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BIOMATERIALSBIOMATERIALS--TISSUETISSUE 
INTERACTIONSINTERACTIONS

Tissue* + Biomaterial**Tissue* + Biomaterial**

CellCell ++ Matrix**Matrix**

** Structure comprising cells of the same typeStructure comprising cells of the same type
**** Solid surfaceSolid surface
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In TissueIn Tissue
Cell +Cell + ExtracellularExtracellular MatrixMatrix 

In Tissue Engineering ScaffoldsIn Tissue Engineering Scaffolds
Cell + Biomaterial ScaffoldCell + Biomaterial Scaffold

CELLCELL--MATRIX INTERACTIONSMATRIX INTERACTIONS

CONCEPTS FOR UNDERSTANDINGCONCEPTS FOR UNDERSTANDING 
BIOMATERIALSBIOMATERIALS--TISSUE INTERACTIONSTISSUE INTERACTIONS

•• Control VolumeControl Volume
•• Unit Cell ProcessesUnit Cell Processes
•• Types of TissuesTypes of Tissues
•• Tissue Formation and RemodelingTissue Formation and Remodeling In VitroIn Vitro
•• Wound HealingWound Healing In VivoIn Vivo
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UNIT CELL PROCESSESUNIT CELL PROCESSES
Concept of a “Control Volume” around a CellConcept of a “Control Volume” around a Cell

CellCell ++ MatrixMatrix ProductProduct ++ SolubleSoluble
(Regulator)(Regulator) Regulator BRegulator B

““Control Volume”Control Volume”

SolubleSoluble
RegulatorRegulator
AA

UNIT CELL PROCESSESUNIT CELL PROCESSES
Concept of a “Control Volume” around a CellConcept of a “Control Volume” around a Cell

CellCell ++ MatrixMatrix ProductProduct ++ SolubleSoluble
(Regulator)(Regulator) Regulator BRegulator B

““Control Volume”Control Volume”

SolubleSoluble
RegulatorRegulator
AA

MechanicalMechanical
Loading (Strain)Loading (Strain)
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CONCEPTS FOR UNDERSTANDINGCONCEPTS FOR UNDERSTANDING 
BIOMATERIALSBIOMATERIALS--TISSUE INTERACTIONSTISSUE INTERACTIONS

•• Control VolumeControl Volume
•• Unit Cell ProcessesUnit Cell Processes
•• Types of TissuesTypes of Tissues
•• Tissue Formation and RemodelingTissue Formation and Remodeling In VitroIn Vitro
•• Wound HealingWound Healing In VivoIn Vivo

UNIT CELL PROCESSESUNIT CELL PROCESSES

•• MitosisMitosis
•• MigrationMigration
•• SynthesisSynthesis
•• ContractionContraction
•• EndocytosisEndocytosis
•• ExocytosisExocytosis
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500mm 

COLLAGEN-GAG MATRICES: MODEL BIOMATERIALS 
(ANALOGS OF EXTRACELLULAR MATRIX) 
Investigation of cell interactions (UCPs ) in vitro 

• Type I (bovine and porcine) 
• Type II (porcine) 
• Chondroitin 6-sulfate 

• Freeze -dried 
• Dehydrothermally cross-linked 
• Additional cross-linking 

IV Yannas, et al. PNAS, 1989 

Image removed due to 
copyright considerations. 

Image removed due to 
copyright considerations. 

CELLCELL ––MATRIX INTERACTIONS WITHMATRIX INTERACTIONS WITH 
COLLAGENCOLLAGEN--GAG MATRICESGAG MATRICES IN VITROIN VITRO

•• Can provide insights into interrelationshipsCan provide insights into interrelationships 
among cell processes.among cell processes.

–– How do mitosis and synthesis interrelate?How do mitosis and synthesis interrelate?
–– How do mitosis and synthesis relate toHow do mitosis and synthesis relate to 

contraction?contraction?
–– How does migration relate to contraction?How does migration relate to contraction?

•• Can provide insights into cell behaviorCan provide insights into cell behavior in vivo.in vivo.
•• Can provide insights into scaffold compositionCan provide insights into scaffold composition 

and structure for improved performance inand structure for improved performance in 
regenerative medicine.regenerative medicine.
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Chondrocytes (Passage 2 Canine) in a 
Type I Collagen-GAG Matrix 

J. Cheng 

Live cell imaging 
for a period of 5 
hours. 

Image removed due to 
copyright considerations. 

