


Diseased cell Therapeutic protein

 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

Viral 
vector

Gene Transfer vs. Targeted Genome Editing  



Diseased cell Therapeutic protein

 Gene replacement by viral-derived vectors

 Targeted gene correction with Artificial Nucleases (AN)
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AN-induced
DNA DSB

Exogenous template
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Non Homologous End Joining : NHEJ HDR : Homology Directed Repair
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Targeted Genome Editing 

Adapted from Ann Ran et al., Nat Prot 2013
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Diseased cell Therapeutic protein

 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

 Improve efficiency / yield of edited cells & characterize specificity/immunogenicity

Viral 
vector

Gene Transfer vs. Targeted Genome Editing  
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Diseased cell
AN-induced
DNA DSB

Therapeutic protein

Viral 
vector

Exogenous template

 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

 Exploit gene editing to confer novel biological properties to the cells

Expanding the Breadth of Targeted Genome Editing  



Paucity of donors (HLA-matching)

Tissue & Organ Transplantation
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Therapeutic Gene Silencing

 The scope of gene therapy goes beyond gene replacement  gene silencing
⎻ Diseases caused by dominant-negative/gain-of-function mutations & repeat expansion disorders:

• Hypercholesterolemia
• Spinocerebellar ataxia type 1 (SCA1) …

⎻ Infectious diseases:

• HBV
• 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



From Feschotte et al., Nat Rev Genet. 2012 

Permanent epigenetic silencing of Endogenous 
Retroviruses (ERV)

1. Targeting by KRAB-ZFPs  Initiator
2. Recruitment of an epigenetic repressive complex
3. De novo DNA methylation (DNMT3A)  Final locker

DNMT3L

Epi-editing: Background

Engineered Transcriptional Repressors

Custom-made DNA 
Binding Domain

i.e. ZFP / TALE / dCas9

Effector Domain
from a naturally occurring                   
transcriptional repressor

 Selected domains: KRAB, DNMT3A & DNMT3L 



Epi-editing: Efficiency & Mode of Action

Human or mouse
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 PCSK9 gene
 GOF mutations cause Familial Hypercholesterolemia
 LOF mutations protect from Coronary Heart Diseases
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 Repurposed the ERV’s silencing machinery
 Programmable & targeted (ETRs)

 Combinatorial (embryonic-restricted complex)

 Inheritable 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

Targeted Epigenetic Silencing: Summary



Acknowledgments

Paola
Capasso

Angelo
Amabile

Alessandro 
Migliara

Alfredo
Cappelluti

Tania
Baccega

Ilaria
Caserta

Rachele
Del Borello

- L. Piemonti
- V. Sordi
- R. Chimenti
- S. Pellegrini
- P. Monti

- L. Naldini
- P. Genovese

- E. Montini
- A. Calabria
- G. Spinozzi
- F. Benedicenti





Targeting

FC
 re

la
tiv

e 
to

 U
T

Drugs Vehicle

Low Dose Donor High Dose Donor

G
FP

B2M

U
nt

re
at

ed
D

ru
g-

tre
at

ed

FC:2.5X FC: 1.3X

N=3 N=3

Biallelic HDR

Drugs Vehicle

SS
C

-A

B2M

Ratio:0.5

Mono vs Biallelic

Ratio:1,2

FC
: 2.2X

0.5 
Kb

B2M gene

Cas9 cutting site

1 2 3

GFPA PGK

Enhancing Gene Editing in Human T cells

- Screening performed in an ad hoc developed 
HDR/NHEJ reporter cell line

- ~ 30 also active on T cells
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Genome-wide DNA methylation 
analysis
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Experimental Layout: Inheritance
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