The Pin-point™ platform

A novel modular base editing
system ‘
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Revvity is born of a single-minded pursuit: to help
improve human health by bridging the gap between
science and people through precision and care.

We innovate and collaborate to empower our
partners to see science in unexpected ways that
deliver breakthrough results.



Revvity’s Cell & Gene Therapy Research Portfolio
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CRISPR gene editing

Cas9

Endogenous repair pathways
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NHEJ HDR

Non-homologous end joining Homology directed repair

Random insertion or deletion (Indels) Template
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Precisely Edited Genomic DNA
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GENE DISRUPTION BY A psDNA BREAK

Indel formation to disrupt gene sequence

complex population of indels
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Base editing

nCas9
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GENE MODIFICATION BY POINT MUTATIONS

Creation of stop codons or splice site disruption for knockout

Introduction of single base conversion
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The gene editing evolution is now

1st generation Cas enzymes
Gene disruption by a dsDNA break

2nd generation base editing
Gene modification by point mutation

creation of stop codons or splice site
disruption for knockout

not reliant on dsDNA break
introduction of single base conversion

New generation Pin-point™
base editing system

ErPredictable, precise and efficient single
and multi-gene editing

MSimultaneous knock-in and knockout in a
single reaction

& Nuclease and deaminase flexible
& Modular control over target and editing

window to specifically reach your gene
of interest
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Why choose the Pin-point™ system?

Novel, patented aptamer-
recruited base editing
platform that can be
optimized for your research

Modular, tunable system Exemplary safety profile with
helps you to reach your reduced unintended impact on
targets of interest cell viability or functionality




What is the Pin-point™ system?

Based on a patented aptamer-recruited base editing arrangement

3 component system

a nuclease . 1. RNA—gmded enzyme

2. Deaminase and recruitment protein

3. Guide RNA with aptamer
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& WANWN  Demonstrated advantages
RRRRRRRRR/INEE m/Multiplex gene editing including knock-in and

%(‘&O knockout with high efficiency and safety
@ M/Validated performance in T cells, iPSCs, and HSPCs

*Schematic depicts nCas9 configuration
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M/Mix—and—match for target specificity and efficiency




Base editing terminology

nCas9 -.
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“Base editing window”
5’ 20bp spacer
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nCas9/rat APOBEC is most
likely to edit C’s in positions 4-7

“Bystander editing” is any
editing other than the target
base of interest

“Off-target editing” is any
editing other than at the locus
that is targeted
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The Pin-point™ base editing technology is acceleratin
therapeutic development research

The CRISPR Journal
Volume 4, Number 1, 2021
© Mary Ann Liebert, Inc.

DO 10.1089/crispr 20200035

RESEARCH ARTICLE
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Journal

Development and Characterization of a Modular CRISPR
and RNA Aptamer Mediated Base Editing System

or M. Tan," Huiting Xu, M
Tommaso Selmi* Joh
and Shengkan Jin

Abstract

¢ Ruiz-Urigiien,’ Amer Alasadi,’ Jingjing Guo,' Ha
1. Lambourme,” Jennifer £

lin Tao,
arbottle,” Jesse Stombaugh,” Jinchuan Xing,”

Conventional CRISPR approaches for precision genome editing rely on the introduction of DNA double-srand
breaks (DSE) and activation of homology-directed repair (HDR), which is inherently genotanic and inefficient in
somatic cells. The development of base editing (BE) systems that edit a target base without requiring generation
«of DSB or HDR offers an altermative. Here, we desaibe a novel BE system called P\rv-pomtw that recruits a DNA
base-modifying enzyme through an RNA aptamer within the gRNA molecule. Pin-point is capable of efficiently
modifying base pairs in the human genome with precision and low on-target inde! formation. This system can
potentially be applied for correcting pathogenic mutations, installing premature stop codons in pathological
genes, and introducing other types of genetic changes for basic research and therapeutic development

Introduction
Gene editing technologies mediated by CRISPR systems
provide powerful tools for biotech and |