CELLCELL ––MATRIX INTERACTIONSMATRIX INTERACTIONS

•• MitosisMitosis
•• MigrationMigration
•• SynthesisSynthesis
•• ContractionContraction
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DNA Content

Chondrocyte (P2 Canine) in a Type I Collagen-GAG Matrix: 
Mitosis 

J. Cheng 
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Effects of CrossEffects of Cross--Linking on Chondrocyte ProliferationLinking on Chondrocyte Proliferation 
in Collagenin Collagen--GAG MatricesGAG Matrices
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CELLCELL ––MATRIX INTERACTIONSMATRIX INTERACTIONS

•• MitosisMitosis
•• MigrationMigration
•• SynthesisSynthesis
•• ContractionContraction

40min Chondrocytes (P2 Canine) in a Type I Collagen ­
GAG Matrix: Migration and Contraction 

B. Kinner 
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CELLCELL ––MATRIX INTERACTIONSMATRIX INTERACTIONS

•• MitosisMitosis
•• MigrationMigration
•• SynthesisSynthesis
•• ContractionContraction

Protein Synthesis;Protein Synthesis;
ProlineProline IncorporationIncorporation
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CELLCELL ––MATRIX INTERACTIONSMATRIX INTERACTIONS

•• MitosisMitosis
•• MigrationMigration
•• SynthesisSynthesis
•• ContractionContraction

Chondrocytes (P2 Canine) in a Type I 

Collagen-GAG Matrix: Contraction


Image removed due to 
copyright considerations. 

40 min 
B Kinner 
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Cell-Mediated Contraction

21 days 
S. Vickers 

Image removed due to 
copyright considerations. 

Image removed due to 
copyright considerations. 

Image removed due to 
copyright considerations. 

Non-Seeded: 8 days Cell-Seeded: 8 days 

Non-Seeded and Cell-Seeded 
Collagen-GAG Scaffolds 
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Adult canine articular chondrocytes (passage 3) contract a type I 
-GAG matrix, reflected in the decrease in diameter 
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Human Articular Chondrocytes in Monolayer Culture 
IH - Green: a -smooth muscle actin; Orange: type II collagen 

Image removed due to 
copyright considerations. 

Chondrocytes 

express the gene 

for a -smooth 

muscle actin and 

this enables them 

to contract


B. Kinner, et al. JOR 2001;19:233 

a-Smooth Muscle Actin Immunohistochemistry 
of Human Articular Cartilage 

Image removed due to 
copyright considerations. 

Kim and Spector, JOR 2000;18:749 
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MUSCULOSKELETAL CELLS THAT CAN EXPRESSMUSCULOSKELETAL CELLS THAT CAN EXPRESS 
aa--SMOOTH MUSCLE ACTIN AND CAN CONTRACTSMOOTH MUSCLE ACTIN AND CAN CONTRACT

•• ArticularArticular chondrocytechondrocyte
•• OsteoblastOsteoblast
•• Meniscus fibroblast andMeniscus fibroblast and fibrochondrocytefibrochondrocyte
•• IntervertebralIntervertebral disc fibroblast anddisc fibroblast and 

fibrochondrocytefibrochondrocyte
•• Ligament fibroblastLigament fibroblast
•• Tendon fibroblastTendon fibroblast
•• Synovial cellSynovial cell
•• Mesenchymal stem cellMesenchymal stem cell M. Spector,M. Spector,

Wound RepairWound Repair RegenRegen..
9:119:11--18 (2001)18 (2001)

POSSIBLE ROLES FORPOSSIBLE ROLES FOR aa--SMOOTH MUSCLESMOOTH MUSCLE 
ACTINACTIN--ENABLED CONTRACTIONENABLED CONTRACTION

Musculoskeletal Connective Tissue CellsMusculoskeletal Connective Tissue Cells
•• Tissue engineeringTissue engineering Contracture of scaffoldsContracture of scaffolds
•• HealingHealing Closure of woundsClosure of wounds 

(skin wounds and bone fractures)(skin wounds and bone fractures)
•• Disease processesDisease processes Contracture (Contracture (Dupuytren’sDupuytren’s))
•• Tissue formationTissue formation Modeling of ECM architectureModeling of ECM architecture

and remodelingand remodeling ((e.g.,e.g., crimp in ligament/tendon?)crimp in ligament/tendon?)
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CONCEPTS FOR UNDERSTANDINGCONCEPTS FOR UNDERSTANDING 
BIOMATERIALSBIOMATERIALS--TISSUE INTERACTIONSTISSUE INTERACTIONS

•• Control VolumeControl Volume
•• Unit Cell ProcessesUnit Cell Processes
•• Types of TissuesTypes of Tissues
•• Tissue Formation and RemodelingTissue Formation and Remodeling In VitroIn Vitro
•• Wound HealingWound Healing In VivoIn Vivo

