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Challenges for Persistent CellChallenges for Persistent Cell --Based Based 
Regeneration of Articular CartilageRegeneration of Articular Cartilage

•• ThreeThree --dimensionality of chondral dimensionality of chondral 
defect and subchondral lesion (size, defect and subchondral lesion (size, 
shape, unconfined)shape, unconfined)

•• Location (opposed or Location (opposed or ““ kissingkissing ””
lesions)lesions)

•• Inflammatory environment and other Inflammatory environment and other 
disease causing factorsdisease causing factors

•• Insufficiency of partial endogenous Insufficiency of partial endogenous 
tissue repair responsetissue repair response

Biological obstacles 
associated with cell-
based approaches to 
cartilage tissue 
engineering.

Formation of hFormation of h yaline yaline 
neocartilage can be neocartilage can be 
hindered due to:hindered due to:
(1) loss of transplanted (1) loss of transplanted 
chondrogenicchondrogenic
(2) matrix destruction(2) matrix destruction
(3) integration failures(3) integration failures

•• CellsCells (differentiated or progenitor cells) (differentiated or progenitor cells) 

•• Biocompatible and mechanically suitable Biocompatible and mechanically suitable 
scaffoldscaffold or or matrixmatrix (biodegradable (biodegradable vsvs nonnon --
biodegradable) biodegradable) 

•• chondroactive or chondroinductive chondroactive or chondroinductive 
environmentenvironment (e.g., cells, growth factors, (e.g., cells, growth factors, 
cytokines, mechanical loading) cytokines, mechanical loading) 

-- ““ PRODUCTIVEPRODUCTIVE””

-- ““ CONDUCTIVECONDUCTIVE””

-- ““ INDUCTIVEINDUCTIVE””

Cartilage Tissue EngineeringCartilage Tissue Engineering

Autologous Chondrocyte Autologous Chondrocyte 
Implantation/Transplantation (ACI/ACT)Implantation/Transplantation (ACI/ACT)

New England Journal of Medicine
Volume 331:889-895, October 6, 1994, Number 14

Treatment of Deep Cartilage Defects in the Knee with Autologous Chondrocyte 
Transplantation
Mats Brittberg, Anders Lindahl, Anders Nilsson, Claes Ohlsson, Ol le Isaksson, 
and Lars Peterson

Challenges in ACI/ACT

• Technical difficulty
• Insecurity of periosteal flap

• Periosteal hypertrophy and 
ablation

• Uneven cell distribution
• Effusion of cells into joint 

space



Second Generation ACI/ACT

Use of biomaterial scaffold to stabilize Use of biomaterial scaffold to stabilize 
the graft:the graft:
•• Native (HA/collagen) and synthetic Native (HA/collagen) and synthetic 
biomaterialsbiomaterials
•• To ensure even cell distribution, iniital To ensure even cell distribution, iniital 
biomechanical stability, promote biomechanical stability, promote 
chondrochondro--differentiation, allow easy differentiation, allow easy 
handlinghandling

• 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 cm2, range 2.0-15 cm2)

• 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)

IntraoperativeIntraoperative
viewview

2nd2nd--looklook
Arthroscopy atArthroscopy at
99--monthsmonths

MRI at 6 moMRI at 6 mo MRI at 12 moMRI at 12 mo

Histology and Clinical ScoresHistology and Clinical Scores

2nd look biopsy at 92nd look biopsy at 9--12 mo12 mo Lysholm score Lysholm score -- entire cohortentire cohort

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this  pic ture.

PLGAPLGA

PLGAPLGA--
TCPTCP

Repair of Porcine Articular Cartilage with a Repair of Porcine Articular Cartilage with a 
Biphasic Osteochondral CompositeBiphasic Osteochondral Composite
Jiang et al. Jiang et al. J Orthop Res 25: 1277J Orthop Res 25: 1277--1290 (2007)1290 (2007)

ExperimentalExperimental ControlControl
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3rd Generation ACI/ACT3rd Generation ACI/ACT

(A)(A)utologousutologous (I)(I)mplantationmplantation

(C)(C)ellell

(A)(A) llogeneicllogeneic (T)(T)ransplantationransplantation

STEM CELLS!!STEM CELLS!!

Adult Mesenchymal Stem CellsAdult Mesenchymal Stem Cells

Bone Cartilage Cardiac Stroma Tendon Adipose

•• Undifferentiated cells derived from various adult t issuesUndifferentiated cells derived from various adult t issues

•• Distinct from hematopoietic stem cellsDistinct from hematopoietic stem cells

•• Extended selfExtended self --renewal abilityrenewal ability

•• Immunomodulatory activitiesImmunomodulatory activities

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

(from Osiris Therapeutics)(from Osiris Therapeutics)

Tuan, Boland, &Tuan, Boland, &
Tuli (2002) Tuli (2002) Arthr. Res. Ther.Arthr. Res. Ther.
Chen et al. (2006) Chen et al. (2006) Nature Clin Pract.Nature Clin Pract.
Steinert et al. (2007) Steinert et al. (2007) Arthr. Res. Ther.Arthr. Res. Ther.
Noth et al. (2008) Nature Clin. Pract.Noth et al. (2008) Nature Clin. Pract.