DSBs or HDR activity, and has been successfully applied
to models from animals to crops! * highlighting its versa-
tility and biotechnological and bi dical potential. A

research in general.'> However, conventional CRISPR
technologies rely on the generation of DNA double-
strand break (DSBs) at target sites, which may have
oncogenic liability. Marcover. for a precision repair, con-
ventional CRISPR requires ¢ f

variation to direct fusion of a deaminase to dCas9f
nCas9 has been published, where an effector deaminase
is recruited to dCas9/nCas9 through the use of protei
protein interaction domains."”

homology-directed repair (HDR), which is low in nondi-
viding somatic cells.* Thus, there is a need for the de-
velopment of new gene editing systems that limit the
introduction of DNA DSBs and facilitate precise gene
editing without the need for HDR.

To overcome the limitations associated with the re-
quirement of DSB and HDR posed by conventional
CRISPR-Cas systems, an elegant gene editing method
called base editing (BE) was developed.® BE hamesses
the DNA targeting ability of a nuclease defective Cas9
(dCas9 or nCas¥), combined with the DNA editing activ-
ity of the cylidine deaminases APOBEC-1.° By directly
fusing the deaminase effector to the nuclease-deficient
Cas9 protein, these tools introduce targeted point muta-
tions in genomic DNA® or RNA” without requiring

An ive to fusing an effector deaminase to Cas9
is o engineer the guide RNA (gRNA) component of the
CRISPR-Cas9 complex as an anchor for recruitment. In
this approach, the gRNA is engineered to include an
RNA aptamer, which interacts with its cognate ligand
fused o an effecior proiein. This mode of recruitment
has been utilized for transcriptional regulation, "2 the fa-
beling of genomic loci,™* and targeted hypermuta-
tion. 1% The separation of the DNA recognition module
from the effector module and the use of RNA aptamer
for effector recruitment has potential advantages, such as
allowing convenient reconfiguration of the system by the
mix and match of individual components and simultaneous
recruitment of different effectors to different target sites.

Here, we report the engineering and optimization of an
RNA aptamer-mediated BE system named Pin-point™.

“Deparement of Phormacsiogy,
Fiscataway, New dersey, USA-and "Herizon Dicovey; Camiridge, Unied Ningdom.

“daress Jin, P03, Department of P

Wood Jofnson Medial School, Picotoway, New Jerey, USA; “Department of Generis, Autgers, The Seate Linkersity of New Jersey-

5 Hoes Lane West, Pcataway, NI 088545635, USA,

www.ncbi.nlm.nih.gov/pmc/articles/PMC7898459/pdf/crispr.2020.0035.pdf

Genome Editing of Pluripotent Stem Cells for Adoptive
and Regenerative Cell Therapies

Roben Bawbong”
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https://www.biorxiv.org/content/10.1101/2023.06.20.545315v 1

Press release
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THE PREPRINT SERVER FOR BIOLOGY

New Results A Follow this preprint

An aptamer-mediated base editing platform for simultaneous knock-in and
multiple gene knockout for allogeneic CAR-T cells generation

Immacolata Porreca, Robert Blassberg, Bronwyn Joubert, Jennifer Harbottle, Olga Mielczarek,
Jesse Stombaugh, Kevin Hemphill, Jonathan Sumner, Deividas Pazeraitis, Julia Liz Touza, Margherita Francesatto,
Tommase Selmi, Juan Carlos Collantes, Zaklina Strezoska, Benjamin Taylor, Shengkan Jin, Ceri M Wiggins,
Anja van Brabant Smith, john | Lambourne
doi: https://doi.org/10.1101/2023.06.20.545315

This article is a preprint and has not been certified by peer review [what does this mean?].

