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INHIBITORS OF DNA-DEPENDENT PROTEIN KINASE AND COMPOSITIONS AND
USES THEREOF

Cross-Reference to Related Applications

This application claims the benefit of priority to United States Provisional Patent
Application No. 63/176225, filed April 17, 2021, the entire contents of which are incorporated

herein by reference.

Background

The ability to modify the genome of any cell at a precise location has improved with the
recent discovery and implementation of CRISPR/Cas9 editing technology. However, the
capacity to introduce specific directed changes at given loci is hindered by the fact that the major
cellular repair pathway that occurs following Cas9-mediated DNA cleavage is the erroneous
non-homologous end joining (NHEJ) pathway. Homology-directed recombination (HDR) is less
efficient than NHEJ, reducing editing efficiencies in eukaryotic cells.

DNA-dependent protein kinase (DNA-PK) is a nuclear serine/threonine kinase that has
been shown to be essential in DNA double stranded break repair machinery. In mammals, the
predominant pathway for repair of double stranded DNA breaks is the non-homologous end
joining (NHEJ) pathway which is functional regardless of the phase of the cell cycle and acts by
removing non-ligatable ends and ligating ends of double strand breaks. DNA-PK inhibitors
(DNA-PKI) are a structurally diverse class of inhibitors of DNA-PK, and the NHEJ pathway.

There exists a substantial need for efficient systems and techniques for modifying
genomes. There is also a need for efficient methods for editing of nucleic acid molecules with

template nucleic acids.

Brief Summary

The present disclosure relates to DNA-PKI, and compositions and methods of use

thereof.
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In certain embodiments, the DNA-PKI is a compound having the structure of Formula I:
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or a salt thereof,
wherein:
x1 18 C-R3 or N;
Ry is C1-C; alkyl,
R» is cycloalkyl or heterocyclyl, and cycloalkyl and heterocyclyl are optionally
substituted with one or more Rg;
R is H or C1-Cs alkyl;
R4 1s H or C1-Cs alkyl;
Rs 1s C1-Cs alkyl;
each Re 1s independently selected from hydroxy, halo, alkyl, alkoxy, cycloalkyl, amino,
and cyano, or two R, taken together with the atom or atoms to which they are
bonded, form a spirocyclic or fused ring; and

Ry is H or C1-Cs alkyl,

provided that at least one of the following applies:

(a) x1 18 C-R3;

(b) Ry 1s C2-C; alkyl;

() Ry 1s C1-C; alkyl;

(d) Ry is substituted with one Re, and Re is halo;

(e) R 1s substituted with two Rg that, taken together with the atom or atoms to which
they are bonded, form a spirocyclic or fused ring; and

63 R2 is C3-Cs cycloalkyl optionally substituted with one or more Rs.
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In preferred embodiments, the disclosure relates to a compound selected from:
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In certain embodiments, the disclosure relates to DNA-PKI compositions comprising

a) a DNA protein kinase inhibitor (DNA-PKI),
b) a DNA cutting agent;

N
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c) optionally, a cell; and
d) optionally, a donor DNA;
wherein the DNA-PKI is a compound of Formula I

5 (Formula I)
or a salt thereof,
wherein:
x1 18 C-R3 or N;
Ri 1s Ci1-Cs alkyl;
R> is cycloalkyl or heterocyclyl, and cycloalkyl and heterocyclyl are optionally
substituted with one or more Rg;
Rs3 is H or C;-Cs alkyl;
R4 is H or C;1-Cs alkyl;
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Rs 1s C1-C; alkyl;
each R is independently selected from hydroxy, halo, alkyl, alkoxy, cycloalkyl, amino,
and cyano, or two R, taken together with the atom or atoms to which they are
bonded, form a spirocyclic or fused ring; and
R7 1s H or C;1-Cs alkyl.
In certain embodiments, the disclosure relates to a method for targeted genome editing in
a cell or a method of repairing a double stranded DNA break in the genome of a cell or a method
of inhibiting or suppressing repair of a DNA break in a cell via a non-homologous end joining
(NHEJ) pathway, comprising contacting the cell with a DNA cutting agent and a DNA-PKI,
wherein the DNA-PKI is a compound of Formula I
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|

5 (Formula I)
or a salt thereof,
wherein:
x1 18 C-R3 or N;
Ry is C1-C; alkyl,
R» is cycloalkyl or heterocyclyl, and cycloalkyl and heterocyclyl are optionally
substituted with one or more Rg;
Rs3 1s H or C1-C; alkyl;
R4 1s H or C1-Cs alkyl;
Rs is C1-Cs alkyl;
each Re 1s independently selected from hydroxy, halo, alkyl, alkoxy, cycloalkyl, amino,
and cyano, or two Rs, taken together with the atom or atoms to which they are
bonded, form a spirocyclic or fused ring; and

R7 is H or C;-Cs alkyl.
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Brief Description of Drawings
FIGS. 1A-1B show the effect of DNA-PKI compounds on GFP insertion into the TRAC
locus. FIG. 1A shows the percent of CD3" cells following GFP insertion into the TRAC locus

with compounds (Compound 1, Compound 2, Compound 3, Compound 4, Compound 5,
Compound 6, Compound 7, Compound 8, and Compound 9), and FIG. 1B shows the insertion
efficiency as percent of CD3- cells which were GFP+.

FIGS. 2A-2C show editing at the TRAC locus with compounds Compound 1, Compound
3, and Compound 4. FIG. 2A shows the percent CD8" cells. FIG. 2B shows the residual TCR™
cells after editing, and FIG. 2C shows the percent WT1-TCR™ cells after editing.

FIGS. 3A-3D shows the cytotoxicity of WT1-T cells engineered with compounds
Compound 1 or Compound 3. FIGS. 3A and 3B show specific lysis of luciferase-expressing 697
ALL cells incubated WT1-T cells engineered from Donors 007HD and 008HD, respectively.
FIGS. 3C and 3D show specific lysis of K562-luc2 cells transduced to express HLA-A*02:01
after incubation with WT1-T cells engineered from Donors 007HD and 008HD, respectively.

FIGS. 4A-4H show release of cytokines by T cells engineered with Compound 1 or
Compound 3 after incubation with target cells. FIGS. 4A and 4B show the release of Granzyme
B after incubation with 697 ALL cells and K562-luc2 cells transduced to express HLA-A*02:01,
respectively. FIGS. 4C and 4D show the release of interferon-gamma (IFNg) after incubation
with 697 ALL cells and K562-luc2 cells transduced to express HLA-A*02:01, respectively.
FIGS. 4E and 4F show the release of interleukin-2 (IL-2) after incubation with 697 ALL cells
and K562-luc2 cells transduced to express HLA-A*02:01, respectively. FIGS. 4G and 4H show
the release of TNF-alpha after incubation with 697 ALL cells and K562-luc2 cells transduced to
express HLA-A*02:01, respectively.

FIG. 5 shows the percent of B2M negative cells representing the population of B cells with
effective gene disruption following editing with Compound 1 or Compound 4.

FIG. 6A shows the mean percent editing at AAVS1 assessed by NGS following treatment
with LNP composition and varying doses of Compound 1 or Compound 4.

FIG. 6B shows the percent of NK cells with high GFP expression (GFP++) following
editing to insert GFP at the AAVS1 locus with Compound 1 or Compound 4.

FIG. 7A shows the percent of CD3etat, Vb8- cells, representing the population of T cells
without gene disruption at the TRAC or TRBC1/2 loci.

-6-
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FIG. 7B shows the percent of CD3eta+, Vb8+ cells, representing the population of T cells
with WT1 TCR insertion at the TRAC.

FIG. 7C shows the percent of HLA-A2- cells, representing the population of T cells with
effective gene disruption at the HLA locus.

FIG. 7D shows the percent of HLA-DRDPDQ- cells, representing the population of T cells
with effective gene disruption at the CIITA locus.

FIG. 7E shows the percent of GFP+ cells, representing the population of T cells with GFP
insertion at the AAVS1 locus.

FIG. 7F shows the percent of Vb8+ GFP+ HLA-A- HLA-DRDPDQ- cells, representing
the population of T cells harboring 5 genome edits.

FIGS. 8A-8B show the percent of GFP+ cells, representing the population of T cells
following editing in alternative media conditions for two LNP compositions. FIG. 8A shows cells
treated with LNP compositions with lipid molar ratio of 50% ionizable lipid/38.5%
cholesterol/10% DSPC/1.5% PEG Lipid. FIG. 8B shows cells treated with LNP compositions with
lipid molar ratio of 35% ionizable lipid/47.5% cholesterol/15% DSPC/2.5% PEG lipid.

FIG. 9A shows the unintended percent structural variance following editing with
Compound 3 and Compound 4.

FIG. 9B shows the percent GFP positive cells following editing with Compound 3 and
Compound 4.

FIGS. 10A-B show the percent indels and percent HD3 TCR insertion in the presence and
absence of DNApki Compound 4 at varied doses of sgRNA. FIG. 10A shows TRAC editing
percent. FIG. 10B shows the percent of CD3" VB7.27 T cells.

Detailed Description

Described herein are small molecule inhibitors of DNA-dependent protein kinase (DNA-
PKI), which are useful for reducing NHEJ-mediated mutagenesis events or increasing the rate or
probability of HDR following generation of a double-strand break (DSB) resulting from Cas9
cleavage. Exemplary DNA-PKI are provided, for example, in WO 2018/114999; WO
2014/183850; WO 03/024949; Fok, J H.L,, etal., Nat, Commun, 10, 5065 (2019); Griffin, R. J.
etal., J. Med. Chem. 2005, 48, 569-585; Goldberg, F. W, etal., J. Med. Chem. 2020, 63,
3461—3471; and U.S. Patent Nos. 10,786,512.

-7-
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In some embodiments, the DNAPK inhibitors (DNA-PKI) are used in compositions and
methods for delivering biologically active agents, including nucleic acids, such as CRISPR/Cas
component RNAs and/or gRNA (the “cargo”), to a cell.

Methods of gene editing and methods of making engineered cells using the DNA-PKI
described herein and compositions comprising them are also provided.

In some embodiments, the compositions and methods provided herein result in an editing
efficiency of greater than about 80%, greater than about 90%, or greater than about 95%. In
some embodiments, the compositions and methods result in an editing efficiency of about 80-

95%, about 90-95%, about 80-99%, about 90-99%, or about 95-99%.

DNA PK Inhibitors
The present disclosure relates to DNA-PKI, and compositions and methods of use
thereof.

In certain embodiments, the disclosure relates to a compound having the structure of

Formula I:
0 R,
R
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H
5 (Formula I)

or a salt thereof,
wherein:
x1 18 C-R3 or N;
Ry 1s C1-Cs alkyl;
R» is cycloalkyl or heterocyclyl, and cycloalkyl and heterocyclyl are optionally
substituted with one or more Re;
Rs 1s H or C:1-Cs alkyl;
R4 1s H or C1-C;s alkyl;
Rs 1s C1-C; alkyl,
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each Re 1s independently selected from hydroxy, halo, alkyl, alkoxy, cycloalkyl, amino,
and cyano, or two R, taken together with the atom or atoms to which they are
bonded, form a spirocyclic or fused ring; and

R7 is H or C1-Cs alkyl,
provided that at least one of the following applies:

(a) x11s C-R3;

(b)  Riis C3-Csalkyl;

() Ry 1s C1-C; alkyl;

(d) Ry is substituted with one Re, and Re 1s halo;

(e) R 1s substituted with two Re that, taken together with the atom or atoms to which

they are bonded, form a spirocyclic or fused ring; and

§3) R» 1s C3-Cs cycloalkyl optionally substituted with one or more Rs.

In certain embodiments, the disclosure relates to any of the compounds described herein,
wherein x; is C-Rs. For example, R3 may be H or methyl. In other embodiments, the compound
relates to any of the compounds described herein, wherein xp is N,

In certain embodiments, the disclosure relates to any of the compounds described herein,
wherein R1 is C2-Cs alkyl, for example, Ri is selected from methyl and ethyl, preferably, Ri is
methyl.

In some embodiments, the disclosure relates to any of the compounds described herein,
wherein Ry is Ci-Cs alkyl, for example, R4 is H or methyl, preferably, R4 is H.

In certain embodiments, the disclosure relates to any of the compounds described herein,
wherein Ry is cycloalkyl, for example, R, is C3-C7 cycloalkyl, preferably Ry is cyclohexyl or Cs-
Cs cycloalkyl.

In certain embodiments, the disclosure relates to any of the compounds described herein,
wherein R; is heterocyclyl, for example, R» is 5- to 7-membered heterocyclyl, preferably Rs 1s
tetrahydropyranyl or tetrahydrofuranyl. In certain embodiments, the disclosure relates to any of
the compounds described herein, wherein Rz is optionally substituted with one or more Re
independently selected from hydroxy, halo, and cycloalkyl, or two Rs, taken together with the
atom or atoms to which they are bonded, form a spirocyclic or fused ring, for example, wherein
R» is substituted with one or more Rg; and each Rs is halo or hydroxyl, such as R, is substituted

with one Rg, and Rg is halo. In some embodiments, each Rs is fluoro. In some embodiments, the

-9.
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disclosure relates to any of the compounds described herein, wherein Ry is substituted with two
Rs that, taken together with the atom or atoms to which they are bonded, form a spirocyclic or
fused ring. In particular embodiments, Ro is optionally substituted with one or more Rg
independently selected from hydroxy, methoxy, and methyl.

In certain embodiments, the disclosure relates to any of the compounds described herein,
wherein Rs is methyl.

In some embodiments, the disclosure relates to any of the compounds described herein,
wherein R7 is H or methyl.

In preferred embodiments, the disclosure relates to a compound selected from:
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In specific embodiments, the compound is

, or a salt thereof.

In specific embodiments, the compound is
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In specific embodiments, the compound is
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In specific embodiments, the compound is

N N=
e o
4 |
, or a salt thereof.
In certain embodiments, the disclosure relates to any of the compounds described herein,
wherein the compound is a free base.

In certain embodiments, the disclosure relates to any of the compounds described herein,

wherein the compound is a salt, for example, a triflate salt.

DNA-PKI Compositions

Described herein are DNA-PKI compositions comprising
a) a DNA protein kinase inhibitor (DNA-PKI),
b) a DNA cutting agent;
c) optionally, a cell; and
d) optionally, a donor DNA;
wherein the DNA-PKI is a compound of Formula I

o) R,

R
’\?‘N’ 2 N::g\‘
R1/ R I\i

N N
H
5 (Formula I)
or a salt thereof,
wherein:
x1 18 C-R3 or N;
Ri is C1-Cs alkyl;
R2 1s cycloalkyl or heterocyclyl, and cycloalkyl and heterocyclyl are optionally

substituted with one or more Rg;

Rs3 is H or C;-Cs alkyl;

-13 -
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R4 1s H or C1-Cs alkyl;

Rs 1s C1-C; alkyl,

each Rg is independently selected from hydroxy, halo, alkyl, alkoxy, cycloalkyl, amino,

and cyano, or two Rs, taken together with the atom or atoms to which they are
bonded, form a spirocyclic or fused ring; and

R7 is H or C;-Cs alkyl.

In certain embodiments, the disclosure relates to any of the compositions described
herein, wherein x1 is N.

In certain embodiments, the disclosure relates to any of the compositions described
herein, wherein R; is methyl.

In certain embodiments, the disclosure relates to any of the compositions described
herein, wherein R4 is H.

In certain embodiments, the disclosure relates to any of the compositions described
herein, wherein R is cyclohexyl. In other embodiments, R; is tetrahydropyranyl. In still other
embodiments, R; is tetrahydrofuranyl. In certain embodiments, the disclosure relates to any of
the compositions described herein, wherein R; is optionally substituted with one or more Re
independently selected from hydroxy, methoxy, and methyl.

In certain embodiments, the disclosure relates to any of the compositions described
herein, wherein Rs is methyl.

In certain embodiments, the disclosure relates to any of the compositions described
herein, wherein R7 is H or methyl.

In certain embodiments, the disclosure relates to any of the compositions described

herein, wherein the DNA-PKI is any of the compounds described herein.

In certain embodiments, the disclosure relates a composition comprising
a) a DNA protein kinase inhibitor (DNA-PKI),
b) a DNA cutting agent;
c) optionally, a cell; and

d) optionally, a donor DNA,

-14 -
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wherein the DNA-PKI is selected from:
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In specific embodiments, the DNA-PKI in the composition is

, or a salt thereof.

In specific embodiments, the DNA-PKI in the composition is
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In specific embodiments, the DNA-PKI in the composition is
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In specific embodiments, the DNA-PKI in the composition is

(@)
T

\ O
s

Iz

, or a salt thereof.
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In specific embodiments, the DNA-PKI in the composition is

0 ):\)
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, or a salt thereof.
In specific embodiments, the DNA-PKI in the composition is

O
@)

w

~
\N
, or a salt thereof.

In certain embodiments, the disclosure relates to any of the compositions described
herein, wherein the concentration of the DNA-PKI in the composition is about 1 uM or less, for
example, about 0.25 pM or less, such as about 0.1-1 uM, preferably about 0.1-0.5 uM.

