The great story of
gene therapy

1972
Gene therapy concept is discovered by Friedmann and Robin

1989
1990 First approved protocol to use gene transfer into humans
First clinical trial to deliver a therapeutic gene is achieved
in the USA 2003
The complete sequence of the human genome is identified
2008

First adenovirus gene therapy complete phase Il clinical trial 2009

Intensive research to increase vector safety

2012
First gene therapy approved in Europe
2016

First ex-vivo gene therapy approved
2017 g Py app

First gene therapy approved in the USA

2019
First gene therapies approved for the treatment of
SMA (Zolgensma) and B-thalassemia (Zynteglo)

VAVAVAVAVAVAY .

‘ B _ _G8_ _ a8 L S w,.
«

Approaches == app%gved Vectors

Replacing gene therapies Adenovirus
a mutated gene 20%

Inactivating Others

a mutated gene

Introducing > 2400 Retrovirus
a new gene Product 18%
candidates Lentivirus

7% AAV*  Plasmid DNA
8% 17%

Challenges

*Adeno-associated virus

Long term Efficacy Neutralizing

safety over time AL Therapeutic areas

responses

Neurological
disorders

Evolvi
Manufacturing regt?l;/'lgﬁy
scale up guidance

Oncology Genetic disorders Others

( AN

LS e e NS
& Can correct these mutations

By using viral vectors O
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By using CRISPR/CAS9 g
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, Mutated cell Identification of the _L

mutation responsible Creation of a strand of guide RNA
for the disease that matches the mutated DNA sequence Cas9
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Cas9 cuts, nicks or targets the affected sequence The guide RNA identifies the mutated DNA
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