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Points we will address

e Lecture 1:
— What is gene therapy?
— How do you deliver DNA to cells?

— Discuss some of the “land-mark” gene therapy studies.
 This will include gene therapy successes and failures.

— “Evolution” of a gene therapy vector.

o |ecture 2: How can gene therapy be used to treat
muscle disease?

— before this lecture, please read “The ethics of human gene transfer” by
Jonathan Kimmelman in Nature Reviews Genetics Volume 9 pages 239-
244,



Gene Therapy

» (Gene therapy involves delivering therapeutic DNA
to a patient.

o (ene therapy may be used to:

— alter or supplement the function of a mutated gene by
providing a copy of the normal gene

— directly alter and/or repair the mutated gene

— provide a gene that adds missing functions or regulates
the expression of another gene

» Success Is dependent on two factors:
— ability to get the gene into an appropriate cell
— ability to express the transgene
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Gene Therapy By Country

(March 2011)

Geographical Distribution of Gene Therapy Clinical Trials @J
(by Country) WILEY

H“\ USA 63.7% (n=1084)
UK 11.6% (n=197)
Germany 4.6% (n=79)
Switzerland 2.9% (n=50)
France 2.6% (n=45)
Australia 1.6% (n=28)
Netherlands 1.6% (n=27)
Belgium 1.5% (n=25)
Canada 1.3% (n=22)
China 1.2% (n=20)
Other countries 7.4% (n=124)
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Total number of trials: 1703



Classes of Gene Therapy Target
Diseases

» (enetic disease
— e.g. Cystic fibrosis, Duchenne muscular dystrophy
— require life-long expression of corrective gene

« Acquired disease
— e.g. cancer, HIV

— may only require expression of corrective gene for as
long as the disease persists



Gene Therapy Clinical Trials

(March 2011)
Indications Addressed by Gene Therapy Clinical Trials @
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Cancer diseases 64.5% (n=1098)
Cardiovascular diseases 8.5% (n=144)
\ @ Monogenic diseases 8.3% [n=141)

' Infectious diseases 8% (n=137)
Neurological diseases 1.8% (n=30)
Ocular diseases 1.2% (n=20)

Other diseases 2.5% (n=43)

Gene marking 2.9% (n=50)

Healthy velunteers 2.3% (n=40)

.
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Stages of Gene Therapy Studies

* Preclinical
— demonstrate efficacy and safety in at least two animal models

— refine experimental protocol (e.g. vector choice, single or
multiple doses, route of administration, etc)

e Clinical
— Phase | - assess safety and toxicity (few patients)
— Phase Il - assess safety and efficacy (larger number of patients)
— Phase IlI - assess efficacy
— Phase IV - “postmarketing surveillance”

— At all stages, serious adverse events must be reported
Immediately



Phases of Clinical Trials

Phases of Gene Therapy Clinical Trials

Tha lournal of Gene Medicine, © 2011 John Wilay and Sons Ltd

Phase | 64% (n=589)
Phase I/1l 20% (n=185)
Phase Il 13% (n=120)
Phase II/1Il 1% (n=9)
Phase Il 1.6% (n=15)
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Phase | 60.7% (n=1040)
Phase I/1l 18.3% (n=314)
Phase Il 16.5% (n=282)
Phase 11/l 0.8% (n=14)
Phase Ill 3.5% (n=60)
Phase IV 0.1% (n=2)
Single subject 0.1% (n=2)
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Factors to consider when
designing a gene therapy strategy

* Therapeutic transgene expression?

— Short- versus long-term
— organ/tissue-specific or ubiquitous

— regulated expression (how much is expressed or when
during development)

« Many cells or only a few?
e EXVIvVo versus In vivo?