Press
Release

Details
News Details

VIEW ALL NEWS

Revvity Announces New License Agreement for
Next-Generation Base Editing Technology

05/18/2023
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Validated
performance in
primary T cells



Highly efficient and precise multiplex T cell editing

~50% of all 4 proteins

>/5% editing in each target knocked out No indel
base without enrichment (no enrichment) formation
100 100 - B B2M
100- = C 1 EE CD52
=T £, 804 9 EE TRAC
s 80 f Zs S TC:)’ ] B PDCD1
(2]
® 2 60 =
%] ] © -
g 60 o § 50_-
2 < 404 g ]
g 407 S T
° o o i
S c
A 204 £ ]
204 )
0- 0-]
0= B2M CD52 TCRa/b PD1 Base Edit Cas9

B2M CD52 TRAC PDCD1
*Normalized to controls

Pin-point™ base editing system is highly efficient and avoids
potentially catastrophic DNA damage
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Strong safety profile in T cells

o _ No detected translocations: No detected
Negligible off-target edits targets and known off-target sites translocations: fusions
Indel | C>T f.-/'/,-\:-.\ f‘,v.-.\
100- | i /=N \ 2.0-

1007 | rom & II l ’l N v e CD52
é ] i ;? ' ‘ Casq LY PnP O Control o) ®
> 5 mor1 T y N USON T 4 o binpont O 157 _— " iérc
= 1 _ c S 7 A
5 B o012 s A A SpCas9 5 ¢_ v
(&) : ! o - 8 1.0- v PDCD].
L2 oA ! e 1.0+ A N o u
Iz 1 | <) A v A
+— < | - C
:%)’ ] i g 0.5= A g 0.5 :
£ ] | :—E A a A A A A A A X
O ] oo e 0.0 oS ¥————@-Eph—

0] ’ Control SpCas9 Pin-point

Cas9 PnP

A cleaner and safer approach to multiplex gene editing in T cells
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No impact on T cell health

Cell viability maintained

100- Hl Cas9

e Em Base Edit
> 80+
= 60
>
= 40
]
o
= 20-

0

Single Multiplex

Rate of cell expansion unaffected

[
o
L I '] 1

Fold Expansion
T

Day O to Day 3

Number of targets

High multiplexing does not compromise cellular health or yield
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Validated
performance in
IPSCs



Base editing with a Pin-point™ system in iPSCs

Mock Mock
ocC
100+
80
+
(% 60 @
=
m
X 40 2.1
20+
IR
0 T T T T T 1 W@l" " e
0O 20 40 60 80 100 120 FOXA2
Pin-point BE Day . _
Pin-point BE
100+ -/Al<| = | (4 52%] 17.50%
80 7 ' 1
n
5 007 iPSC #1 mock SR
g 40_ |PSC #2 mOCk § .: [FOXAzZ= Bam=]"
-4 iPSC #1 PnP g
207 = iPSC #2 PnP :
0 ! I I I ! : “ 1? 75% 50.52%)
DAPI (nucleus) B2M 0O 20 40 60 80 100 120 — e
Day FOXA2

Edited iPSCs are stable with no growth defects when cultured
up to 100 days and retain differentiation potential

revvity
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Multi-gene editing in iPSCs

Effective multiplex base Edited cells are viable Edited cells retain their
editing pluripotency
100- WT Cas9 Pin-point
% a . 100_ A‘ : I‘* r‘* r‘*
80_ 100000 ™
p a N oy B AT 80-
S - y —
E 60_ g 10000 A4 8\, 60—
- S =2 A mock
|c_cs 40+ @ 1000 ] A cz% 40— A Pin-point
A o
O 20- 5 100 =] A 20_
x -
A
0- 0 T T T I
1o J J I I J J mock O 1 4
Q (,9/ O QY
Vv v Q 1 2 4 1 2 4
SaleY L QQO number of sgRNA Number of sgRNA

High base editing High survival of multi-edited Pluripotency is retained in
efficiency at target loci in iPSCs with a Pin-point system iPSCs edited with a Pin-point
a multiplex setting system
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Strong safety profile in iPSCs

Undetectable translocations after multiplex
base editing with a Pin-point system

5_

— 4 A A Cas9
X
) _ . .
= g_ % O Pin-point
o
& 17
g_ 1 AA A
g 0.10 +
c
9
s A

—— Target 3 © 0.05+ A
e
@©
S
|—

/.é)@fq
in-silico predicted translocations ,q&

previously validated in T cells

A cleaner and safer approach to multiplex gene editing in iPSCs
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Validated
performance in
HSPCs



