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ELEMENTS FOR TISSUEELEMENTS FOR TISSUE 
ENGINEERINGENGINEERING

Tissue Engineering Triad*Tissue Engineering Triad*
•• MATRIX (SCAFFOLD)MATRIX (SCAFFOLD)

–– Porous, absorbable biomaterialsPorous, absorbable biomaterials
–– Can serve to regulate cell function prior to isCan serve to regulate cell function prior to is

its absorptionits absorption
•• CELLSCELLS
•• REGULATORSREGULATORS 

–– Chemical:Chemical: e.ge.g., cytokines (growth factors)., cytokines (growth factors)
–– Mechanical:Mechanical: e.ge.g., mechanical loading., mechanical loading andand 

flow conditionsflow conditions in vitroin vitro (bioreactors)(bioreactors)

** Used individually or in combination, but often withUsed individually or in combination, but often with 
a matrix (a matrix (i.ei.e., with a biomaterial)., with a biomaterial)



TISSUE ENGINEERINGTISSUE ENGINEERING

Issues to be AddressedIssues to be Addressed
•• Should the tissue be producedShould the tissue be produced in vitro,in vitro, for subsequentfor subsequent

implantation, orimplantation, or in vivoin vivo??
•• What scaffold should be used?What scaffold should be used?

–– Material of fabrication, pore characteristics, absorbability,Material of fabrication, pore characteristics, absorbability,
mechanical properties?mechanical properties?

–– How to be manufactured?How to be manufactured?
•• What cells are to be used?What cells are to be used?

–– Source of cells?Source of cells?
–– Under what conditions can cells be expanded in numberUnder what conditions can cells be expanded in number in vitroin vitro

while retaining their phenotype?while retaining their phenotype?
•• What regulators are required to stimulate cellWhat regulators are required to stimulate cell

proliferation and matrix synthesis or to facilitateproliferation and matrix synthesis or to facilitate
differentiation of stem cells?differentiation of stem cells?



TISSUE ENGINEERING VS.TISSUE ENGINEERING VS. 
REGENERATIVE MEDICINE*REGENERATIVE MEDICINE*

TISSUE ENGINEERINGTISSUE ENGINEERING
RegenerationRegeneration In VitroIn Vitro

Produce the fully formedProduce the fully formed
tissuetissue in vitroin vitro by seedingby seeding
cells into a biomaterialcells into a biomaterial 
matrix, and thenmatrix, and then 
implant the regeneratedimplant the regenerated
tissue into the body.tissue into the body.

REGENERATIVE MED.REGENERATIVE MED.
RegenerationRegeneration In VivoIn Vivo

Implant the biomaterialImplant the biomaterial
matrix with, or withoutmatrix with, or without 
seeded cells, into the bodyseeded cells, into the body
to facilitate regenerationto facilitate regeneration
of the tissueof the tissue in vivoin vivo.. 



TISSUE ENGINEERING VS.TISSUE ENGINEERING VS. 
REGENERATIVE MEDICINEREGENERATIVE MEDICINE

TISSUE ENGINEERINGTISSUE ENGINEERING
RegenerationRegeneration In VitroIn Vitro

AdvantagesAdvantages
•• Evaluation of tissueEvaluation of tissue 

prior to implantationprior to implantation
DisadvantagesDisadvantages
•• For incorporation, mustFor incorporation, must

be remodelingbe remodeling
•• StressStress--inducedinduced 

architecture cannot yetarchitecture cannot yet
be producedbe produced in vitroin vitro

REGENERATIVE MED.REGENERATIVE MED.
RegenerationRegeneration In VivoIn Vivo

AdvantagesAdvantages
•• Incorporation andIncorporation and 

formation under theformation under the 
influence of endogenousinfluence of endogenous 
regulators (includingregulators (including 
mechanical strains)mechanical strains)

DisadvantagesDisadvantages
•• Dislodgment andDislodgment and degraddegrad.. 