These factors will affect the choice of gene delivery
system (often referred to as a “vector”)



Gene Delivery Vectors used In
Human Clinical Trials

(March 2011)

Vectors Used in Gene Therapy Clinical Trials

The Journal of Gene Medicine, © 2011 John Wiley and Sons Lid
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Adenovirus 24.2% (n=414)
Retrovirus 20.7% [n=355)
Naked/Plasmid DNA 18.7% (n=320)
Vaccinia virus 8.1% (n=138)
Lipofection 6.4% (n=109)

Poxvirus 5.5% (n=94)
Adenc-associated virus 4.7% (n=81)
Herpes simplex virus 3.3% (n=57]
Lentivirus 2.3% (n=40)

Other categories 5.3% (n=90}
Unknown 3.2% (n=55)
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Choice of vector

* Non-integrating

— e.g. plasmid DNA, adenovirus, poxvirus,
adeno-associated virus (AAV)

* Integrating
— e.g. retrovirus, lentivirus



DNA

Direct injection of plasmid DNA can lead to
expression of transgene

advantages: simple, relatively safe, ease of large-
scale production, lack of specific iImmune
responses

disadvantages: relatively inefficient, typically
transient expression, “patchy”

good as DNA vaccines



Improvement to DNA delivery

e Physical

— gene gun

— electroporation

— hydrodynamic injection
e Chemical

— cationic lipids

— polymer-based systems



Adenovirus Vector

o Advantages
— can be made replication defective
— high transduction efficiency
* both dividing and non-dividing cells
* many different cell types and tissues
— relatively large cloning capacity — up to 36 kb
— can be grown to high titer

« Disadvantages
— transient transgene expression (few days to weeks)
— frequently leads to inflammatory and immune responses

* Recent advances in vector design

— “fully-deleted” Ad vectors can provide very long-term therapeutic
gene expression



Poxvirus

Large linear, dsSDNA genome (~175 to 300 kb)

Human poxvirus — Smallpox
— 20 and 60% mortality rate, over 80% in children

— During the 20th century, smallpox caused 300-500
million deaths

— Eradicated in 1977

The vaccine for smallpox is “vaccinia virus”
— derived from a cowpox virus

Current gene therapy vectors are based on vaccinia or other
species (fowlpox or canarypox) and are used mostly as vaccines
(anti-HIV or anti-cancer)

More recently, vaccinia has been developed as an oncolytic virus

— engineered to specifically replicate in and kill cancer cells but not normal
cells.




Adeno-assoclated virus

* Non-enveloped, 4.7 kb ssDNA genome

« Advantages
— Does not elicit strong inflammatory or immune responses

 Disadvantages
— Small cloning capacity (only ~5.0 kb)
— Somewhat difficult to grow up large quantities of vector




Retrovirus

* e.g. Moloney murine leukemia virus

 produced in packaging cell lines

— these cell lines produce all the viral proteins — you just need
to introduce your therapeutic gene-of-interest in an
appropriate plasmid

 can be “pseudo-typed” to alter cell tropism

— change the virus attachment protein so that the virus can
bind more efficiently to a variety of cells (e.g. VSV G-
protein)



Retrovirus

a Retroviral genome  5'y = I ]_|3'

/ onv proteins req_uired for re.plication
Y i ITG// and packaging of the viral genome

5’ and 3’ inverted terminal

b Vectorgenome 5y T 43 <+ repeats — involved in genome

Therapeutic gene

replication

packaging element —” v
- gets the DNA into the virion
€ Packaging cell

Viral vector construct

Gag/Foal Env
construct construct



Retrovirus

o Advantages
— 10 kb cloning capacity
— Integrate into genome of target cell
— do not transfer virus protein coding sequences

 Disadvantages
— only integrate in actively dividing cells
— Integration could lead to gene activation or inactivation
— low titer

— sometimes leads to production of replication competent
retrovirus (RCR)



|_entivirus

e.g. human immunodeficiency virus type |

similar in many respects to MoMLV

main advantage: can transduce non-dividing cells
main disadvantage: it’s HIV

alternatives: SIV, FIV

Very promising preclinical results have been
obtained using HIV-based vectors



Gene Therapy — The first real success?

The New England
Journal of Medicine

Copyright © 2002 by the Massachusetts Medical Society
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SUSTAINED CORRECTION OF X-LINKED SEVERE COMBINED
IMMUNODEFICIENCY BY EX VIVO GENE THERAPY

SALIMA HACEIN-BEY-ABINA, PH.D., FRancoISE LE DeisT, M.D., PH.D., FREDERIQUE CARLIER, B.S., CECILE BOUNEAUD, PH.D.,
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ABSTRACT

Background X-linked severe combined immuno-
deficiency due to a mutation in the gene encoding
the common 7y (yc) chain is a lethal condition that can
be cured by allogeneic stem-cell transplantation. We
investigated whether infusion of autologous hemato-
poietic stem cells that had been transduced in vitro
with the yc gene can restore the immune system in
patients with severe combined immunodeficiency.

