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TISSUE ENGINEERINGTISSUE ENGINEERING
I. OverviewI. Overview

M. SpectoM. Spectorr, Ph.D., Ph.D.

TISSUETISSUE

•• TissueTissue is a biologicalis a biological strucstructure made up of cellsture made up of cells 
of the same type.of the same type.
–– Cells of the same phenotype (Cells of the same phenotype (i.i.ee., same genes., same genes 

expressed).expressed).
–– An aggregation of morpholAn aggregation of morphologically similar cells andogically similar cells and 

associassociated extated extrracelacellluullaar mr maatrix acting together totrix acting together to 
perform one or moperform one or more sre sppecifiecific functions in the body.c functions in the body.
–– There are four basic tyThere are four basic types of tissue: muscle, nerve,pes of tissue: muscle, nerve, 

epithelia, aepithelia, and connective.nd connective. 
–– AnAn organorgan isis a structure made up of 2 or more tissues.a structure made up of 2 or more tissues.
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TISSUE FORMATION PROCESSESTISSUE FORMATION PROCESSES

••
••

••
••

Embryonic tissuEmbryonic tissue fe foormrmatationion
Tissue growth and develTissue growth and develoopmenpment (t (ffetetal anal and
postnatal)postnatal) 
RemodRemodeelliing (degradng (degradatiatioonn--foforrmmaattioion)n)
Healing (repHealing (repair versus regeneratiair versus regeneration)on)
––Repair: defect in thRepair: defect in the tissue fills we tissue fills wiithth ““scarscar”

(generally fibrous tissue)(generally fibrous tissue)
––Regeneration: defect fills wRegeneration: defect fills wiith tissue that isth tissue that is 

indistinguishable from the original tissueindistinguishable from the original tissue
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TISSUE FORMATION PROCESSESTISSUE FORMATION PROCESSES

ReResposponnsese toto PermanenPermanentt andand AbsorbableAbsorbable
ImplantsImplants

•• Tissue formation in the gap* betweenTissue formation in the gap* between 
the implant and surrounding host tissuethe implant and surrounding host tissue
•• Tissue formation in pores of porousTissue formation in pores of porous 

implantimplant

* Gaps could be on the micrometer length scale* Gaps could be on the micrometer length scale

TISSUE FORMATION PROCESSESTISSUE FORMATION PROCESSES

Questions Regarding the Response toQuestions Regarding the Response to
PermanentPermanent andand AbAbsorbablesorbable ImplantsImplants

•• What tissue is desired in and around theWhat tissue is desired in and around the 
implant: scar or the original host tissue?implant: scar or the original host tissue?

•• What strategy to employ for regeneratWhat strategy to employ for regeneratiion?*on?*
–– recaprecapiitulatulate embryonic conditions: wte embryonic conditions: wiith embryonicth embryonic

cells and/or embryonic extracells and/or embryonic extraccellulaellular matrixr matrix 
moleculesmolecules
–– provide conprovide condditions (cells and matrix) that favoritions (cells and matrix) that favor

tissue fotissue formation in the adultrmation in the adult 

** ““Tissue engineeringTissue engineering”” andand ““regenerativregenerativee medmediicinecine””
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TISSUE ENGINEERINGTISSUE ENGINEERING

••

••

••

••

What is tissue engineering?What is tissue engineering?
Production of tissueProduction of tissue in vitroin vitro by groby growwinging cellscells 
in porous, absorbable scaffolds (matrices).in porous, absorbable scaffolds (matrices).

Why is tissue engineering necessary?Why is tissue engineering necessary?
Most tissues cannot regenerate whMost tissues cannot regenerate whenen 
injured or diseased.injured or diseased.
Even tissues that can regenerateEven tissues that can regenerate
spontaneously may not completely do so inspontaneously may not completely do so in
large defects (large defects (e.ge.g., bone).., bone).
ReplacemReplacement of tissue withent of tissue with ppermanenermanent
implants is greatly limited.implants is greatly limited.

TISSUE ENGINEERINGTISSUE ENGINEERING

••

••

••

Problems witProblems withh Tissue EngineeringTissue Engineering
Most tissues cannot yet be produced byMost tissues cannot yet be produced by
tissue engineering (tissue engineering (i.ei.e.,., in vitroin vitro).).
Implantation of tissues producedImplantation of tissues produced in vitroin vitro
may not remodelmay not remodel inin vivovivo and may notand may not
become integrated wbecome integrated wiith (bonded to) hostth (bonded to) host
tissue in the body.tissue in the body.