by mech. stressesby mech. stresses in vivoin vivo



TISSUE ENGINEERING/REGEN. MED.TISSUE ENGINEERING/REGEN. MED.
Historical Perspective; Selected MilestonesHistorical Perspective; Selected Milestones
19801980 YannasYannas: Collagen: Collagen--GAG matrix for dermalGAG matrix for dermal 

regeneration (regeneration (““artificial skinartificial skin””); Integra); Integra
19841984 WolterWolter/Meyer/Meyer: 1st use of the term, TE;: 1st use of the term, TE; endothelendothel..--

like layer on PMMA in the eyelike layer on PMMA in the eye
19911991 Cima/Vacanti/LangerCima/Vacanti/Langer: Chondrocytes in a PGA: Chondrocytes in a PGA 

scaffold; the ear on the nude mousescaffold; the ear on the nude mouse
19931993 Langer/VacantiLanger/Vacanti: Science paper on TE; cells in: Science paper on TE; cells in 

matrices for tissue formationmatrices for tissue formation in vitro;in vitro; PGAPGA
19941994 Brittberg/PetersonBrittberg/Peterson: NEJM paper on human: NEJM paper on human 

autologous chondrocyte implantation; Carticelautologous chondrocyte implantation; Carticel



Which Tissues Can Regenerate Spontaneously?Which Tissues Can Regenerate Spontaneously?

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

√√NerveNerve
√√•• SmoothSmooth

√√•• Cardiac, SkeletalCardiac, Skeletal
MuscleMuscle

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

√√•• BoneBone
Connective TissuesConnective Tissues

NoNoYesYes



FACTORS THAT CAN PREVENTFACTORS THAT CAN PREVENT 
REGENERATIONREGENERATION

•• Limited vascular invasion of large defectsLimited vascular invasion of large defects
–– e.ge.g., bone does not regenerate in the central portion of., bone does not regenerate in the central portion of 

large defectslarge defects

•• Collapse of surrounding tissue into the defectCollapse of surrounding tissue into the defect 
–– e.ge.g., periodontal defects., periodontal defects

•• Excessive mechanical strains in the reparativeExcessive mechanical strains in the reparative 
tissuetissue

–– e.ge.g., unstable fractures., unstable fractures



FACTORS THAT CAN PREVENTFACTORS THAT CAN PREVENT 
REGENERATIONREGENERATION

•• Limited vascular invasion of large defectsLimited vascular invasion of large defects
–– e.ge.g., bone does not regenerate in the central portion of., bone does not regenerate in the central portion of 

large defectslarge defects

•• Collapse of surrounding tissue into the defectCollapse of surrounding tissue into the defect 
–– e.ge.g., periodontal defects., periodontal defects

•• Excessive mechanical strains in the reparativeExcessive mechanical strains in the reparative 
tissuetissue

–– e.ge.g., unstable fractures., unstable fractures



ELEMENTS OF TISSUE ENGINEERING/ELEMENTS OF TISSUE ENGINEERING/ 
REGENERATIVE MEDICINEREGENERATIVE MEDICINE

•• MATRIX (SCAFFOLD)MATRIX (SCAFFOLD)
–– Porous, absorbable synthetic (Porous, absorbable synthetic (e.ge.g., polyglycolic., polyglycolic 

acid) and natural (acid) and natural (e.ge.g., collagen) biomaterials., collagen) biomaterials
•• CELLS (Autologous or Allogeneic)CELLS (Autologous or Allogeneic)

–– Differentiated cells of same type as tissueDifferentiated cells of same type as tissue
–– Stem cells (Stem cells (e.ge.g., bone marrow., bone marrow--derived)derived) 
–– Other cell types (Other cell types (e.ge.g., dermal cells)., dermal cells)

•• REGULATORSREGULATORS
–– Growth factors or their genesGrowth factors or their genes
–– Mechanical loadingMechanical loading
–– Static versus dynamic culture (Static versus dynamic culture (““bioreactorbioreactor””))



CELLCELL--MATRIX INTERACTIONSMATRIX INTERACTIONS 
REQUIRED FOR TISSUE ENGINEERINGREQUIRED FOR TISSUE ENGINEERING

++
++
++
++
++

Contract.Contract.44

??
??
??
--
++

SynthesisSynthesis33

??
??
++
--
++

MigrationMigration22

++Ligament/TendonLigament/Tendon

??MeniscusMeniscus
??Intervertebral DiscIntervertebral Disc

--Articular CartilageArticular Cartilage
++BoneBone

MitosisMitosis11
Connective TissuesConnective Tissues
(Musculoskeletal)(Musculoskeletal)

11 Inadequate mitosis requires exogenousInadequate mitosis requires exogenous cellscells..
22 Inadequate migration may require aInadequate migration may require a scaffoldscaffold..
33 Inadequate biosynthesis requireInadequate biosynthesis require growth factorsgrowth factors or theiror their genes.genes.
44 Contraction ?Contraction ?



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