Methods CD34+ bone marrow cells from five boys
with X-linked severe combined immunodeficiency
were transduced ex vivo with the use of a defective
retroviral vector. Integration and expression of the yc
transgene and development of lymphocyte subgroups
and their functions were sequentially analyzed over a
period of up to 2.5 years after gene transfer.

Results No adverse effects resulted from the pro-
cedure. Transduced T cells and natural killer cells ap-
peared in the blood of four of the five patients within
four months. The numbers and phenotypes of T cells,
the repertoire of T-cell receptors, and the in vitro pro-
liferative responses of T cells to several antigens after
immunization were nearly normal up to two years af-
ter treatment. Thymopoiesis was documented by the
presence of naive T cells and T-cell antigen-receptor
episomes and the development of a normal-sized
thymus gland. The frequency of transduced B cells
was low, but serum immunoglobulin levels and an-
tibody production after immunization were sufficient
to avoid the need for intravenous immunoglobulin.
Correction of the immunodeficiency eradicated es-
tablished infections and allowed patients to have a
normal life.

Conclusions EX vivo gene therapy with yc can
safely correct the immune deficiency of patients with
X-linked severe combined immunodeficiency. (N Engl
J Med 2002;346:1185-93.)



SCID Patients Lack Key Immune Cells
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SUSTAINED CORERECTION OF X-LINKED SEVERE COMBINED
IMMUNODEFICIENCY BY EX VIVO GENE THERATY

Remove blood @ @ Infect with virus carrying
cell samp/ \Iherapeutic gene
s
Reintro;k

Apand cells
cells into patient

in the lab

1 to 11 months of age



TABLE 1. CHARACTERISTICS OF THE PATIENTS.

PATIENT
No.

AGE AT
TREATMENT

11

10

ENGRAFTMENT
OF MATERNAL
CLINICAL STATUS BEFORE TREATMENT T CELLS
cells/mm?
Prenmocystis carinii pneumonitis 0
Protracted diarrhea
Failure to thrive
Prenwmocystis carvinii pneumonitis <10
Protracted diarrhea
Graft-versus-host disease—like
lesions
Failure to thrive
Disseminated bacille Calmette— 0

Guérin infection
Adenovirus and respiratory syncy-

tial virus infections in the lungs
Protracted diarrhea
Failure to thrive
Well 0
Free of infection
Graft-versus-host disease—like 2000
lesions

MUTATION

Arg 289 —stop

Deletion of exon 6

Deletion of exon 4

Tyr 219 —stop

Gln 285—=Ala

ye
EXPRESSION
BEFORE

TREATMENT INFUSED CELLS

CD34+ CD3dyc+
cells/'kg

Yes 15 million 7 million—
14 million
No 16 million 5 million
No 14 million 5 million
No 27 million 14 million
No 38 million 20 million

CLINICAL
STATUS AFTER
TREATMENT

Well
Normal growth

Well
Normal growth

Improving*

Well
Normal growth
Well
Normal growth

FoLLOW-UP

07

1.8

1.6




T-lymphocyte counts after treatment

9000

Patient 5

8000

7000
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4000

CD3+ Cells/fmms

3000

2000 Patient 1

1000

01 3 5 7 9 111315 17 19 21 23 25
Months after Gene Therapy

Figure 1. Absolute Numbers of CD3+ Cells after Gene Transfer
in Patients 1 through 5.
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SUSTAINED CORERECTION OF X-LINKED SEVERE COMBINED
IMMUNODEFICIENCY BY EX VIVO GENE THERATY

RESULT - 2.5 years after treatment

In 9 treated patients, correction of the immunodeficiency
eradicated established infections and allowed patlents to
have a normal life  pams -'

CONCLUSION

Gene therapy can safely correct the immune deficiency of
patients with SCID




Gene Therapy a Suspect
In Leukemia-like Disease

A French gene-therpy team that was hailad
in 200080 for its breakthrough in curing chil-
chren of a lethal fmmune deficiency reporiod o
serious adverse event this week. One of 10
children they treated
has developad o Hood
disorder resembling
benkemia. Concerned

L [ [ L

Science - October 4, 2002

CGEME THERAPY

NEWS

GENE THERAPY

Second Child in French Trial

Is Found to Have Leukemia
Science - January 17, 2003

Gene Therapy Experiments Put on Hold

Federal authorities have temporarily suspended three gene therapy
experiments — two of them in Los Angeles — following news that a
third child in a similar French study has developed leukemia and that one
of the three has died.