SolutionSolution
Use of implants to facilitate formationUse of implants to facilitate formation
(regeneration) of tissue(regeneration) of tissue in vivo.in vivo.
–– ““Regenerative MedRegenerative Medicineicine””
–– ScaffoldScaffold--based regenerative medicinebased regenerative medicine
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TISSUE ENGINEERING VS.TISSUE ENGINEERING VS. 
REGENERATIVE MEDICINEREGENERATIVE MEDICINE

TISSUE ENGITISSUE ENGINEERINGNEERING
RegenerationRegeneration In VitroIn Vitro

Produce tProduce thhe fully formee fully formed
tissuetissue in vitroin vitro by seedingby seeding
cells into a biomaterialcells into a biomaterial 
matrix, and thenmatrix, and then 
implant timplant thhe regeneratede regenerated
tissue into the body.tissue into the body.

REGENERATIVE MED.REGENERATIVE MED.
RegenerationRegeneration In VivoIn Vivo

Implant the biomaterialImplant the biomaterial
matrix wmatrix wiith, or wth, or wiithoutthout 
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 ENGITISSUE ENGINEERINGNEERING
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
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TISSUE ENGINEERING/REGEN. MED.TISSUE ENGINEERING/REGEN. MED.
Historical Perspective; Selected MilestonesHistorical Perspective; Selected Milestones

19801980 YannasYannas: Collagen: Collagen--GAGGAG matmatrrix for dermalix for dermal 
regeneration (regeneration (““artificial skartificial skinin””); Integra); Integra

19841984 WolterWolter/Meyer/Meyer: 1st use of the term, TE;: 1st use of the term, TE; endothelendothel..--
liklike layer on PMMA in the eyee 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 pap: Science paper on TE;er on TE; cells incells in 
matrices fmatrices foor tissue formationr tissue formation in vitro;in vitro; PGAPGA

19941994 Brittberg/PetersonBrittberg/Peterson: NEJM paper on human: NEJM paper on human 
autologous chondrocyte implantation;autologous chondrocyte implantation; CarticelCarticel

TISSUE ENGINEERINGTISSUE ENGINEERING
Current StatusCurrent Status

••

••

••

No one has yet employed Tissue EngineeringNo one has yet employed Tissue Engineering 
methods to fully regenerate any tissue that doesmethods to fully regenerate any tissue that does 
not have the capability for spontaneousnot have the capability for spontaneous 
regeneration*.regeneration*.
Experience has taught us that full regenerationExperience has taught us that full regeneration 
may not be necessary to achieve a meaningfulmay not be necessary to achieve a meaningful 
clinical result (clinical result (e.ge.g., pain relief, recovery of., pain relief, recovery of 
function, esthetics)function, esthetics)
HoHow close to regeneration is good enough?w close to regeneration is good enough?

* Many examples of bone regeneration* Many examples of bone regeneration
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Which Tissues Can Regenerate?Which Tissues Can Regenerate?

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

√√NerveNerve
√√•• SmoothSmooth

√√•• Cardiac, SkeletalCardiac, Skeletal
MuscleMuscle

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

√√•• BoneBone
Connective TissuesConnective Tissues

NoNoYes*Yes*

* If defects are large, regeneration may not be complete.* If defects are large, regeneration may not be complete.

FACTORS THAT CAN PREVENTFACTORS THAT CAN PREVENT 
REGENERATIONREGENERATION

••

••

••

Size of dSize of deefectfect
–– e.ge.g., bone does not regenera., bone does not regenerate in large defectste in large defects

Collapse of surrounding tissue into theCollapse of surrounding tissue into the 
defectdefect 
–– e.ge.g., periodontal defects., periodontal defects

Excessive strains in the reparative tissueExcessive strains in the reparative tissue
–– e.ge.g., u., unnstable fractustable fracturesres
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ELEMENTS OF TISSUE ENGINEERING/ELEMENTS OF TISSUE ENGINEERING/ 
REGENERATIVE MEDICINEREGENERATIVE MEDICINE

