Application of ADAR-mediated RNA editing to
modulate protein-protein interactions
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Figure 2. Applying AIMers to modify protein-protein
Interactions /in vitro
A

Figure 4. Dose-dependent modulation of protein-
protein interactions

Summary

e With PRISM™, Wave can generate stereopure AIMers
(A-to-I editing oligonucleotides) that promote RNA editing
with endogenous ADAR (adenosine deaminase acting on
RNA) enzymes in cellular and animal models.?

e We that
incorporating stereopure design as well as PN backbone

Dose-dependent gene upregulation following Nrf2 editing

RNA editing efficiency Gene upregulation

Percent Editing Fold-change Nqgo1
(primary mouse hepatocytes) (primary mouse hepatocytes)

ADAR-modified conditions

@ Bl ADAR editing site
!MQ
TP S

Basal conditions

L

|
|
|
|
|
|
L NRF2 degraded :
|
|
|
|
|

have previously demonstrated AIMers

: : oy .. : by proteasome . - :
chemistry have overall higher editing efficiencies NRF2 stabilized g  o0.0016uM T} 0.0016uM L H
: AIMer € ¥ o0.008uM ] 0.008uM M
compared to stereorandom AlIMers lacking PN.1 T;:n::;ie%tion m S  o.0aum /1 0.04umM T
r r -5 2uM 2uM 4
e We developed AIMers designed to disrupt the NRF2-KEAP1 N O A =
protein-protein interaction interface and applied them in 3 sM————— sum
vitro, showing that we can elicit robust RNA editing that B | | N 0.0016uM 0.0016uM
corresponds with NRF2-dependent gene activation, which AlIMers targeting NRF2-KEAP1 interface support RI\_IA b_ased editing 0.008uM 0.008uM
. . _ _ _ _ o that upregulates NRF2-dependent genes in vitro 0.04uM 0.04uM
is consistent with a disruption of the interaction interface. 0.2uM 0.2uM
.y = _ . ("_’ 1uM i1uM
* We developed GalNAc-conjugated AIMers that target human RNA editing efficiency 2 5uM SuM
NRFZ and ShOW that they promote NRFZ edltlng and NRFZ_ Percentage editing Editing directs gene E 0.0016uM 0.0016uM
dependent gene expression in primary human hepatocytes. KEAP1 (293T cells) activation (293T cells) £ ooosum o.008um
| | | editing control - 5 o .
» To evaluate GalNAc-AIMers in mice, we first tested the ool £ {1y NQo1 0-2uM
mouse AIMers in primary mouse hepatocytes to confirm Tyr AtMer 1 i 53 [ — SuM sum
that they direct RNA editing and gene activation. In mice, Arg AIMer 2 L E e - 0 20 40 e & 100 c 2 4 & 3
these GalNAc-AlIMers led to ~50% editing of Nrf2 mRNA in Tyr AIMer 3 - ! T4 % Editing F°'°2:;:'t‘i3‘; vaol (';;RNA
the liver and increased Nrf2-dependent gene expression Asn AIMer 4 - { 5%{%’%—
as evaluated by RT-PCR and RNA-seq. T 4 e e =+ o : . N T T Asdescribed for Figure 3 only in primary mouse hepatocytes.
S N N LN
* Together, these data provide preclinical proof of concept % Editing (KEAP1) ) Fold Increase Over Control o
that AIMers can be applied to modulate protein-protein %_[10- . * In order to test AlMers in vivo in a mouse model, we
: - o i SANT SLC7A11 . i it
interactions in vivo. Control S . generated comparable GalNAc-AIMers for e\{aluatlng editing
AIMer 10 o 7 — iIn @ mouse system. The AIMers are designed to target
= 6_ - . . .
AIMer 11 A ’ mouse Nrf2 mRNA, altering amino acids at the Nrf2-Keap1
IntrOdUCtlon AIMer 12 gg{gg interface.
AIMer 13 <z | 2 .
e We apply PRISM™ our discovery and drug development i ' | | | | 11 . | ¢ In cultured primary mouse hepatocytes, AIMers supported
°© P w® Y S RN Q 6 ) )

dose-dependent editing of either mouse Ugp2 (control RNA)
or Nrf2 mRNA (Figure 4). In the same cells, treatment
with AIMers targeting Ugp2 had no effect on expression of
Ngol, a gene downstream, of Nrf2 (Figure 4).

platform, to generate stereopure AIMers with controlled
sequence, chemistry, and stereochemistry (Figure 1A).%?

