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CONCEPTS FOR UNDERSTANDING CONCEPTS FOR UNDERSTANDING 
BIOMATERIALSBIOMATERIALS--TISSUE INTERACTIONSTISSUE INTERACTIONS

•• Control VolumeControl Volume
•• Unit Cell ProcessesUnit Cell Processes
•• Types of TissuesTypes of Tissues
•• Tissue Formation and Remodeling Tissue Formation and Remodeling In VitroIn Vitro
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Chondrocytes (P2 Canine) in a 
Type I Collagen-GAG Scaffold
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“Control Volume”
Source: B. Kinner
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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
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• Freeze-dried
• Dehydrothermally cross-linked
• Additional cross-linking

500µm

IV Yannas, et al. PNAS, 1989



CELL CELL ––MATRIX INTERACTIONS WITH MATRIX INTERACTIONS WITH 
COLLAGENCOLLAGEN--GAG MATRICES GAG MATRICES IN VITROIN VITRO

•• Can provide insights into interrelationships Can 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 to How 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 behavior Can provide insights into cell behavior in vivo.in vivo.
•• Can serve as a model in which to investigate Can serve as a model in which to investigate 

the effects of exogenous forces on cells and the the effects of exogenous forces on cells and the 
contractile behavior of cells (contractile behavior of cells (i.ei.e., generating ., generating 
endogenous force).endogenous force).



Chondrocytes (Passage 2 Canine) in a 
Type I Collagen-GAG Matrix
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Chondrocyte (P2 Canine) in a Type I Collagen-GAG Matrix:
Mitosis
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Chondrocytes (P2 Canine) in a Type I Collagen-
GAG Matrix: Migration and Contraction
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B. Kinner, in JM Zaleskas
Biomat. 2004;25:1299



Image removed for copyright reasons.
See Figure 6 in Mitchison and Cramer. “Actin-Based Cell Motility 
and Cell Locomotion.” Cell 84:371 (1996)

Two Models for Generation of Traction Force Using Myosin II Activity 
In the contraction model (A), myosin pulling on filaments of opposite polarity creates a 
cortical tension that pulls the cell equally in all directions. This contraction can be 
converted into movement by combining it with preferential assembly of the cortex at 
the front of the cell and disassembly at the back, and/or by regulating the relative 
strength of adhesive contacts to the substratum at the front and back. In the transport 
model (B), myosin activity pulls the body of the cell over an oriented track of actin 
filaments attached to the substratum. 
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Chondrocytes (P2 Canine) in a Type I 
Collagen-GAG Matrix: Contraction

Photo removed for 
copyright reasons.

Photo removed for 
copyright reasons.

40 min 300 min

B. Kinner, in JM Zaleskas
Biomat. 2004;25:1299



Non-Seeded: 8 days Cell-Seeded: 8 days
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10mm

21 days

Non-Seeded and Cell-Seeded
Collagen-GAG Scaffolds Photo removed for 

copyright reasons.

S. Vickers



Human Articular Chondrocytes in Monolayer Culture
IH - Green: α-smooth muscle actin; Orange: type II collagen 
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Chondrocytes 
express the gene 
for α-smooth 
muscle actin and 
this enables them 
to contract

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



α-Smooth Muscle Actin Immunohistochemistry 
of Human Articular Cartilage
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Neg. control

Kim and Spector, JOR 2000;18:749



MUSCULOSKELETAL CELLS THAT CAN EXPRESS MUSCULOSKELETAL CELLS THAT CAN EXPRESS 
αα--SMOOTH MUSCLE ACTIN AND CAN CONTRACTSMOOTH MUSCLE ACTIN AND CAN CONTRACT

•• Articular chondrocyteArticular chondrocyte
•• OsteoblastOsteoblast
•• Meniscus fibroblast and Meniscus fibroblast and fibrochondrocytefibrochondrocyte
•• Intervertebral disc fibroblast and Intervertebral disc fibroblast and 

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

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



POSSIBLE ROLES FOR POSSIBLE ROLES FOR αα--SMOOTH MUSCLE SMOOTH MUSCLE 
ACTINACTIN--ENABLED CONTRACTIONENABLED CONTRACTION

Musculoskeletal Connective Tissue CellsMusculoskeletal Connective Tissue Cells
•• Tissue engineeringTissue engineering Contracture of scaffoldsContracture of scaffolds
•• HealingHealing Closure of wounds                Closure 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 architecture   Modeling of ECM architecture   

and remodelingand remodeling ((e.g., e.g., crimp in ligament/tendon?)crimp in ligament/tendon?)
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TYPES OF TISSUESTYPES OF TISSUES
Which Tissues Can Regenerate Spontaneously?Which Tissues Can Regenerate Spontaneously?

YesYes NoNo

Connective TissuesConnective Tissues

•• BoneBone √√
•• Articular Cartilage, Articular Cartilage, 

Ligament, Intervertebral Ligament, Intervertebral 
Disc, OthersDisc, Others

√√

Epithelia (e.g., epidermis)Epithelia (e.g., epidermis) √√
MuscleMuscle

•• Cardiac, SkeletalCardiac, Skeletal √√
•• SmoothSmooth √√

NerveNerve √√



BIOMATERIALSBIOMATERIALS--TISSUE TISSUE 
INTERACTIONSINTERACTIONS
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ConnectiveConnective
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Fibroblast  +  Collagen          Contracture  + Reg.Fibroblast  +  Collagen          Contracture  + Reg.

TGFTGF--ββ11

ContractionContraction
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-FGF-2
TISSUE FORMATION 
AND REMODELING 

IN VITRO
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+FGF-2

Canine chondrocytes grown in 
a type II collagen-GAG 
scaffold for 2 weeks.
(Safranin O stain for GAGs)
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N. Veilleux
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Osteoblast +  ECM              Less ECM + RegOsteoblast +  ECM              Less ECM + Reg. (?). (?)

((--)Synthesis:)Synthesis:
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((--) MF) MF

Osteoblast +  ECM            More ECM + RegOsteoblast +  ECM            More ECM + Reg. (?). (?)

(+)Synthesis:(+)Synthesis:
collagencollagen

(+) MF(+) MF
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