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Gentherapie benaderingen

* Mutatie compensatie:
- Monogenetische ziekten

+ Cel als geneesmiddelfabriek:
- factor VIII, hemofilie

- Suicide gentherapie:
- kanker



Gentherapie

- Successen: kanker, cardiovasculair,
hemofilie, rheuma, immuundeficientie,
vaccins

- Risico's: dosering, mutaties, toxiciteit

- Ontwikkeling: selectiviteit, tijdsduur, reqgulatie
locaal versus systemisch



Indications Addressed by Gene Therapy Clinical Trials [EI

Cancer diseases 66.5% (n=871)
Cardiovascular diseases 2.1% (n=119)
Monogenic diseases 8.3% (n=10%)
Infectious diseases 6.5% (n=85)
Meurological diseases 1.5% (n=20)
Ocular diseases 0.9% (n=12)

Other diseases 1.6% (n=21)

Gene marking 3.8% (n=50)
Healthy volunteers 1.7% (n=22)

The Journal of Gene Medicine, © 2007 John Wiley and Sons Lid www._wiley.co_uk/genmed/clinical



Vectors Used in Gene Therapy Clinical Trials f;\i/;l

WILEY

Adenovirus 24.7% (n=331)
Retrovirus 22.8% (n=305)
Naked/Plasmid DNA 18% (n=241)
Lipotection 7.6% (n=102)

Vaccinia virus 6.8% (n=91)
Poxvirus 6.4% [n=86)
Adeno-associated virus 3.5% (n=48)
Herpes simplex virus 3.2% (n=43)
RNA transter 1.3% (n=17)

Other categories 2.7% (n=36)
Unknown 3% [n=40)

The Journal of Gene Medicine, © 2007 John Wiley and Sons Lid www._wiley.co_uk/genmed/ clinical



NEWS FEATURE

Therapy on trial

The death of a participant in a gene therapy trial has thrown the
entire field into question—as it did once before in 1999. Can the
field survive this second setback? Virginia Hughes investigates.

nature
biotechnology

Gene editing in human stem cells using zinc finger

NEWS

Companies jostle for lead in RNAI, despite

uncertainties

Commercial activity in the RNA interference
(RINA1) space continues apace, even with key
challenges related to interpretation of the
technology, a wall of regulatory issues and
several intellectual property (IP) contests
remaining.

In  early  September, Alnylam
Pharmaceuticals, of Cambridge,
Massachusetts, teamed

the therapeutic areas in which Merck does
research” and did not believe it would be able
to do so “within the confines” of its Alnylam
deal. As such, the companies went their sepa-
rate ways.

Although pharma’s whopper bets on RNA{
drugs continue—London-based AstraZeneca
signed a potential £200 ($407) million licens-
ing agreement this year

with Isis Pharmaceuticals,
of Carlsbad, California,
in a joint venture called

“Just about every
month, we see new

with Silence Therapeutics,
of London, for respiratory-
disease targets—successful

Regulus  Therapeutics [RNAI] market entrants,” commercialization faces
in Carlsbad, California, ' several challenges, the key
which  will  explore notes Alan Sachs, hurdle being delivery. It’s
microRNA  (miRNA),  vice president of RNA possible to get the drug
touted as likely to yield . inte some solid tumors
the next generation therapeUtICS for Merck and organs such as the liver
of RNA therapeutics. Research Laboratories. and the eyes, but safety and
About a dozen days later, selectivity “are two major