In some embodiments, the disclosure relates to any of the compositions described herein,
wherein the composition comprises a cell, for example, a eukaryotic cell, such as a liver cell or
an immune cell. In some embodiments, the disclosure relates to any of the compositions
described herein, wherein the cell is useful in adoptive cell therapy (ACT). Examples of ACT
include autologous and allogeneic cell therapies. In some embodiments, the disclosure relates to
any of the compositions described herein, wherein the cell is a stem cell. In some embodiments,
the disclosure relates to any of the compositions described herein, wherein the cell is a stem cell.
In some embodiments, the disclosure relates to any of the compositions described herein,
wherein the cell is a hematopoietic stem cell (HSC) or an induced pluripotent stem cell (iPSC).
In certain embodiments, the disclosure relates to any of the compositions described herein,
wherein the immune cell is a leukocyte or a lymphocyte, for example, the immune cell is a
lymphocyte, such as a T cell, a B cell, or an NK cell, preferably the lymphocyte isa T cell. In
some embodiments, the disclosure relates to any of the compositions described herein, wherein
the T cell 1s a primary T cell. In certain embodiments, the disclosure relates to any of the

compositions described herein, wherein the T cell is a regulatory T cell. In certain embodiments,
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the disclosure relates to any of the compositions described herein, wherein the lymphocyte is an
activated T cell or a non-activated T cell.

In certain embodiments, the disclosure relates to any of the compositions described
herein, wherein the cell is a human cell.

In some embodiments, the disclosure relates to any of the compositions described herein,
wherein the DNA cutting agent comprises a CRISPR/Cas nuclease component and optionally a
guide RNA component. In some embodiments, the disclosure relates to any of the compositions
described herein, comprising a DNA cutting agent or a nucleic acid encoding the DNA cutting
agent, for example, an mRNA encoding a DNA cutting agent, wherein the DNA cutting agent is
selected from a zinc finger nuclease, a TALE effector domain nuclease (TALEN), a
CRISPR/Cas nuclease component, and combinations thereof, preferably wherein the DNA
cutting agent is a CRISPR/Cas nuclease component. In some embodiments, the DNA cutting
agent is a CRISPR/Cas nuclease component and a guide RNA component.In some embodiments,
the disclosure relates to any of the compositions described herein, wherein the CRISPR/Cas
nuclease component comprises a Cas nuclease or an mRNA encoding the Cas nuclease, for
example, the CRISPR/Cas nuclease component comprises an mRNA encoding the Cas nuclease,
such as a Class 2 Cas nuclease. In certain embodiments, the disclosure relates to any of the
compositions described herein, wherein the Cas nuclease is a Cas9 nuclease, such as a S.
pyogenes Cas9 nuclease or a N. meningitidis Cas9 nuclease. In certain embodiments, the
disclosure relates to any of the compositions described herein, wherein the Cas nuclease is
Nme2Cas9. In certain embodiments, the disclosure relates to any of the compositions described
herein, wherein the Cas nuclease is a Cas12a nuclease.

In some embodiments, the disclosure relates to any of the compositions described herein,
comprising a modified RNA.

In certain embodiments, the disclosure relates to any of the compositions described
herein, comprising a guide RNA nucleic acid, such as a gRNA. In certain embodiments, the
disclosure relates to any of the compositions described herein, wherein the guide RNA nucleic
acid 1s or encodes a dual-guide RNA (dgRNA). In certain embodiments, the disclosure relates to
any of the compositions described herein, wherein the guide RNA nucleic acid is or encodes a
single-guide (sgRNA). In some embodiments, the disclosure relates to any of the compositions

described herein, wherein the gRNA is a modified gRNA, for example wherein the modified
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gRNA comprises a modification at one or more of the first five nucleotides at the 5° end or the
modified gRNA comprises a modification at one or more of the last five nucleotides at the 3’
end. In some embodiments, the gRNA is complexed with a Cas nuclease, such as a Cas9
nuclease.

In certain embodiments, the disclosure relates to any of the compositions described
herein, wherein the composition comprises a guide RNA nucleic acid and a Class 2 Cas nuclease
mRNA; and the ratio of the mRNA to the guide RNA nucleic acid 1s from about 2:1 to 1:4 by
weight.

In some embodiments, the disclosure relates to any of the compositions described herein,
comprising the DNA cutting agent, wherein the DNA cutting agent is present in a lipid nucleic
acid assembly composition.

In some embodiments, the disclosure relates to any of the compositions described herein,
comprising the donor DNA.

In certain embodiments, the disclosure relates to any of the compositions described
herein, wherein the donor DNA (also referred to herein as a “template nucleic acid” or an
“exogenous nucleic acid”) comprises a sequence encoding a protein, a regulatory sequence, or a
sequence encoding structural RNA.

In certain embodiments, the disclosure relates to any of the compositions described
herein, wherein the lipid nucleic acid assembly composition is a lipid nanoparticle (LNP)
composition. In some embodiments, the LNP composition is any of the LNP compositions
described herein.

In certain embodiments, the disclosure relates to any of the compositions described
herein, wherein the LNP has a diameter of about 10-200 nm, about 20-150 nm, about 50-150 nm,
about 50-100 nm, about 50-120 nm, about 60-100 nm, about 75-150 nm, about 75-120 nm, or
about 75-100 nm. In certain embodiments, the disclosure relates to any of the compositions
described herein, wherein the composition comprises a population of the LNPs with an average
diameter of about 10-200 nm, about 20-150 nm, about 50-150 nm, about 50-100 nm, about 50-
120 nm, about 60-100 nm, about 75-150 nm, about 75-120 nm, or about 75-100 nm. For
example, the average diameter may be a Z-average diameter.

In certain embodiments, the disclosure relates to any of the compositions described

herein, wherein the lipid nucleic acid assembly composition is a lipoplex.
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In some embodiments, the disclosure relates to any of the compositions described herein,
wherein the lipid nucleic acid assembly composition comprises an ionizable lipid, for example,
any of the ionizable lipids described herein. In certain embodiments, the disclosure relates to any
of the compositions described herein, wherein the ionizable lipid has a pKa of from about 5.1 to
about 8.0, for example from about 5.5 to about 7.6 or from about 5.1 to 7.4, such as from about
5.5 to 6.6, from about 5.6 to 6.4, from about 5.8 to 6.2, or from about 5.8 to 6.5.

In certain embodiments, the disclosure relates to any of the compositions described
herein, the lipid nucleic acid assembly composition comprises a helper lipid.

In certain embodiments, the disclosure relates to any of the compositions described
herein, wherein the lipid nucleic acid assembly composition comprises a neutral lipid.

In some embodiments, the disclosure relates to any of the compositions described herein,
wherein the lipid nucleic acid assembly composition comprises a PEG lipid.

In certain embodiments, the disclosure relates to any of the compositions described
herein, wherein the N/P ratio of the lipid nucleic acid assembly composition is about 3-10, for
example from about 5-7, preferably about 6.

In some embodiments, the disclosure relates to any of the compositions described herein,
further comprising a vector, for example, wherein the vector encodes the DNA cutting agent or
the donor DNA. In certain embodiments, the disclosure relates to any of the compositions
described herein, wherein the vector is a viral vector. In other embodiments, the disclosure
relates to any of the compositions described herein, wherein the vector is a non-viral vector. In
certain embodiments, the disclosure relates to any of the compositions described herein, wherein
the vector is a lentiviral vector. In some embodiments, the disclosure relates to any of the
compositions described herein, wherein the vector is a retroviral vector. In certain embodiments,
the disclosure relates to any of the compositions described herein, wherein the vector is an AAV.

In certain embodiments, the disclosure relates to any of the compositions described

herein, comprising a cell, for example, wherein the cell is not a cancer cell.
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DNA-PKI Methods

In certain embodiments, the disclosure relates to a method for targeted genome editing in
a cell, comprising contacting the cell with a DNA cutting agent and a DNA-PKI, wherein the
DNA-PKI is a compound of Formula I

O’?~N R N= o
R~ f\x1 Ry N__
\NJ\N | Z
" 5 (Formula I)

or a salt thereof,
wherein:
x1 18 C-R3 or N;
Ri 1s C1-C; alkyl;
R» is cycloalkyl or heterocyclyl, and cycloalkyl and heterocyclyl are optionally
substituted with one or more Re;
Rs3 is H or C;1-Cs alkyl;
R4 is H or C1-Cs alkyl;
Rs is C1-Cs alkyl;
each Rg is independently selected from hydroxy, halo, alkyl, alkoxy, cycloalkyl, amino,
and cyano, or two R, taken together with the atom or atoms to which they are
bonded, form a spirocyclic or fused ring; and

Ry 1s H or C1-C; alkyl.

-22-



WO 2022/221696 PCT/US2022/025075

In some embodiments, the disclosure relates to a method of repairing a double stranded
DNA break in the genome of a cell, comprising contacting the cell with a DNA cutting agent and
a DNA-PKI, wherein the DNA-PKI is a compound of Formula I

o) R,
R
N- 2 —
r?‘ N
R1/ %X‘] R4 | N /
|
5 (Formula I)

or a salt thereof,
wherein:
x1 18 C-R3 or N;
Ri is C1-Cs alkyl;
R> is cycloalkyl or heterocyclyl, and cycloalkyl and heterocyclyl are optionally
substituted with one or more Rg;
Rs3 is H or Ci1-Cs alkyl;
R4 1s H or C1-C;s alkyl;
Rs is C1-C; alkyl,
each Rg is independently selected from hydroxy, halo, alkyl, alkoxy, cycloalkyl, amino,
and cyano, or two R, taken together with the atom or atoms to which they are
bonded, form a spirocyclic or fused ring; and
R7 is H or C;1-Cs alkyl.
In some embodiments, the disclosure relates to a method of inhibiting or suppressing

repair of a DNA break in a cell via a non-homologous end joining (NHEJ) pathway, comprising
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contacting the cell with a DNA cutting agent and a DNA-PKI, wherein the DNA-PKI is a

compound of Formula I

('}\\N R N= "
R~ f\x1 Re. N_
\NJ\N | Z
" 5 (Formula I)

or a salt thereof,
wherein:
x1 18 C-R3 or N;
Ry is C1-C; alkyl,
R» is cycloalkyl or heterocyclyl, and cycloalkyl and heterocyclyl are optionally
substituted with one or more Re;
Rs3 is H or C;1-Cs alkyl;
R4 is H or C1-C; alkyl;
Rs 1s C1-C; alkyl;
each Rg is independently selected from hydroxy, halo, alkyl, alkoxy, cycloalkyl, amino,
and cyano, or two R, taken together with the atom or atoms to which they are
bonded, form a spirocyclic or fused ring; and

R7 is H or C;-Cs alkyl.

In some embodiments, the disclosure relates to a method of targeted insertion of a donor

DNA into the genome of a cell, comprising contacting the cell with a DNA cutting
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agent, the donor DNA, and a DNA-PKI, wherein the DNA-PKI is a compound of

Formula I
0 R7
R
’?\N' 2 N:g\l
1
R1’ = X1 R4 |N Y
|
H
5 (Formula I)

or a salt thereof,
wherein:
x1 18 C-R3 or N;
R is C1-Cs alkyl;
R» is cycloalkyl or heterocyclyl, and cycloalkyl and heterocyclyl are optionally
substituted with one or more Rg;
Rs3 1s H or C1-C;s alkyl;
R4 1s H or C1-C;s alkyl;
Rs 1s C1-Cs alkyl;
each Rs 1s independently selected from hydroxy, halo, alkyl, alkoxy, cycloalkyl, amino,
and cyano, or two Rs, taken together with the atom or atoms to which they are
bonded, form a spirocyclic or fused ring; and
R7 is H or C;-Cs alkyl.

In some embodiments, the description relates to methods for adoptive cell transfer (ACT)

therapies, such as for immunooncology. For example, in certain embodiments, the methods

described herein result in cells modified at one or more specific target sequences in their

genome, including as modified by introduction of CRISPR systems that include gRNA

molecules which target said target sequences. Certain embodiments provide for gRNA

molecules, CRISPR systems, cells, and methods useful for genome editing of immune cells, e.g.,

T cells engineered to lack endogenous TCR expression, e.g., T cells suitable for further

engineering to insert a nucleic acid of interest, e.g., T cells further engineered to express a TCR,

such as a transgenic TCR (tgTCR), and useful for ACT therapies; and for genome editing of B

cells, e.g., B cells engineered to lack endogenous B cell receptor (BCR) expression, e.g., B cells
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suitable for further engineering to insert a nucleic acid of interest, e.g., B cells further engineered
to express a BCR, such as a transgenic BCR (tgBCR), or for expression of an antibody, and
useful for ACT therapies.

In certain embodiments, the disclosure relates to any method of gene editing described
herein, comprising administering the LNP composition to an animal, for example a human. In
certain embodiments, the method comprises administering the LNP composition to a cell, such
as a eukaryotic cell, and in particular a human cell. In some embodiments, the cell is a type of
cell useful in a therapy, for example, adoptive cell therapy (ACT). Examples of ACT include
autologous and allogeneic cell therapies. In some embodiments, the cell is a stem cell, such as a
hematopoietic stem cell, an induced pluripotent stem cell, or another multipotent or pluripotent
cell. In some embodiments, the cell is a stem cell, for example, a mesenchymal stem cell that
can develop into a bone, cartilage, muscle, or fat cell. In some embodiments, the stem cells
comprise ocular stem cells. In certain embodiments, the cell is selected from mesenchymal stem
cells, hematopoietic stem cells (HSCs), mononuclear cells, endothelial progenitor cells (EPCs),
neural stem cells (NSCs), limbal stem cells (LSCs), tissue-specific primary cells or cells derived
therefrom (TSCs), induced pluripotent stem cells (iPSCs), ocular stem cells, pluripotent stem
cells (PSCs), embryonic stem cells (ESCs), and cells for organ or tissue transplantations.

In certain embodiments, the disclosure relates to any of the methods described herein,
comprising growing the cell in a cell medium free of the DNA-PKI and adding the DNA-PKI to
the cell medium.

In certain embodiments, the disclosure relates to any of the methods described herein,
comprising contacting the cell with the DNA cutting agent before contacting the cell with the
DNA-PKI, for example, within about six hours of contacting the cell with the DNA cutting
agent, preferably, within about three hours of contacting the cell with the DNA cutting agent.

In other embodiments, the disclosure relates to any of the methods described herein,
comprising contacting the cell with the DNA cutting agent simultaneously with the DNA-PKIL

In still other embodiments, the disclosure relates to any of the methods described herein,
comprising contacting the cell with the DNA cutting agent after contacting the cell with the
DNA-PKI, for example, within about three hours of contacting the cell with the DNA-PKI.

In certain embodiments, the disclosure relates to any of the methods described herein,

comprising growing the cell in a cell medium comprising the DNA-PKIL
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In some embodiments, the disclosure relates to any of the methods described herein,
wherein the cell is contacted with the DNA cutting agent and the DNA-PKI for at least about one
day, for example, for about one day to one week, preferably for about five days.

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein x is N,

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein R; is methyl.

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein R4 1s H.

In some embodiments, the disclosure relates to any of the methods described herein,
wherein Ry is cyclohexyl, tetrahydropyranyl, or tetrahydrofuranyl. In certain embodiments, the
disclosure relates to any of the methods described herein, wherein Ry is optionally substituted
with one or more R¢ independently selected from hydroxy, methoxy, and methyl.

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein Rs is methyl.

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein R7 is H or methyl.

In preferred embodiments, the disclosure relates to any of the methods described herein,
wherein the DNA-PKI is any of the compounds described herein.

In certain embodiments, the disclosure relates to a method for targeted genome editing in
a cell, comprising contacting the cell with a DNA cutting agent and a DNA-PKI, wherein the
DNA-PKI is selected from:
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, or a salt thereof.

In certain embodiments, the disclosure relates to a method of repairing a double stranded
DNA break in the genome of a cell, comprising contacting the cell with a DNA cutting agent and
a DNA-PKI, wherein the DNA-PKI is selected from:
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, or a salt thereof.

In certain embodiments, the disclosure relates to a method of inhibiting or suppressing
repair of a DNA break in a cell via a non-homologous end joining (NHEJ) pathway, comprising
contacting the cell with a DNA cutting agent and a DNA-PKI, wherein the DNA-PKI is selected
from:
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In certain embodiments, the disclosure relates to a method of targeted insertion of a donor
DNA into the genome of a cell, comprising contacting the cell with a DNA cutting agent, the
donor DNA, and a DNA-PKI, wherein the DNA-PKI is selected from:
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In specific embodiments, the DNA-PKI used in the method is

, or a salt thereof.

In specific embodiments, the DNA-PKI used in the method is

F
F
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N N=
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|
H , or a salt thereof.
In specific embodiments, the DNA-PKI used in the method is
@)

, or a salt thereof.

In specific embodiments, the DNA-PKI used in the method 1s
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In specific embodiments, the DNA-PKI used in the method is
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, or a salt thereof.

In specific embodiments, the DNA-PKI used in the method 1s
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In specific embodiments, the DNA-PKI used in the method is
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In specific embodiments, the DNA-PKI used in the method is

\Afo
AR®

Z N

Iz
oy
N\

Z-z
-

, or a salt thereof.
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In certain embodiments, the disclosure relates to any of the methods described herein,
wherein the cell is contacted with the DNA-PKI in a cell medium, wherein the concentration of
the DNA-PKI in the cell medium is about 1 uM or less, for example, about 0.25 uM or less, such
as, from about 0.1-1 uM, preferably from about 0.1-0.5 uM.

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein the cell is a eukaryotic cell.

In some embodiments, the disclosure relates to any of the methods described herein,
wherein the composition comprises a cell, for example, a eukaryotic cell, such as a liver cell or
an immune cell. In certain embodiments, the cell is useful in adoptive cell therapy (ACT).
Examples of ACT include autologous and allogeneic cell therapies. In certain embodiments, the
cell is a stem cell. In certain embodiments, the stem cell is a hematopoietic stem cell (HSC). In
certain embodiments, the cell is an induced pluripotent stem cell (iPSC). In certain embodiments,
the disclosure relates to any of the methods described herein, wherein the immune cell is a
leukocyte or a lymphocyte, for example, the immune cell is a lymphocyte, suchasa T cell, a B
cell, or an NK cell, preferably the lymphocyte is a T cell. In some embodiments, the disclosure
relates to any of the methods described herein, wherein the T cell is a primary T cell. In certain
embodiments, the disclosure relates to any of the methods described herein, wherein the T cell is
aregulatory T cell. In certain embodiments, the disclosure relates to any of the methods
described herein, wherein the lymphocyte is an activated T cell or a non-activated T cell.