TYPES OF TISSUESTYPES OF TISSUES
Which Tissues Can Regenerate Spontaneously?Which Tissues Can Regenerate Spontaneously?

vv•• Articular Cartilage,Articular Cartilage, 
Ligament, IntervertebralLigament, Intervertebral 
Disc, OthersDisc, Others

vvNerveNerve

vv•• SmoothSmooth

vv•• Cardiac, SkeletalCardiac, Skeletal

MuscleMuscle

vvEpithelia (e.g., epidermis)Epithelia (e.g., epidermis)

vv•• BoneBone

Connective TissuesConnective Tissues

NoNoYesYes
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CellCell + Matrix+ Matrix
ConnectiveConnective

TissueTissue
EpitheliaEpithelia
MuscleMuscle
NerveNerve

BIOMATERIALSBIOMATERIALS--TISSUETISSUE 
INTERACTIONSINTERACTIONS

UNIT CELL PROCESSESUNIT CELL PROCESSES
Concept of a “Control Volume” around a CellConcept of a “Control Volume” around a Cell

CellCell ++ MatrixMatrix ProductProduct ++ SolubleSoluble
(Regulator)(Regulator) Regulator BRegulator B

““Control Volume”Control Volume”

SolubleSoluble
RegulatorRegulator
AA

MechanicalMechanical
Loading (Strain)Loading (Strain)
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Cell +Cell + MatrixMatrix
ConnectiveConnective

TissueTissue
EpitheliaEpithelia
MuscleMuscle
NerveNerve

AdhesionAdhesion
ProteinProtein

CollagenCollagen
BiomaterialBiomaterial

BIOMATERIALSBIOMATERIALS--TISSUETISSUE 
INTERACTIONSINTERACTIONS

BIOMATERIALSBIOMATERIALS--TISSUETISSUE 
INTERACTIONSINTERACTIONS

CellCell ++ MatrixMatrix
ConnectiveConnective

TissueTissue
EpitheliaEpithelia
MuscleMuscle
NerveNerve

AdhesionAdhesion
ProteinProtein

CollagenCollagen
BiomaterialBiomaterial

IntegrinIntegrin
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““UNIT CELL PROCESSES”UNIT CELL PROCESSES”

Cell + MatrixCell + Matrix
MitosisMitosis
SynthesisSynthesis
MigrationMigration
ContractionContraction
EndocytosisEndocytosis
ExocytosisExocytosis

UCPUCP

ConnectiveConnective
TissueTissue

EpitheliaEpithelia
MuscleMuscle
NerveNerve

““UNIT CELL PROCESSES”UNIT CELL PROCESSES”

Cell + MatrixCell + Matrix ProductProduct 
MitosisMitosis Cell proliferationCell proliferation
SynthesisSynthesis Matrix molecules,Matrix molecules, 

enzymes, cytokinesenzymes, cytokines
MigrationMigration TranslocationTranslocation
ContractionContraction StrainStrain
EndocytosisEndocytosis SolubilizedSolubilized 

fragmentsfragments
ExocytosisExocytosis RegulatorsRegulators

UCPUCP

ConnectiveConnective
TissueTissue

EpitheliaEpithelia
MuscleMuscle
NerveNerve
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““UNIT CELL PROCESSES”UNIT CELL PROCESSES”

Cell + MatrixCell + Matrix Product +Product + RegulatorRegulator

RegulatorRegulator

MitosisMitosis
SynthesisSynthesis
MigrationMigration
ContractionContraction
EndocytosisEndocytosis
ExocytosisExocytosis

UCPUCP

ConnectiveConnective
TissueTissue

EpitheliaEpithelia
MuscleMuscle
NerveNerve

CytokinesCytokines
(Growth Factors)(Growth Factors)

““UNIT CELL PROCESSES”UNIT CELL PROCESSES”

Cell + MatrixCell + Matrix Product + RegulatorProduct + Regulator

RegulatorRegulator

MitosisMitosis
SynthesisSynthesis
MigrationMigration
ContractionContraction
EndocytosisEndocytosis
ExocytosisExocytosis

UCPUCP

ConnectiveConnective
TissueTissue

EpitheliaEpithelia
MuscleMuscle
NerveNerve

AdhesionAdhesion
ProteinProtein

CollagenCollagen
BiomaterialBiomaterial

CytokinesCytokines
(Growth Factors)(Growth Factors)

IntegrinIntegrin

Mechanical Force (Strain)Mechanical Force (Strain)
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““UNIT CELL PROCESSES”UNIT CELL PROCESSES”

Cell + MatrixCell + Matrix Product + RegulatorProduct + Regulator

RegulatorRegulator

MitosisMitosis
SynthesisSynthesis
MigrationMigration
ContractionContraction
EndocytosisEndocytosis
ExocytosisExocytosis