O T P T B AT e

nucleases and integrase-defective lentiviral vector
delivery

Advance Online Publication|doi: 101038,/ nature 4504853| Published online 14 November 2007 nature
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ALSO IN THIS SECTION
Clinical setbacks for toll-like receptor9 agonists in cancer p825
Uncertainty suirounds cancer vaccine review at FDA p827
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P rl m ates o I n th e CI u b Ann Arbor community rallies in wake of Pfizer shutdown p829
News in brief p831

lan Wilmut and Jane Taylor

STEM CELLS

Researchers have achieved the testing goal of generating embryonic stem cells: Positive clinical data in Parkinson’s and ischemia buoy gene therapy

primate. The procedure used could provide insights into a variety of diseases, if
The rehabilitation of gene therapy is gain-
ing momentum, as positive news on both the
clinical and commercial fronts suggests the
field is closer than ever to a long-awaited suc-
cess, particularly for disorders that represent
niche, unmet medical needs. With a steady
accumulation of positive data in multiple
indications, not only are investors and bio-
tech firms showing renewed interest, but also
large pharmaceutical companies are back in
the game. But with many false dawns before,
researchers remain cautious about timelines
for approval.

Asked whether a gene therapy could be reg-
istered within the yvear, Inder Verma, gene ther-
apy pioneer and professor in the Laboratory
of Genetics at the Salk Institute of Biological
Studies, in La Jolla, California, cautions, “T just
don’t think there’s enough phase 3 data out to
say that." Verma thinks an approval in “2010 is
more realistic, at least for cancer vaccines.”

See related ardcle, pager Jolo-Jofi
Cell-Based GATA4 Cardiac Gene Transfer Using
Cell-Penetrating Peptide

Tong Tang. H. Kirtk Hammond

e Publishing Group http:/Aww.nature.com/naturebiotechnology




Table 2. Completed clinlcal gene therapy trials In The Netherlands

Clinical centre Pedical Hurnker of
(pratocol (D) candition Trial cancapt patients
1. Courection of & genetic defact
LUM (I S0 Carraction of ADA deficiency by trarsplantation of autalogous bore marrow czlls 3
91-008M3-008) transduced with retroviral vector encoding ADA gene [19]
2. Swicide gene thergpy for cancer
EMC (I S2-007) Malignant glicma  Killing tumar cells by intratumoral administration of adencviral vector encoding 14
Ferpes simple thymidine kinase gene follvwed by ganciclovie treatment [50]
EMC (I 23-01 5) Prostate cancer Killing tumar cells prior to surgery by intratumoral administration of adenoviral 12
wctor encoding harpes simples thymidine kinasa gene followed by GOV traatment
[45]
UMICG & LUMC{IM - GlioKastoma Killing turnar cells by intratumoral administration of cellk praducing retrovieal 45 + 2484
AG-(0445-0154) miultif crme wctor encoding herpes simplex thymidine kinasa gene followed by GOV traatment
[48 51]
Wl (I 01-001) Liwer cancar Killing tumar cells by intratumoral administration of adenoviral vectar encoding Ffoutof 18ina

2. Imynuno-gene therapy for cancer

LUMC (1M 010083

LUMC {mot available)

LUM (1M
99-018/071-005)

HE (nat awilablke)

URACEG (1M 85-010)

UMCEG (IM 5-007)

Metastasized
melanaoma

Metastasized
codorectal cancer

Meansma

Metastasized
melanarma

Superficial solid
tumors
Superficial solid
tumors

4, Qther gane therapy applications

AMC (not available)

UMCG {IM 93-0104%)

URACE B LLIMC (1M

Q9-07 2+

Crohn's disaasa

End-stage
cofarary artary
disease

Critical limb
ischaemia in

nitroraductase gene (CTL102) fallowad by traatrment with CE1954 [62]

Iniduiction arti-tumor immune response by subcutareows vaccination with
allzgensic melaroma cell line transduced with plasmid enccding interleukin-2

gene [45]

Inducticn anti-tumcr immune response by intravencus administration of
canarypo viral vedtor encoding p&2 gene [53]

Inducticn anti-tumcr immune responsa by intradermal and intrautarecus
vacciration with canary poe viral vector ercoding mini MAGE-153 [54]

Inducticn anti-tumcr immune responsa by intra- and subcutansous vacdnation
with autologous turmer c2lls transducad with retrosiral vector encoding GM-C5SF
cene [GE]

