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A difficult controversial
Peginning

o Early exaggerations, elevated
expectations

o Highly publicized setbacks

o Progress “slow”.



The reality

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

o Gene transfer technology: still
Immature, many. real' ana potential
rsks. Reserved for serious disease

o Pace of progress, adverse events and
setbacks typical fior new: therapeutic
technology.



Clinical studies

o 19 years
o 7/00-800 studies, several thousand patients

o Jlarget diseases - cancer, cardiovascular,
neurological disease, muscular dystrophy,
metabolic disease (hemophilia, enzyme
deficiencies, hypercholesterolemia, etc)

» Generally safe, but with increasing
efficiency come Increasing toxicities



Extensive regulation and oversight for
all human gene transfer studies

e |_ocal Institution biosafety,
human subjects committees

 NIH Recombinant DNA
Advisory Committee

 FDA
e Similar requirements wordwide



Striking successes



Severe combined Immunodeficiency.
diseases (SCID)

o Genetically-caused absence of Immune
system

 Traditional therapy - Isolation, bone
marrow transplantation, antibiotics.
Inadequate.

e Death 1n childhood from infections



(i

¢ " David Vetter -
M. “Texas Bubble
Yy Boy”
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-Born 1971 - prenatal diagnosis of SCID

-Lived In i1solation bubble 12+ years

-Died at age 12 - infection following
failed bone marrow transplant
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But a severe cost

o Immune defect corrected, children living
normal childhood lives

e BUT, 5 cases of leukemia and 1 death In
~ 21 treated children - direct result of
treatment

e Virus Integration caused activation of
guiescent cancer gene



Integration INto a cancer gene

\LI\/IOZ = KNOWNA oncogene

Cell overgrowth,
cancer



Additional successes In gene therapy

e Cancer - vaccine approach to enhance
anti-cancer response - melanoma,
neuroblastoma, head and neck cancer,
brain cancer (glioblastoma)

 Blindness - restored vision in genetic
form of retinal degeneration and
blindness In children (Leber’s
amaurosis In children)



| eber’s Amaurosis

Genetic defect in essential protein (RPEGS5) In
photoreceptors of retina

Childhood blindness
AAV virus vector delivery of ?

normal gene directly to retina {g

VISIion \
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First commercial product - SiBiono

@ & 3 Mature Publishing Group  httpdteave nature. comfnaturab lotechnology

China approves first gene therapy

China became the first country to approve
the commercial production ot a gene ther
apy, and it i due to kit the market in early
January. Despite technical herdles and the
wary attitede of regulatory authorities ol
side China, other countries are expected 1o
soon bl lavw swit.

On QOctober 16, 2003, Shenzhen S1Fiona
GenTech {Shenzhen, China), obtamed a
drug license from the State Food and Droeg
Administration of China (53FDA&; Beijing,
China) bor its recombinant Ad-p33 gene
therapy for head and neck sgquamous cell
carcinema NSO —a
accounts bor abowt 10% of the 1.5 million
annual new cancer patients i China. Sold
under the brand name Gendicine, the
world's Hrst commercial gene therapy uses
an adenaviral vector and cost the company
mare than REME BD (596}
develap in addition 8o research grants they

cancer that

millicn 1o

received fmom government.

“We have had more than five years of
climical trals, and the only side ettect of
Gendicine s
Zhaohui Peng, chairman and CE} of
SaBsrnen. Abter eight weeks of 2 joint treal
ment of radiotherapy and weekly gene ther
apy injections, 4% of labe-stage FINSCC
temars experienced complete regression

selt-limited fewer,” saps

and 32% experienced partial regression

“Sifreno’s approach is not a trivial
one, Jean-Frangeis Carmier, CED of
Transgene (Strashourg, Franc
ments. “Introgen has been using a
similar strategy tor head and neck
cancer and their product 15 showing

2| corm

encouraging results in Phase 3 trials”
{see Table 1)

The swccess of Sifiono was in over
coming dithculties in developing the
right systermn for delivering its aden
avira| vector—considered an ettective
way of introducing a gene info tumaor
cells
the host cells’ chromaosomes and ere
ating genefsc alterations. SiBinoe has
addressed satety concerns by caretully
dosing the injection [injecting a
weekly dose of 1 x 10" viral particles) and

without integrating the gene m

closely monitoring reactions of partscipants
during the climical trials and subsequently
following wp with them bor one to five
years, according b Peng.