Highly efficient base editing in HSPCs

High level of editing achieved High level of editing and purity High level of B2M
with optimised conditions achieved at the target site phenotypic knock-out
Sanger sequencing NGS
o 1007 _ 100+
: St =c g
8 80- g S = 80+
13 LW o 07 =T S
2 60- o % ) G o 607
8 ® % S 607 - S
= ¢ — A 4
B 4 3|° © 40 BN DEL C
ad ¢ =
2 2041 °M S 20- 3 INS = 201
O ° — m
o\o 0 I I 1 1 0- 0-
N Y s N % & % % &
S S s S°
S S S S NN (&6@@
0

Pin-point base editing system achieves high level of editing in
HSPCs with high purity of C to T conversion

f'e\/\/lt_y 19




Therapeutic editing of HSPCs with the Pin-point platform

https://doi.org/10.3389/fgeed.2021.618406

Reactivating Fetal Haemoglobin Edltmg EfﬂCIenCy
GATA1
1) Editing of the BCL11A erythroid enhancer binding site .
Erythoid S 1007
enhancer Base! TTTATCACAGGC TCCAGGAA S
BCL11A +58 000004006 --00004--05 = 807
Chr 2 ex1 = ex2Hex3 ‘000 -00 - 0-000000O0 - 00 - - 5 cod H
{ - --0-680 50000 -500 0000 > —%
: ’ 00000 -0 -000-6--00000 840_ )
CBEs o
= 504
=
O /-
BCL11A enh
BCL11A o
- . . S 60—.
2) Editing of the BCL11A binding site in the binding site -
HBG promoter /—A—\ -8 oo o°
HPEH Base CTTGAC CAATAGC CCTTGACA 540-.._..+
, mutations 000 -00O0O0OODOO-000O0TO O -000 > o °
B-glgl')‘m::)cus u\l HBG = 0000 -00 --0-0000T0TO0-0- g ¢
J ( 0--0038300-0500--0000 O 20-
p . 0000 - - 00000 --020U00-0 =
CBEs L
ABEs O I e e

revvity

Pin-point™ base editing system achieves therapeutic editing in HSPCs

C-115C-114

Induction of Fetal
Haemoglobin

2.5

1.0

HBG mRNA level *

0.5

0.0

HBG mRNA level *

1 1
Control Edited

T T
Control Edited

*qPCR data expressed as HBG/HBA and
normalised on expression in control
samples
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Uniquely capable
of complex
engineering



A solution for complex engineering

One-step simultaneous knock-in and multiple knockout in T cells

Base Editing with aptamer gRNAs
Knockout B2M, CD52, PDCD1

5" m— = . - 2
1 C > = G i -3 \
3= target 1 3" C > = . -3
] | target 2 13— C -5
One transfection
Pin-point deaminase
Pin—point aptamer gRNA (3) Insertion of a transgene bY non-aptamer nicking gRNAs
: CAR in TRAC
Nickase Cas -
Nicking gRNAs (2) R e
Donor insert template
TR,;.CUS n d

Stlop
Edited TRACIOE!;M| oo | - E-HES
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Streamlined creation of CAR-T cells is enabled with the
Pin-point™ platform

Multiple proteins are ... While enabling ... and weaponizing T cells
knocked out protein knock-in against cancer cells
100~ 25+ 120+ vy
n S 100-
80- >% 20- Y < 100
. O o c
S A S 9 = 80+
@ 60- S 215 X
o o T T 60
c coO @)
T 40+ < g 10 5
o o 5' o 40-
x E 0 E
204 ¥ 51 = 20
0- 0- 0-
B2M CD52TCRa/b PD1 Control CAR Control CAR

The Pin-point platform is efficient and accurate for concurrent transgene
insertion and multiplex base editing