Inducticn anti-tumcr immune respensa by intratumoral administration of
canarypo viral vector encoding IL-2 gere [SE]

Eilling tumar <ells by intratumoral administration of adencviral vectar encoding
P53 gene [57]

Maodulation irflammation by oral administration of ransgenic lacleosoors lachs
bacteria expressing |L-10 gene [5E]

Enhancernent vasaularization by intramyocardial administration of naked DNA
encoding YEGF2 gene [59]

Enhancermant vasaularization by inframuscular administration of nakad DA
enicoding YEGF2 gene [49]

rulticentre trial)

EE]

16
1{out of 40in a

rnulticentre trial)
28

Jfoutof 15ina
rulticentre trial)

2joutefeina
rulticentre trial)

10

10
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ena Therapy in The Hetherlands

Talxle 3. Ongoing clinlcal gans therapy trials In Tha Netherlands

oo

Fedical
condition

Clinical centre
{protoca] 10

Trial concept

Nurnbsr of patients

7. Couraction of & gametic defact
AMC (I O5-001 ) aretic lipoprotein
lipase deficiency

LUK (ot avai lable* ) Duchenre

miscular dystrophy

Corraction LPL deficienoy by imtramuscular &d ministration of
AMT-010_an 88N wctor encodirg lipoprotzin lipass variant
5447X (LPL 5447}

Fastoration dystrophin preduction by intramusoular
administration of antisense digoribonulactide =xon skipping)

2. Swicidle gene thaerapy for cancer and othsr diseasss

LURAC {IM 03-001) Loosened hip

protheses
URACL (1K S7-020F) Hamatological
ma kg nancies

F. fmemspno-gene tharapy for cancer
EMIC (I G7-014) Fetastasized renal
czll carcinoma

Fetastasized
prostate canoar

Wllrmc (IR 03— 0s08)

Eilling irter face tissue arcund implamt by intraartcular
adrninistration of adenowviral vactor @ncod ing nitroreductass gens
followsad by treatment with CE15954

B cdulation GwHD and Gvl disesse after allogensic stam o=l
transplantation by transplantation of allogensic donor T
Iymnphooytes transduced with retroviral wector encoding hempes
simplex thymidine kinass gene followed by timed GOV treatment

Eilling turnar c2lls by transplamtation of sutcdogous T lymmiphooytss
retargetad sgainst carbonic anhyd rase X wing a retroviral vactor
Inducticn anti-tumor immuns responss by vaccination with teeo
prostate cancer o2l lines ransduced with A&V vaeckor encod ing
GM-C5F gene (CG1940 and CGEF11) in combination with

B DE-010 immunotherapy

In<lusion of 8 out of S0
patients completad

In<husizn of 4 patients
complets=d

Inclusizn of 12 patisnts
campletad

Mo patients ircuded
yet (10 patients
praojectsd)

Inclusicn of & out of 30
patients completed*=
Inclusion of 12 cut of
A1 patients com pletad




Table 4. Future clinlcal gena therapy trials In The Netherlands

Clinkal cenfre

iprotocol [0 Medical condition

Trial concapt

1. Comrection of @ genetic defect
AMC (not available yet*®)
EMC inot available yet®) HLA and SCIG

0] {rot available yet®) Leber congenital amaunoss
2. Swickle gene thermapy for cancer

AZM (M D -0110) Salid turrers

Crigler-Majjar syndrome

2. Imynuno-gene therapy for cancer

EMC (not available vet) M=lanoma

LUM (ot available yet®) Falapsad hematological
rialignancies after allogareic

stam cel| transplantation

NK (not awailable yet®) Metastasized melanoma

HK (not asailable yet®) HPV-positive panile o

caryical cancear

URACG & ATM & LIMCR (1M Matastasized prostate cancer

06-001,06-00 306010

UMCG B AZM 8 AMC (M
06- 001 M06-00306-01 1)

