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Gene Transfer vs. Targeted Genome Editing SREWW
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= Gene replacement by viral-derived vectors

» Permanent (RV/LV) or long-term stable (AAV) modification of the cell
» Effective & safe in several disease conditions
» Risks of genotoxicity, unregulated transgene expression, vector immunogenicity
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Exogenous template

= Gene replacement by viral-derived vectors
= Targeted gene correction with Artificial Nucleases (AN)



Targeted Genome Editing SRW/]]:ﬁget
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Adapted from Ann Ran et al., Nat Prot 2013



Gene Editing: “One Strategy to Fix Them All” 'ﬁ ”Zet
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Gene Transfer vs. Targeted Genome Editing

AN-indUCG__q_____,__
DNADSB %64

P

MR 0
Exogenous template

@
‘RIS,
. 4 ?)U/ N
) \
4
\ /
~

= Gene replacement by viral-derived vectors

= Targeted gene correction with Artificial Nucleases (AN)

» Reconstitute the gene & its physiological expression levels
» Overcome the risk of random vector insertion

SR

» Improve efficiency / yield of edited cells & characterize specificity/immunogenicity
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Expanding the Breadth of Targeted Genome Editing
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= Gene replacement by viral-derived vectors

= Targeted gene correction with Artificial Nucleases (AN)

» Reconstitute the gene & its physiological expression levels
» Overcome the risk of random vector insertion

= EXxploit gene editing to confer novel biological properties to th

e cells
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Tissue & Organ Transplantation

The organ shortage continues
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e More than 1 million tissue transplants are performed each year.
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Generation of Universal Donor Cells

CTL-mediated rejection of
allogeneic tissue/organ
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Clinical-grade iPSC cell line



Generation of Universal Donor Cells

CTL-mediated rejection of
allogeneic tissue/organ
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Generation of Universal Donor Cells

B2M-mediated expression of
a single chain HLA-E trimer linked to TK
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Crew et al., Mol Imm 2005; Le Maoult et al.,

FASEB 2013; Zhao et al., SCR 2014;
Gornalusse et al., Nat Biot 2017
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Therapeutic Gene Silencing SRW’EZH

* The scope of gene therapy goes beyond gene replacement - gene silencing

— Diseases caused by dominant-negative/gain-of-function mutations & repeat expansion disorders:

* Hypercholesterolemia
o Spinocerebellar ataxia type 1 (SCAL) ...

— Infectious diseases:

e HBV
e HIV
— Others:

 Hemoglobinopathies

» To silence gene expression:

1. RNA interference (si/shRNA)
- Stable expression/delivery of the RNAI molecules

2. Gene inactivation (Artificial Nucleases / Base Editors)
- For AN, induction of the DNA Damage Response (DDR)

3. Targeted epigenetic silencing



Epi-editing: Background

Permanent epigenetic silencing of Endogenous
Retroviruses (ERV)

O CpGme © H3K4mel or H3K4me2 © H3K9me2 or H3K9me3 @ Histone acetylation

From Feschotte et al., Nat Rev Genet. 2012

Targeting by KRAB-ZFPs - Initiator
Recruitment of an epigenetic repressive complex
De novo DNA methylation (DNMT3A) - Final locker
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Selected domains: KRAB, DNMT3A & DNMT3L
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Engineered Transcriptional Repressors

Binding Domain

1
|
|

. Custom-made DNA
| ie.ZFP/TALE/dCas9
|

|—> Effector Domain

‘i DR, from a naturally occurring
>V 4 transcriptional repressor



Epi-editing: Efficiency & Mode of Action

ETR

WA
e.g. B2M gene | -
[
CpG island

= PCSK9 gene

Transient expression
of the ETRs

Human or mouse
cells

= GOF mutations cause Familial Hypercholesterolemia

» LOF mutations protect from Coronary Heart Diseases
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Targeted

Epigenetic Silencing:

Embryonic stem cell-derived 2%
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Engineered Transcriptional
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(TALE, dCas9)

DNA binding domains
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,\l Hit-and-run ETRs co-delivery
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Inheritable epigenetic
silencing in somatic cells

Relieved by forced DNA /\ Resistant to transcriptional

demethylation
(5-Aza, dCas9:TET1)

activators
(IFN-y, dCas9:VP160/p300)
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* Repurposed the ERV’s silencing machinery

Programmable & targeted (ETRS)

Combinatorial (embryonic-restricted complex)
= [nheritable by DNA methylation

Transient ETR delivery (hit-and-run)

Amenable to multiplexing

» Effective against multi-copy genes

Resistant to external stimuli

«* No activation of the DDR

+ Potentially reversible by pharma. treatments
Amabile et al., Cell 2016
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Enhancing Gene Editing in Human T cells

FC relative to UT

Screening performed in an ad hoc developed
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Epi-editing: Resistant to External Stimuli & Reversibl SR-[lliget
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Epi-editing: Specificity
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Genome-wide DNA methylation
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Transcriptomic analysis
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Experimental Layout: Inheritance

% of B2M negative cells
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