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein the cell is a human cell.

In some embodiments, the disclosure relates to any of the methods described herein,
comprising a DNA cutting agent, for example, wherein the DNA cutting agent is selected from a
zinc finger nuclease, a TALE effector domain nuclease (TALEN), a CRISPR/Cas nuclease
component, and combinations thereof, preferably wherein the DNA cutting agent is a
CRISPR/Cas nuclease component.

In some embodiments, the disclosure relates to any of the methods described herein,
wherein the CRISPR/Cas nuclease component comprises a Cas nuclease or an mRNA encoding
the Cas nuclease, for example, the CRISPR/Cas nuclease component comprises an mRNA
encoding the Cas nuclease, such as a Class 2 Cas nuclease. In certain embodiments, the

disclosure relates to any of the methods described herein, wherein the Cas nuclease is a Cas9
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nuclease, such as a S. pyogenes Cas9 nuclease or a N. meningitidis Cas9 nuclease. In certain
embodiments, the disclosure relates to any of the methods described herein, wherein the Cas
nuclease is Nme2Cas9. In certain embodiments, the disclosure relates to any of the methods
described herein, wherein the Cas nuclease is a Cas12a nuclease.

In some embodiments, the disclosure relates to any of the methods described herein,
comprising a modified RNA.

In certain embodiments, the disclosure relates to any of the methods described herein,
comprising a guide RNA nucleic acid, such as a gRNA. In certain embodiments, the disclosure
relates to any of the methods described herein, wherein the guide RNA nucleic acid is or encodes
a dual-guide RNA (dgRNA). In certain embodiments, the disclosure relates to any of the
methods described herein, wherein the guide RNA nucleic acid is or encodes a single-guide
(sgRNA). In some embodiments, the disclosure relates to any of the methods described herein,
wherein the gRNA is a modified gRNA, for example wherein the modified gRNA comprises a
modification at one or more of the first five nucleotides at the 5* end or the modified gRNA
comprises a modification at one or more of the last five nucleotides at the 3” end.

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein the composition comprises a guide RNA nucleic acid and a Class 2 Cas nuclease
mRNA_; and the ratio of the mRNA to the guide RNA nucleic acid is from about 2:1 to 1:4 by
weight. In some embodiments, the composition comprises a Class 2 Cas nuclease and guide
RNA complex.

In some embodiments, the disclosure relates to any of the methods described herein,
comprising the DNA cutting agent, wherein the DNA cutting agent is present in a lipid nucleic
acid assembly composition.

In some embodiments, the disclosure relates to any of the methods described herein,
comprising the donor DNA.

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein the donor DNA comprises a sequence encoding a protein, a regulatory sequence, or a
sequence encoding structural RNA.

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein the template sequence is integrated into the genome of the cell via homology directed

repair (HDR).
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In certain embodiments, the disclosure relates to any of the methods described herein,
comprising contacting the cell with a lipid nucleic acid assembly composition comprising the
DNA cutting agent.

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein the lipid nucleic acid assembly composition is a lipid nanoparticle (LNP) composition.
In some embodiments, the LNP composition is any of the LNP compositions described herein.

In certain embodiments, the disclosure relates to any of the compositions and methods
described herein, wherein the LNP has a diameter of about 10-200 nm, about 20-150 nm, about
50-150 nm, about 50-100 nm, about 50-120 nm, about 60-100 nm, about 75-150 nm, about 75-
120 nm, or about 75-100 nm. In certain embodiments, the disclosure relates to any of the
methods described herein, wherein the composition comprises a population of the LNPs with an
average diameter of about 10-200 nm, about 20-150 nm, about 50-150 nm, about 50-100 nm,
about 50-120 nm, about 60-100 nm, about 75-150 nm, about 75-120 nm, or about 75-100 nm.
For example, the average diameter may be a Z-average diameter.

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein the lipid nucleic acid assembly composition is a lipoplex.

In some embodiments, the disclosure relates to any of the methods described herein,
wherein the lipid nucleic acid assembly composition comprises an ionizable lipid, for example,
any of the ionizable lipids described herein. In certain embodiments, the disclosure relates to any
of the methods described herein, wherein the ionizable lipid has a pKa from about 5.1 to 7.4,
such as from about 5.5 to 6.6, from about 5.6 to 6.4, from about 5.8 to 6.2, or from about 5.8 to
6.5.

In certain embodiments, the disclosure relates to any of the methods described herein, the
lipid nucleic acid assembly composition comprises a helper lipid.

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein the lipid nucleic acid assembly composition comprises a neutral lipid.

In some embodiments, the disclosure relates to any of the methods described herein,
wherein the lipid nucleic acid assembly composition comprises a PEG lipid.

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein the N/P ratio of the lipid nucleic acid assembly composition is about 3-10, for example

from about 5-7, preferably about 6.
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In some embodiments, the disclosure relates to any of the methods described herein,
further comprising a vector, for example, wherein the vector encodes the DNA cutting agent or
the donor DNA. In certain embodiments, the disclosure relates to any of the methods described
herein, wherein the vector is a viral vector. In other embodiments, the disclosure relates to any of
the methods described herein, wherein the vector is a non-viral vector. In certain embodiments,
the disclosure relates to any of the methods described herein, wherein the vector is a lentiviral
vector. In some embodiments, the disclosure relates to any of the methods described herein,
wherein the vector is a retroviral vector. In certain embodiments, the disclosure relates to any of
the methods described herein, wherein the vector is an AAV.

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein the cell is not a cancer cell.

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein the DNA cutting agent interacts with a target sequence within the genome of the cell,
resulting in a double stranded DNA break (DSB).

In some preferred embodiments, the disclosure relates to any of the methods described
herein, wherein the method results in a gene knockout.

In some preferred embodiments, the disclosure relates to any of the methods described
herein, wherein the method results in a gene correction.

In certain embodiments, the disclosure relates to any method of gene editing described
herein, wherein the gene editing results in an insertion. In some embodiments, the insertion is a
gene insertion.

In certain embodiments, the disclosure relates to any of the methods described herein,
wherein the donor DNA comprises a template comprising an exogenous nucleic acid encoding a
protein. In certain embodiments, the protein is selected from a cytokine, an immunosuppressor,
an antibody, a receptor, and an enzyme. In certain embodiments, the protein is a receptor. In
certain embodiments, the receptor is selected from an immunological receptor, a T-cell receptor
(TCR), and a chimeric antigen receptor. In certain embodiments, the receptor is an
immunological receptor. In certain embodiments, the receptor is a TCR. In certain embodiments,
the exogenous nucleic acid encodes a TCR o, chain and/or a TCR 3 chain of a TCR. In certain

embodiments, the receptor a chimeric antigen receptor.
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In certain embodiments, the disclosure relates to any method of gene editing
described herein, wherein the DNA cutting agent interacts with a target sequence within
the genome of the cell, resulting in a double stranded DNA break (DSB). In certain
embodiments, the DNA cutting agent interacts with a target sequence within the TRAC
gene of the T-cell. In certain embodiments, the template is integrated into the TRAC gene
of the T-cell. In certain embodiments, the template comprises a first homology arm and a
second homology arm that are complementary to sequences located upstream and
downstream of the cleavage site, respectively.

The DNA cutting agent, such as a protein, RNA, or nucleic acid encoding the same, may
be delivered to the cell by electroporation, lipid-based delivery, e.g. via lipid nucleic acid

assemblies such as lipid nanoparticles, or other delivery technology known in the art.

Ionizable Lipids

In some embodiments, methods and compositions are provided wherein nucleic acid
assemblies comprise the DNA cutting agent and serve to deliver the DNA cutting agent to cells.
Ionizable lipids and other “biodegradable lipids™ suitable for use in the lipid nucleic acid
assemblies described herein are biodegradable in vivo or ex vivo. The ionizable lipids have low
toxicity (e.g., are tolerated in animal models without adverse effect in amounts of greater than or
equal to 10 mg/kg). Biodegradable lipids suitable for use in the lipid nucleic acid assemblies
described herein include, for example the biodegradable lipids of W0/2020/219876,
WO0/2020/118041, W0O/2020/072605, WO/2019/067992, W{3/2017/173034, W02015/095340,
and WO2014/136086, each of which is hereby incorporated by reference in its entirety, and
specifically the ionizable lipids and compositions of each are hereby incorporated by reference.

In some embodiments, lipid nucleic acid assembly compositions comprise an ionizable
lipid such as Lipid A or its equivalents, including acetal analogs of Lipid A.

In some embodiments, the ionizable lipid is Lipid A, which is (9Z,127)-3-((4,4-
bis(octyloxy)butanoyl)oxy)-2-((((3-(diethylamino)propoxy)carbonyl)oxy)methyl)propyl
octadeca-9,12-dienoate, also called 3-((4,4-bis(octyloxy)butanoyl)oxy)-2-((((3-
(diethylamino)propoxy)carbonyl)oxy)methyl)propyl (9Z,12Z)-octadeca-9,12-diencate. Lipid A

can be depicted as:
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Lipid A may be synthesized according to W02015/095340 (e.g., pp. 84-86).
In some embodiments, the ionizable lipid is Lipid D, which is nonyl 8-((7,7-
bis(octyloxy)heptyl)(2-hydroxyethyl)amino)octanoate. Lipid D can be depicted as:

10X S N N
[0 i N N

Lipid D may be synthesized according to W02020/072605.

The 1onizable lipids of the present disclosure may form salts depending upon the pH of
the medium they are in. For example, in a slightly acidic medium, the ionizable lipids may be
protonated and thus bear a positive charge. Conversely, in a slightly basic medium, such as, for
example, blood where pH is approximately 7.35, the ionizable lipids may not be protonated and
thus bear no charge. In some embodiments, the 1onizable lipids of the present disclosure may be
predominantly protonated at a pH of at least about 9. In some embodiments, the ionizable lipids
of the present disclosure may be predominantly protonated at a pH of at least about 10.

The pH at which an ionizable lipid is predominantly protonated is related to its intrinsic
pKa. In some embodiments, a salt of an ionizable lipid of the present disclosure has a pKa in the
range of from about 5.1 to about 8.0, even more preferably from about 5.5 to about 7.6. In some
embodiments, a salt of an ionizable lipid of the present disclosure has a pKa in the range of from
about 5.7 to about 8, from about 5.7 to about 7.6, from about 6 to about 8, from about 6 to about
7.5, from about 6 to about 7, or from about 6 to about 6.5. In some some embodiments, a salt of
an ionizable lipid of the present disclosure has a pKa of about 6.0, about 6.1, about 6.1, about
6.2, about 6.3, about 6.4, about 6.6, or about 6.6. Alternatively, a salt of an ionizable lipid of the
present disclosure has a pKa in the range of from about 6 to about 8. The pKa can be an

important consideration in formulating LNPs, as it has been found that LNPs formulated with
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certain lipids having a pKa ranging from about 5.5 to about 7.0 are effective for delivery of cargo
in vivo, e.g. to the liver. Further, it has been found that LNPs formulated with certain lipids
having a pKa ranging from about 5.3 to about 6.4 are effective for delivery in vivo, e.g. to
tumors. See, e.g., WO 2014/136086. In some embodiments, the ionizable lipids are positively
charged at an acidic pH but neutral in the blood.

Additional Lipids

“Neutral lipids” suitable for use in a lipid composition of the disclosure include, for
example, a variety of neutral, uncharged or zwitterionic lipids. Examples of neutral
phospholipids suitable for use in the present disclosure include, but are not limited to,
dipalmitoylphosphatidylcholine (DPPC), distearoylphosphatidylcholine (DSPC), phosphocholine
(DOPC), dimyristoylphosphatidylcholine (DMPC), phosphatidylcholine (PLPC), 1,2-distearoyl-
sn-glycero-3-phosphocholine (DAPC), phosphatidylethanolamine (PE), egg phosphatidylcholine
(EPC), dilauryloylphosphatidylcholine (DLPC), dimyristoylphosphatidylcholine (DMPC), 1-
myristoyl-2-palmitoyl phosphatidylcholine (MPPC), 1-palmitoyl-2-myristoyl
phosphatidylcholine (PMPC), 1-palmitoyl-2-stearoyl phosphatidylcholine (PSPC), 1,2-
diarachidoyl-sn-glycero-3-phosphocholine (DBPC), 1-stearoyl-2-palmitoyl phosphatidylcholine
(SPPC), 1,2-dieicosenoyl-sn-glycero-3-phosphocholine (DEPC), palmitoyloleoyl
phosphatidylcholine (POPC), lysophosphatidyl choline, dioleoyl phosphatidylethanolamine
(DOPE), dilinoleoylphosphatidylcholine distearoylphosphatidylethanolamine (DSPE),
dimyristoyl phosphatidylethanolamine (DMPE), dipalmitoyl phosphatidylethanolamine (DPPE),
palmitoyloleoyl phosphatidylethanolamine (POPE), lysophosphatidylethanolamine and
combinations thereof. In certain embodiments, the neutral phospholipid may be selected from
distearoylphosphatidylcholine (DSPC) and dimyristoyl phosphatidyl ethanolamine (DMPE),
preferably distearoylphosphatidylcholine (DSPC).

“Helper lipids” include steroids, sterols, and alkyl resorcinols. Helper lipids suitable for
use in the present disclosure include, but are not limited to, cholesterol, 5-heptadecylresorcinol,
and cholesterol hemisuccinate. In certain embodiments, the helper lipid may be cholesterol or a
derivative thereof, such as cholesterol hemisuccinate.

In some embodiments, the LNP compositions include polymeric lipids, such as PEG
lipids, which can affect the length of time the nanoparticles can exist in vivo or ex vivo (e.g., in

the blood or medium). PEG lipids may assist in the formulation process by, for example,
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reducing particle aggregation and controlling particle size. PEG lipids used herein may modulate
pharmacokinetic properties of the LNP compositions. Typically, the PEG lipid comprises a lipid
moiety and a polymer moiety based on PEG (sometimes referred to as poly(ethylene oxide)) (a
PEG moiety). PEG lipids suitable for use in a lipid composition of the present disclosure and
information about the biochemistry of such lipids can be found in Romberg et al,,
Pharmaceutical Research 25(1), 2008, pp. 55-71 and Hoekstra et al., Biochimica et Biophysica
Acta 1660 (2004) 41-52. Additional suitable PEG lipids are disclosed, e.g., in WO 2015/095340
(p. 31, line 14 to p. 37, line 6), WO 2006/007712, and WO 2011/076807 (“stealth lipids”), which
are incorporated by reference.

In some embodiments, the lipid moiety may be derived from diacylglycerol or
diacylglycamide, including those comprising a dialkylglycerol or dialkylglycamide group having
alkyl chain length independently comprising from about C4 to about C40 saturated or
unsaturated carbon atoms, wherein the chain may comprise one or more functional groups such
as, for example, an amide or ester. In some embodiments, the alkyl chain length comprises about
C10 to C20. The dialkylglycerol or dialkylglycamide group can further comprise one or more
substituted alkyl groups. The chain lengths may be symmetrical or asymmetric.

Unless otherwise indicated, the term “PEG” as used herein means any polyethylene
glycol or other polyalkylene ether polymer, such as an optionally substituted linear or branched
polymer of ethylene glycol or ethylene oxide. In certain embodiments, the PEG moiety is
unsubstituted. Alternatively, the PEG moiety may be substituted, e.g., by one or more alkyl,
alkoxy, acyl, hydroxy, or aryl groups. For example, the PEG moiety may comprise a PEG
copolymer such as PEG-polyurethane or PEG-polypropylene (see, e.g., J. Milton Harris,
Poly(ethylene glycol) chemistry: biotechnical and biomedical applications (1992)); alternatively,
the PEG moiety may be a PEG homopolymer. In certain embodiments, the PEG moiety has a
molecular weight of from about 130 to about 50,000, such as from about 150 to about 30,000, or
even from about 150 to about 20,000. Similarly, the PEG moiety may have a molecular weight
of from about 150 to about 15,000, from about 150 to about 10,000, from about 150 to about
6,000, or even from about 150 to about 5,000. In certain preferred embodiments, the PEG moiety
has a molecular weight of from about 150 to about 4,000, from about 150 to about 3,000, from
about 300 to about 3,000, from about 1,000 to about 3,000, or from about 1,500 to about 2,500.
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In certain preferred embodiments, the PEG moiety is a “PEG-2K,” also termed “PEG

2000,” which has an average molecular weight of about 2,000 daltons. PEG-2K is represented

OR
herein by the following formula (III), TO/\%n (IIT), wherein n is about 45, meaning that the
number averaged degree of polymerization comprises about 45 subunits. However, other PEG
embodiments known in the art may be used, including, e.g., those where the number-averaged
degree of polymerization comprises about 23 subunits (n=23), and/or 68 subunits (n=68). In
some embodiments, n may range from about 30 to about 60. In some embodiments, n may range
from about 35 to about 55. In some embodiments, n may range from about 40 to about 50. In
some embodiments, n may range from about 42 to about 48. In some embodiments, n may be 45.
In some embodiments, R may be selected from H, substituted alkyl, and unsubstituted alkyl. In
some embodiments, R may be unsubstituted alkyl, such as methyl.