Metastasized prostate cancer

4, Oncolytic adenovirus therapy for cancer

EMC (not available yet®=) Localized prostate cancer
WUmc (not available yet* ) Gliokblastorna multiformes
L. Other gene therapy applications

AMC (not available yet®) HIY infection ard AIDS

Correction of deficiercy of the hepatic engyme UGT1AT using an AAW wector
Correction of ganstic defect in autologous stem cells using a retroviral vector
Correction of CRE1 gene exprassion inthe ratina using an AAN wector

Killing of tumor cells using Sabnonalz fphenonom bactaria sxpressing
cytosine deamirase gene followed by S-fluorouracil treatment

Killing tumer c2lls by ransplantation of autologous T lymphooytes retargeted
against major histocompatibility class | and -restricted MAGE epitopes using
a retrowiral wector

Killing tumor calls by transfusion with virus-specific T celk reprogrammed
inta kukemiaspecific T calls via retargeting to mincr histacompati bility
antigars using a retroviral wector

Killing tumer czlls by transplantation of autclegous T lymphooytes retargeted
against melanorma antigars using a retroviral vector

Irduction of anti-turmer immune respanse by vaccination with DNA plasmid
ancading the HFY ET gane

Irduction of antiF-turmcr immune respanse by vaccination with teo prostate
cancer cell lines transduced with A3V ancoding the GM-C5F gene (CG1940
and CGET11) compared to treatrment with docstazel and prednisone

Irduction of anti-turmer immune response by vaccination with two prostate
cancer cell lines transduced with A3V ancoding the GM-CSF gane (CG1940
ared CHET11) in combiration with docetaxel compared to traatment with
dacetanal and pradnione

Killing tumer czlls prior to surgery by a targeted replicating adenowvins
Killing tumer czlls by a targeted replicating adenovins

Inhibition of HIY replication by HV-1-sp=cific short hairpin BNAs delivered via
a lentiviral vector



Gentherapie beleid overheid

Gezondheidsraadadvies “Gentherapie” (1997)

TNO rapport “Haalbaarheid centrale faciliteit
voor vectorproductie” (2000)

ZonMw programma “Translationeel
Gentherapeutisch Onderzoek” totaal budget:
15.6 M€

Leidraad voor de onderzoeker, april 2007

— Gezamenlijk loket voor gentherapie van CCMO, VWS
en VROM



Gene Therapy Office and regulatory
organisations involved in clinical gene
therapy trials in The Netherlands.

Applicant

i1

Gene Ther apy FPmliminaw consultation ]

ith applicant, GMO Office
Office

COGEM, CCMO
Central Committee Ministry of Health, Ministry of Housing, “— Advisory Committee on
on Research Involving Welfare and Sport Spatial Planning and |, | Genetic Modification
Human Subjects (CCMO) (VWNS) the Environment [VROM) (COGEM)

< 90 days < 14 days < 120 days lT lT
GMO Office | =-—p | EU




Gene Therapy Office and regulatory
organisations involved in clinical gene
therapy trials in The Netherlands.

The Gene Therapy Office
— receive and forward the (combined) applications, changes, notifications and reports
The Central Committee on Research Involving Human Subjects (CCMO)

— [Evaluates medical, ethical and scientific aspects of the application. This procedure
takes around 90 days.

The Ministry of Health, Welfare and Sport (VWS)
— approves application in the sense of declaration of no objection which takes 14 days.
The Ministry of Housing, Spatial Planning and the Environment (VROM)

— Directive 98/81/EC and 2001/18/EC for the environmental risk assessment. This permit
is issued within 120 days.

The Advisory Committee on Genetic Modification (COGEM)
— advises on the application.

The European Union (EU) Member States

— are informed about the application via publication of the ‘summary notification
information format’ (SNIF) form



KNELPUNTEN UITVOERING
GENTHERAPIE

* Financiering
« Lange doorlooptijd aanvragen
* [nternationalisering

« FDA






