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Revolutions in SportRevolutions in Sport

•• Use of genetic tools to dopeUse of genetic tools to dope
•• Use of genetic tools to detect Use of genetic tools to detect 
dopingdoping

•• Policy dilemma Policy dilemma –– control or control or 
encourage dopingencourage doping



I. Genetic Doping I. Genetic Doping -- Origins in Origins in 
Gene TherapyGene Therapy
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Extensive regulation and oversightExtensive regulation and oversight

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

•• NIH Recombinant DNA NIH Recombinant DNA 
Advisory Committee, FDAAdvisory Committee, FDA

•• similar agencies worldwidesimilar agencies worldwide



A difficult controversial A difficult controversial 
beginningbeginning

•• Early exaggerations, elevated Early exaggerations, elevated 
expectationsexpectations

•• Highly publicized setbacksHighly publicized setbacks
•• Severe criticism, progress too Severe criticism, progress too 
slow, not going to workslow, not going to work



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.



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







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 
>30 treated children >30 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 



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



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. risks. Reserved for serious diseaseReserved for serious disease
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Beyond TherapyBeyond Therapy -- 2003 2003 The PresidentThe President’’s s 
Council on Bioethics; Council on Bioethics; www.bioethics.govwww.bioethics.gov 

Enhancing Human Traits: Ethical and Enhancing Human Traits: Ethical and 
Social Implications, Social Implications, Eric Eric ParensParens, ed. , ed. 

Georgetown U. Press, 1998Georgetown U. Press, 1998

http://www.bioethics.gov/


Sport?
• Gene-based modification in 
humans is possible and even 
inevitable 

• Sport already is familiar area 
for enhancement – ripe for 
genetic enhancement



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



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



II. Genetic tools for detection of II. Genetic tools for detection of 
dopingdoping



A new approach to doping detectionA new approach to doping detection

•• Clever chemists change doping agents Clever chemists change doping agents –– 
make them invisible to testingmake them invisible to testing

•• Therefore, examine Therefore, examine EFFECTSEFFECTS of doping of doping 
agents, not agents themselvesagents, not agents themselves

•• Methods are available to examine Methods are available to examine 
expression of entire human genome, expression of entire human genome, 
distributions of all proteins in tissues and distributions of all proteins in tissues and 
fluidsfluids





III. Policy response to doping III. Policy response to doping –– 
regulate or support?regulate or support?







Strong new cottage industryStrong new cottage industry 
propro--dopingdoping

•• Andy MiahAndy Miah
•• Norman Norman FostFost
•• John TierneyJohn Tierney
•• Nature MagazineNature Magazine





• To ensure ability of athletes to compete on 
“level playing field” – everyone free to choose 
the enhancements that best accentuate their 
performance. That us what the natural athlete 
should look like today”. 

• Enhancement includes gene doping…..”testing 
is impossible”

• Encourage drug and surgical modifications
• Invokes a model enhanced athlete – swimmer 

with surgical enhancement to enlarge webbing 
in fingers and toes,….leg extension surgery,…





• celebrate rise of new generation of genuinely 
superhuman athletes, rules of sports are 
governed by concern for optimizing excellence

• Steroids should still be regulated…they are 
synthetic drugs that can radically alter the 
makeup of the body

• But “tailor-made treatments” (genetic 
modifications) OK, promise safer treatments 
than synthetic substances

• We want athletes to remain extraordinary – 
increased use of human enhancement 
technology is a necessity – even an obligation



Anti-doping campaign ..”incoherent, 
hypocritical, naïve, false”.

“chicks and guys love the long ball, don’t care 
which performance-enhancing means used”. 
Give the public what it wants (spectacle???)





•• ““anti-doping authorities have fostered a 
sporting culture of suspicion, secrecy and 
fear””



• The value of sport is mostly in the 
spectacle

• Imperfection of testing invalidates the 
concept and need for anti-doping

• “extraordinary” is measured by 
approval of “chicks” and “guys”

• excellence is the feat- no matter how 
achieved – not the achievement



Beijing Paralympics 2008 











Genetic enhancement is inevitable
• We are an enhancing society - drugs, surgery
• Genetic advances are identifying genes that 

determine disease and normal physical traits - 
behavioral, cognitive traits

• Increasing success of gene therapy - gene 
transfer to modify disease traits

• Methods and tools for genetic enhancement 
likely to be IDENTICAL

• Of course, genetic enhancement will occur



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



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?





C2C12 cells treated with IGFC2C12 cells treated with IGF--1 (cytoplasm)1 (cytoplasm)

controlcontrol IGFIGF--11

1 hour1 hour 1 hour1 hour
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