•• MATRIMATRIXX (SCAFFOLD)(SCAFFOLD)
––Porous, absorbablePorous, absorbable synthetic (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., bon., bonee marromarroww--derived)derived)
––Other cellOther cell types (types (e.ge.g., dermal cells for cartilage)., dermal cells for cartilage)

•• SOLUBLE REGULATOSOLUBLE REGULATORSRS
––GrowGrowth factors orth factors or their genestheir genes

•• ENVIRONMENTAL FACTORSENVIRONMENTAL FACTORS
––Mechanical loadingMechanical loading
–– Static versus dynamic (Static versus dynamic (““bioreactorbioreactor””))

Tissue Features Relating to Regeneration ofTissue Features Relating to Regeneration of 
Musculoskeletal Connective TissuesMusculoskeletal Connective Tissues

++
++
++
--
++

MigrateMigrate22

++
++
++
--
++

MiMitotosissis22

--
--
--
--
++

## CellCellss22

++--Ligament/TLigament/Teendonndon

++--MenisMeniscuscus
++--IntervertebIntervertebrral Disal Discc

----ArticuArticular Cartilaglar Cartilagee
++++BoneBone

SySynthenthesissis33Vasc.Vasc.11RequiredRequired forfor
regenerregenerationation

Guide to tissue engineeringGuide to tissue engineering
11 Lack of a fibrin clot requires use of aLack of a fibrin clot requires use of a matrmatrixix
22 Lack of cells requires a procedure to bringLack of cells requires a procedure to bring cellscells to the defeto the defectct
33 LowLow biosynthesis mbiosynthesis may require use of aay require use of a growgrowth factorth factor
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THERAPEUTIC APPROACHESTHERAPEUTIC APPROACHES
IMPLEMENTING TISIMPLEMENTING TISSSUE ENGINEERINGUE ENGINEERING

••

••
••
••
••
••

Injection of cells alInjection of cells aloneone
–– contained in defect or uncontainedcontained in defect or uncontained

Injection of growInjection of growth factor aloneth factor alone
Implantation of scaffold aloneImplantation of scaffold alone (w(with microfracture)ith microfracture)
Implantation of scaffold incorporatingImplantation of scaffold incorporating GFsGFs or genesor genes
Implantation of scaffoldImplantation of scaffold--free tfree tiissue construct*ssue construct*
Implantation of cellImplantation of cell--seeded scaffold*seeded scaffold*

* De* Degreegree ofof mmaaturatituration of the coon of the consnstructruct prior tot prior to iimmplplantatiantation:on: 
relatirelativvee to integratito integratioon andn and ssttresresss-induce architecinduce architecture?ture?

CELL THERAPY FOR LOCAL REPAIRCELL THERAPY FOR LOCAL REPAIR

••
••
••
••
••
••
••

InInjjection of Exoection of Exoggenous Cells;enous Cells;
Cells Expanded in NumberCells Expanded in Number in Monolayer Culturein Monolayer Culture

Chondrocytes for cartilage repair (ACI)Chondrocytes for cartilage repair (ACI)
Intervertebral disc cells for herniated discIntervertebral disc cells for herniated disc
Stem cells into spinal cord lesionsStem cells into spinal cord lesions
Stem cells into brain lesions*Stem cells into brain lesions*
Myoblasts and stem cells for myocardial infarMyoblasts and stem cells for myocardial infarcction*tion*
Stem and other cells into the retinaStem and other cells into the retina
Stem cell injection into the jointStem cell injection into the joint

** Evidence of stem cell migraEvidence of stem cell migrattioion to the site on to the site off injury.injury.
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Articular Cartilage Defects 
Do Not Heal 

• Avascular 
• Aneural 
• Low  cell density 
• Cells of low mitotic activity 
• Cells cannot freely migrate 

through the extracellular matrix 

Articular Cartilage Defects 
Important Clinical Problem 

• Incidence is high and increasing 
due to increasing activity levels 
• Causes pain and disability 
• Profoundly impacts the quality 

of life 
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Arthroscopic
Debridement

“Microfracture” (closed)

Osteochondral 
Autograft

Autologous chondrocytes injected 
under a periosteal flap (open)

Total Knee 
Replacement

Current Clinical Practice

Figures by MIT OCW.

Figures removed due to copyright restrictions. 



