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Approaches for gene editing therapies
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Savic and Schwank (2015) Translational Research, 168, 15-21



In vitro expansion and transplantation of

hepatocytes

hepOrgs

Hu et al., Cell 2018

CLiPs

Katsuda et al., Cell Stem Cell 2017

differentiation

iPSCs s — (@

Takahashi et al., Cell 2007

Clinical trials for hepatocyte transplantation

Crigler-Najjar syndrome type 1 (CN-1), urea
cycle defects and factor VII (fVII) deficiency:

No long-term benefit observed!
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Lee et al., (2018), J Mol Med; 96(6): 469—481.



In non-dividing cells DNA double-stand breaks
mainly induce indel mutations

NHEJ vs. HDR HDR is inactive in postmitotic cells
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DNA double strand breaks can induce complex DNA

damage

LETTERS
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Gregory R. Hoffman?, Ricardo Dolmetsch' and Ajamete Kaykas™
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CRISPR-Cas9 genome editing induces a p53-
mediated DNA damage response
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Inter-homologue repair in fertilized human
eggs?

ARISING FROM H. Ma et al. Nature 548, 413-419 (2017); https://doi.org/10.1038/nature23305
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Repair of double-strand breaks induced by
CRISPR—-Cas9 leads to large deletions and complex
rearrangements
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Base editors can install/correct transition mutations
without inducing DNA double-strand breaks

Cytidine Base Editor Adenine Base Editor
APOBEC— Cas9 Cas9
_’ \_ \___ Limitations:
 Transition mutations
G- / / « PAM availability

l !!UHSQRNA T 1 !!UHSQRNA « Bystander edits
L G

A C
C+G to T+A conversion A+T to G+C conversion

Komor et al. (2016), Nature; 533, pages420-424. Gaudelli et al. (2017), Nature; 551(7681):464-471.



Predicting base editing efficiencies
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The Pah¢"" mouse model for Phenylketonuria
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PAH deficiency leads to excess amounts of Phe in the blood,
causing damage of the central nervous system

The pathogenic mutation is a T>C mutation that can be
targeted by cytidine base editors

Exon 6 Exon 7 Exon 8
l//l//// \
GGC CTG GEC TTC CGAGTC ToC CACTEGCACA CAG TAC ATT (+)

CCG GAC CGG AAG GCT CAG AgG GTG ACG TGT GTC ATG TAA (-)
Gly Leu Ala Phe ArgVal Ser His Cys Thr G1ln Tyr Ile c.835T>C PAH

Cto T correction
using SaKKH-CBE3

Gly Leu Ala Phe Arg Val Phe His Cys Thr Gln Tyr Ile Wild-type PAH



AAV-mediated base editor delivery restores physiological

blood phenylalanine levels
Targeting the Pahe"" mouse model with SaKKH-CBE3
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In vivo cytidine base editing using RNA encapsulated in
lipid nanoparticles
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% of total sequencing reads

In vivo cytidine base editing using RNA encapsulated in
lipid nanoparticles
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Base editors can generate sgRNA-independent off-
target mutations on RNA and DNA

LETTER

https://doi.org/10.1038/541586-019-1161-z

Transcriptome-wide off-target RNA editing
induced by CRISPR-guided DNA base editors
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J. Keith Joungh 234+
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Off-target RNA mutation induced by DNA base
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Science

Cytosine base editor generates
substantial off-target single-nucleotide
variants in mouse embryos

Erwei Zuo"“2*, Yidi Sun®*, Wu Wei®>***, Tanglong Yuan*, Wengqin Ying', Hao Sun®,
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Cytosine, but not adenine, base
editors induce genome-wide
off-target mutations in rice

Shuai Jin?*, Yuan Zong"?*, Qiang Gao®>*, Zixu Zhu"?, Yanpeng Wang', Peng Qin*,
Chengzhi Liang>?, Daowen Wang"?, Jin-Long Qiu’, Feng Zhang®, Caixia Gao"“>t



In vivo cytidine base editing did not induced RNA off-
target deamination

HEK293T AAV LNP
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In vivo cytidine base editing did not induced DNA off-

target deamination
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Point mutations per genome
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SNPs are well tolerated in humans
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Targeting PCSK9 via adenine base editing

PCSKO is a negative regulator of LDL receptor

Healthy individual Hypercholesterolemia Deletion of PCSK9
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Inactivating PCSKO9 in vivo reduces LDL cholesterol

Pcsk9-201 protein-coding transcript

4-SA  6-SA 7-SA 11-SA
R B N | B R e e e 1
1-SD 6-SD 8-sD

| Editing on target base (A;)

@ Indels Plasma Pcsk9 Plasma LDL
70 H _
= 400 £ 1.5
. o 50 ; 200 -
- £ i g
AAV-treated mice . g N
2 x - ’
§ § 200 7 9 kK
5 10 A © ©
o -+ £ 100 & 05
0.5 " £ - g
0.0 ~ 0 - 0.0 -
F F P
& ¢ ‘ggo § &06 @6‘°+ q}gb Q/@#
P & 8 & #
¥ ¥
B Editing on target base (Ag)
@ Indels Plasma Pcsk9 Plasma LDL
~— 400 -
70 < T: 1.5 +
. £ 50 2 300 3
LNP-treated mice 8 ., 2 €104
‘g Q‘_J 200 - éI Eaes
% 10 i E g 05
@ I -
e ‘—" 2 100 - §
0-5 E ok k g
0.0 0 - 0.0 -
,~ D Q P Q
Q«(Q 0}9 6& Q\Q boéb @fb\ \/é & &'t} \§ &
R & RO N IS & S
N & N &
N \p NS P A
N ,56‘ ,.56‘
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In vivo adenine base editing did not induced RNA and DNA off-
target deamination

HEK293T in vivo
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LNP-mediated adenine base editing of PCSK9 in primates

LNP = Target edit (A6) Serum PCSK9 Serum LDL
0.750r1.5mg kg™ . 5 %0
Py % 20 -
]
N\ _AK e* | o
S 15+ % 3 o
€ O i
(Day-12  |Day1 |Day 15 Day 29 8 . _ c ® _10.- 1
® 5 ‘ o 2 N
| | | e - = e g 20 e
1 - 3 e eV
< > @
< > m * %
Pre-treatment \z \; Post-treatment 0 _m T T I A R
analysis i analysis A N £ S0l & OO 28 S e
’ (re-dose) ! S LS O 0 NI © © KO S
& o O ¥ o O & oS A PANPAS ® Ao Ao €5 A
S o6 €St ¢ SRS NSEIRENEN
Q- \. -
Q.

Rothgangl et al. (2021) Nature Biotechnology, volume 39, pages (949-957)



Prime editors: A highly versatile DNA double strand
break-independent genome editor

Prime Editor Primer-  RT template
binding site including edit
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PRIDICT: Predicting prime editing efficiencies
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PRIDICT: Predicting prime editing efficiencies

Predicted efficiency (%)
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Generation of size-optimized prime editors
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Installing a G-to-C edit in Dnmt1 via AAV-mediated prime

editing
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Installing a G-to-C edit in Dnmt1 via AdV5-mediated
prime editing
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Correction of the Pahe"" mutation via AdV5-mediated
prime editing

% C to T conversion
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In vivo prime editing is highly precise

% indels

Prime editing off targets
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