In any of the embodiments described herein, the PEG lipid may be selected from PEG-
dilauroylglycerol, PEG-dimyristoylglycerol (PEG-DMG) (catalog # GM-020 from NOF, Tokyo,
Japan), PEG-dipalmitoylglycerol, PEG-distearoylglycerol (PEG-DSPE) (catalog # DSPE-
020CN, NOF, Tokyo, Japan), PEG-dilaurylglycamide, PEG-dimyristylglycamide, PEG-
dipalmitoylglycamide, and PEG-distearoylglycamide, PEG-cholesterol (1-[8’-(Cholest-5-en-
3[beta]-oxy)carboxamido-3’,6’-dioxaoctanyl]carbamoyl-[ omega]-methyl-poly(ethylene glycol),
PEG-DMB (3,4-ditetradecoxylbenzyl-[omega]-methyl-poly(ethylene glycol)ether), 1,2-
dimyristoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000]
(PEG2k-DMPE),or 1,2-dimyristoyl-rac-glycero-3-methoxypolyethylene glycol-2000 (PEG2k-
DMGQG), 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy(polyethylene glycol)-
2000] (PEG2k-DSPE) (cat. #880120C from Avanti Polar Lipids, Alabaster, Alabama, USA),
1,2-distearoyl-sn-glycerol, methoxypolyethylene glycol (PEG2k-DSG; GS-020, NOF Tokyo,
Japan), poly(ethylene glycol)-2000-dimethacrylate (PEG2k-DMA), and 1,2-distearyloxypropyl-
3-amine-N-[methoxy(polyethylene glycol)-2000] (PEG2k-DSA). In certain such embodiments,
the PEG lipid may be PEG2k-DMG. In some embodiments, the PEG lipid may be PEG2k-DSG.
In other embodiments, the PEG lipid may be PEG2k-DSPE. In some embodiments, the PEG
lipid may be PEG2k-DMA. In yet other embodiments, the PEG lipid may be PEG2k-C-DMA. In
certain embodiments, the PEG lipid may be compound S027, disclosed in W02016/010840
(paragraphs [00240] to [00244]). In some embodiments, the PEG lipid may be PEG2k-DSA. In
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other embodiments, the PEG lipid may be PEG2k-C11. In some embodiments, the PEG lipid
may be PEG2k-C14. In some embodiments, the PEG lipid may be PEG2k-C16. In some
embodiments, the PEG lipid may be PEG2k-C18.

In preferred embodiments, the PEG lipid includes a glycerol group. In preferred
embodiments, the PEG lipid includes a dimyristoylglycerol (DMG) group. In preferred
embodiments, the PEG lipid comprises PEG-2k. In preferred embodiments, the PEG lipid is a
PEG-DMG. In preferred embodiments, the PEG lipid is a PEG-2k-DMG. In preferred
embodiments, the PEG lipid is 1,2-dimyristoyl-rac-glycero-3-methoxypolyethylene glycol-2000.
In preferred embodiments, the PEG-2k-DMG is 1,2-dimyristoyl-rac-glycero-3-
methoxypolyethylene glycol-2000.

In some embodiments, methods and compositions are provided wherein nucleic acid
assemblies comprise a cationic lipid composition and the DNA cutting agent and serve to deliver
the DNA cutting agent to cells. Cationic lipids suitable for use in a lipid compositions described
herein include, but are not limited to, N,N-dioleyl-N,N-dimethylammonium chloride
(DODAC),N,N-distearyl-N,N-dimethylammonium bromide (DDAB), N-(1-(2,3-
dioleoyloxy)propyl)-N,N,N-trimethylammonium chloride (DOTAP), 1,2-Dioleoyl-3-
Dimethylammonium -propane (DODAP), N-(1-(2,3-dioleyloxy)propyl)-N,N,N-
trimethylammonium chloride (DOTMA), 1,2-Dioleoylcarbamyl-3-Dimethylammonium-propane
(DOCDAP), 1,2-Dilineoyl-3-Dimethylammonium-propane (DLINDAP), dilauryl(C12:0)
trimethyl ammonium propane (DLTAP), Dioctadecylamidoglycyl spermine (DOGS), DC-Choi,
Dioleoyloxy-N-[2-(sperminecarboxamido)ethyl]-N,N-dimethyl-1-propanaminiumtrifluoroacetate
(DOSPA), 1,2-Dimyristyloxypropyl-3-dimethyl-hydroxyethyl ammonium bromide (DMRIE), 3-
Dimethylamino-2-(Cholest-5-en-3-beta-oxybutan-4-oxy)-1-(cis,cis-9,12-
octadecadienoxy)propane (CLinDMA), N,N-dimethyl-2,3-dioleyloxy)propylamine (DODMA),
2-[5’-(cholest-5-en-3[beta]-oxy)-3’-oxapentoxy)-3-dimethyl-1-(cis,cis-9’,1-2’-octadecadienoxy)
propane (CpLinDMA), N,N-Dimethyl-3,4-dioleyloxybenzylamine (DMOBA), and 1,2-N,N’-
Dioleylcarbamyl-3-dimethylaminopropane (DOcarbDAP). In some embodiments, the cationic
lipid 1s DOTAP or DLTAP.

In further embodiments, methods and compositions are provided wherein nucleic acid
assemblies comprise an anionic lipid composition and the DNA cutting agent and serve to

deliver the DNA cutting agent to cells. Anionic lipids suitable for use in the compositions
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described herein include, but are not limited to, phosphatidylglycerol, cardiolipin,
diacylphosphatidylserine, diacylphosphatidic acid, N-dodecanoyl phosphatidyl ethanolamine, N-
succinyl phosphatidylethanolamine, N-glutaryl phosphatidylethanolamine cholesterol
hemisuccinate (CHEMS), and lysylphosphatidylglycerol.

Lipid Compositions

Described herein are lipid compositions comprising at least one ionizable, cationic, or
anionic lipid, such as an ionizable lipid, or a salt thereof (e.g., a pharmaceutically acceptable salt
thereof), optionally at least one helper lipid, at least one neutral lipid, and at least one polymeric
lipid. In some embodiments, the lipid composition comprises an ionizable lipid, or a salt thereof,
a neutral lipid, a helper lipid, and a PEG lipid. In some embodiments, the neutral lipid is DSPC
or DPME. In some embodiments, the helper lipid is cholesterol, 5-heptadecylresorcinol, or
cholesterol hemisuccinate.

In preferred embodiments, the ionizable lipid is
O

/\AA/:MO o
o Yoj\o/\/\N/\
\/W\/ONO N
NN . In preferred
embodiments, the neutral lipid is DSPC. In preferred embodiments, the helper lipid is

cholesterol. In preferred embodiments, the PEG lipid is 1,2-dimyristoyl-rac-glycero-3-

methoxypolyethylene glycol-2000. In particularly preferred embodiments, the ionizable lipid is
(@]

/\/\/A/a/\/\/\)ko 0
o) ﬁ/\o)l\o/\/\N/\
\/\/\/\/ONO N
NN , the neutral lipid is

DSPC, the helper lipid is cholesterol, and the PEG lipid is 1,2-dimyristoyl-rac-glycero-3-
methoxypolyethylene glycol-2000.
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In preferred embodiments, the ionizable lipid is
HO__~ /\/W\g/O\/W\/\
O NN
o i VAV N N

. In preferred embodiments, the neutral
lipid 1s DSPC. In preferred embodiments, the helper lipid is cholesterol. In preferred embodiments,

the PEG lipid 1s 1,2-dimyristoyl-rac-glycero-3-methoxypolyethylene glycol-2000.

In particularly preferred embodiments, the ionizable lipid 1s
O/\/\/\/\
o Y NN

, the neutral lipid is DSPC, the
helper lipid 1is cholesterol, and the PEG lipid 1s 1,2-dimyristoyl-rac-glycero-3-
methoxypolyethylene glycol-2000.

In some embodiments, the lipid composition further comprises one or more additional
lipid components. In some embodiments, the lipid composition further comprises at least one
cationic lipid and/or at least one anionic lipid. In further embodiments, the lipid composition
further comprises a cationic lipid, optionally with one or more additional lipid components. In
further embodiments, the lipid composition further comprises an anionic lipid, optionally with
one or more additional lipid components.

In some embodiments, the lipid composition is in the form of a liposome. In preferred
embodiments, the lipid composition is in the form of a lipid nanoparticle (LNP) composition.
“Lipid nanoparticle” or “LNP” refers to, without limiting the meaning, a particle that comprises a
plurality of (i.e., more than one) LNP components physically associated with each other by
intermolecular forces. In certain embodiments the lipid composition is suitable for delivery in
vivo. In certain embodiments the lipid composition is suitable for delivery to an organ, such as
the liver. In certain embodiments the lipid composition is suitable for delivery to a tissue ex vivo.
In certain embodiments the lipid composition is suitable for delivery to a cell in vitro.

Lipid compositions may be in various forms, including, but not limited to, particle

forming delivery agents including microparticles, nanoparticles and transfection agents that are
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useful for delivering various molecules to cells. Specific compositions are effective at
transfecting or delivering biologically active agents. Preferred biologically active agents are
RNAs and DNAs. In further embodiments, the biologically active agent is chosen from mRNA,
gRNA, and DNA. The gRNA may be a dgRNA or an sgRNA. In certain embodiments, the cargo
includes an mRNA encoding an RNA-guided DNA-cutting agent (e.g. a Cas nuclease, a Class 2
Cas nuclease, or Cas9), a gRNA or a nucleic acid encoding a gRNA, or a combination of mRNA
and gRNA.

The compounds or compositions will generally, but not necessarily, include one or more
pharmaceutically acceptable excipients. The term “excipient” includes any ingredient other than
the compound(s) of the disclosure, the other lipid component(s) and the biologically active agent.
An excipient may impart either a functional (e.g. drug release rate controlling) and/or a non-
functional (e.g. processing aid or diluent) characteristic to the compositions. The choice of
excipient will to a large extent depend on factors such as the particular mode of administration,
the effect of the excipient on solubility and stability, and the nature of the dosage form.

Parenteral formulations are typically aqueous or oily solutions or suspensions. Where the
formulation is aqueous, excipients such as sugars (including but not restricted to glucose,
mannitol, sorbitol, etc.) salts, carbohydrates and buffering agents (preferably to a pH of from 3 to
9), but, for some applications, they may be more suitably formulated with a sterile non-aqueous
solution or as a dried form to be used in conjunction with a suitable vehicle such as sterile,

pyrogen-free water (WFI).

LNP Compositions

The lipid compositions may be provided as LNP compositions, and LNP compositions
described herein may be provided as lipid compositions. Lipid nanoparticles may be, e.g.,
microspheres (including unilamellar and multilamellar vesicles, e.g. “liposomes”—Ilamellar
phase lipid bilayers that, in some embodiments are substantially spherical, and, in more
particular embodiments can comprise an aqueous core, €.g., comprising a substantial portion of
RNA molecules), a dispersed phase in an emulsion, micelles or an internal phase in a suspension.

Described herein are LNP compositions comprising at least one ionizable lipid, or a salt
thereof (e.g., a pharmaceutically acceptable salt thereof), at least one helper lipid, at least one
neutral lipid, and at least one polymeric lipid. In some embodiments, the LNP composition

comprises at least one ionizable lipid, or a pharmaceutically acceptable salt thereof, at least one
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neutral lipid, at least one helper lipid, and at least one PEG lipid. In some embodiments, the
neutral lipid is DSPC or DPME. In some embodiments, the helper lipid is cholesterol, 5-
heptadecylresorcinol, or cholesterol hemisuccinate.

In preferred embodiments, the ionizable lipid is
O

/\/\/;/a/\/\/\)ko o
o 5/\0)1\0/\/\N/\
\/W\/ONO N
NN NN . In preferred
embodiments, the neutral lipid is DSPC. In preferred embodiments, the helper lipid is

cholesterol. In preferred embodiments, the PEG lipid is 1,2-dimyristoyl-rac-glycero-3-

methoxypolyethylene glycol-2000. In particularly preferred embodiments, the ionizable lipid is
@]

NWWO o
o ﬁ/\o)l\o/\/\N/\
\/\/\/\/ONO .
NN , the neutral lipid is

DSPC, the helper lipid is cholesterol, and the PEG lipid 1s 1,2-dimyristoyl-rac-glycero-3-
methoxypolyethylene glycol-2000.

In preferred embodiments, the ionizable lipid 1s
O TN
O VA NV N

. In preferred embodiments, the
neutral lipid 1s DSPC. In preferred embodiments, the helper lipid is cholesterol. In preferred
embodiments, the PEG lipid is 1,2-dimyristoyl-rac-glycero-3-methoxypolyethylene glycol-2000.
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In particularly preferred embodiments, the 1onizable lipid is
O NN
O TN TN

, the neutral lipid is DSPC, the
helper 1lipid 1is cholesterol, and the PEG lipid 1s 1,2-dimyristoyl-rac-glycero-3-
methoxypolyethylene glycol-2000.

Embodiments of the present disclosure provide lipid compositions described according to
the respective molar ratios of the component lipids in the composition. In certain embodiments,
the amount of the 1onizable lipid is from about 25 mol % to about 60 mol %; the amount of the
neutral lipid 1s from about 5 mol % to about 30 mol %; the amount of the helper lipid is from
about 20 mol % to about 65 mol %; and the amount of the PEG lipid is from about 0.5 mol % to
about 10 mol %. All mol % numbers are given as a fraction of the lipid component of the lipid
composition or, more specifically, the LNP compositions. In some embodiments, the lipid mol %
of a lipid relative to the lipid component will be £30%, £25%, +20%, £15%, +£10%, £5%, or
+2.5% of the specified, nominal, or actual mol %. In some embodiments, the lipid mol % of a
lipid relative to the lipid component will be 4 mol %, £3 mol %, £2 mol %, +1.5 mol %, £1 mol
%, £0.5 mol %, +£0.25 mol %, or +£0.05 mol % of the specified, nominal, or actual mol % of the
lipid component. In certain embodiments, the lipid mol % will vary by less than 15%, less than
10%, less than 5%, less than 1%, or less than 0.5% from the specified, nominal, or actual mol %
of the lipid. In some embodiments, the mol % numbers are based on nominal concentration. As
used herein, “nominal concentration” refers to concentration based on the input amounts of
substances combined to form a resulting composition. For example, if 100 mg of solute is added
to 1 L water, the nominal concentration is 100 mg/L. In some embodiments, the mol % numbers
are based on actual concentration, e.g., concentration determined by an analytic method. In some
embodiments, actual concentration of the lipids of the lipid component may be determined, for
example, from chromatography, such as liquid chromatography, followed by a detection method,
such as charged aerosol detection. In some embodiments, actual concentration of the lipids of the

lipid component may be characterized by lipid analysis, AF4-MALS, NTA, and/or cryo-EM. All
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mol % numbers are given as a percentage of the lipids of the lipid component of an LNP
composition.

In some embodiments, the aqueous component comprises a DNA cutting agent. In some
embodiments, the aqueous component comprises a polypeptide DNA cutting agent, optionally in
combination with a nucleic acid. In some embodiments, the aqueous component comprises a
nucleic acid DNA cutting agent, such as an RNA that encodes a nuclease or nickase. In some
embodiments, the aqueous component is a nucleic acid component. In some embodiments, the
nucleic acid component comprises DNA and it can be called a DNA component. In some
embodiments, the nucleic acid component comprises RNA. In some embodiments, the aqueous
component, such as an RNA component may comprise an mRNA, such as an mRNA encoding
an RNA-guided DNA-cutting agent. In some embodiments, the RNA-guided DNA-cutting agent
is a Cas nuclease. In certain embodiments, aqueous component may comprise an mRNA that
encodes a Cas nuclease, such as Cas9. In certain embodiments, the DNA cutting agent 1s a Cas
nuclease mRNA. In certain embodiments, the DNA cutting agent is a Class 2 Cas nuclease
mRNA. In certain embodiments, the DNA cutting agent is a Cas9 nuclease mRNA. In certain
embodiments, the aqueous component may comprise a modified RNA. In some embodiments,
the aqueous component may comprise a guide RNA nucleic acid. In certain embodiments, the
aqueous component may comprise a gRNA. In certain embodiments, the aqueous component
may comprise a dgRNA. In certain embodiments, the aqueous component may comprise a
modified gRNA. In some compositions comprising an mRNA encoding an RNA-guided DNA-
cutting agent, the composition further comprises a gRNA nucleic acid, such as a gRNA. In some
embodiments, the aqueous component comprises an RNA-guided DNA-cutting agent and a
gRNA. In some embodiments, the aqueous component comprises a Cas nuclease mRNA and a
gRNA. In some embodiments, the aqueous component comprises a Class 2 Cas nuclease mRNA
and a gRNA.

In certain embodiments, a lipid composition, such as an LNP composition, may comprise
an mRNA encoding a Cas nuclease such as a Class 2 Cas nuclease, an ionizable lipid or a
pharmaceutically acceptable salt thereof, a helper lipid, optionally a neutral lipid, and a PEG
lipid. In certain compositions comprising an mRNA encoding a Cas nuclease such as a Class 2
Cas nuclease, the helper lipid is cholesterol. In other compositions comprising an mRNA

encoding a Cas nuclease such as a Class 2 Cas nuclease, the neutral lipid is DSPC. In additional
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embodiments comprising an mRNA encoding a Cas nuclease such as a Class 2 Cas nuclease, e.g.
Cas9, the PEG lipid is PEG2k-DMG. In specific compositions comprising an mRNA encoding a
Cas nuclease such as a Class 2 Cas nuclease, and an ionizable lipid or a pharmaceutically
acceptable salt thereof. In certain compositions, the composition further comprises a gRNA, such
as a dgRNA or an sgRNA.