Yannas, et al. PNAS (1989). 

Stem cells from bone marrow 
infiltrate the defect 

500µm 

Yannas, et al. PNAS (1989). 
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Implantation of a 
cell-seeded matrix

Performed 
arthroscopically

“Tissue engineered”
cartilage implanted in a 
rabbit model did not work.

Implantation of 
the matrix alone

“Microfracture”:
Stem cells from bone marrow
infiltrate the defect

500µm

Image removed due to copyright restrictions.

Futur
Implemen

Performed 
arthroscopically

500µm

Figure by MIT OCW.

Figure by MIT OCW.

Future Clinical Practice
Implementing Tissue Engineering

Future Clinical Practice
Implementing Tissue Engineering



TISSUE ENGINEERING/TISSUE ENGINEERING/ 
REGENERATIVE MEDICINEREGENERATIVE MEDICINE

••

••

••

Science (acquisition of new knowledge)Science (acquisition of new knowledge)
––Response of cells to matrices and environmentalResponse of cells to matrices and environmental 

factors.factors. 

Engineering (mEngineering (making a paking a prroductoduct -- tissue)tissue)
––HowHow cells, matrices and regulators can becells, matrices and regulators can be 

combined to facilitate tissue formation.combined to facilitate tissue formation.

Technology (meansTechnology (means of pof prroductionoduction))
––Methods for producing porous matrices.Methods for producing porous matrices.

TISSUE ENGINEERINGTISSUE ENGINEERING
Why tissWhy tissue enue engingineerineeringg nnoow?w?

••

••

••

EnablinEnabling Techg Technnoologieslogies
CellsCells
––Cell proliferationCell proliferation in vitroin vitro wwiithth recovery ofrecovery of 

phenotypephenotype

MatriMatricesces
–– Synthesis of porous, absorbable scaffoldsSynthesis of porous, absorbable scaffolds

RegulRegulaatorstors
––Genetically engineered groGenetically engineered growwtthh factorsfactors
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TISSUE ENGINEERINGTISSUE ENGINEERING

••

••

••

EmerginEmerging Eng Enabling Techabling Technologiesnologies
CellsCells
–– StemStem cell sources and cues focell sources and cues for differenr differentiationtiation
––Genetically modified cellsGenetically modified cells

MatriMatricesces
––Chemistries that regulateChemistries that regulate selected cell functionsselected cell functions

RegulRegulaatorstors
–– Incorporation of GF genes into matricesIncorporation of GF genes into matrices
––Control of selected cellControl of selected cell behavior (contraction)behavior (contraction)
––Mechanical loading to regulate cell funMechanical loading to regulate cell functionction

TISSUE ENGINEERINGTISSUE ENGINEERING
ADVANCESADVANCES

RegulatorsRegulators

CellsCells

ScaffoldsScaffolds

•• GFsGFs ((e.ge.g., BMP., BMP--2) incorporated into scaffolds2) incorporated into scaffolds
•• Novel reguNovel regullatorsators
•• Genes foGenes forr GFsGFs incorpincorporated into scaffoldsorated into scaffolds

•• Conditions for cConditions for ceell expansion;ll expansion; ex vivoex vivo gegenene trtransansffeerr**
•• Stem cellsStem cells**; sources; ex; sources; expansionpansion 
•• ScaffoldScaffold--free cartilaginous constructsfree cartilaginous constructs**
•• CellCell--seededseeded scaffoscaffoldslds**; biorea; bioreactoctorr; mech. condition.; mech. condition.

•• Novel polyNovel polymersmers
selfself asassemsembbllyyiinng pepg pepttiiddeess
therthermosensmosensitiitivve ande and photopolphotopolymerizymeriziingng

•• Controlled mechanical behaviorControlled mechanical behavior
underunderggo cello cell medimediaateted cd coontracntracttionion

•• FreeFree--foform frm faabricabricattionion

** LLaarrgge anie animmalal momodeldel
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TISSUE ENGINEERING ENDPOINTSTISSUE ENGINEERING ENDPOINTS