50 why did the brst commercial gene
therapy produced  and
approved in China® “In China, where hun
dred ot thousamds die of diseases such as
cancer without access to the clinical apt
1ons avalable te patients in the US and
Eurepe, the potental for a ane-time treat

treatment  get

ment that is relatively simple to adminester

Ihaohu Perg receives an apormial certificate issued by
Ching's Biate Food and Deug Adminisiralion Tof
Gendicing, tve world's first commercial zene therapy.

is very appealing.” says Mark Kay, a director
ol the human gene therapy program at
Stamford University (Stanbord, CA, USAL
Srze matters as well. " Due ta its large popu
latsen, the Chinese can recrust enowgh
patients lor 2 trial in 2 short time and can
theretore gemerate statistically significant
amaunts of clinical data very rapidly,” says
Carmier

And becanse China has not been blighted
by failere—as happened in the United
States with the death of Jesse Gelsinger of
an inherited nitregen metabolism disorder



Intra-Tumoral Administration and
Clinical Response - Ad p53

Before Cycle 3

Dr. Jack Roth - MD Anderson Cancer Center



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

Before After

Refractory to surgery, chemotherapy 80% regression
and radiation therapy



Ad-p53 Phase 2 Head and Neck Data
Increased Survival

Recurrent, Retreated Patients

Study N Median 95% CI

Proportion Surviving

1.0 { iﬁ
he | = 201 58 209 (120,311)
I\ 202 17 105 (67, 133)
038 Ln_ (+ indicates a censored observation—death or initiation of another Rx)
1 log-rank p-value = 0.0163
06 L=|
o4 '1_1
0.2 [
0.0
0 100 200 300 400 500 600 700 800 900 1000

DEVA]

T201 — High Dose; T202 - Low Dose
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How might one apply genetic
modification In Sport?



General approaches

o Add new foreign genes - “transgenes”

e Use drugs to modify function of
existing endogenous cellular genes



Which functions might be modified In
Sport enhancement?

» Muscle - size, strength, more rapid
recovery from injury

e Blood-formation - increase blood flow to
exercising tissues

e Production and use of metabolic energy




Which genes?

» Muscle size, strength - growth hormone,
IGF-1, myostatin

e Increase blood production - erythropoietin
gene

» Metabolic regulator genes - PPAR delta -
Increases efficiency of calorie utlization
and Increases type | (slow) twitch muscle
fibers



Introduce foreign “transgenes”

e Construct virus vector that expresses Epo
gene only when needed - low oxygen
concentration In tissues (e.g., Repoxygen)

e |nject into muscle - produced epo will
enter blood stream, stimulate bone
marrow to produce more red blood cells -
delivery oxygen more effectively to
tISSues



German Coach Suspected
of Genetic Doping (2006)

¥ Repoxygen

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

Regulated production

Thomas Springsteen Of erythropoietin,
regulated production
of blood



If true, unethical and professional
misconduct

e threat to health of athletes, known
dangers of technology

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

e violation of WADA Code



Drugs to modify expression of
endogenous genes

e Inhibit expression of myostatin

o regulate expression of PPARS - make
calorie utilization more efficient, regulate
ratio of slow/fast muscle fibers. Drugs
already In clinical trials for obesity.



The semantic problem - where Is the
boundary between therapy and enhancement?
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Summary.

o Gene transfer for therapy: Is clinical
reality.

o But, gene transter technology: still
Immature, many. real and potential
rsks. Reserved for serious disease



Summary.

o Gene transfer for therapy: Is clinical
reality.

o But, gene transter technology: still
Immature, many. real and potential
rsks. Reserved for serious disease

o |[nevitable application of identical
methods for enhancement - Sport
obvious early area of application
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