In some embodiments, a lipid composition, such as an LNP composition, may comprise a
gRNA. In certain embodiments, a composition may comprise an ionizable lipid or a
pharmaceutically acceptable salt thereof, a gRNA, a helper lipid, optionally a neutral lipid, and a
PEG lipid. In certain LNP compositions comprising a gRNA, the helper lipid is cholesterol. In
some compositions comprising a gRNA, the neutral lipid is DSPC. In additional embodiments
comprising a gRNA, the PEG lipid is PEG2k-DMG. In certain compositions, the gRNA is
selected from dgRNA and sgRNA.

In certain embodiments, a lipid composition, such as an LNP composition, comprises an
mRNA encoding an RNA-guided DNA-cutting agent and a gRNA, which may be an sgRNA, in
an aqueous component and an ionizable lipid in a lipid component. For example, an LNP
composition may comprise an ionizable lipid or a pharmaceutically acceptable salt thereof, an
mRNA encoding a Cas nuclease, a gRNA, a helper lipid, a neutral lipid, and a PEG lipid. In
certain compositions comprising an mRNA encoding a Cas nuclease and a gRNA, the helper
lipid is cholesterol. In some compositions comprising an mRNA encoding a Cas nuclease and a
gRNA, the neutral lipid is DSPC. In additional embodiments comprising an mRNA encoding a
Cas nuclease and a gRNA, the PEG lipid is PEG2k-DMG.

In certain embodiments, the lipid compositions, such as LNP compositions include an
RNA-guided DNA-cutting agent, such as a Class 2 Cas mRNA and at least one gRNA. In some
embodiments, the gRNA is a sgRNA. In some embodiments, the RNA-guided DNA-cutting
agent is a Cas9 mRNA In certain embodiments, the LNP composition includes a ratio of gRNA
to RNA-guided DNA-cutting agent mRNA, such as Class 2 Cas nuclease mRNA of about 1:1 or
about 1:2. In some embodiments, the ratio of by weight is from about 25:1 to about 1:25, about
10:1 to about 1:10, about 8:1 to about 1:8, about 4:1 to about 1:4, about 2:1 to about 1:2, about
2:1 to 1:4 by weight, or about 1:1 to about 1:2.

The compositions and methods disclosed herein may include a template nucleic acid, e.g.,

a DNA template. The template nucleic acid may be delivered at the same time as, or separately
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from, the lipid compositions comprising an ionizable lipid or a pharmaceutically acceptable salt
thereof, including as LNP compositions. In some embodiments, the template nucleic acid may be
single- or double-stranded, depending on the desired repair mechanism. The template may have
regions of homology to the target DNA, e.g. within the target DNA sequence, and/or to
sequences adjacent to the target DNA.

In some embodiments, LNP compositions are formed by mixing an aqueous RNA
solution with an organic solvent-based lipid solution. Suitable solutions or solvents include or
may contain: water, PBS, Tris buffer, NaCl, citrate buffer, acetate buffer, ethanol, chloroform,
diethylether, cyclohexane, tetrahydrofuran, methanol, isopropanol. For example, the organic
solvent may be 100% ethanol. A pharmaceutically acceptable buffer, e.g., for in vivo
administration of LNP compositions, may be used. In certain embodiments, a buffer is used to
maintain the pH of the composition comprising LNPs at or above pH 6.5. In certain
embodiments, a buffer is used to maintain the pH of the composition comprising LNPs at or
above pH 7.0. In certain embodiments, the composition has a pH ranging from about 7.2 to about
7.7. In additional embodiments, the composition has a pH ranging from about 7.3 to about 7.7 or
ranging from about 7.4 to about 7.6. The pH of a composition may be measured with a micro pH
probe. In certain embodiments, a cryoprotectant is included in the composition. Non-limiting
examples of cryoprotectants include sucrose, trehalose, glycerol, DMSO, and ethylene glycol.
Exemplary compositions may include up to 10% cryoprotectant, such as, for example, sucrose.
In certain embodiments, the composition may comprise tris saline sucrose (TSS). In certain
embodiments, the composition is an LNP composition, which may include about 1,2, 3,4, 5, 6,
7, 8,9, or 10% cryoprotectant. In certain embodiments, the composition is an LNP composition,
which may include about 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10% sucrose. In some embodiments, the
composition includes a buffer. In some embodiments, the buffer may comprise a phosphate
buffer (PBS), a Tris buffer, a citrate buffer, and mixtures thereof. In certain exemplary
embodiments, the buffer comprises NaCl. In certain embodiments, the buffer lacks NaCl.
Exemplary amounts of NaCl may range from about 20 mM to about 45 mM. Exemplary amounts
of NaCl may range from about 40 mM to about 50 mM. In some embodiments, the amount of
NaCl is about 45 mM. In some embodiments, the buffer is a Tris buffer. Exemplary amounts of
Tris may range from about 20 mM to about 60 mM. Exemplary amounts of Tris may range from

about 40 mM to about 60 mM. In some embodiments, the amount of Tris is about 50 mM. In
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some embodiments, the buffer comprises NaCl and Tris. Certain exemplary embodiments of the
compositions contain 5% sucrose and 45 mM NaCl in Tris buffer. In other exemplary
embodiments, compositions contain sucrose in an amount of about 5% w/v, about 45 mM NaCl,
and about 50 mM Tris at pH 7.5. The salt, buffer, and cryoprotectant amounts may be varied
such that the osmolality of the overall composition is maintained. For example, the final
osmolality may be maintained at less than 450 mOsm/L. In further embodiments, the osmolality
is between 350 and 250 mOsm/L. Certain embodiments have a final osmolality of 300 +/- 20
mOsn/L or 310 +/- 40 mOsm/L.

In some embodiments, microfluidic mixing, T-mixing, or cross-mixing of the aqueous
RNA solution and the lipid solution in an organic solvent is used to make LNP compositions. In
certain aspects, flow rates, junction size, junction geometry, junction shape, tube diameter,
solutions, and/or RNA and lipid concentrations may be varied. LNPs or LNP compositions may
be concentrated or purified, e.g., via dialysis, centrifugal filter, tangential flow filtration, or
chromatography. The LNP compositions may be stored as a suspension, an emulsion, or a
lyophilized powder, for example. In some embodiments, an LNP composition is stored at 2-8° C,
in certain aspects, the LNP compositions are stored at room temperature. In additional
embodiments, an LNP composition is stored frozen, for example at -20° C or -80° C. In other
embodiments, an LNP composition is stored at a temperature ranging from about 0° C to about -
80° C. Frozen LNP compositions may be thawed before use, for example on ice, at room
temperature, or at 25° C.

Preferred lipid compositions, such as LNP compositions, are biodegradable, in that they
do not accumulate to cytotoxic levels in vivo at a therapeutically effective dose. In some
embodiments, the compositions do not cause an innate immune response that leads to substantial
adverse effects at a therapeutic dose level. In some embodiments, the compositions provided
herein do not cause toxicity at a therapeutic dose level.

In some embodiments, the concentration of the LNPs in the LNP composition is about 1-
10 pg/mL, about 2-10 pg/mL, about 2.5-10 pg/mL, about 1-5 ng/mL, about 2-5 pg/mL, about
2.5-5 pg/mL, about 0.04 pg/mL, about 0.08 pg/mL, about 0.16 pg/mL, about 0.25 pg/mL, about
0.63 ug/mL, about 1.25 pg/mL, about 2.5 pg/mL, or about 5 pg/mL.

In some embodiments, Dynamic Light Scattering (“DLS”) may be used to characterize

the polydispersity index (PDI) and size of the LNPs of the present disclosure. DLS measures the
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scattering of light that results from subjecting a sample to a light source. PDI, as determined
from DLS measurements, represents the distribution of particle size (around the mean particle
size) in a population, with a perfectly uniform population having a PDI of zero.

In some embodiments, the LNPs disclosed herein have a PDI from about 0.005 to about
0.75. In some embodiments, the LNPs disclosed herein have a PDI from about 0.005 to about
0.1. In some embodiments, the LNPs disclosed herein have a PDI from about 0.005 to about
0.09, about 0.005 to about 0.08, about 0.005 to about 0.07, or about 0.006 to about 0.05. In some
embodiments, the LNP have a PDI from about 0.01 to about 0.5. In some embodiments, the LNP
have a PDI from about zero to about 0.4. In some embodiments, the LNP have a PDI from about
zero to about 0.35. In some embodiments, the LNP PDI may range from about zero to about 0.3.
In some embodiments, the LNP have a PDI that may range from about zero to about 0.25. In
some embodiments, the LNP PDI may range from about zero to about 0.2. In some
embodiments, the LNP have a PDI from about zero to about 0.05. In some embodiments, the
LNP have a PDI from about zero to about 0.01. In some embodiments, the LNP have a PDI less
than about 0.01, about 0.02, about 0.05, about 0.08, about 0.1, about 0.15, about 0.2, or about
0.4.

LNP size may be measured by various analytical methods known in the art. In some
embodiments, LNP size may be measured using Asymetric-Flow Field Flow Fractionation —
Multi-Angle Light Scattering (AF4-MALS). In certain embodiments, LNP size may be measured
by separating particles in the composition by hydrodynamic radius, followed by measuring the
molecular weights, hydrodynamic radii and root mean square radii of the fractionated particles.
In some embodiments, LNP size and particle concentration may be measured by nanoparticle
tracking analysis (NTA, Malvern Nanosight). In certain embodiments, LNP samples are diluted
appropriately and injected onto a microscope slide. A camera records the scattered light as the
particles are slowly infused through field of view. After the movie is captured, the Nanoparticle
Tracking Analysis processes the movie by tracking pixels and calculating a diffusion coefficient.
This diffusion coefficient can be translated into the hydrodynamic radius of the particle. Such
methods may also count the number of individual particles to give particle concentration. In
some embodiments, LNP size, morphology, and structural characteristics may be determined by

cryo-electron microscopy (“cryo-EM”).
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The LNPs of the LNP compositions disclosed herein, for example, have a size (e.g. Z-
average diameter) of about 1 to about 250 nm. In some embodiments, the LNPs have a size of
about 10 to about 200 nm. In further embodiments, the LNPs have a size of about 20 to about
150 nm. In some embodiments, the LNPs have a size of about 50 to about 150 nm or about 70 to
130 nm. In some embodiments, the LNPs have a size of about 50 to about 100 nm. In some
embodiments, the LNPs have a size of about 50 to about 120 nm. In some embodiments, the
LNPs have a size of about 60 to about 100 nm. In some embodiments, the LNPs have a size of
about 75 to about 150 nm. In some embodiments, the LNPs have a size of about 75 to about
120 nm. In some embodiments, the LNPs have a size of about 75 to about 100 nm. In some
embodiments, the LNPs have a size of about 50 to about 145 nm, about 50 to about 120 nm,
about 50 to about 120 nm, about 50 to about 115 nm, about 50 to about 100 nm, about 60 to
about 145 nm, about 60 to about 120 nm, about 60 to about 115 nm, or about 60 to about 100
nm. In some embodiments, the LNPs have a size of less than about 145 nm, less than about 120
nm, less than about 115 nm, or less than about 100 nm. In some embodiments, the LNPs have a
size of greater than about 50 nm or greater than about 60 nm. In some embodiments, the particle
size is a Z-average particle size. In some embodiments, the particle size is a number-average
particle size. In some embodiments, the particle size is the size of an individual LNP. Unless
indicated otherwise, all sizes referred to herein are the average sizes (diameters) of the fully
formed nanoparticles, as measured by dynamic light scattering on a Malvern Zetasizer or Wyatt
NanoStar. The nanoparticle sample is diluted in phosphate buffered saline (PBS) so that the
count rate is approximately 200-400 kcps.

The LNPs may have a size (e.g. Z-average diameter) of about 1 to about 250 nm. In some
embodiments, the LNPs have a size of about 10 to about 200 nm. In further embodiments, the
LNPs have a size of about 20 to about 150 nm. In some embodiments, the LNPs have a size of
about 50 to about 150 nm or about 70 to 130 nm. In some embodiments, the LNPs have a size of
about 50 to about 100 nm. In some embodiments, the LNPs have a size of about 50 to about 120
nm. In some embodiments, the LNPs have a size of about 60 to about 100 nm. In some
embodiments, the LNPs have a size of about 75 to about 150 nm. In some embodiments, the LNPs
have a size of about 75 to about 120 nm. In some embodiments, the LNPs have a size of about 75
to about 100 nm. In some embodiments, the LNPs have a size of about 40 to about 125 nm, about

40 to about 110 nm, about 40 to about 100 nm, about 40 to about 90 nm. In some embodiments,
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the particle size is a Z-average particle size. In some embodiments, the particle size is a number-
average particle size. In some embodiments, the particle size is the size of an individual LNP.
Unless indicated otherwise, all sizes referred to herein are the average sizes (diameters) of the fully
formed nanoparticles, as measured by dynamic light scattering on a Malvern Zetasizer or Wyatt
NanoStar. The nanoparticle sample is diluted in phosphate buffered saline (PBS) so that the count
rate is approximately 200-400 keps.

In some embodiments, the LNP compositions are formed with an average encapsulation
efficiency ranging from about 50% to about 100%. In some embodiments, the LNP compositions
are formed with an average encapsulation efficiency ranging from about 50% to about 95%. In
some embodiments, the LNP compositions are formed with an average encapsulation efficiency
ranging from about 70% to about 90%. In some embodiments, the LNP compositions are formed
with an average encapsulation efficiency ranging from about 90% to about 100%. In some
embodiments, the LNP compositions are formed with an average encapsulation efficiency
ranging from about 75% to about 95%. In some embodiments, the LNP compositions are formed
with an average encapsulation efficiency ranging from about 90% to about 100%. In some
embodiments, the LNP compositions are formed with an average encapsulation efficiency
ranging from about 95% to about 100%. In some embodiments, the LNP compositions are
formed with an average encapsulation efficiency ranging from about 98% to about 100%. In
some embodiments, the LNP compositions are formed with an average encapsulation efficiency

ranging from about 99% to about 100%.

Cargo

The cargo delivered via LNP composition may be a DNA cutting agent, such as an RNA-
guided DNA cutting agent. In certain embodiments, the cargo is or comprises one or more DNA
cutting agent, such as mRNA, gRNA, expression vector, RNA-guided DNA-cutting agent, e.g. a
CRISPR Cas nuclease or mRNA encoding the nuclease, optionally in combination with a guide
RNA. The above list of DNA cutting agents is exemplary only, and is not intended to be limiting.
Such compounds may be purified or partially purified, and may be naturally occurring or
synthetic, and may be chemically modified.

The cargo delivered via LNP composition may be an RNA, such as an mRNA molecule
encoding a DNA cutting agent. For example, an mRNA for expressing a protein such as an

RNA-guided DNA-cutting agent, or a Cas nuclease is included. LNP compositions that include a
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Cas nuclease mRNA, for example a Class 2 Cas nuclease mRNA that allows for expression in a
cell of a Class 2 Cas nuclease such as a Cas9 or Cpfl (also referred to as Cas12a) protein are
provided. Further, the cargo may contain one or more gRNAs or nucleic acids encoding gRNAs.
A template nucleic acid, e.g., for repair or recombination, may also be used in the methods
described herein. In a sub-embodiment, the cargo comprises an mRNA that encodes a
Streptococcus pyogenes Cas9, optionally and an S. pyogenes gRNA. In a further sub-
embodiment, the cargo comprises an mRNA that encodes a Neisseria meningitidis Cas9,
optionally and an Nme (Neisseria meningitidis) gRNA.

“mRNA” refers to a polynucleotide and comprises an open reading frame that can be
translated into a polypeptide (i.e., can serve as a substrate for translation by a ribosome and
amino-acylated tRNAs). mRNA can comprise a phosphate-sugar backbone including ribose
residues or analogs thereof, e.g., 2’-methoxy ribose residues. In some embodiments, the sugars
of an mRNA phosphate-sugar backbone consist essentially of ribose residues, 2’-methoxy ribose
residues, or a combination thereof. In general, mRNAs do not contain a substantial quantity of
thymidine residues (e.g., O residues or fewer than 30, 20, 10, 5, 4, 3, or 2 thymidine residues; or
less than 10%, 9%, 8%, 7%, 6%, 5%, 4%, 4%, 3%, 2%, 1%, 0.5%, 0.2%, or 0.1% thymidine

content). An mRNA can contain modified uridines at some or all of its uridine positions.

DNA cutting agents

In some embodiments, the compositions or methods comprise a DNA cutting agent, such
as a protein or RNA component or a nucleic acid encoding the same. As used herein, the term
DNA cutting agent is any component of a genome editing system (or gene editing system)
necessary or helpful for producing an edit in the genome of a cell. In some embodiments, the
present disclosure provides for methods of delivering a DNA cutting agent of a genome editing
system (for example a zinc finger nuclease system, a TALEN system, a meganuclease system or
a CRISPR/Cas system) to a cell (or population of cells). DNA cutting agents include, for
example, nucleases capable of making single or double strand break in the DNA or RNA of a
cell, e.g., in the genome of a cell and nucleic acids encoding the same, such as RNAs. The DNA
cutting agents, e.g. nucleases, may optionally modify the genome of a cell without cleaving the
nucleic acid, or nickases. A DNA cutting nuclease or nickase agent may be encoded by an
mRNA. Such nucleases and nickases include, for example, RNA-guided DNA cutting agents,
and CRISPR/Cas components. DNA cutting agents include fusion proteins, including e.g., a
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nickase fused to an effector domain such as an editor domain. DNA cutting agents include any
component necessary or helpful for accomplishing a genome edit that introduces a DNA break,
such as, for example, guide RNA, sgRNA, dgRNA, and the like.