\/1 t y
re\l Biological replicates = 2 *Normalized to controls



No loss of efficiency in payload deliveries

Equivalent to dsDNA knock-in Presence of modular deaminase
has no impact on knock-in

w
o
]
a1
o

— B Pin-point
S B SpCas9 —~ 404
o g
3 207 % 30
+ O
e + 50
8 a 20
101
o O 10
—
O
O 01— .
0 . Control AAV6- Control AAVG6-
Control CAR GFP GFP

Donor 1 Donor 2

The Pin-point platform can deliver payloads equivalently to
standard Cas? or nCas? knock-in strategies

B Pin-point
B nCas9




Demonstrated simultaneous knock-in and multiple
knockout in iPSCs

High level High level of .. and base
Base editing of B2M transgene editing
nockout CIITA knockout knock-in (CIITA KO)
& 100+ 60 100~
Insertion of a transgene -
in B2M (promoter-less GFP) g 897 >3 5 807
2 E_; v 40 g
© 60- ca > 60+
c =
AT g [ F“—  Plasmid (3 c 5 5
S 40 <P S 40
o £ 204 =
= g © @)
0 20- S = 204
B2M locus n
| 0- 0- 0-
Q;' Q}x e' ex Q,' ij
Stop Q,(\ Q}Q Qz(\ Q,Q Q’Q Q/Q
Eitod BaM lood— e | = 8- %&Q, & é@q & ré\%q &
N\ &@' <Q «\Q’ A& &\rz"

The Pin-point platform enables one-step simultaneous knock-in and
multiple knockout in iPSCs
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Flexibility for
target optimization



Choose components for locus-specific optimization

Most pathogenic SNVs with potential CBE correction are

not reachable with published systems*

About 21% of hSNVs
leading to monogenic
disorders can be
corrected with a CBE*

T
<9

=A-TtoC-G=C-Gto A-T=C-GtoT-A

=A-TtoT-A = A-Tto G-C

Of that 21%, about % could be
addressed with existing platforms
in 2020*

1,55%
195% _ 0.53%

. 0.10%
%\1.78%
B 1.10%

* NGG = NNNRRT = NGAG
= NGCG = NGAN = NGN,GAW
«TTTV = Unreached SNVs

reach more targets
optimize efficiency

nuclease .

-

optimize editing

window _ > ability to multiplex

Schematic depicts nCas9 configuration

The modular Pin-point platform can be customized to combine optimal components for

a wide range of base editing applications

revvity

*Graphed from data published by Lavrov et al. BMC Med Genomics 2020



A benefit of modularity of the Pin-point™ platform

Demonstrated compatibility with numerous nucleases

Type ll Type V
Enzyme activity nickase nickase nickase deactivated deactivated deactivated deactivated deactivated deactivated deactivated

activiymmammatancets ¥ v v v v v v v v

Demonstrated with the / / In / In / In / / In
Pin-point system progress progress progress progress
SgRNA optimized \/ In progress In progress \/ \/ \/
Enzyme optimized / /
Confirmed at multiple targets
(24) ‘/ In progress ‘/ ‘/ ‘/
Demonstrated in multiple cell
types (2+) / In progress / /
Demonstrated with multiple / / ‘/

deaminases (2+)

The Pin-point platform enables utilization of a variety of RNA-guided nucleases,
which can be further optimized for editing efficiency

f'e\/\llt_y v




Preliminary evaluation of a deactivated Type V enzyme
with the Pin-point base editing system

gRNA scaffold evaluation Validated at two Validated in two
target sites cell types
25= 257 mm C8
25= 3 C9
208 20 mm C10
2 _ 20- g
5 154 B C6 = 5 17 l
o m C7 T 15+ o
= m C13 - '~ 1
A 10= A 10-
o W C14 o 10- =
2 = i
5= 5- 5+
0- 0= 0~ T T
S & »© & © A D N D .9 0 cancer cells T cells
oeé’\é\ ozé\go o@é\Qo o@qo 0 () o\ 0\ 0 0 0\