Los Angeles - Times March 4, 2005

Seeking the Cause of Induced Leukemias in X-SCID Trial

Dizlails of & second case of cancer ina gene-
therapy trial in France, revealed last week,
raise the odds that both were therapy in-
duced. In both cases, a retrowinis engineerad
to shuttle corrective genes into cells insertad
itsall"in or near a cancercansing gene, ap-
parently triggering uncontrolked cell growih.
The risks seem “surprisingly high,” savs pe-
diatrician Alain Fischer, who with Marina
Cavazmna-Calvo led the trial at the Necker
Hospital for Sick Children in Paris.

Tha French team has restored the im-
mune svstems of nine of 11 boys with
X-linked severe combined  immunodeli-
ciency disease (X-SCI, making this the
First clear suceess in gene therapy. But the
appearance of bwo cancers, one in Sep-
tembir and a second in December, s a
major sethack for the field (S=ence, 17
Jarmuary, p. 3200

Last woak. the LIS, Food and Druge Ad-

which in tum boosts the production of

T cellz In a cell in which the wactor has

landad near and also activated the LMO2

pene, LMY may be cooperating with e,

giving cell growth an exira kick. If so,

even if just one cell in 100,000 carried the - ' -
insertion in or near the LMO2 gene, it A fou rth Ch I Id I n th IS
conld multiply quickly encugh to domina e

the T ell population, notes von Kalle,

This gene insertion mey seem “fright- I I d I d
ening” hacause it can lead to cancer, says trl a a SO eve O pe
Thaodore Friedmann, a gene-therapy ne-
searcher at the University of California, -

San Diego, and chair of the RAC group. Ie u ke m Ia
But there is also reason for optimism: The .
technigque is producing therapeutic resalis,

anil the adverse effects might be “specilic MarCh 2007

to the X-5CID trials,” von Kalle says.

Other SC13 trials that don’t involve the

same veckoT sequences might be safe, he

and others suppest. Moreover. it mav he

Smence January 24, 2003



HUMAN GENE THERAPY 19:3-4 (January 2008)
© Mary Ann Liebert, Inc.
DOI: 10.1089/hum.2007.1221

Commentary

Case of Leukaemia Associated with X-Linked Severe
Combined Immunodeficiency Gene Therapy Trial in London®

Board of the European Society of Gene and Cell Therapy,'
. o - u g e ~ .l
Executive Committee of the Clinigene Network of Excellence,”
and Executive of the Consert Integrated Project’

* “There was speculation that protocol differences may have
distinguished it from the French trial in terms of leukaemia
risk. The current leukemia case proves this hypothesis to
be qualitatively wrong, and indicates that SCID-X1gene
therapy in its current form...carries a high risk of
leukaemia induction.”



LMO2 and Leukemia

Four patients with leukemia in the SCID trial had retroviral insertion near

the LMOZ2 gene
- LMO2 is a bridging molecule in some transcription factor complexes

- It is not clear why LMO2 causes T-cell leukemia

LMO2-induced
leukemia can also

occur “naturally” ™S
through chromosomal

translocation.

b
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11pl3 ___
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7q35
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11

14
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LGz

The risk of oncogenic insertional mutagenesis in humans as a consequence of
gene therapy with the use of a retrovirus vector was deemed to be low.
-Subsequent studies have shown that retrovirus vectors preferentially

Integrate into promoter regions of genes



Vector Immunogenicity vs. Duration of
Transgene Expression

hiah High immunogenicity
ign |, . -7
iImmune cell activation
loss of transgene expression
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Low immunogenicity
long-term expression

low

short duration of long
transgene expression



Adenovirus

 [cosohedral, non-enveloped virion of ~70 to 100 nm

 linear dsDNA of ~36 kb
 viral genes divided into early (E1-E4) and late (L1-L5)
transcription regions, depending on whether they are

expressed before or after DNA replication

— early proteins are involved in turning-on other regions of the viral
and cellular genome (E1 and E4), modulating the host immune

response (E3), or DNA replication (E2).
— late proteins are structural proteins for virion formation

e cause only mild, self-limiting illness in infected individuals
— respiratory illness, keratoconjunctivitis, or gastroenteritis
— not associated with neoplasmic disease



