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retrovirus 1981retrovirus 1981--2 2 random random 
integration, integration, insertionalinsertional mutagenesis?mutagenesis?
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A difficult controversial A difficult controversial 
beginningbeginning

•• Early exaggerations, elevated Early exaggerations, elevated 
expectationsexpectations

•• Highly publicized setbacksHighly publicized setbacks
•• Progress Progress ““slowslow””..



The realityThe reality

•• Gene transfer for therapy Gene transfer for therapy -- concept concept 
now clinical reality.now clinical reality.

•• Gene transfer technology still Gene transfer technology still 
immature, many real and potential immature, many real and potential 
risks. Reserved for serious diseaserisks. Reserved for serious disease

•• Pace of progress, adverse events and Pace of progress, adverse events and 
setbacks typical for new therapeutic setbacks typical for new therapeutic 
technology.technology.



Clinical studiesClinical studies

•• 19 years19 years
•• 700700--800 studies, several thousand patients800 studies, several thousand patients
•• Target diseases Target diseases -- cancer, cardiovascular, cancer, cardiovascular, 

neurological disease, muscular dystrophy, neurological disease, muscular dystrophy, 
metabolic disease (hemophilia, enzyme metabolic disease (hemophilia, enzyme 
deficiencies, hypercholesterolemia, etc) deficiencies, hypercholesterolemia, etc) 

•• Generally safe, but with increasing Generally safe, but with increasing 
efficiency come increasing toxicities efficiency come increasing toxicities 



Extensive regulation and oversight for Extensive regulation and oversight for 
all human gene transfer studiesall human gene transfer studies

•• Local institution Local institution biosafetybiosafety, , 
human subjects committeeshuman subjects committees

•• NIH Recombinant DNA NIH Recombinant DNA 
Advisory CommitteeAdvisory Committee

•• FDAFDA
•• Similar requirements Similar requirements wordwidewordwide



Striking successesStriking successes



Severe combined immunodeficiency Severe combined immunodeficiency 
diseases (SCID)diseases (SCID)

•• GeneticallyGenetically--caused absence of immune caused absence of immune 
systemsystem

•• Traditional therapy Traditional therapy -- isolation, bone isolation, bone 
marrow transplantation, antibiotics. marrow transplantation, antibiotics. 
Inadequate.Inadequate.

•• Death in childhood from infectionsDeath in childhood from infections



David Vetter -
“Texas Bubble 
Boy”

-Born 1971 - prenatal diagnosis of SCID
-Lived in isolation bubble 12+ years
-Died at age 12 - infection following 

failed bone marrow transplant 







But a severe costBut a severe cost

•• Immune defect corrected, children living Immune defect corrected, children living 
normal childhood livesnormal childhood lives

•• BUT, 5 cases of leukemia and 1 death in BUT, 5 cases of leukemia and 1 death in 
~ 21 treated children ~ 21 treated children -- direct result of direct result of 
treatmenttreatment

•• virus integration caused activation of virus integration caused activation of 
quiescent cancer gene quiescent cancer gene 



Integration into a cancer geneIntegration into a cancer gene

Cell overgrowth, Cell overgrowth, 
cancercancer

LMO2 LMO2 -- known known oncogeneoncogene



Additional successes in gene therapyAdditional successes in gene therapy
•• Cancer Cancer -- vaccine approach to enhance vaccine approach to enhance 

antianti--cancer response cancer response -- melanoma, melanoma, 
neuroblastomaneuroblastoma, head and neck cancer, , head and neck cancer, 
brain cancer (brain cancer (glioblastomaglioblastoma))

•• Blindness Blindness -- restored vision in genetic restored vision in genetic 
form of retinal degeneration and form of retinal degeneration and 
blindness in children (blindness in children (LeberLeber’’ss
amaurosisamaurosis in children) in children) 



LeberLeber’’ss AmaurosisAmaurosis
•• Genetic defect in essential protein (RPE65) in Genetic defect in essential protein (RPE65) in 

photoreceptors of retinaphotoreceptors of retina
•• Childhood blindness Childhood blindness 
•• AAV virus vector delivery of AAV virus vector delivery of 

normal gene directly to retinanormal gene directly to retina
•• visionvision





==

First commercial product First commercial product -- SiBionoSiBiono



Before Cycle 3

Intra-Tumoral Administration and
Clinical Response - Ad p53

Dr. Jack Roth Dr. Jack Roth -- MD Anderson Cancer CenterMD Anderson Cancer Center



Response After Ad-p53 Treatment 
(Monotherapy) in Head & Neck Cancer

BeforeBefore AfterAfter

Refractory to surgery, chemotherapyRefractory to surgery, chemotherapy
and radiation therapyand radiation therapy

80% regression80% regression



Ad-p53 Phase 2 Head and Neck Data
Increased Survival

T201 – High Dose; T202 - Low Dose
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How might one apply genetic How might one apply genetic 
modification in Sport? modification in Sport? 