Various suitable gene editing systems comprising DNA cutting agents for use with the
DNA-PKI compounds described herein, including but not limited to the CRISPR/Cas system;
zinc finger nuclease (ZFN) system; and the transcription activator-like effector nuclease
(TALEN) system. Generally, the DNA cutting agents involve the use of engineered cleavage
systems to induce a double strand break (DSB) or a nick (e.g., a single strand break, or SSB) in a
target DNA sequence. Cleavage or nicking can occur through the use of specific nucleases such
as engineered ZFN, TALEN:S, or using the CRISPR/Cas system with an engineered guide RNA
to guide specific cleavage or nicking of a target DNA sequence. Further, targeted nucleases are
being developed based on the Argonaute system (e.g., from T. thermophilus, known as ‘TtAgo’,
see Swarts et al (2014) Nature 507(7491): 258-261), which also may have the potential for uses
in genome editing and gene therapy.

In certain embodiments, the disclosed compositions comprise one or more DNA
modifying agents, such as a DNA cutting agent. A variety of DNA modifying agents may be
included in the LNP compositions described herein. For example, DNA modifying agents
include nucleases (both sequence-specific and non-specific), topoisomerases, methylases,
acetylases, chemicals, pharmaceuticals, and other agents. In some embodiments, proteins that
bind to a given DNA sequence or set of sequences may be employed to induce DNA
modification such as strand breakage. Proteins can either be modified by many means, such as
incorporation of '2°I, the radioactive decay of which would cause strand breakage, or modifying
cross- linking reagents such as 4-azidophenacylbromide which form a cross-link with DNA on
exposure to UV-light. Such protein-DNA cross-links can subsequently be converted to a double-
stranded DNA break by treatment with piperidine. Yet another approach to DNA modification
involves antibodies raised against specific proteins bound at one or more DNA sites, such as
transcription factors or architectural chromatin proteins, and used to isolate the DNA from
nucleoprotein complexes.

In certain embodiments, the disclosed compositions comprise one or more DNA cutting
agents. DNA cutting agents include technologies such as Zinc-Finger Nucleases (ZFN),
Transcription Activator-Like Effector Nucleases (TALEN), mito-TALEN, and meganuclease
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systems. TALEN and ZFN technologies use a strategy of tethering endonuclease catalytic
domains to modular DNA binding proteins for inducing targeted DNA double-stranded breaks
(DSB) at specific genomic loci. Additional DNA cutting agents include small interfering RNA,
micro RNA, anti-microRNA, antagonist, small hairpin RNA, and aptamers (RNA, DNA or
peptide based (including affimers)).

In some embodiments, the gene editing system is a TALEN system. Transcription
activator-like effector nucleases (TALEN) are restriction enzymes that can be engineered to cut
specific sequences of DNA. They are made by fusing a TAL effector DNA-binding domain to a
DNA cleavage domain (a nuclease which cuts DNA strands). Transcription activator-like
effectors (TALEs) can be engineered to bind to a desired DNA sequence, to promote DNA
cleavage at specific locations (see, e.g., Boch, 2011, Nature Biotech). The restriction enzymes
can be introduced into cells, for use in gene editing or for genome editing in situ, a technique
known as genome editing with engineered nucleases. Such methods and compositions for use
therein are known in the art. See, e.g., W02019147805, W02014040370, W02018073393, the
contents of which are hereby incorporated in their entireties.

In some embodiments, the gene editing system is a zinc-finger system. Zinc-finger
nucleases (ZFNs) are artificial restriction enzymes generated by fusing a zinc finger DNA-
binding domain to a DNA-cleavage domain. Zinc finger domains can be engineered to target
specific desired DNA sequences to enables zinc-finger nucleases to target unique sequences
within complex genomes. The non-specific cleavage domain from the type IIs restriction
endonuclease Fokl is typically used as the cleavage domain in ZFNs. Cleavage is repaired by
endogenous DNA repair machinery, allowing ZFN to precisely alter the genomes of higher
organisms. Such methods and compositions for use therein are known in the art. See, e.g.,
WO02011091324, the contents of which are hereby incorporated in their entireties.

In preferred embodiments, the disclosed compositions comprise an mRNA encoding a
DNA cutting agent, such as a Cas nuclease. In particular embodiments, the disclosed
compositions comprise an mRNA encoding a Class 2 Cas nuclease, such as S. pyogenes Cas9.

As used herein, an “RNA-guided DNA-cutting agent” means a polypeptide or complex of
polypeptides having DNA-binding and cutting activity, or a DNA-binding subunit of such a
complex, wherein the DNA-binding activity is sequence-specific and depends on the sequence of

the RNA that is capable of introducing an ssDNA or dsDNA break. Exemplary RNA-guided
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DNA-cutting agents include Cas cleavases/nickases and inactivated forms thereof (“dCas DNA-
cutting agents”). “Cas nuclease”, as used herein, encompasses Cas cleavases, Cas nickases, and
dCas DNA-cutting agents. Cas cleavases/nickases and dCas DNA-cutting agents include a Csm
or Cmr complex of a type IIT CRISPR system, the Cas10, Csm1, or Cmr2 subunit thereof, a
Cascade complex of a type I CRISPR system, the Cas3 subunit thereof, and Class 2 Cas
nucleases. As used herein, a “Class 2 Cas nuclease” is a single-chain polypeptide with RNA-
guided DNA-cutting activity. Class 2 Cas nucleases include Class 2 Cas cleavases/nickases (e.g.,
H840A, D10A, or N863 A variants), which further have RNA-guided DNA cleavases or nickase
activity, and Class 2 dCas DNA-cutting agents, in which cleavase/nickase activity is inactivated.
Class 2 Cas nucleases that may be used with the LNP compositions described herein include, for
example, Cas9, Cpfl, C2cl, C2c2, C2c3, HF Cas9 (e.g., NA97A, R661A, Q695A, Q926A
variants), HypaCas9 (e.g., N692A, M694A, Q695A, HO698A variants), eSPCas9(1.0) (e.g,
K810A, K1003A, R1060A variants), and eSPCas9(1.1) (e.g., K848A, K1003A, R1060A
variants) proteins and modifications thereof. Cpf1 protein, Zetsche et al., Cell, 163: 1-13 (2015),
1s homologous to Cas9, and contains a RuvC-like nuclease domain. Cpfl sequences of Zetsche
are incorporated by reference in their entirety. See, e.g., Zetsche, Tables 2 and 4. See, e.g.,
Makarova et al., Nat Rev Microbiol, 13(11): 722-36 (2015); Shmakov et al., Molecular Cell,
60:385-397 (2015).

Non-limiting exemplary species that the Cas nuclease can be derived from include
Streptococcus pyogenes, Streptococcus thermophilus, Streptococcus sp., Staphylococcus aureus,
Listeria innocua, Lactobacillus gasseri, Francisella novicida, Wolinella succinogenes, Sutterella
wadsworthensis, Gammaproteobacterium, Neisseria meningitidis, Campylobacter jejuni,
Pasteurella multocida, Fibrobacter succinogene, Rhodospirillum rubrum, Nocardiopsis
dassonvillei, Streptomyces pristinaespiralis, Streptomyces viridochromogenes, Streptomyces
viridochromogenes, Streptosporangium roseum, Streptosporangium roseum, Alicyclobacillus
acidocaldarius, Bacillus pseudomycoides, Bacillus selenitireducens, Exiguobacterium sibiricum,
Lactobacillus delbrueckii, Lactobacillus salivarius, Lactobacillus buchneri, Treponema
denticola, Microscilla marina, Burkholderiales bacterium, Polaromonas naphthalenivorans,
Polaromonas sp., Crocosphaera watsonii, Cyanothece sp., Microcystis aeruginosa,
Synechococcus sp., Acetohalobium arabaticum, Ammonifex degensii, Caldicelulosiruptor

becscii, Candidatus Desulforudis, Clostridium botulinum, Clostridium difficile, Finegoldia
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magna, Natranaerobius thermophilus, Pelotomaculum thermopropionicum, Acidithiobacillus
caldus, Acidithiobacillus ferrooxidans, Allochromatium vinosum, Marinobacter sp.,
Nitrosococcus halophilus, Nitrosococcus watsoni, Pseudoalteromonas haloplanktis,
Ktedonobacter racemifer, Methanohalobium evestigatum, Anabaena variabilis, Nodularia
spumigena, Nostoc sp., Arthrospira maxima, Arthrospira platensis, Arthrospira sp., Lyngbya sp.,
Microcoleus chthonoplastes, Oscillatoria sp., Petrotoga mobilis, Thermosipho africanus,
Streptococcus pasteurianus, Neisseria cinerea, Campylobacter lari, Parvibaculum
lavamentivorans, Corynebacterium diphtheria, Acidaminococcus sp., Lachnospiraceae
bacterium ND2006, and Acaryochloris marina.

In some embodiments, the Cas nuclease is the Cas9 nuclease from Streprococcus
pyogenes. In other embodiments, the Cas nuclease is the Cas9 nuclease from Streptococcus
thermophilus. In still other embodiments, the Cas nuclease is the Cas9 nuclease from Neisseria
meningitidis. In some embodiments, the Cas nuclease is the Cas9 nuclease is from
Staphylococcus aureus. In some embodiments, the Cas nuclease is the Cpfl nuclease from
Francisella novicida. In other embodiments, the Cas nuclease is the Cpfl nuclease from
Acidaminococcus sp. In still other embodiments, the Cas nuclease is the Cpfl nuclease from
Lachnospiraceae bacterium ND2006. In further embodiments, the Cas nuclease is the Cpfl
nuclease from Francisella tularensis, Lachnospiraceae bacterium, Butyrivibrio proteoclasticus,
Peregrinibacteria bacterium, Parcubacteria bacterium, Smithella, Acidaminococcus, Candidatus
Methanoplasma termitum, Eubacterium eligens, Moraxella bovoculi, Leptospira inadai,
Porphyromonas crevioricanis, Prevotella disiens, or Porphyromonas macacae. In some
embodiments, the Cas nuclease 1s a Cpf1 nuclease from an Acidaminococcus or
Lachnospiraceae.

Wild type Cas9 has two nuclease domains: RuvC and HNH. The RuvC domain cleaves
the non-target DNA strand, and the HNH domain cleaves the target strand of DNA. In some
embodiments, the Cas9 nuclease comprises more than one RuvC domain and/or more than one
HNH domain. In some embodiments, the Cas9 nuclease is a wild type Cas9. In some
embodiments, the Cas9 is capable of inducing a double strand break in target DNA. In other
embodiments, the Cas nuclease may cleave dsDNA, it may cleave one strand of dsDNA, or it
may not have DNA cleavase or nickase activity. In some embodiments, two nickases are

combined to create a dsDNA break.
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In some embodiments, a Cas nuclease such as a chimeric Cas nuclease is used, where one
domain or region of the protein is fused to a portion of a different protein, e.g. a heterologous
polypeptide, and optionally comprising a linker polypeptide between the Cas nuclease portion
and heterologous functional domain portion of the chimeric Cas9. In some embodiments, a Cas
nuclease domain may be fused to, e.g. via a linker, a domain from a different nuclease such as
Fokl. In some embodiments, a Cas nuclease may be a modified nuclease, such as a nickase or
dCas9.

In other embodiments, the Cas nuclease or Cas nickase may be from a Type-I
CRISPR/Cas system. In some embodiments, the Cas nuclease may be a component of the
Cascade complex of a Type-I CRISPR/Cas system. In some embodiments, the Cas nuclease may
be a Cas3 protein. In some embodiments, the Cas nuclease may be from a Type-III CRISPR/Cas
system. In some embodiments, the Cas nuclease may have an RNA cleavage activity.

In some embodiments, the RNA-guided DNA-cutting agent has single-strand nickase
activity, i.e., can cut one DNA strand to produce a single-strand break, also known as a “nick.”
In some embodiments, the RNA-guided DNA-cutting agent comprises a Cas nickase. A nickase
1s an enzyme that creates a nick in dsDNA, i.e., cuts one strand but not the other of the DNA
double helix. In some embodiments, a Cas nickase is a version of a Cas nuclease (e.g., a Cas
nuclease discussed above) in which an endonucleolytic active site is inactivated, e.g., by one or
more alterations (e.g., point mutations) in a catalytic domain. See, e.g., US Pat. No. 8,889,356
for discussion of Cas nickases and exemplary catalytic domain alterations. In some
embodiments, a Cas nickase such as a Cas9 nickase has an inactivated RuvC or HNH domain.

In some embodiments, the RNA-guided DNA-cutting agent is modified to contain only
one functional nuclease domain. For example, the agent protein may be modified such that one
of the nuclease domains is mutated or fully or partially deleted to reduce its nucleic acid cleavage
activity. In some embodiments, a nickase is used having a RuvC domain with reduced activity.
In some embodiments, a nickase is used having an inactive RuvC domain. In some
embodiments, a nickase is used having an HNH domain with reduced activity. In some
embodiments, a nickase is used having an inactive HNH domain.

In some embodiments, a conserved amino acid within a Cas protein nuclease domain is
substituted to reduce or alter nuclease activity. In some embodiments, a Cas nuclease may

comprise an amino acid substitution in the RuvC or RuvC-like nuclease domain. Exemplary
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amino acid substitutions in the RuvC or RuvC-like nuclease domain include D10A (based on the
S. pyogenes Cas9 protein). See, e.g., Zetsche et al. (2015) Cell Oct 22:163(3): 759-771. In some
embodiments, the Cas nuclease may comprise an amino acid substitution in the HNH or HNH-
like nuclease domain. Exemplary amino acid substitutions in the HNH or HNH-like nuclease
domain include E762A, H840A, N863A, H983A, and D986A (based on the S. pyogenes Cas9
protein). See, e.g., Zetsche et al. (2015). Further exemplary amino acid substitutions include
D917A, E1006A, and D1255A (based on the Francisella novicida U112 Cpfl (FnCpfl)
sequence (UniProtKB - A0Q7Q2 (CPF1_FRATN)).

In some embodiments, an mRNA encoding a nickase is provided in combination with a
pair of guide RNAs that are complementary to the sense and antisense strands of the target
sequence, respectively. In this embodiment, the guide RNAs direct the nickase to a target
sequence and introduce a DSB by generating a nick on opposite strands of the target sequence
(i.e., double nicking). In some embodiments, use of double nicking may improve specificity and
reduce off-target effects. In some embodiments, a nickase is used together with two separate
guide RNAs targeting opposite strands of DNA to produce a double nick in the target DNA. In
some embodiments, a nickase is used together with two separate guide RN As that are selected to
be in close proximity to produce a double nick in the target DNA. In some embodiments, a
nickase, such as a Cas9 nickase is fused to a heterologous functional domain such as a deaminase
polypeptide.

In some embodiments, the RNA-guided DNA-cutting agent lacks cleavase and nickase
activity. In some embodiments, the RNA-guided DNA-cutting agent comprises a dCas DNA-
binding polypeptide. A dCas polypeptide has DNA-binding activity while essentially lacking
catalytic (cleavase/nickase) activity. In some embodiments, the dCas polypeptide is a dCas9
polypeptide. In some embodiments, the RNA-guided DNA-cutting agent lacking cleavase and
nickase activity or the dCas DNA-binding polypeptide is a version of a Cas nuclease (e.g., a Cas
nuclease discussed above) in which its endonucleolytic active sites are inactivated, e.g., by one
or more alterations (e.g., point mutations) in its catalytic domains. See, e.g., US 2014/0186958
A1; US 2015/0166980 Al.

In some embodiments, the RNA-guided DNA-cutting agent comprises one or more

heterologous functional domains (e.g., is or comprises a fusion polypeptide).
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In some embodiments, the heterologous functional domain may facilitate transport of the
RNA-guided DNA-cutting agent into the nucleus of a cell. For example, the heterologous
functional domain may be a nuclear localization signal (NLS).

In some embodiments, the heterologous functional domain may be capable of modifying
the intracellular half-life of the RNA-guided DNA cutting agent. In some embodiments, the half-
life of the RNA-guided DNA cutting agent may be increased. In some embodiments, the half-life
of the RNA-guided DNA-cutting agent may be reduced. In some embodiments, the heterologous
functional domain may be capable of increasing the stability of the RNA-guided DNA-cutting
agent. In some embodiments, the heterologous functional domain may be capable of reducing the
stability of the RNA-guided DNA-cutting agent. In some embodiments, the heterologous
functional domain may act as a signal peptide for protein degradation. In some embodiments, the
protein degradation may be mediated by proteolytic enzymes, such as, for example, proteasomes,
lysosomal proteases, or calpain proteases. In some embodiments, the heterologous functional
domain may comprise a PEST sequence. In some embodiments, the RNA-guided DNA-cutting
agent may be modified by addition of ubiquitin or a polyubiquitin chain. In some embodiments,
the ubiquitin may be a ubiquitinlike protein (UBL). Non-limiting examples of ubiquitin-like
proteins include small ubiquitinlike modifier (SUMO), ubiquitin cross-reactive protein (UCRP,
also known as interferonstimulated gene-15 (ISG15)), ubiquitin-related modifier-1 (URM1),
neuronal-precursor-cellexpressed developmentally downregulated protein-8 (NEDDS, also called
Rubl in S. cerevisiae), human leukocyte antigen F-associated (FAT10), autophagy-8 (ATGS)
and -12 (ATG12), Fau ubiquitin-like protein (FUB1), membrane-anchored UBL (MUB),
ubiquitin fold-modifier-1 (UFMI1), and ubiquitin-like protein-5 (UBLS).