% Editing (NRF2) Fold Increase Over Control

(B) 293T cells transfected with 25 nM AlMer and either ADAR p110 or p150 plasmid.
RNA was collected 48 h later. Editing was quantified by PCR and Sanger sequencing.

* Wave has developed chemically modified oligonucleotides,
Gene expression was quantified by gPCR (n=2). Concentration range 0.0016-5 puM.

called AIMers, which facilitate RNA base editing by recruiting

endogenous ADAR enzymes (Figure 1B).3 * The AIMers targeting Nrf2 led to dose-dependent increases

e KEAP1 interacts directly with NRF2, leading to its degradation. _ _ ) _ _ _ _
Y J 9 in Ngol1 expression (Figure 4) consistent with disruption

Here, we apply our PRISM platform to generate AIMers

When this protein-protein interaction is disrupted, NRF2
translocates to the nucleus and activates gene expression

of the protein-protein interaction in mouse cells.

designed to modulate protein-protein interactions using the
Nrf2-Keapl system.

Figure 1. Introduction to AIMers, PRISM, and PN
chemistry
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(Figure 2A).

* We generated AIMers designed to edit NRF2 or KEAP1 mRNAs
leading to amino acid changes predicted to disrupt the NRF2-
KEAP1 interface.

AlMer treatment led to KEAP1 (green) and NRF2 (blue)

Figure 5. AIMers enable activation of gene pathway
in vivo with a single edit
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or Ugp2) (Figure 5A).

e At the same time, expression of Nrf2-dependent RNAs
Ngol and Gstm1 increased significantly after GaINAc-Nrf2
AIMer treatment compared with PBS, whereas expression
of these same RNAs did not increase after treatment with
GalNAc-Ugp2 AIMer (Figure 5B).

Primary human hepatocytes where dosed under gymnotic conditions with the
indicated human AIMer at increasing concentrations. RNA was collected 48 h
later, editing (A) was quantified by PCR and Sanger sequencing, and transcription
(B) was quantified by gPCR (B) (n=2).

v Learnings from
biological concepts

v Applied to ASO
structural concepts

v Applied Wave's
proprietary PRISM
chemistry

* We generated GalNAc-conjugated human NRF2-targeting

Endogenous e .
AIMers to evaluate editing in primary human hepatocytes.

ADAR enzymes

* RNA-seq evaluation of liver gene expression 1l-week
after treatment onset shows that Nrf2-dependent genes
generally increased after GalNAc-Nrf2 AIMer treatment,
whereas the expression of these same genes did not
increase in response to PBS or GalNAc-Ugp2 AlIMer
treatment (Figure 5C).

* In cultured primary human hepatocytes, multiple AIMers
support robust and dose-dependent NRF2 RNA editing
(Figure 3A), with the best AIMers editing >50% of the
MRNA.

ADAR enzymes

e Catalyze conversion of A-to-I (G) in double-stranded
RNA substrates

e A-to-I (G) edits are one of the most common post-
transcriptional modifications

s

* In the same cells, the treatment led to dose-dependent

e ADAR1 is ubiquitously expressed across tissues,

including liver and CNS

increasesinexpressionof SLC/A11 mRNA, agenedownstream °

of NRF2 (Figure 3B), once again indicating successful
disruption of the NRF2-KEAP1 interface in human cells.

TheseNrf2-Keap1ldataprovide preclinical proof-of-concept
that AIMer-mediated RNA base editing can be applied to
modulate protein-protein interactions in mice.
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