Human Adenovirus Type 5

Linear double-stranded genome of ~36 kb

Late Transcription

| L>—
E1B
— > VA E3
E1A pIX I1I
— > -

El, E2, E3 and E4 are “early” genes which are expressed before
viral DNA replication during wildtype virus infection.



Vector Immunogenicity vs. Duration of
Transgene Expression

hlgh ‘ Wildtype
> E1B-deleted
é E1A and E1B-deleted “first generation”
>
8 E1/E4 or E1/E2-deleted “second generation”
>
&
E
fully-deleted “third generation”
low

short duration of long
transgene expression



E1B-deleted Ad LEEBJ\

region deleted from the virus

« Conditional replication

 E1B-deleted Ad will not replicate in p53+ cells
— will replicate in, and kill, p53- cells

e p53 Is mutated in about half of all cancers

— these tumors are refractory to chemotherapy or
radiation

e provides a mechanism to selectively kill tumor
cells



Replication of E1B-deleted Ad
E1B inhibits p53
$ virus reproduces
Wildtype Ad unchecked
in normal cell >3 ]
/ T ps3 -
E1B
With no E1B, virus
_ Is unable to replicate Healthy cell is
E1B-deleted Adin &4 cfficiently %4 not destroyed
normal cell (p53+) » ] - R\

»
»

Ic_gﬁis of infected ﬁ% $
%

With no p53, virus Lysis of infected J_-._.‘
E1B-deleted Ad in can replicate free:y . cell X ﬁ& lﬁ‘
tumor cell (p53-) \ \ i !

Note: the actual mechanism of action for this virus is more complex



ONYX-015 (dl1520) and Tumor
Growth in Mice

9. B UVWTAd 20

o 3 104

T8 W dl1520 =

2T O WTAd 2 b 3 untreated

3°T = 8 . 3t

| >10 o

£ 3 = 2

= | 2 5 > 102

&2 r = =

Q I L = o g

5 __I——T Y N .
C33A (p53) U87 (p53+) 0O 1 2 3 45 6 7 8

Weeks after treatment (n)

Tumor cells (C33Ap53- or U87p53+) were injected subcutaneously into immunodeficient mice.
After the tumors had reached ~150 microlitre volume, the tumors were injected with
ultraviolet-inactivated wildtype Ad, wildtype Ad or E1B-deleted Ad (dI1520) - three doses of
108 pfu administered every other day. Tumor volume was monitored 5 weeks after injection
(Panel A and B) or weekly (Panel C) after injection.



A phase | study of Onyx-015, an E1B attenuated
adenovirus, administered intratumorally to patients
with recurrent head and neck cancer

22 patients treated with E1B-deleted vector

— 107-10*! plagque forming units (pfu) per patient
evidence of viral replication in 4 of 22 patients, all 4 were
mutant for p53

using “conventional” response criteria
— Nno response was observed

using “non-conventional’” response criteria
— 3 patients showed partial response (necrosis within injected tumor)
— 2 showed minor response
— 8 patients had stable disease for 8 weeks

no adverse events (minor flu-like symptoms in some patients)

Ganly et al. Clinical Cancer Research 6:798, 2000



M%ECULAR The End of the Beginning: Oncolytic

HERAPY

The Jumalof e merican | \fjrotherapy Achieves Clinical Proof-of-Concept
Soctety of Gene Therapy

MorLeEcuLAR THERAPY Vol. 13, No. 2, February 2006
Copyright © The American Society of Gene Therapy

In November 2005, Shanghai Sunway Biotech (Shanghai, China) announced the
approval of H101 by Chinese government regulators, specitically for the treatment of
nasopharyngeal carcinoma in combination with cisplatin-based chemotherapy. H101 is an
oncolytic adenovirus with an E1B-55kD gene deletion, similar to that present in the Onyx-
015 (dI1520) oncolytic adenovirus. The E1B-55kD deletion may result in tumor-selectivity
by varied mechanisms, although results clearly vary depending on experimental methods.