In some embodiments, the heterologous functional domain may be a marker domain.
Non-limiting examples of marker domains include fluorescent proteins, purification tags, epitope
tags, and reporter gene sequences. In some embodiments, the marker domain may be a
fluorescent protein. Non-limiting examples of suitable fluorescent proteins include green
fluorescent proteins (e.g., GFP, GFP-2, tagGFP, turboGFP, sfGFP, EGFP, Emerald, Azami
Green, Monomeric Azami Green, CopGFP, AceGFP, ZsGreenl ), yellow fluorescent proteins
(e.g., YFP, EYFP, Citrine, Venus, YPet, PhiYFP, ZsYellow1), blue fluorescent proteins (e.g.,
EBFP, EBFP2, Azurite, mKalamal, GFPuv, Sapphire, T-sapphire,), cyan fluorescent proteins
(e.g., ECFP, Cerulean, CyPet, AmCyanl, Midoriishi-Cyan), red fluorescent proteins (e.g.,
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mKate, mKate2, mPlum, DsRed monomer, mCherry, mRFP1, DsRed-Express, DsRed2, DsRed-
Monomer, HcRed-Tandem, HcRed1, AsRed2, eqFP611, mRasberry, mStrawberry, Jred), and
orange fluorescent proteins (mOrange, mKO, Kusabira- Orange, Monomeric Kusabira-Orange,
mTangerine, tdTomato) or any other suitable fluorescent protein. In other embodiments, the
marker domain may be a purification tag and/or an epitope tag. Non-limiting exemplary tags
include glutathione-S-transferase (GST), chitin binding protein (CBP), maltose binding protein
(MBP), thioredoxin (TRX), poly(NANP), tandem affinity purification (TAP) tag, myc, AcV5,
AU1, AUS, E, ECS, E2, FLAG, HA, nus, Softag 1, Softag 3, Strep, SBP, Glu-Glu, HSV, KT3, S,
S1, T7, VS, VSV-G, 6xHis, 8xHis, biotin carboxyl carrier protein (BCCP), poly-His, and
calmodulin. Non-limiting exemplary reporter genes include glutathione-S-transferase (GST),
horseradish peroxidase (HRP), chloramphenicol acetyltransferase (CAT), beta-galactosidase,
beta-glucuronidase, luciferase, or fluorescent proteins.

In additional embodiments, the heterologous functional domain may target the RNA-
guided DNA-cutting agent to a specific organelle, cell type, tissue, or organ. In some
embodiments, the heterologous functional domain may target the RNA-guided DNA-cutting
agent to mitochondria.

In further embodiments, the heterologous functional domain may be an effector domain
such as an editor domain. When the RNA-guided DNA-cutting agent is directed to its target
sequence, e.g., when a Cas nuclease is directed to a target sequence by a gRNA, the effector
domain such as an editor domain may modify or affect the target sequence. In some
embodiments, the effector domain such as an editor domain may be chosen from a nucleic acid
binding domain, a nuclease domain (e.g., a non-Cas nuclease domain), an epigenetic
modification domain, a transcriptional activation domain, or a transcriptional repressor domain.
In some embodiments, the heterologous functional domain is a nuclease, such as a Fokl
nuclease. Seg, e.g., US Pat. No. 9,023,649. In some embodiments, the heterologous functional
domain is a transcriptional activator or repressor. See, e.g., Q1 et al., “Repurposing CRISPR as an
RNA-guided platform for sequence-specific control of gene expression,” Cell 152:1173-83
(2013); Perez-Pinera et al., “RNA-guided gene activation by CRISPR-Cas9- based transcription
factors,” Nat. Methods 10:973-6 (2013); Mali et al., “CAS9 transcriptional activators for target
specificity screening and paired nickases for cooperative genome engineering,” Nat. Biotechnol.

31:833-8 (2013); Gilbert et al., “CRISPR-mediated modular RNA-guided regulation of
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transcription in eukaryotes,” Cell 154:442-51 (2013). As such, the RNA-guided DNA-cutting
agent essentially becomes a transcription factor that can be directed to bind a desired target
sequence using a guide RNA. In some embodiments, the DNA modification domain is a
methylation domain, such as a demethylation or methyltransferase domain. In some
embodiments, the effector domain is a DNA modification domain, such as a base-editing
domain. In particular embodiments, the DNA modification domain is a nucleic acid editing
domain that introduces a specific modification into the DNA, such as a deaminase domain. See,
e.g., WO 2015/089406; US 2016/0304846. The nucleic acid editing domains, deaminase
domains, and Cas9 variants described in WO 2015/089406 and U.S. 2016/0304846 are hereby
incorporated by reference.

In some embodiments, the RNA-guided DNA cutting agent or Cas nickase, such as Cas9
nickase, comprises a APOBEC deaminase. In some embodiments, an APOBEC deaminase is a
APOBEC3 deaminase, such as a APOBEC3A (A3A). In some embodiments, the A3A is a
human A3A. In some embodiments, the A3A 1s a wild-type A3A.

In some embodiments, the RNA-guided DNA cutting agent comprises an editor. An
exemplary editor is BC22n which comprises a H. sapiens APOBEC3A fused to S. pyogenes-
D10A Cas9 nickase by an XTEN linker. In some embodiments, the editor is provided with a
uracil glycosylase inhibitor (“UGI”). In some embodiments, the editor is fused to the UGL In
some embodiments, the mRNA encoding the editor and an mRNA encoding the UGI are
formulated together in an LNP composition. In other embodiments, the editor and UGI are
provided in separate LNP compositions.

The RNA-guided DNA cutting agent may comprise at least one domain that interacts
with a guide RNA (“gRNA”). Additionally, it may be directed to a target sequence by a gRNA.
In Class 2 Cas nuclease systems, the gRNA interacts with the nuclease as well as the target
sequence, such that it directs binding to the target sequence. In some embodiments, the gRNA
provides the specificity for the targeted cleavage, and the nuclease may be universal and paired
with different gRNAs to cleave different target sequences. Class 2 Cas nuclease may pair with a
gRNA scaffold structure of the types, orthologs, and exemplary species listed above.

As used herein, “ribonucleoprotein” (RNP) or “RNP complex” refers to a gRNA together
with an RNA-guided DNA-cutting agent, such as a Cas nuclease, e.g., a Cas cleavase, Cas

nickase, or dCas DNA-cutting agent such as a dCas9 fusion protein (e.g., Cas9). In some
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embodiments, the gRNA guides the RNA-guided DNA-cutting agent such as Cas9 to a target
sequence, and the gRNA hybridizes with and the agent binds to the target sequence; in cases
where the agent is a cleavase or nickase, binding can be followed by cleaving or nicking,

In some embodiments of the present disclosure, the cargo for the LNP composition
includes at least one gRNA comprising guide sequences that direct an RNA-guided DNA-cutting
agent, which can be a nuclease (e.g., a Cas nuclease such as Cas9), to a target DNA. The gRNA
may guide the Cas nuclease or Class 2 Cas nuclease to a target sequence on a target nucleic acid
molecule. In some embodiments, a gRNA binds with and provides specificity of cleavage by a
Class 2 Cas nuclease. In some embodiments, the gRNA and the Cas nuclease may form a
ribonucleoprotein (RNP), e.g., a CRISPR/Cas complex such as a CRISPR/Cas9 complex. In
some embodiments, the CRISPR/Cas complex may be a Type-II CRISPR/Cas9 complex. In
some embodiments, the CRISPR/Cas complex may be a Type-V CRISPR/Cas complex, such as
a Cpfl/gRNA complex. Cas nucleases and cognate gRNAs may be paired. The gRNA scaffold
structures that pair with each Class 2 Cas nuclease vary with the specific CRISPR/Cas system.

“Guide RNA”, “gRNA”, and simply “guide” are used herein interchangeably to refer to a
cognate guide nucleic acid for an RNA-guided DNA-cutting agent. Guide RNAs can include
modified RNAs as described herein. A gRNA may be either a crRNA (also known as CRISPR
RNA), or the combination of a crRNA and a trRNA (also known as tracrRNA). The crRNA and
trRNA may be associated as a single RNA molecule (single guide RNA, sgRNA) or in two or
more separate RNA molecules (dual guide RNA, dgRNA), optionally covalently linked. “Guide
RNA” or “gRNA” refers to each type. The trRNA may be a naturally-occurring sequence, or a
trRNA sequence with modifications or variations compared to naturally-occurring sequences.

In some embodiments, an mRNA encoding a RNA-guided DNA cutting agent is
formulated in a first LNP composition and a gRNA nucleic acid is formulated in a second LNP
composition. In some embodiments, the first and second lipid nucleic acid assembly
compositions are administered simultaneously. In other embodiments, the first and second lipid
nucleic acid assembly compositions are administered sequentially. In some embodiments, the
first and second lipid nucleic acid assembly compositions are combined prior to the
preincubation step. In other embodiments, the first and second lipid nucleic acid assembly

compositions are preincubated separately.
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In certain embodiments, the compositions and methods described herein involve a
modified RNA. In some embodiments, the compositions and methods described herein involve
guide RNA nucleic acid. In certain embodiments, the compositions and methods described
herein involve a gRNA, such as a dgRNA or a modified gRNA. In some compositions
comprising an mRNA encoding an RNA-guided DNA-cutting agent, the compositions further
comprise a gRNA nucleic acid, such as a gRNA. In some embodiments, the compositions and
methods described herein involve an RNA-guided DNA-cutting agent and a gRNA. In some
embodiments, the compositions and methods described herein involve a Cas nuclease mRNA
and a gRNA, such as a Class 2 Cas nuclease mRNA and a gRNA.

In some embodiments, the cargo may comprise a DNA molecule. In some embodiments,
the nucleic acid may comprise a nucleotide sequence encoding a crRNA. In some embodiments,
the nucleotide sequence encoding the crRNA comprises a targeting sequence flanked by all or a
portion of a repeat sequence from a naturally-occurring CRISPR/Cas system. In some
embodiments, the nucleic acid may comprise a nucleotide sequence encoding a tracr RNA. In
certain embodiments, the crRNA and the tracr RNA may be encoded by two separate nucleic
acids. In other embodiments, the crRNA and the tract RNA may be encoded by a single nucleic
acid. In some embodiments, the crRNA and the tract RNA may be encoded by opposite strands
of a single nucleic acid. In other embodiments, the crRNA and the tracr RNA may be encoded by
the same strand of a single nucleic acid. In some embodiments, the gRNA nucleic acid encodes
an sgRNA. In some embodiments, the gRNA nucleic acid encodes a Cas9 nuclease sgRNA. In
come embodiments, the gRNA nucleic acid encodes a Cpfl nuclease sgRNA.

The nucleotide sequence encoding the guide RNA may be operably linked to at least one
transcriptional or regulatory control sequence, such as a promoter, a 3' UTR, or a 5' UTR. In one
example, the promoter may be a tRNA promoter, e.g., tRNALys3, or a tRNA chimera. See
Mefferd et al., RNA. 2015 21:1683-9; Scherer et al., Nucleic Acids Res. 2007 35: 2620-2628. In
some embodiments, the promoter may be recognized by RNA polymerase III (Pol III). Non-
limiting examples of Pol III promoters also include U6 and H1 promoters. In some embodiments,
the nucleotide sequence encoding the guide RNA may be operably linked to a mouse or human
U6 promoter. In some embodiments, the gRNA nucleic acid is a modified nucleic acid. In some
embodiments, the gRNA nucleic acid includes a modified nucleoside or nucleotide. In some

embodiments, the gRNA nucleic acid includes a 5' end modification, for example a modified

-69 -



WO 2022/221696 PCT/US2022/025075

nucleoside or nucleotide to stabilize and prevent integration of the nucleic acid. In other
embodiments, the gRNA nucleic acid comprises a double-stranded DNA having a 5' end
modification on each strand. In some embodiments, the gRNA nucleic acid includes an inverted
dideoxy-T or an inverted abasic nucleoside or nucleotide as the 5' end modification. In some
embodiments, the gRNA nucleic acid includes a label such as biotin, desthiobiotin- TEG,
digoxigenin, and fluorescent markers, including, for example, FAM, ROX, TAMRA, and
AlexaFluor.

As used herein, a “guide sequence” refers to a sequence within a gRNA that is
complementary to a target sequence and functions to direct a gRNA to a target sequence for
binding or modification (e.g., cleavage) by an RNA-guided DNA-cutting agent. A “guide
sequence” may also be referred to as a “targeting sequence,” or a “spacer sequence.” A guide
sequence can be 20 base pairs in length, e.g., in the case of Streptococcus pyogenes (i.e., Spy
Cas9) and related Cas9 homologs/orthologs. Shorter or longer sequences can also be used as
guides, e.g., 15-, 16-, 17-, 18-, 19-, 21-, 22-, 23-, 24-, or 25-nucleotides in length. In some
embodiments, the target sequence is in a gene or on a chromosome, for example, and is
complementary to the guide sequence. In some embodiments, the degree of complementarity or
identity between a guide sequence and its corresponding target sequence may be about or at least
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%. In some embodiments, the guide
sequence and the target region may be 100% complementary or identical over a region of at least
15,16, 17, 18, 19, or 20 contiguous nucleotides. In other embodiments, the guide sequence and
the target region may contain at least one mismatch. For example, the guide sequence and the
target sequence may contain 1, 2, 3, or 4 mismatches, where the total length of the target
sequence is at least 17, 18, 19, 20 or more base pairs. In some embodiments, the guide sequence
and the target region may contain 1-4 mismatches where the guide sequence comprises at least
17, 18, 19, 20 or more nucleotides. In some embodiments, the guide sequence and the target
region may contain 1, 2, 3, or 4 mismatches where the guide sequence comprises 20 nucleotides.

In certain embodiments, multiple LNP compositions may be used collaboratively and/or
for separate purposes. In some embodiments, a cell may be contacted with first and second LNP
compositions described herein. In some embodiments, the first and second LNP compositions
each independently comprise one or more of an mRNA, a gRNA, and a gRNA nucleic acid, for

example. In some embodiments, the first and second LNP compositions are administered
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simultaneously. In some embodiments, the first and second LNP compositions are administered
sequentially.

In some embodiments, a method of producing multiple genome edits in a cell is provided
(sometimes referred to herein and elsewhere as “multiplexing” or “multiplex gene editing” or
“multiplex genome editing”). The ability to engineer multiple attributes into a single cell depends
on the ability to perform edits in multiple targeted genes efficiently, including knockouts and in
locus insertions, while retaining viability and the desired cell phenotype. In some embodiments,
the method comprises culturing a cell 7n vitro, contacting the cell with two or more lipid nucleic
acid assembly compositions, wherein each lipid nucleic acid assembly composition comprises a
nucleic acid genome editing tool capable of editing a target site, and expanding the cell in vitro.
The method results in a cell having more than one genome edit, wherein the genome edits differ.
In certain embodiments, the first LNP composition comprises a first gRNA and the second LNP
composition comprises a second gRNA, wherein the first and second gRNAs comprise different
guide sequences that are complementary to different targets. In such embodiments, the LNP
compositions may allow for multiplex gene editing.

Target sequences for RNA-guided DNA-cutting proteins such as Cas proteins include
both the positive and negative strands of genomic DNA (i.e., the sequence given and the
sequence’s reverse compliment), as a nucleic acid substrate for a Cas protein is a double stranded
nucleic acid. Accordingly, where a guide sequence is said to be “complementary to a target
sequence”, it is to be understood that the guide sequence may direct a gRNA to bind to the
reverse complement of a target sequence. Thus, in some embodiments, where the guide sequence
binds the reverse complement of a target sequence, the guide sequence is identical to certain
nucleotides of the target sequence (e.g., the target sequence not including the PAM) except for
the substitution of U for T in the guide sequence.

The length of the targeting sequence may depend on the CRISPR/Cas system and
components used. For example, different Class 2 Cas nucleases from different bacterial species
have varying optimal targeting sequence lengths. Accordingly, the targeting sequence may
comprise 5, 6,7,8,9,10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 35, 40, 45, 50, or more than 50 nucleotides in length. In some embodiments, the targeting
sequence length 1s 0, 1, 2, 3, 4, or 5 nucleotides longer or shorter than the guide sequence of a

naturally-occurring CRISPR/Cas system. In certain embodiments, the Cas nuclease and gRNA
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scaffold will be derived from the same CRISPR/Cas system. In some embodiments, the targeting
sequence may comprise or consist of 18-24 nucleotides. In some embodiments, the targeting
sequence may comprise or consist of 19-21 nucleotides. In some embodiments, the targeting
sequence may comprise or consist of 20 nucleotides.

In some embodiments, the sgRNA is a “Cas9 sgRNA” capable of mediating RNA-guided
DNA cleavage by a Cas9 protein. In some embodiments, the sgRNA is a “Cpfl sgRNA” capable
of mediating RNA-guided DNA cleavage by a Cpf1 protein. In certain embodiments, the gRNA
comprises a ctRNA and tracr RNA sufficient for forming an active complex with a Cas9 protein
and mediating RNA-guided DNA cleavage. In certain embodiments, the gRNA comprises a
crRNA sufficient for forming an active complex with a Cpf1 protein and mediating RNA-guided
DNA cleavage. See Zetsche 2015.

Certain embodiments also provide nucleic acids, e.g., expression cassettes, encoding the
gRNA described herein. A “guide RNA nucleic acid” is used herein to refer to a gRNA (e.g. an
sgRNA or a dgRNA) and a gRNA expression cassette, which is a nucleic acid that encodes one
or more gRNAs.

Modified RNAs

In certain embodiments, the lipid compositions, such as LNP compositions comprise
modified nucleic acids, including modified RNAs.