••

••

••

Morphological/Histological/BMorphological/Histological/Biochemicaliochemical
–– Match the cMatch the coomposition and architemposition and architeccture oture off thethe tissue.tissue.
–– ProbleProblem: A complete am: A complete annalysisalysis is difficult and no cleais difficult and no clearr 

relationships yet wrelationships yet wiith functith functional and clinical endpoints.onal and clinical endpoints.
FunctionalFunctional
–– Achieve certain functions; dispAchieve certain functions; display certain propertieslay certain properties

((e.ge.g., mechanical properties).., mechanical properties).
–– ProbleProblem: Difficult to measm: Difficult to measure aure all pll prroperties; Whichoperties; Which

properties are the most important?properties are the most important?
ClinicalClinical
–– Pain relief.Pain relief.
–– Problems:Problems: Can only be evalCan only be evaluated in human subjects anduated in human subjects and

the methe mechanisms (incchanisms (including theluding the placebo effect) and kineticsplacebo effect) and kinetics
of pain relief (of pain relief (e.ge.g., how., how long it wlong it wiill last) are unknoll last) are unknown.wn. 

TISSUE ENGINEERINGTISSUE ENGINEERING
RisksRisks

Exercise cauExercise cauttiioon that tn that thhe tissue ene tissue engineeringineeringg 
solutisolution does non does noott create larger problemscreate larger problems 
that being solved.that being solved.
•• Tissue harvest fTissue harvest foor the isolr the isolatiatioon ofn of cellscells 

places thplaces the done donoor sir site and surroundingte and surrounding 
tissue at risk of dtissue at risk of deegengenerateratiion.on.
•• ImplantsImplants ththat accelerate tat accelerate thhe breake breakddown ofown of 

surrounding tissues.surrounding tissues.
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EFFECTS OF THEFFECTS OF THE CARTIE CARTILAGE REPAIRLAGE REPAIR 
PROCEDURES ON UNINVOLVED CARTILAGE ?PROCEDURES ON UNINVOLVED CARTILAGE ?

Effects of Harvest (Canine MEffects of Harvest (Canine Moodel)del)
•• Changes in the mechanicalChanges in the mechanical 

properties of AC at sites awproperties of AC at sites away fromay from 
the harvest, 4the harvest, 4--mo pmo poostst--op (up to 3op (up to 3--
fold).fold).

•• Changes wChanges weere consistent wre consistent wiithth 
hypertrophy, predisposing tohypertrophy, predisposing to 
osteoarthritis.osteoarthritis.

HarvHarvest Sitesest Sites

CR Lee,CR Lee, etet alal.,.,
JORJOR,, 202000;00;18:18:790790--799799

TISSUE ENGINEERINGTISSUE ENGINEERING
Product ConsiderationsProduct Considerations

••

••

••

MATRIMATRIXX
––ProducedProduced by compaby companniesies

CELLSCELLS 
–– From the pFrom the paatienttient

SOLUBLE REGULATOSOLUBLE REGULATORSRS
––GrowGrowth factors produced byth factors produced by 

biotechnology companies or their genesbiotechnology companies or their genes 
cloned in the laboratorycloned in the laboratory
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How will tissue engineering products beHow will tissue engineering products be 
commercialized?commercialized?

•• What are the mWhat are the moodels thdels thatat cancan be ube ussed fed foorr 
the sthe saalesles//purchaspurchase of tissue ene of tissue engineeringgineering 
products?products?

CONVENTIONAL PROSTHESCONVENTIONAL PROSTHESESES
CURRENT COMMERCIAL MODELCURRENT COMMERCIAL MODEL

OperaOperatingting
RoomRoom

HospiHospittalal

CompCompananyy

ImplantsImplants
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BIOTECHNOLOGY, GENE THERAPY, ANDBIOTECHNOLOGY, GENE THERAPY, AND 
BIOMATERIALSBIOMATERIALS PRODUCTSPRODUCTS

BiomaterialBiomaterial
MatricesMatrices

CytokCytokiines/nes/
GenesGenes

HospiHospittalal

CompCompananyy

OperaOperatingting
RoomRoom

TISSUE ENGINEERING PRODUCTSTISSUE ENGINEERING PRODUCTS
USING AUTOLOGOUSUSING AUTOLOGOUS CELLSCELLS

TissueTissue
((aarrtticicuullaarr cacart.rt.

or bor boonene mmaarrrrowow))