Tissue Sources Tissue Sources 
of Multipotential of Multipotential 

Mesenchymal Mesenchymal 
Progenitor CellsProgenitor Cells

Additional sources:Additional sources:
Cord blood/umbilical cordCord blood/umbilical cord
Articular cartilageArticular cartilage
Ligament/tendonLigament/tendon
Placenta (WhartonPlacenta (Wharton ’’s Jelly)s Jelly)
Deciduous teeth/dental pulpDeciduous teeth/dental pulp
ThymusThymus
PancreasPancreas
TonsilTonsil

Cartilage Formation by Cartilage Formation by 
Human Mesenchymal Stem CellsHuman Mesenchymal Stem Cells

(in high density pellet culture (in high density pellet culture in vitroin vitro ))

Gene ExpressionGene Expression
HistologyHistology

AlcianAlcian --blue stained cartilaginous matrixblue stained cartilaginous matrix

Tissue Engineering ScaffoldTissue Engineering Scaffold

QuickTime™ and aTIFF (Uncompressed) decompressorare needed to see this picture.QuickTime™ and aTIFF (Uncompressed) decompressorare needed to see this picture.

QuickTime™ and aTIFF (Uncompressed) decompressorare needed to see this picture.Nanofibers: A hallmark of the extracellular Nanofibers: A hallmark of the extracellular 
matrix of connective tissues.matrix of connective tissues.

Preparation of Nanoscale Fibers  
Using Electrospinning Process

Preparation of Nanoscale Fibers  Preparation of Nanoscale Fibers  
Using Electrospinning ProcessUsing Electrospinning Process

Li + (2000/2001) JOR

Li + (2002) JBMR

Li + (2003) JBMR

Li + (2004) Biomaterials

Li + (2005) Macromolecules,       
J Biomed Nanotech

Li + (2006) Tissue Engineer    
Acta Biomater         
J Biomechan

Li + (2007) JOR, Acta Biomater, 
JOMS

Li + (2008) Tissue Engineer

Nesti + (2008) Tissue Engineer
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(2 patents pending)(2 patents pending)



Electrospun Electrospun 
nanofibersnanofibers

Electrospun Electrospun 
Nanofibers seededNanofibers seeded
With cellsWith cells

Seeded cells interact withSeeded cells interact with
Nanofibrous scaffoldNanofibrous scaffold

Red = actin
Green = tubulin
White = nanofibrous scaffold

Proliferation:Proliferation:
MSCs proliferate moreMSCs proliferate more
on nanofibers than onon nanofibers than on
MicrofibersMicrofibers(Li, 2005, 2006a,b, (Li, 2005, 2006a,b, 

2007a,b)2007a,b)

TissueTissue --Engineered Cartilage Using Nanofibrous Scaffold, Engineered Cartilage Using Nanofibrous Scaffold, 

Human Adult Stem Cells, TGFHuman Adult Stem Cells, TGF --bbbbbbbb, and Bioreactor, and Bioreactor

(Li 2007, 2008)(Li 2007, 2008)

Cartilage Repair Using Cartilage Repair Using 
NanofiberNanofiber --based Tissue Engineered Constructbased Tissue Engineered Construct

(mini(mini --pig model)pig model)

Human MSC + NFSHuman MSC + NFS Defect onlyDefect only

(In collaboration with CC Jiang, NTUH)(In collaboration with CC Jiang, NTUH)

(Li +, 2008)(Li +, 2008)

Hwang NS, Varghese S, Elisseeff J.Hwang NS, Varghese S, Elisseeff J.
Cartilage tissue engineering: Directed differentiat ion of embryoCartilage tissue engineering: Directed differentiat ion of embryo nic nic 
stem cells in threestem cells in three --dimensional hydrogel culture.dimensional hydrogel culture.
Methods Mol Biol.Methods Mol Biol. 2007;407:3512007;407:351 --73.73.

Hwang NS, Varghese S, Elisseeff J.Hwang NS, Varghese S, Elisseeff J.
Derivation of chondrogenicallyDerivation of chondrogenically --committed cells from human embryonic cells committed cells from human embryonic cells 
for cartilage tissue regeneration.for cartilage tissue regeneration.
PLoS ONE.PLoS ONE. 2008 Jun 25;3(6):e2498.  2008 Jun 25;3(6):e2498.  

(Oct3/4(Pou5f1), Sox2, c(Oct3/4(Pou5f1), Sox2, c --Myc, and Klf4)Myc, and Klf4)

(iPS cells)(iPS cells)

ESES--like phenotype; embryoid body formationlike phenotype; embryoid body formation

Chimeric integration; germChimeric integration; germ--line competence; teratomaline competence; teratoma

Expression of ESCExpression of ESC--specific genesspecific genes



Developmental Fate of a CellDevelopmental Fate of a Cell Can Reprogrammed iPS Cells be Used for Can Reprogrammed iPS Cells be Used for 
Cartilage Tissue Engineering?Cartilage Tissue Engineering?

-- blood cells, beta cells, hepatocytes, neurons blood cells, beta cells, hepatocytes, neurons 
reportedreported
-- how does one coerce iPS cells to undergo how does one coerce iPS cells to undergo 
specific chondrogenesis?specific chondrogenesis?
-- how stable is the iPS differented phenotype?how stable is the iPS differented phenotype?
-- how safe are iPS cells?how safe are iPS cells?
-- can iPS cells be used to study pathogenesis can iPS cells be used to study pathogenesis 
of arthritic diseases?of arthritic diseases?

What next?What next?

•• ProPro --inflammatory cytokines and engineered inflammatory cytokines and engineered 

tissue integrationtissue integration

•• Mechanical activation of tissueMechanical activation of tissue --engineered engineered 

constructsconstructs

•• Therapeutic applications of engineered Therapeutic applications of engineered 

tissue (delivery system tissue (delivery system -- biofactors and genes)biofactors and genes)

CELLCELL

MATRIXMATRIX ENVIRONMENTENVIRONMENT
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