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Introduction

RAG1-SCID
RAG1/2 are...
« ...essential for V(D)J recombination
* ...required for maturation of B and T cells
Characteristics:

= Absence of T and B cells s g tnd
= Diminished/absent |g levels Bl Blla/b Bl

} ) 190 200 300 ) 400 500 690 ) 700 800
= Patients suffer from infections | ' | ‘
» Lethal during infancy if untreated

= RAG1-SCID accounted for 8/49 SCID cases detected by
newborn screening in California (2010-2017)
=  Only curative option to date HSCT

> ® e Atypical SCID

Challenges for gene therapy:

- Spatiotemporal control of RAG1 expression

- SCID-causing mutations spread across entire protein-sequence

- Need to deliver full length copy for “one-size-fits-all” treatment option

Institute Notarangelo et al. (2016) Nature Reviews Immunology
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Objective

Strategy and project overview

Disease Model/Patient

CD34+ cells
* 1. Identify best TALEN®
€ Healthy Donor
CD34+ cells
/‘ \ . » X RAG1 CDS
)  § ——) . ':. ) .:. —) E B TUTR
() . . \ 2. Establish/validate KI
' Aim:
To establish a cure for RAG1-deficiency
through genome engineering of HSCs using B it
TALEN® and AAV6.
@AAVG
RAG1 /
restoration
3. Preclinical mouse model a
_ . ’:. _ _ Ex‘ RAG1 CDS o
»
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Introduction
Strategy

RAG1 deficiency T'-B-NK+*SCID - gene editing Strategy
-Insertion of full length coRAG1 in Intron1->Expression under endogenous promoter

TALEN®

—— Promoter || Intron | Exon2 3'UTR |—

Exon1 e

300bp 50-140bp 3132bp 228bp 300bp
‘ l mut
——— Promoter bGHpA | Exon2 | 3UTR —
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Identifying the best TALEN®

TALEN®-cleavage optimization in CD34+ cells

Initial screen Optimization: High cl i
Concentration/Temperature Igh Cleavage ericiency
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Off-target profile of TALEN® lead candidates

Oligo-capture (OCA) and In silico prediction hits

TAL2 TALG
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OCA PROGNOS OCA PROGNOS
- Amplicon NGS confirms high on-target activity (~74%) for both TALEN®
- Minor off-target activity in one (TAL2) or two (TALG) sites
- No off-target activity at in silico-predicted (PROGNOS) sites
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CAST-Seq

OFF-Target mediated aberrations

——
—

ON-Target site

OFF-Target site

——

ON-Target mediated aberrations

ON-Target site

—) :
e Deletion
aE > — K | B>l hversion
Homologous chromosomes
[l Dicentric

—
| (o | Acentric

ON-Target site

[ | I|_ —) B Il HR
Homology regions
[ ]

; — e LR

Homology region

@ Institute Turchiano et al. (2021) Cell Stem Cell

Principles

- Translocation

CAST-Seq is capable of

Nominating off-target sites

OFF-target mediated gross chromosomal
aberrations:
-chromosomal translocations
-chromosomal rearrangements

ON-target mediated gross chromosomal
aberrations:

-large deletions

-large inversions

-homology-mediated translocations
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CAST-Seq

Hits
TAL2 TALG

2000
1500 (Rggze%lgFNt;?gr;ge?trnedlated translocations 1500
10004 Blue=homology-mediated translocations 1000+
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#hits: 1628 7 #hits: 2132 6
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- All identified OMTs/HMT have few hits (<0.05% of alleles)
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AAV6 donor design

Integration in Jurkat cells

TALEN®

X coRAGH1 integration coRAG1 expression
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Targeted knock-in in CD34+ cells

Leveraging integration of corrective cDNA
2X
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AAV#S (x10E4) - 1 3 1 1 1 AAV#5 (x10E4) - 1 3 1 1 1
TALEN® - + + + + TALEN® - + + + + +
GSE56 - - - - + + GSE56 - - - - + +
i53 - - - + - + i53 - - - + - +

» 2-fold increase in knock-in and viability by GSE56

@ Institute GSE56: Schiroli et al. (2019) Cell Stem Cell; i53: Canny et al. (2018) Nature Biotechnology
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Establishing disease model

Disease model for functional rescue

Cas9 | - + o+ |
. TAL2/6 Cas9+sg1 Cas9+sg2 TALG | -
1. KO with CRISPR-Cas9 X AP W
—— Promoter || Intron E1
Exon1
‘ 660bp )
-T7E1
TAL2/6
2. Kl with TALEN® +AAV6 )(’
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Establishing disease model
Successive KO/KI in HSPCs

35m —— 5"Junction
S
c 30—
S
5
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& 201 —— HE in Cas9 pre-treated samples
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é’m_ » Successful establishment of potential
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T cell differentiation in ATOs

Artificial thymic organoid (ATO) formation

.? ehs4cos Culture for 6-12 weeks
@HERC Centrifugation in RB27 /1L-7 / FLT3L /
Ascorbic Acid

—- /o &>
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@ Cell pellet
Transferto a

0.4 pm membrane

MSS5-hDLL1

?f\

i b

s

2 IVERSITATS
%‘m’ﬂ'NlKUMmsmunc -—

@, Institute Seet et al. (2017) Nature Methods

x Transfusion Medicine
=V & Gene Therapy 13




T cell differentiation in ATOs

Role of RAG1in T cell development in vitro (7 weeks)

hCD45+/CD56-
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SSC hCD45 CD7 CD4 TCRab

FSC CD56 CD5 CD8 CD3

. Successful establishment of RAG1 deficiency in vitro model
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Summary & Outlook

Summary

1) Identification of two highly active TALEN® with good safety record

2) Leveraging knock-in of coRAG1 (rAAV donor) in CD34+ cells through inclusion of additional RNAs
(153, GSES6): up to ~30% in bulk HSCs and ~20% in LT-HSCs

3) Increasing the viability of edited HSCs 2-fold by transient p53 inhibition

4) Establishing ATOs as in vitro model system to evaluate functional restoration of RAG1 deficiency
(~40% CD3/TCRab-DP cells)

Outlook
1) Functional rescue experiment (RAG1-KO followed by coRAG1-KI - seeding into ATOs)
2) Sequencing of T cell receptor repertoire

3) Transplantation of rescued HSCs into NSG mice to show functional restoration of T/ B cell
development
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