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Genome Editing in human embryos
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Gene Therapy Approaches
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Mosaicism in CRISPR-generated mouse, monkey and human embryos

Yen, ST. et al. 2014
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Generation of complete knockout mice by C-CRISPR
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» Mosaic genotype

» Embryonic development
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Unexpected CRISPR on-target effects

Hyunji Lee & Jin-Soo Kim

Cas9 can induce extensive on-target damage, including large deletions, inversions, and insertions.

CRISPR-Cas9 genome editing induces
megabase-scale chromosomal truncations
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Simultaneous inactivation of multiple genes by base editing
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High mosaicism in base-editing human embryos

BE3 OCT4 CCCTAAGCTTC,C.AAGGCCCTCCTGGACCGCCAGE Changyang Zhou
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Injection of base editors at different embryonic stages

Changyang Zhou
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Improved base-editing efficiency in human cleaving embryos
compared with MIll oocytes and zygotes
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Reveal OCT4 function by base editors

EGFP mRNA
Oct4 _ _ _
/ sgRNA Targeting outcomes in mosaic embryos
® O [ e® e ' BE3 Cas9 B Mut/Muf
' ' / 100 100 WT/Mut
- m WT/WT
Zygote 2-cell stage Microinjection 80 80
I 60 60
O GFP positive v 40 4
Oct4 nagetive ‘gﬁ
/GFP nagetive &GO ) 20 20
Oct4 positive " 5
/GFF nagetive Immunofluorescence 816 cell stage E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12E13E14E15 E1 E2 E3 E4 E5 E6 E7
[=4
G H * %k
Oct4 EGFP £ p————
T 100 —
Oct4 EGFP DAPI DAPl  Merge o
E: sz o
=& » E
= o T 9
c N oo
£% s= M :
20 2 2
ot o=
- @G 40
% a @
o4 -
=+ g %
= =
c 5 S ——
S & 0 e
0 X
.“C_’. 8 BE3 mRNA + +
h EGFP mRNA + +
Oct4 sgRNA + -

Unpublished data



Correction of a pathogenic heterozygous mutation in
human embryos with base editors
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Low off-target effects by base editing in human embryos
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GOTI (Genome-wide Off-target analysis by Two-cell embryo Injection)
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»The same genetic background

»Without genome amplification

»Genome wide and no bias
GOTI : 14 SNVs

» Single-cell resolution
Traditional methods : 3706 SNVs

> Detection of various mutations



Cytosine base editor generates substantial off-target
single nucleotide variants
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BE3 off-target SNVs were sgRNA-independent

C — 0 BE3-Tyr-C BE3-Tyr-D

Zuo E et al., Science, 2019
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DNA base editors generate substantial RNA off-targets

Changyang Zhou Yidi Sun
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Eliminate RNA off-targets by mutagenesis
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Off-target analysis in human embryos
» Combined methods

« sgRNA-dependent Cycle-Seq, Di-Genome, Chip-Seq ...
High fidelity Cas9
« sgRNA-independent GOTI, RNA-seq ...

High fidelity fused protein
> New methods

« Single-cell whole genome sequence



Improve editing efficiency in human embryos

> CRISPR-mediated HDR
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Improve editing efficiency in human embryos
> Base editing

« Different type of conversions AtoCorAtoT

 +1 or -1 editing

« Efficacy Different version of deaminases

> Prime Editing

b Prime editor (PE) and pegRNA

« Different type of conversions

« No DSB and no template

o Off targets: reverse transcriptase
’ i « Efficacy and indels



Non-human primates for human germline gene editing

» Embryonic development

 Tolerance for gene editing
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embryos | d embryos

Leptin

> Off-target evaluation

e« Sequence similarity



Somatic Gene Therapy Now, Germline Gene Therapy in Future?

Prevalence of RPE65-associated IRD Prevalence of LCA

~1,000-

Luxturna cost

$425,00

2,000

patients in the U.S.

per eye

1-2% of
autosomal
recessive RP

30,000-50,000 patients in China

New born: 1/5000 — 1/10000

New add per year: 1500 — 2500, (SMA1, 555- 925)
Total: 30,000-50,000, (SMA1, 1110-1850 )
Treatment for SMA

Drug Type Targeting :dmmlstratuo Phase Price Sponser

Spinraza ASO SMN2 mRNA splicing [intrathecal FDA approved |$125,000-per-vial [Biogen, lonis

Zolgensma . . .
(AVXS-101) SCAAV SMNL1 replace intravenous FDA approved $2,100,000]|AveXis, Inc (Novartis)

. Novartis

Branaplam small molecular |[SMN2 mRNA splicing |oral Phase 1/2 Pharmaceuticals
RG7916 small molecular [SMN2 mRNA splicing |oral Phase 2/3 Hoffmann-La Roche
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