—_ ]

El-deleted Ad .

* Replication defective
 a.k.a. first-generation Ad vectors

* must be propagated in an E1-complementing cell
line (e.g. 293 cells)

 cloning capacity of ~8kb
 even though the vectors are replication defective In
normal cells, this does not affect their ability to get

the viral DNA to the nucleus and express some viral
(and therapeutic) proteins



E1-deleted Ad Vector Characteristics

o Advantages
— replication defective (E1 deleted)

— high transduction efficiency
* both dividing and non-dividing cells
« many different cell types and tissues

— relatively large cloning capacity (8 kb)
— can be grown to high titer



Immunotherapy for cancer (Ad-1L-2)

 Interleukin-2 (IL-2)

— cytokines
 soluble, hormone-like proteins that act as a messenger between cells
o stimulate or inhibit the growth and activity of various immune cells
o essential for a coordinated immune response and can also be used as
Immunologic adjuvants
— IL-2 stimulates activity of a variety of immune cells,
Including cytotoxic T-lymphocytes (T-killer cells)

HCIWIV hIL- Pé

e 7
AdCAIL-2 | 7/
AEL
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Tumor Model

Ad-I1-2
/Q %ﬂﬂﬂr cells 7.3 weeks /Q J/
-

Tumor Regression?

Tumor model: tumor cells were injected into the hind
flank of animals, 3 weeks later the tumor was injected with
AdIL-2, control Ad or no vector.



Tumor Regression mediated by Ad-I1L-2
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Gene Therapy (1999) 6, 350-363
© 1999 Stockton Press All rights reserved 0969-7128/99 $12.00
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Adenovector-mediated gene delivery of interleukin-2 in
metastatic breast cancer and melanoma: results of a
phase 1 clinical trial

AK Stewart!, NJ Lassam? IC Quirt!, D] Bailey', LE Rotstein!, M Krajden', S Dessureault®,
S Gallinger®, D Cappe', Y Wan?, CL Addison?, RC Moen®, ] Gauldie* and FL Graham?*
'The Toronte Hospital/Princess Margaret Hospital; *Sunnybrook Regional Cancer Center; *Mount Sinai Hospital, University of

Toronto, Ontario; *McMaster University, Hamilton, Ontario, Canada; and *Baxter Health Care Gene Therapy Division, Round
Lake, IL, USA

23 patients, 107-10%° virus particles
60% of patients showed local inflammation
24% incomplete tumour regression at site of injection
biopsies
— tumor necrosis
— lymphocytic infiltrates (CD3 and CD8)

— hIL-2 mRNA detected in 80% of samples at 7 days
— no hIL-2 protein detected in tumours after 7 days

elevated Ad5 antibodies in all patients



Phase | trial of adenovirus expressing IL-2

’1 A
e AK Stewart ef al
352
Table 1 Characteristics of patients
Study No.  Diagnosis Dose  No. Day of biopsy Toxicity Lymphocyte infiltration Response
inject
Before After
1 Melanoma 107 1 7 Local inflammation 0 1 LR
2 Melanoma 107 1 7 Local inflammation 1 2 NR
3 Melanoma 107 1 7 Local inflammation 0 0 NR
swelling at injection site
4 Breast 107% 1 7 None 0 0 NR
5 Breast 10°+ 1 7 Local inflammation 0 r | NR
6 Breast 107 2 7 None 0 2 NR
10 7 None NR
7 Melanoma 108 1 7 Pain (grade 3) at injection site 0 1 NR
cellulitis
8 Melanoma 10* 1 7 Local inflammation 0 3 LR
9 Breast 10% 1 7 Local inflammation 0 2 NR
10 Melanoma 10%% 2 7 Local inflammation, cellulitis, 0 2 LR
10° ND fever (grade 2) NR
1 Breast 10%5 1 7 Local inflammation, erythema 1 3 NR
tissue necrosis
12 Melanoma 10% 2 7 Local inflammation 0 2 NR
10° ND
13 Breast 107 1 7 Local inflammation, necrosis 2 4 LR
14 Melanoma 10° 1 7 Injection site pain (grade 3) 0 3 LR
bone/joint pain,
headache, fever
15 Melanoma 10° 1 7 None 0 1-2 NR
16 Melanoma 10** 1 7 Fever (grade 2) 0 2 NR
17 Melanoma 10°% 1 7 Nausea (grade 1) pain (grade 1) 1 2 NR
18 Breast 10%5 1 7 Local inflammation 0 0 NR
pain grade 2, fever grade 2
19 Melanoma 10" 1 14 Local inflammation 0 1 NR
myalgia, lethargy, diaphoresis,
fever, hiccups
20 Melanoma 10" 1 7 none 0 ND NR
21 Breast 10" 2 7 none ND 3 LR
10 7 none ND ND NR
22 Melanoma | 1 T none 1 3 LR
23 Melanoma 10 5 2 Local inflammation 1 1 NR
2x 10"
s 2% 10"
2 x 10"

