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hlgher fatr stronger - bioengineering or
sport? What is feasible? Why do we care?



What’s the Issue, where does It
come from and why does It matter?



Advances In human gene therapy

e methods are becoming available for
genetic modification of human beings
for treatment of disease - a recent
therapeutic success

e the same methods will be used to
enhance non-disease traits.



Advances In human gene therapy

e sport offers unique opportunities for
gene-based enhancement - enormous
financial and political pressures from high
school sport to elite sport

e rampant drug-based enhancement at all
levels of sport.

* IS gene-based approach less tolerable? If
drugs, why not genes? Why do we care
SO much?
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human gene transfer studies - 2005

e more than 800 clinical studies world-wide
since 1990 - many thousands of patients

e most for serious, life-threatening disease
(cancer, heart disease, etc.)

e rigorous local and national review and
regulation - FDA, NIH/RAC

o Most have been “unsuccessful’ or
exceedingly: inefficient
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...... but at a cost

e current methods very immature and
Inefficient, but also potentially hazardous

o at least two treatment-caused deaths, three
cases of leukemia, other probable adverse
events In gene therapy studies

o need for continued oversight and
regulation of the technology, even for
life-threatening disease
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Enhancement In modern society

* OUr soclety encourages and accepts many
forms of enhancement - cosmetic surgery,
psychoactive drugs, life-style drugs, etc.

e If drug-based enhancement is acceptable Iin
general, why not gene-based enhancement?

e If drug-based enhancement Is acceptable, why
not for sport? We know that drug-based
enhancement IS common In sport - why not
genes?

e If not, what are we trying to protect?



development of genetic enhancement

o direct outcome of therapeutic methods -
muscular dystrophy, anemias In patients with
cancer, chronic kidney disease



Sport-relevant functions easily
enhanced by genetic manipulation

e muscle bulk, strength, force of
contraction

o Increased red blood cell production for
enhanced oxygen delivery to exercising
muscle
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Overt disease - IGF-I produces hypertrophy
In the mdx diaphragm
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Human aging (disease?/enhancement)
|GF-I expression In adult mice prevents
age-related muscle atrophy
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Conclusions

e gene-based “enhancement” Is going to become
feasible

 sport Is one of the most “attractive” areas for
application

e With current gene transfer methods,
application even for life-threatening disease IS
potentially hazardous but justified on risk-
benefit basis

o therefore, with current methods, technology
too Immature to justify use in non-disease
settings, including sport



Conclusions

» rogue application in sport will not conform to
standards of review and regulation and will not be
consistent with ethical standards - informed consent,
human experimentation (Nuremberg, Helsinki,
Inuyama, NIH, etc.)

e any attempts at genetic manipulations in athletes that
circumvent review and regulation standards should
be considered malpractice, professional misconduct
and, where appropriate, illegal.



What else should be done?

e more communication with athletes,
sclentific and policy and ethics
communities

e clear policy positions by gene therapy and
medical professional societies

e more forceful policies from athletic
communities

e greater public education
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