UCPUCP

ConnectiveConnective
TissueTissue

EpitheliaEpithelia
MuscleMuscle
NerveNerve

AdhesionAdhesion
ProteinProtein

CollagenCollagen
BiomaterialBiomaterial

CytokinesCytokines
(Growth Factors)(Growth Factors)

IntegrinIntegrin

Mechanical Force (Strain)Mechanical Force (Strain)

““UNIT CELL PROCESSES”UNIT CELL PROCESSES”

Cell + MatrixCell + Matrix Product + RegulatorProduct + Regulator

RegulatorRegulator (TGF(TGF--bb 1)1)

MitosisMitosis
SynthesisSynthesis
MigrationMigration
ContractionContraction
EndocytosisEndocytosis
ExocytosisExocytosis

UCPUCP

ConnectiveConnective
TissueTissue

EpitheliaEpithelia
MuscleMuscle
NerveNerve

AdhesionAdhesion
ProteinProtein

CollagenCollagen
BiomaterialBiomaterial

CytokinesCytokines
(Growth Factors)(Growth Factors)

IntegrinIntegrin

Matrix strainMatrix strain
(contracture/(contracture/
shrinkage)shrinkage)
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““UNIT CELL PROCESSES”UNIT CELL PROCESSES”

Fibroblast + Collagen Contracture + Reg.Fibroblast + Collagen Contracture + Reg.

TGFTGF--bb 11

ContractionContraction

CONCEPTS FOR UNDERSTANDINGCONCEPTS FOR UNDERSTANDING 
BIOMATERIALSBIOMATERIALS--TISSUE INTERACTIONSTISSUE INTERACTIONS

•• Control VolumeControl Volume
•• Unit Cell ProcessesUnit Cell Processes
•• Types of TissuesTypes of Tissues
•• Tissue Formation and RemodelingTissue Formation and Remodeling In VitroIn Vitro
•• Wound HealingWound Healing In VivoIn Vivo
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TISSUE FORMATION-FGF-2 
AND REMODELING 

Image removed due to IN VITRO 
copyright considerations. 

+FGF-2 
Canine chondrocytes grown in 
a type II collagen-GAG Image removed due to 
scaffold for 2 weeks. copyright considerations. 
(Safranin O stain for GAGs ) 

N. Veilleux 

CONCEPTS FOR UNDERSTANDINGCONCEPTS FOR UNDERSTANDING 
BIOMATERIALSBIOMATERIALS--TISSUE INTERACTIONSTISSUE INTERACTIONS

•• Control VolumeControl Volume
•• Unit Cell ProcessesUnit Cell Processes
•• Types of TissuesTypes of Tissues
•• Tissue Formation and RemodelingTissue Formation and Remodeling In VitroIn Vitro
•• Wound HealingWound Healing In VivoIn Vivo
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WOUND HEALINGWOUND HEALING
Roots of Tissue EngineeringRoots of Tissue Engineering 

InjuryInjury

InflammationInflammation
(Vascularized tissue)(Vascularized tissue)

ReparativeReparative
ProcessProcess

Regeneration*Regeneration* Repair (Scar)Repair (Scar)
CT: boneCT: bone CT: cartilageCT: cartilage

EpEp: epidermis: epidermis NerveNerve 
Muscle: smoothMuscle: smooth Muscle: cardiac,Muscle: cardiac, skelskel..

4 Tissue Categories4 Tissue Categories
Connective TissueConnective Tissue

EpitheliumEpithelium
NerveNerve
MuscleMuscle

*spontaneous*spontaneous

RESPONSE TO IMPLANTS:RESPONSE TO IMPLANTS:
WOUND HEALINGWOUND HEALING

Surgical ImplantationSurgical Implantation

Vascular ResponseVascular Response
ClottingClotting

PhagocytosisPhagocytosis
NeovascularizationNeovascularization

New Collagen SynthesisNew Collagen Synthesis

Tissue of Labile and Stable CellsTissue of Labile and Stable Cells Tissue of Permanent CellsTissue of Permanent Cells

FrameworkFramework FrameworkFramework ScarringScarring
IntactIntact DestroyedDestroyed (fibrous encapsulation;(fibrous encapsulation;

synovium)synovium)
RegenRegen.. ScarringScarring Chronic InflammationChronic Inflammation

((incorpincorp.. (fibrous encapsulation;(fibrous encapsulation;
of implant)of implant) synovium)synovium)

Chronic InflammationChronic Inflammation

AcuteAcute 
InflammationInflammation GranulationGranulation

TissueTissue

Implant MovementImplant Movement
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