2 x10¢



In this BioPharm
International exclusive
interview, SiBiono's
founder relates the
science and
manufacture of his
company’s innovative
cancer therapy.

r
.
Dr. haahui Peng 15 the dhaiman, chief axscutive afficer,
and founder of Sherzhen SiBlono Genaled o Ltd,,

Langshen Road, Shenzhen Hi-Tech Industrial Park
Shenzhen, China, 0755. 26968818, fa 075526568808,
sbndsibiann com; www.sibiana.com.

In October 2003, Shenzhen SiBono
GenTech (Shenzhen, China) obtained
a drug license in China for its Ad-p53
gene therapy vector for treatment of
head and neck squamous cell
carcinoma
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Total patients treated to date:
(2003-mid 2007): 8,700
Foreign patients treated to date:
(2003-mid 2007): 1,800



“Record $3.8 M in Gendicine(R) Orders in One Day Sells Out All Available Product;
Promising Reported Results Drive Unprecedented Demand”
(September 2007)

Gendicine
the most prominent observed side effect is self-limited fever; in nearly 80% of the cases,
temperatures ranged from 37.5C to 39.5C occurring usually 2 to 4 hrs after administration and
lasting for approximately 2 to 6 hrs. Other rare side effects include chills, pain at the injection
site, discomfort, fatigue, nausea, and diarrhea.

How long do the treatments last?
Treatments may last from 1 to 3 months, depending on the patient’s condition and his/her
specific response to treatment.

How much will treatment cost?
The amount of treatment costs will be based on diagnosis and treatments undergoing.
Generally speaking, it will be around USD 25,000-35,000 / month.

Beijing GreatWall International Cancer Center


http://www.cancertherapychina.com/

First generation Ad vectors

Even though E1-deleted vectors cannot replicate, they still stimulate strong
Immune responses which result in elimination of the “infected cell”

— good for cancer therapy
— bad for treatment of genetic diseases (e.g. cystic fibrosis)
Immune responses include
— Humoral (antibody)
» Prevents readministration of the vector
— Cellular
» Formation of cytotoxic T-lymphocytes which kill infected cells
» Caused, at least in part, by expression of viral protein off the vector backbone

Solution? Attenuate the virus more extensively



Ad vectors deleted of all protein coding
sequences

E All genes deleted ]_
« Advantages:
— very large capacity for foreign DNA (~36 kb)
— safe

— no chance of viral gene expression

e Problem:

— How do you grow a virus that lacks all viral genes?

« Must co-replicate the fully-deleted Ad in the presence of a
“helper” virus



Gene Therapy for Obesity

e Leptin — potent modulator of weight and food intake
« Mutation of the leptin gene results in morbid obesity
e Can gene therapy be used to correct leptin deficiency in mice?
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Fatal systemic inflammatory response syndrome in a ornithine
transcarbamylase deficient patient following adenoviral gene transfer



Recombinant Adenovirus Gene Transfer In
Adults with Partial Ornithine
Transcarbamylase Deficiency (OTCD)

OTC involved in urea metabolism
— OTCD results in build up of ammonia in blood and brain
— Severe cases are lethal (usually die within 2 weeks of birth)

— Mild disease can be somewhat managed by drugs and protein-
restricted diet

e patients are at a continual risk of life-threatening encephalopathy,
coma and brain damage

Phase | trial

“second-generation” Ad vector

dose escalation study starting at 2x10° particles/kg
direct injection into portal vein



Jesse Gelsinger I

* Received highest dose - 3.8 x 10%° particlés of
Ad'OTC (6x1011 particles/kg)

o September 17, 1999

— Within 12 hours of receiving the adenoviral vector, patient
experienced fever, nausea, and back pain.

