Design of Chemically Modified AsCasl12a Guide RNAs for Increased Potency of LNP-Delivered Gene Editing Cargos
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Introduction

Modified gRNAs for Casl12ain vivo programs

* Invivo gene editing via delivery of CRISPR-Cas mRNA and guide RNA (gRNA)-containing lipid
nanoparticles (LNPs) is emerging as a powerful technology to treat genetic diseases. Establishing
a favorable therapeutic index for this technology depends on engineering the gRNA and mRNA
payloads for optimal potency. Optimizing potency of the gRNA can require sequence and chemical
modifications, leading to a rapidly expanding number of variants to evaluate. Here, we present the
iterative incorporation of chemical modification motifs into AsCasl12a gRNA that increases the
potency of LNP gene editing cargos across multiple cell types and gRNA target sequences.
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- gRNAs were synthesized via standard phosphoramidite chemistry and purified by ion-pair
reversed-phase preparative high-performance liquid chromatography (HPLC), followed by desalt
and sequence analysis.

* LNPs were formulated with commercially available lipids using a NanoAssemblr™ Ignite™
(Cytiva). LNP cargo was mRNA encoding engineered AsCasl12a?! (enCasl12a) nuclease and
gRNA at a 1:1 ratio by weight. LNPs were evaluated for percent encapsulation >80% by
RiboGreen assay (ThermoFisher Scientific), polydispersity index (PDI) <0.2, and average
diameter size <105 nm by dynamic light scattering using the Zetasizer Ultra (Malvern Panalytical).

 For in vitro binding affinity measurements, labeled, unmodified gRNA was incubated with
recombinant AsCas12a and increasing concentrations of the modified “test” guide at room
temperature for 3 hours, and then double filter separated on nitrocellulose blotting membrane
(Cytiva) and Hybond N+ membrane (Cytiva).

+ For in vitro editing, cell cultures were treated with LNPs at indicated concentrations of enCasl12a
MRNA and included human apolipoprotein E. gDNA was isolated at 72 hours post-transfection.
Percent editing was determined by amplicon-based next-generation sequencing (NGS).

+ For in vivo editing, LNPs were delivered via intravenous tail vein injection to h(MYOC(Y437H)
transgenic mice (initial results) or NSBGW hematopoietic stem and progenitor cell (HSPC) mice
(translation to editing potency). For the initial results panel, 1 week post-injection, the livers were
dissected, gDNA was isolated, and NGS was performed to determine the percentage of editing.
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Results: Initial gRNA modification patterns (1/2)

gRNA modification patterns improve editing in vitro and in vivo
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To investigate the effects of incorporating chemical modification motifs into AsCas12a gRNAs, a series of guides that target the same
genomic sequence were synthesized with various chemical modifications (anonymized with letters “A” through “H”). (A) gRNAs were
formulated into LNPs along with mRNA encoding engineered AsCas12a and transfected into various cell types, and editing was
evaluated 3 days post-transfection. (B) To explore in vivo editing, LNPs were delivered into hMYOC(Y437H) mice. Blue bar represents
the hepatocyte content of mouse liver. MYOC, myocilin; PHH, primary human hepatocytes.

Results: Initial gRNA modification patterns (2/2)

gRNA modification patterns improve editing regardless of cell type in vitro
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- Rank ordering of guide potency shows consistency across diverse cell types.

To explore whether modification patterns increase editing potency regardless of the cell type, a variety of primary cell types and cell
lines were treated in vitro with LNPs containing AsCas12a mRNA and a range of modified gRNAs targeting the same hMYOC site.

Results: gRNA-protein binding affinity (2/2)
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- gRNA behavior is sequence-dependent even with the same modification patterns.
* Increased potency correlates with increased Casl2a binding affinity.

An in vitro binding affinity assay (A) was used to evaluate whether gRNA modifications impact binding to the AsCas12a nuclease and
correlate with the effect on editing potency. The percentage of bound fluorescent control guide is read out through a filter binding assay
to generate a binding isotherm. The binding affinity of the modified guides was categorized as “poor”, “good”, or “excellent” based on
comparison of their binding isotherm to that of an unmodified gRNA positive control. Modified gRNAs targeting hMYOC (B) or a proof-of-
concept liver target (C) were evaluated using this filter binding assay.

