
Harvard-MIT Division of Health Sciences and Technology 
HST.535: Principles and Practice of Tissue Engineering 
Instructor: Chris Evans 

PRINCIPLES AND PRACTICE 

OF TISSUE ENGINEERING


“GENE TRANSFER 

WEDDED TO TISSUE 


ENGINEERING”

Chris Evans


Center for Molecular Orthopaedics


Harvard Medical School




WHY THIS MARRIAGE?




INEFFICIENCIES OF 

PROTEIN DELIVERY


• SHORT BIOLOGICAL HALF-LIFE 
• LOCALISATION DIFFICULT 
• RAPID EGRESS FROM APPLICATION SITE 

• VERY LARGE DOSES REQUIRED 
• SIDE EFFECTS 
• COST  



ADVANTAGES OF GENE 

DELIVERY


•	 SUSTAINED, REGULATED, ENDOGENOUS 
SYNTHESIS OF GENE PRODUCT 

•	 LOCALIZATION FEASIBLE 
•	 GREATER BIOLOGICAL POTENCY (?)

•	 MULTIPLE GENES MAY BE TRANSFERRED AND 

INDEPENDENTLY REGULATED 
•	 ADVANTAGES OF COST AND EFFICIENCY




GENE TRANSFER TO HEAL 

ORTHOPAEDIC TISSUES


• BONE  
• ARTICULAR CARTILAGE 

• MENISCUS  
• INTERVERTEBRAL DISC 

• LIGAMENT and TENDON


• MUSCLE  



PRACTICAL ISSUES


• SIMPLICITY 

• ECONOMY 

(in situ delivery; minimal scaffolds) 
• ADAPT STANDARD ORTHOPAEDIC 

PROCEDURES 



FACTORS INFLUENCING 

CHOICE OF VECTORS


•	 Long term transgene expression not 
needed. (Big advantage) 

•	 No need for integrating vectors.(Safer) 

•	 Adenovirus vectors may be adequate for 

tissue engineering purposes: 
– Easy to construct and produce 
– High levels of transgene expression

– In vivo delivery possible 
– Immune/inflammatory problems????




Adenoviral Vectors Used in 25% 


Properties 
•	 Common respiratory virus


•	 Vector deleted of genes 
essential for viral replication 

•	 Non-integrating virus


•	 Efficiently infects most 
tissues 

•	 Stably produced in high 
titers 

•	 Relatively large packaging 
capacity 

of Gene Therapy Clinical Trials 



BONE HEALING


A MINIMALLY INVASIVE,GENE-
BASED APPROACH 



Direct injection of adenovirusDirect injection of adenovirus--BMPBMP--22

DefectDefect

virus 



Photos of surgical procedure and results removed for copyright reasons.



GENE TRANSFER TO 

CARTILAGE DEFECTS




Abbreviated Ex Vivo Gene Delivery To Osteochondral Defects


vector 

Bone marrow 
aspirate 15-30 min

1-2 Minutes 

Blood clot+ modified Localized transgene
BMCs expression and

containment of free 
vector 



Photos of surgical procedure and results removed for copyright reasons.



GENE PLUGS PROVIDE


•	 NATURAL, RESORBABLE MATRIX 
•	 VECTOR DELIVERY SYSTEM 
•	 IMMEDIATE SOURCE OF PROGENITOR CELLS

•	 SIMPLICITY---NO NEED FOR CELL CULTURE, 

SCAFFOLDS etc. 
•	 GOOD PHYSICAL PROPERTIES; MOULDABLE

•	 SINGLE, INTRAOPERATIVE PROCEDURE 



Centre for 


Molecular 


Orthopaedics




Genetically Enhanced Repair of Osteochondral Defects


+BM
Cs 

1. Harvest and culture chondrocytes
or chodroprogenitors 

vector 

2. Genetically modify to express
growth factor/morphogen

(viral or non-viral) 

3. Seed cells into 
bio-compatible matrix 

Extended Culture? 

4. Surgically implant 5. Secreted proteins stimulate 6. Regeneration of normal
matrix + cells	 implanted and infiltrating cartilage?chondroprogenitors 



<<
  /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




