cells from human embryonic cells (Oct3/4(Pousfl), Sox2, ¢ -Myc, and Kif4)
for cartilage tissue regeneration.

PLoS ONE. 2008 Jun 25;3(6):2498. Expression of ESC-specific genes
ES-like phenotype; embryoid body formation s iPSMEF3 iPS-MEF4 ‘Ewsm g
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Can Reprogrammed IPS Cells be Used for
Cartilage Tissue :rumeermg?

- blood cells, beta cells, hepatocytes, neurons
reported

- how do ea one coerce IPS cells to undergo
specific chondrogenesis?

- how 'rrw'rle is the IPS di
- how safe are P
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What next?
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