General approachesGeneral approaches

•• Add new foreign genes Add new foreign genes -- ““transgenestransgenes””
•• Use drugs to modify function of Use drugs to modify function of 

existing endogenous cellular genes  existing endogenous cellular genes  



Which functions might be modified in Which functions might be modified in 
Sport enhancement? Sport enhancement? 

•• Muscle Muscle -- size, strength, more rapid size, strength, more rapid 
recovery from injuryrecovery from injury

•• BloodBlood--formation formation -- increase blood flow to increase blood flow to 
exercising tissuesexercising tissues

•• Production and use of metabolic energyProduction and use of metabolic energy



Which genes? Which genes? 

•• Muscle size, strength Muscle size, strength -- growth hormone, growth hormone, 
IGFIGF--1, 1, myostatinmyostatin

•• Increase blood production Increase blood production -- erythropoietin erythropoietin 
genegene

•• Metabolic regulator genes Metabolic regulator genes -- PPAR delta PPAR delta --
increases efficiency of calorie increases efficiency of calorie utlizationutlization
and increases type I (slow) twitch muscle and increases type I (slow) twitch muscle 
fibersfibers



Introduce foreign Introduce foreign ““transgenestransgenes””

•• Construct virus vector that expresses Construct virus vector that expresses EpoEpo
gene only when needed gene only when needed -- low oxygen low oxygen 
concentration in tissues (e.g., concentration in tissues (e.g., RepoxygenRepoxygen))

•• Inject into muscle Inject into muscle -- produced produced epoepo will will 
enter blood stream, stimulate bone enter blood stream, stimulate bone 
marrow to produce more red blood cells marrow to produce more red blood cells --
delivery oxygen more effectively to delivery oxygen more effectively to 
tissuestissues



QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

German Coach Suspected German Coach Suspected 
of Genetic Doping (2006)of Genetic Doping (2006)

Thomas SpringsteenThomas Springsteen
Regulated productionRegulated production
Of erythropoietin,Of erythropoietin,
regulated productionregulated production
of blood of blood 

RepoxygenRepoxygen



If true, unethical and  professional 
misconduct

• threat to health of athletes, known 
dangers of technology

• unlikely to comply with regulatory 
oversight, full disclosure, informed 
consent - unethical human 
experimentation

• violation of WADA Code



Drugs to modify expression of Drugs to modify expression of 
endogenous genesendogenous genes

•• inhibit expression of inhibit expression of myostatinmyostatin
•• regulate expression of PPARregulate expression of PPARδδ -- make make 

calorie utilization more efficient, regulate calorie utilization more efficient, regulate 
ratio of slow/fast muscle fibers. Drugs ratio of slow/fast muscle fibers. Drugs 
already in clinical trials for obesity.already in clinical trials for obesity.



The semantic problem - where is the 
boundary between therapy and enhancement?
• Gene therapy for muscular dystrophy (DMD) -

growth factors (e.g., IGF-1) 
• Effective in mouse model of DMD  - similar 

approaches likely to become therapeutic in 
humans

• IFG-1 also prevents “normal” muscle 
degeneration during normal aging

• Would prevention of senile muscle degeneration 
be therapy or enhancement? Would you want it?



SummarySummary

•• Gene transfer for therapy is clinical Gene transfer for therapy is clinical 
reality.reality.

•• But, gene transfer technology still But, gene transfer technology still 
immature, many real and potential immature, many real and potential 
risks. Reserved for serious diseaserisks. Reserved for serious disease



SummarySummary

•• Gene transfer for therapy is clinical Gene transfer for therapy is clinical 
reality.reality.

•• But, gene transfer technology still But, gene transfer technology still 
immature, many real and potential immature, many real and potential 
risks. Reserved for serious diseaserisks. Reserved for serious disease

•• Inevitable application of identical Inevitable application of identical 
methods for enhancement methods for enhancement -- Sport Sport 
obvious early area of applicationobvious early area of application
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