— The following morning, patient experienced elevated ammonia
levels and jaundice.

— During days 2-4, patient experienced disseminated

Intravascular coagulation, adult respiratory distress syndrome,
and kidney and liver failure.

— Patient died four days after vector administration.



Jesse Gelsinger

« What went wrong?

— The researchers and institute were cited for several
procedural problems

e Jesse should not have been treated

— As a symptomatic male, he should have been the third patient treated
In his cohort — he was treated second

— His blood ammonia levels were above permitted levels
* The researchers did not report two previous severe adverse events

e The consent form did not properly outline the risks
— Two non-human primates treated with a related vector died

e Other I1ssues
— Could Jesse provide informed consent?
— Did researchers have a conflict of interest?



GENE THERAPY

As Gelsinger Case Ends, Gene Therapy Suffers Another Blow

Five years after 18-year-old Jesse Gelsinger
died in a gene therapy experiment, the U.S.
Department of Justice has reached a settlement
with the researchers and with their institutions.
The department announced last week that the
University of Pennsylvania (U. Penn) will pay
fines of $517.,496, and Children’s National
Medical Center in Washington, D.C., will pay
$514,622. The settlementalso restricts the clin-
ical rescarch of the three investigators.

The Department of Justice alleged that
toxic reactions in humans should have
halted the trial earlier and that the lead
investigators misrepresented clinical find-
ings to the study’s overseers, such as the
National Institutes of Health (NIH) and the
Food and Drug Administration (FDA).
James Wilson of U. Penn, who had a finan-
cial interest in a company that stood to
profit if the trial was successful, has agreed

not to lead any FDA-regulated clinical trials
for 5 years and be monitored for 3 years.
Steven Raper of U. Penn and Mark Batshaw
of Children’s face less severe restrictions.
Under the agreement, the scientists do not
admit responsibility for Gelsinger’s death.
“Outrageous,” responds Gelsinger family
attorney Alan Milstein, who said the family
had hoped for a formal apology and the
release of the clinical trial documents.
While the Gelsinger case drew to a close,
the ficld of gene therapy suffered another set-
back last month: A third child in a French
trial for X-linked severe combined immuno-
deficiency (X-SCID) developed leukemia,
French authorities reported on 24 January.
Seventeen children have been successfully
treated for SCID using gene therapy, making
it the field’s bright spot. But two patients in
the French trial developed leukemia in late

2002 after a vector inserted near an onco-
gene; one child died last October. Inresponse
to the third leukemia case, the French trial
has been halted again and FDA has sus-
pended three U.S. SCID trials, but a trial in
Britain continues.

The two previous leukemia cases in
France occurred in infants treated at
3 months of age or less, which led to specu-
lation that cells with the oncogene insertion
proliferate more readily in very young chil-
dren. But the third child was treated at
9 months, suggesting that older children
may also be at risk, says Harry Malech of
NIH, who heads one of the U.S. trials.
Experts expect to discuss the case when
FDA’s gene therapy advisory committee and
NIH’s Recombinant DNA Advisory Com-
mittee meet in March.

—JENNIFER COUZIN AND JOCELYN KAISER

18 FEBRUARY 2005 VOL 307 SCIENCE www.sciencemag.org

CREDIT: UNIVERSITY COLLEGE LONDOM



Adverse Results Do Not Invalidate the
Rationale of Gene Therapy

“Apparent "failures” in early phasel/ll or even phase 11l studies do not
necessarily indicate a therapeutic wild-goose chase. Because gene therapy is
highly experimental and many patients are desperately ill, serious adverse
events and even deaths will occur.

It is vital to understand the reasons for unexpected results or clinical failures to
allow the development of corrected procedures and improved experimental
methods.

For example, problems with polio vaccines due to persistence of live disease-
causing poliovirus in incompletely inactivated preparations and the presence of
SV40 in the vaccine were identified early, corrected, and used to develop
improved programs.”

Theodore Freidmann, Science March 24, 2000
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