BiomaterialBiomaterial
MatricesMatrices

CytokCytokiines/nes/
GenesGenes

HospiHospittalal

CompCompananyy

Cell PCell Prrococesessorsor
•• GenzGenzymeyme
•• OsirOsiris, otheis, othersrs

OperaOperatingting
RoomRoom

CCelelllss oorr ccelelll--sseedeededed

mmaattririxx
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TISSUE ENGINEERING PRODUCTSTISSUE ENGINEERING PRODUCTS
USING AUTOLOGOUSUSING AUTOLOGOUS CELLSCELLS

BiomaterialBiomaterial
MatricesMatrices

CytokCytokiines/nes/
GenesGenes

HospiHospittalal

CompCompananyy

““HospitalHospital--BasedBased
Tissue EngineeringTissue Engineering””

CellCell--seededseeded
matrixmatrix

Model stiModel stillll employed bemployed byy thethe SSwwedish cliniedish clinicciansians 
wwhho deo developevelopedd thethe GeGenznzyymmee pprrococeedurduree

OperaOperatingting
RoomRoom

Cells caCells can ben be grogrowwn in culn in culttureure 
and mand maatricestrices seeded wiseeded with ceth cellslls 

in the Hoin the Hospitalspital

TissueTissue

TISSUE ENGINEERING PRODUCTSTISSUE ENGINEERING PRODUCTS
NEW MODELNEW MODEL

BiomaterialBiomaterial
MatricesMatrices

CytokCytokiines/nes/
GenesGenes

HospiHospittalal

CompCompananyy

Operating RoomOperating Room--BasedBased
Tissue EngineeringTissue Engineering

““IntraopeIntraoperrative Tissueative Tissue 
EngineeringEngineering””

CellsCells
OperaOperatingting

RoomRoom

Cells caCells can ben be ““proceprocessedssed”” anandd 
mmaattrriciceses sseeedeededd witwithh cecells inlls in ththee

OR during surgeryOR during surgery
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TISSUE ENGINEERING/REGEN. MED.TISSUE ENGINEERING/REGEN. MED.
BACK TO THE FUTUREBACK TO THE FUTURE

1800s1800s--1970s1970s
““Wound HealingWound Healing””
Repair (scar)Repair (scar)
vs. Regenerationvs. Regeneration

1980s1980s--1990s1990s
““Tissue EngineeringTissue Engineering””
Formation ofFormation of ““tissuetissue””
in vitroin vitro

2000s2000s
““Regenerative MedicineRegenerative Medicine””
Regeneration of tissueRegeneration of tissue
in vivoin vivo

CONSIDERATIONS IN TISSUECONSIDERATIONS IN TISSUE 
ENGINEERINGENGINEERING

••

••

••

Clearly define thClearly define the specie specifific clinicalc clinical problprobleemm 
to be solved.to be solved.
Implement thImplement the simplest pe simplest prrocedure forocedure for 
treatintreatingg the probthe problem to achieve alem to achieve a 
meaningful clinical benefit.meaningful clinical benefit.
––BenefitBenefit--Risk Ratio (Risk Ratio (e.ge.g., risk., risks of using cells:s of using cells:

cell transformation, morbidity of a 2ndcell transformation, morbidity of a 2nd
surgical procedure)surgical procedure)
––CostCost

Need to evaluate tissue enNeed to evaluate tissue engineeringineeringg
products in animal models that comeproducts in animal models that come
closestclosest ttoo humhumanan probproblems to be treatedlems to be treated..
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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 vin viivovo??
What scaffold should be used?What scaffold should be used?

 MaMateriterialal ooff ffaabribriccaattiioon,n, ppoorree charcharacacteriteriststiiccs,s, ababsorsorbbababiilliitty,y,
mechanicmechanical pral properopertiesties??

 HHoow to bew to be mmaanufacnufacturetured?d?
What cells are to be used?What cells are to be used?

 SourceSource of cellsof cells??
 Under what cUnder what coondindititionons cs caann cells bcells bee eexxppaanndded ined in nunumbemberr in viin vitrotro
while retainiwhile retaininngg theirtheir phephenotypenotype??

What regulators are requiWhat regulators are required to stimulared to stimulatte celle cell 
proliferation and matrix synthesis or to facilitateproliferation and matrix synthesis or to facilitate
differentiation of stem cells?differentiation of stem cells?

Page 20 

–

–

––
––