Target 1 Target 2

Increased activity achieved through design of the guide RNA scaffold persists
over multiple targets and cell types
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https://horizondiscovery.com/-/media/Files/Horizon/resources/Application-notes/base-editing-modularity-app-note

The Pin-point™ platform configured with the compact

Type V effector protein dCasMINI

hApobec3A AnoApobec
40 -
y mC3 20 mC3
el W4 e mcs
s 30 HCo g 30 HCo
) *‘:; 25+ B C10 = 25 B Cc10
Target site 1 § 20- B Ci1 € 20- I B C11
 15- ‘ B C12 = 154 Cc12
2 10- Il || mCi3 2 10 mci
(8) o
<H it | R |
0" T T | T | T 0+ ! : T L l T | T
N a9 Ly ™ & N Vv & » \d &
& & & & & %‘L O &2 &2 & & Vv
¥ ¢ ¢S FFELTLSF P
Qg q§ Q§ Qg Q§ Q§v. Qg?’ Q.\;v' Q.ev' Q.QV'
hApobec3A AnoApobec
40- 40-
HC3 HC3
il mCs el mcs
30 30+
5 mCo s mCo
= 254 = 254
. o ®
Target site 2 § 20- £ 20-
~ 157 = 154
2 10- 2 10-
"o S ol Hf
c 1 1 I ll 1 1 0 1 1 I + 1 Il I
N9 s ™ & N9 D CER S &
,990 é\é\ e‘é\ Q\Qo g&f 'V\G ® g\é\ Q\QQ 690 é@o 990 ,V\Q'e &
v:bQ vbe v:bﬁ v:bﬁ v:bﬁ @6 v:bQ v:be v:be v:bQ v.bz ég
& N N N N N
S & 5SS S & &S
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https://horizondiscovery.com/en/gene-editing/pin-point-base-editing-platform/technology-licensing

Preliminary evaluation of a nickase Type Il enzyme
with the Pin-point base editing system

25=
B C4
o 20+ B C6
c
= B C10
g 7 = Ccl1
30—
m C4 |510-
@ . C6 S 5
=
= 20-
E 0
- Deaminase 1 Deaminase 2
n
o 104
&=
20=
B C3
u-%\"bﬁ* h"b"a,upt ?15- =
LR A S, A as-‘ =
ST T F S o
FFFS & T "
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The Pin-point platform effectively supports optimization of the editing window
by selecting the best guide RNA and deaminase pairs
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\l Read the full Application Note
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https://horizondiscovery.com/-/media/Files/Horizon/resources/Application-notes/base-editing-modularity-app-note

The Pin-point™ system is a transformational next-
generation gene editing technology

“3) Highly effective editing platform,
even for complex edits

Q Versatile technology modular and
capable of generating locus-specific
a effects for novel therapies

Improved safety compared to
standard CRISPR-Cas? systems
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Access Pin-point base editing

Licensing

Licenses for therapeutic
development

Comprehensive support

Collaboration opportunities

Research Reagents Services
Synthetic off-the-shelf reagents Tiled pooled screening

Validated controls Functional genomics

Custom guide RNAs Cell models

https://horizondiscovery.com/en/gene-editing/pin-point-base-editing-platform

BaseEditing@HorizonDiscovery.com

revvity
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Pin-point base editing reagents - now available to all

researchers
nuclease What's included?
nCas9 mRNA
APOBEC mRNA
Synthetic sgRNA
5.II N Validated Control sgRNAs to knockout
G \ 3 CD52, PDCD1, TRAC
db Ms' * Non-targeting control sgRNA

Custom sgRNA for your target

||||||||||!|| |
Protocols for T cells & cancer lines, technical manual

ﬁ @ © RNAaptamer Comprehensive technical support

Reagents available at horizondiscovery.com
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https://horizondiscovery.com/en/gene-editing/pin-point-base-editing-platform/base-editing-reagents/sgrna-custom-control-form

rev\vity

We are a visionary partner in developing
technologies and solutions across disease
research pathways.

Here for a healthier humankind.
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