Results: Structure-function relations

Minimal model for understanding gRNA modification effects inside the cell

Editing = Stability x Binding Affinity x DNA Cleavage Activity

 Strong correlation of modification pattern rank order suggests similar pressures on gRNA in
diverse cell types.

+ Modifications may alter gRNA behavior through entire intracellular pathway to editing.

+ Chemical space of modifications is exponentially large:
o Cas9 single guide RNA (sgRNA), RNA + 3 mods/position: ~10%7
o Casl2a gRNA, RNA + 3 mods: ~1021

+ Assays for specific mechanistic steps can help guide gRNA engineering and narrow chemical
space of guides to test.

Results: AsCasl2a mechanism

Accelerated R-loop formation is a primary mechanistic determinant of increased potency in
engineered AsCas12a

A WT B _| Engineered AsCas12a C TR-Ioop
~ 7 o 0 Trioop WT (S) Engineered (s)
2 240 S 240
2 8 37 1.35+0.37 0.28 £0.13
< 220 3 220
2 8 200 31 6.81+0.19 0.77 £ 0.06
8 200 8
g 150 u_?_- 180 4 25 49.79+£0.60 3.90+ 0.06

1604 160—|I =t S 20 309.22 +5.04 21.12+0.19

00 04 081 - ¢ :1i|rone(:) O 00 04 081 o :}Ew(:, C e T 13 nd 161.01 + 3.54

+ R-loop formation kinetics are accelerated ~4x at 37°C in engineered AsCas12a, highlighting the
importance of ensuring modification patterns do not interfere with enzyme dynamics.

Time-resolved fluorescence kinetics of R-loop formation in wild-type (WT) (A) and engineered AsCas12a®2 (B) monitored by

stopped-flow fluorescence of a tCe labelled DNA template (tC° at Position 9 of non-target strand). Excitation: 360 nm and Emission: 450 nm.

Data were fit to the sum of two exponentials (black traces) and Tg_,o,, Calculated as the amplitude weighted lifetime: tops = Eigifii IS
reported in (C). nd, not determined.

Results: gRNA-protein binding affinity (1/2)
Relative binding affinity correlates with editing potency in proof-of-concept target and
liver target
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Results: DNA cleavage rate and additional modifications
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Results: gRNA stability and additional modifications

Chemical modification patterns impact gRNA stability in human cytoplasm model
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+ Maodification patterns have strong impact on gRNA stability but interplay with other factors
determines potency outcomes.

gRNA incubated in PBS buffer with 2% human cytoplasm. Degradation is quenched at 0-, 3-, 5-, and 10-minute time points by the
addition of excess engineered AsCas12a. Intact gRNA is read out by addition of excess DNA cleavage template and quantified by
fluorescence. AFH* refers to a modified version of the H (H*) motif in the context of the AFH pattern.

Results: Translation of added modifications to editing potency

Translation of refined modifications to in vitro and in vivo editing
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 Further refinement of chemical modification pattern leads to enhanced in vitro and in vivo
editing potency.
(A) In vitro testing of selected HBG1/2 gRNA variants compared with initial AFH design. Cells were treated with targeted LNPs (tLNPs) at
specified total RNA doses. LNPs were cultured for 5 days and editing at HBG1/2 was assessed via lll-Seq. Two variant mRNAs were
examined where mRNA-2 is tailored to specifically enable an undisclosed mechanism with the AFH-x variants. (B) In vivo testing of
selected gRNA variants in NSBGW HSPC mice comparing editing level relative to AFH-mRNA-1 control. HSC, hematopoietic stem cell.

in vitro and in vivo editing potency in LNP mediated gene editing.

<+ gRNA chemical modifications enhance editing potency by increasing Cas12a binding affinity,
preserving intrinsic DNA cleavage kinetics and slowing degradation kinetics in cytoplasm.

+» Rational design to improve gRNA potency can be successfully guided by biophysical
characterization of the functional impact of chemical modifications.

*» Efforts targeting further improvements to gRNA potency are ongoing.

Conclusions

++ Editas has developed and refined modification patterns for Cas12a gRNA that significantly enhance
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