Modified nucleosides or nucleotides can be present in an RNA, for example a gRNA or
mRNA. A gRNA or mRNA comprising one or more modified nucleosides or nucleotides, for
example, is called a “modified” RNA to describe the presence of one or more non-naturally
and/or naturally occurring components or configurations that are used instead of or in addition to
the canonical A, G, C, and U residues. In some embodiments, a modified RNA is synthesized
with a non-canonical nucleoside or nucleotide, here called “modified.”

Modified nucleosides and nucleotides can include one or more of: (i) alteration, e.g.,
replacement, of one or both of the non-linking phosphate oxygens and/or of one or more of the
linking phosphate oxygens in the phosphodiester backbone linkage (an exemplary backbone
modification); (i1) alteration, e.g., replacement, of a constituent of the ribose sugar, e.g., of the 2’
hydroxyl on the ribose sugar (an exemplary sugar modification); (ii1) wholesale replacement of
the phosphate moiety with “dephospho” linkers (an exemplary backbone modification); (iv)

modification or replacement of a naturally occurring nucleobase, including with a non-canonical
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nucleobase (an exemplary base modification); (v) replacement or modification of the ribose-
phosphate backbone (an exemplary backbone modification); (vi) modification of the 3° end or 5’
end of the polynucleotide, e.g., removal, modification or replacement of a terminal phosphate
group or conjugation of a moiety, cap or linker (such 3” or 5° cap modifications may comprise a
sugar and/or backbone modification); and (vii) modification or replacement of the sugar (an
exemplary sugar modification). Certain embodiments comprise a 5° end modification to an
mRNA, gRNA, or nucleic acid. Certain embodiments comprise a modification to an mRNA,
gRNA, or nucleic acid. Certain embodiments comprise a 3’ end modification to an mRNA,
gRNA, or nucleic acid. A modified RNA can contain 5” end and 3” end modifications. A
modified RNA can contain one or more modified residues at non-terminal locations. In certain
embodiments, a gRNA includes at least one modified residue. In certain embodiments, an
mRNA includes at least one modified residue. In certain embodiments, the modified gRNA
comprises a modification at one or more of the first five nucleotides ata 5° end. In certain
embodiments, the modified gRNA comprises a modification at one or more of the first five
nucleotides at a 5” end. The LNP composition of claims 52 or 53, wherein the modified gRNA
comprises a modification at one or more of the last five nucleotides ata 3’ end.

Unmodified nucleic acids can be prone to degradation by, e.g., intracellular nucleases or
those found in serum. For example, nucleases can hydrolyze nucleic acid phosphodiester bonds.
Accordingly, in one aspect the RNAs (e.g. mRNAs, gRNAs) described herein can contain one or
more modified nucleosides or nucleotides, e.g., to introduce stability toward intracellular or
serum-based nucleases. In some embodiments, the modified RNA molecules described herein
can exhibit a reduced innate immune response when introduced into a population of cells, both in
vivo and ex vivo. The term “innate immune response” includes a cellular response to exogenous
nucleic acids, including single stranded nucleic acids, which involves the induction of cytokine
expression and release, particularly the interferons, and cell death.

Accordingly, in some embodiments, an RNA or nucleic acid comprises at least one
modification which confers increased or enhanced stability to the nucleic acid, including, for
example, improved resistance to nuclease digestion in vivo. As used herein, the terms
“modification” and “modified” as such terms relate to the nucleic acids provided herein, include
at least one alteration which preferably enhances stability and renders the RNA or nucleic acid

more stable (e.g., resistant to nuclease digestion) than the wild-type or naturally occurring
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version of the RNA or nucleic acid. As used herein, the terms “stable” and “stability” and such
terms relate to the nucleic acids described herein, and particularly with respect to the RNA, refer
to increased or enhanced resistance to degradation by, for example nucleases (i.e., endonucleases
or exonucleases) which are normally capable of degrading such RNA. Increased stability can
include, for example, less sensitivity to hydrolysis or other destruction by endogenous enzymes
(e.g., endonucleases or exonucleases) or conditions within the target cell or tissue, thereby
increasing or enhancing the residence of such RNA or nucleic acid in the target cell, tissue,
subject and/or cytoplasm. The stabilized RNA or nucleic acid molecules provided herein
demonstrate longer half-lives relative to their naturally occurring, unmodified counterparts (e.g.
the wild-type version of the molecule). Also contemplated by the terms “modification” and
“modified” as such terms related to the mRNA of the LNP compositions disclosed herein are
alterations which improve or enhance translation of mRNA nucleic acids, including for example,
the inclusion of sequences which function in the initiation of protein translation (e.g., the Kozak
consensus sequence). (Kozak, M., Nucleic Acids Res 15 (20): 8125-48 (1987)).

In some embodiments, the RNA or nucleic acid has undergone a chemical or biological
modification to render it more stable. Exemplary modifications to an RNA or nucleic acid
include the depletion of a base (e.g., by deletion or by the substitution of one nucleotide for
another) or modification of a base, for example, the chemical modification of a base. The phrase
“chemical modifications” as used herein, includes modifications which introduce chemistries
which differ from those seen in naturally occurring RNA or nucleic acids, for example, covalent
modifications such as the introduction of modified nucleotides, (e.g., nucleotide analogs, or the
inclusion of pendant groups which are not naturally found in such RNA, such as a
deoxynucleoside, or nucleic acid molecules).

In some embodiments of a backbone modification, the phosphate group of a modified
residue can be modified by replacing one or more of the oxygens with a different substituent.
Further, the modified residue, e.g., modified residue present in a modified nucleic acid, can
include the wholesale replacement of an unmodified phosphate moiety with a modified
phosphate group as described herein. In some embodiments, the backbone modification of the
phosphate backbone can include alterations that result in either an uncharged linker or a charged

linker with unsymmetrical charge distribution.
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Examples of modified phosphate groups include, phosphorothioate, phosphoroselenates,
borano phosphates, borano phosphate esters, hydrogen phosphonates, phosphoroamidates, alkyl
or aryl phosphonates and phosphotriesters. The phosphorous atom in an unmodified phosphate
group is achiral. However, replacement of one of the non-bridging oxygens with one of the
above atoms or groups of atoms can render the phosphorous atom chiral. The stereogenic
phosphorous atom can possess either the “R” configuration (herein Rp) or the “S” configuration
(herein Sp). The backbone can also be modified by replacement of a bridging oxygen, (i.e., the
oxygen that links the phosphate to the nucleoside), with nitrogen (bridged phosphoroamidates),
sulfur (bridged phosphorothioates) and carbon (bridged methylenephosphonates). The
replacement can occur at either linking oxygen or at both of the linking oxygens. The phosphate
group can be replaced by non-phosphorus containing connectors in certain backbone
modifications. In some embodiments, the charged phosphate group can be replaced by a neutral
moiety. Examples of moieties which can replace the phosphate group can include, without
limitation, e.g., methyl phosphonate, hydroxylamino, siloxane, carbonate, carboxymethyl,
carbamate, amide, thioether, ethylene oxide linker, sulfonate, sulfonamide, thioformacetal,
formacetal, oxime, methyleneimino, methylenemethylimino, methylenehydrazo,
methylenedimethylhydrazo and methyleneoxymethylimino.

In some embodiments, a composition or formulation disclosed herein comprises an
mRNA comprising an open reading frame (ORF), such as, e.g. an ORF encoding an RNA-guided
DNA binding agent, such as a Cas nuclease, or Class 2 Cas nuclease as described herein. In some
embodiments, an mRNA comprising an ORF encoding an RNA-guided DNA binding agent,
such as a Cas nuclease or Class 2 Cas nuclease, 1s provided, used, or administered. In some
embodiments, the ORF is codon optimized. In some embodiments, the ORF encoding an RNA-
guided DNA binding agent 1s a “modified RNA-guided DNA binding agent ORF” or simply a
“modified ORF,” which is used as shorthand to indicate that the ORF is modified in one or more
of the following ways: (1) the modified ORF has a uridine content ranging from its minimum
uridine content to 150% of the minimum uridine content; (2) the modified ORF has a uridine
dinucleotide content ranging from its minimum uridine dinucleotide content to 150% of the
minimum uridine dinucleotide content; (3) the modified ORF consists of a set of codons of
which at least 75% of the codons are minimal uridine codon(s) for a given amino acid, e.g. the

codon(s) with the fewest uridines (usually O or 1 except for a codon for phenylalanine, where the
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minimal uridine codon has 2 uridines); or (4) the modified ORF comprises at least one modified
uridine. In some embodiments, the modified ORF is modified in at least two, three, or four of the
foregoing ways. In some embodiments, the modified ORF comprises at least one modified
uridine and is modified in at least one, two, three, or all of (1)-(3) above.

“Modified uridine” is used herein to refer to a nucleoside other than thymidine with the
same hydrogen bond acceptors as uridine and one or more structural differences from uridine. In
some embodiments, a modified uridine is a substituted uridine, i.e., a uridine in which one or
more non-proton substituents (e.g., alkoxy, such as methoxy) takes the place of a proton. In
some embodiments, a modified uridine is pseudouridine. In some embodiments, a modified
uridine is a substituted pseudouridine, i.e., a pseudouridine in which one or more non-proton
substituents (e.g., alkyl, such as methyl) takes the place of a proton. In some embodiments, a
modified uridine is any of a substituted uridine, pseudouridine, or a substituted pseudouridine.

Uridine position” as used herein refers to a position in a polynucleotide occupied by a
uridine or a modified uridine. Thus, for example, a polynucleotide in which “100% of the uridine
positions are modified uridines” contains a modified uridine at every position that would be a
uridine in a conventional RNA (where all bases are standard A, U, C, or G bases) of the same
sequence. Unless otherwise indicated, a U in a polynucleotide sequence of a sequence table or
sequence listing in, or accompanying, this disclosure can be a uridine or a modified uridine.

Minimal uridine codons:

Amino Acid Minimal uridine codon

A Alanine GCA or GCC or GCG
G Glycine GGA or GGC or GGG
v Valine GUC or GUA or GUG
D Aspartic acid GAC

E Glutamic acid GAA or GAG

I Isoleucine AUC or AUA or AUG
T Threonine ACA or ACCor ACG
N Asparagine AAC

K Lysine AAGor AAA
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S Serine AGC

R Arginine AGA or AGG

L Leucine CUG or CUA or CUC
P Proline CCG or CCA or CCC
H Histidine CAC or CAA or CAG
Q Glutamine CAGor CAA

F Phenylalanine uucC

Y Tyrosine UAC

C Cysteine UGC

w Tryptophan UGG

M Methionine AUG

In any of the foregoing embodiments, the modified ORF may consist of a set of codons
of which at least 75%, 80%, 85%, 90%, 95%, 98%, 99%, or 100% of the codons are codons
listed in the Table above of minimal uridine codons.

In any of the foregoing embodiments, the modified ORF may have a uridine content
ranging from its minimum uridine content to 150%, 145%, 140%, 135%, 130%, 125%, 120%,
115%, 110%, 105%, 104%, 103%, 102%, or 101% of the minimum uridine content.

In any of the foregoing embodiments, the modified ORF may have a uridine dinucleotide
content ranging from its minimum uridine dinucleotide content to 150%, 145%, 140%, 135%,
130%, 125%, 120%, 115%, 110%, 105%, 104%, 103%, 102%, or 101% of the minimum uridine
dinucleotide content.

In any of the foregoing embodiments, the modified ORF may comprise a modified
uridine at least at one, a plurality of, or all uridine positions. In some embodiments, the modified
uridine 1s a uridine modified at the 5 position, e.g., with a halogen, methyl, or ethyl. In some
embodiments, the modified uridine 1s a pseudouridine modified at the 1 position, e.g., with a
halogen, methyl, or ethyl. The modified uridine can be, for example, pseudouridine, N1-methyl-
pseudouridine, S-methoxyuridine, 5-1odouridine, or a combination thereof. In some
embodiments, the modified uridine is 5-methoxyuridine. In some embodiments, the modified

uridine 1s S5-10douridine. In some embodiments, the modified uridine is pseudouridine. In some
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embodiments, the modified uridine is N1-methyl-pseudouridine. In some embodiments, the
modified uridine is a combination of pseudouridine and N1-methyl-pseudouridine. In some
embodiments, the modified uridine is a combination of pseudouridine and S5-methoxyuridine. In
some embodiments, the modified uridine is a combination of N1-methyl pseudouridine and 5-
methoxyuridine. In some embodiments, the modified uridine is a combination of 5-iodouridine
and N1-methyl-pseudouridine. In some embodiments, the modified uridine is a combination of
pseudouridine and 5-iodouridine. In some embodiments, the modified uridine is a combination of
5-1odouridine and 5-methoxyuridine.

In some embodiments, at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, or 100% of the uridine positions in an
mRNA according to the disclosure are modified uridines. In some embodiments, 10%-25%, 15-
25%, 25-35%, 35-45%, 45-55%, 55-65%, 65-75%, 75-85%, 85-95%, or 90-100% of the uridine
positions in an mRNA according to the disclosure are modified uridines, e.g., S-methoxyuridine,
S-iodouridine, N1-methyl pseudouridine, pseudouridine, or a combination thereof. In some
embodiments, 10%-25%, 15-25%, 25-35%, 35-45%, 45-55%, 55-65%, 65-75%, 75-85%, 85-
95%, or 90-100% of the uridine positions in an mRNA according to the disclosure are 5-
methoxyuridine. In some embodiments, 10%-25%, 15-25%, 25-35%, 35-45%, 45-55%, 55-65%,
65-75%, 75-85%, 85-95%, or 90-100% of the uridine positions in an mRNA according to the
disclosure are pseudouridine. In some embodiments, 10%-25%, 15-25%, 25-35%, 35-45%, 45-
55%, 55-65%, 65-75%, 75-85%, 85-95%, or 90-100% of the uridine positions in an mRNA
according to the disclosure are N1-methyl pseudouridine. In some embodiments, 10%-25%, 15-
25%, 25-35%, 35-45%, 45-55%, 55-65%, 65-75%, 75-85%, 85-95%, or 90-100% of the uridine
positions in an mRNA according to the disclosure are 5-iodouridine. In some embodiments,
10%-25%, 15-25%, 25-35%, 35-45%, 45-55%, 55-65%, 65-75%, 75-85%, 85-95%, or 90-100%
of the uridine positions in an mRNA according to the disclosure are 5-methoxyuridine, and the
remainder are N1-methyl pseudouridine. In some embodiments, 10%-25%, 15-25%, 25-35%,
35-45%, 45-55%, 55-65%, 65-75%, 75-85%, 85-95%, or 90-100% of the uridine positions in an
mRNA according to the disclosure are 5-i0douridine, and the remainder are N1-methyl
pseudouridine.

In any of the foregoing embodiments, the modified ORF may comprise a reduced uridine

dinucleotide content, such as the lowest possible uridine dinucleotide (UU) content , e.g. an ORF
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that (a) uses a minimal uridine codon (as discussed above) at every position and (b) encodes the
same amino acid sequence as the given ORF. The uridine dinucleotide (UU) content can be
expressed in absolute terms as the enumeration of UU dinucleotides in an ORF or on a rate basis
as the percentage of positions occupied by the uridines of uridine dinucleotides (for example,
AUUAU would have a uridine dinucleotide content of 40% because 2 of 5 positions are
occupied by the uridines of a uridine dinucleotide). Modified uridine residues are considered
equivalent to uridines for the purpose of evaluating minimum uridine dinucleotide content.

In some embodiments, the mRNA comprises at least one UTR from an expressed
mammalian mRNA, such as a constitutively expressed mRNA. An mRNA is considered
constitutively expressed in a mammal if it is continually transcribed in at least one tissue of a
healthy adult mammal. In some embodiments, the mRNA comprises a 5 UTR, 3° UTR, or 5’
and 3 UTRs from an expressed mammalian RNA, such as a constitutively expressed
mammalian mRNA. Actin mRNA is an example of a constitutively expressed mRNA.

In some embodiments, the mRNA comprises at least one UTR from Hydroxysteroid 17-
Beta Dehydrogenase 4 (HSD17B4 or HSD), e.g., a 5> UTR from HSD. In some embodiments,
the mRNA comprises at least one UTR from a globin mRNA, for example, human alpha globin
(HBA) mRNA, human beta globin (HBB) mRNA, or Xenopus laevis beta globin (XBG) mRNA.
In some embodiments, the mRNA comprises a 5 UTR, 3° UTR, or 5’ and 3’ UTRs from a
globin mRNA, such as HBA, HBB, or XBG. In some embodiments, the mRNA comprises a 5
UTR from bovine growth hormone, cytomegalovirus (CMV), mouse Hba-al, HSD, an albumin
gene, HBA, HBB, or XBG. In some embodiments, the mRNA comprises a 3° UTR from bovine
growth hormone, cytomegalovirus, mouse Hba-al, HSD, an albumin gene, HBA, HBB, or XBG.
In some embodiments, the mRNA comprises 5” and 3° UTRs from bovine growth hormone,
cytomegalovirus, mouse Hba-al, HSD, an albumin gene, HBA, HBB, XBG, heat shock protein
90 (Hsp90), glyceraldehyde 3-phosphate dehydrogenase (GAPDH), beta-actin, alpha-tubulin,
tumor protein (p353), or epidermal growth factor receptor (EGFR).

In some embodiments, the mRNA comprises 5 and 3> UTRs that are from the same
source, e.g., a constitutively expressed mRNA such as actin, albumin, or a globin such as HBA,
HBB, or XBG.

In some embodiments, the mRNA does not comprise a 5’ UTR, e.g., there are no

additional nucleotides between the 5’ cap and the start codon. In some embodiments, the mRNA
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comprises a Kozak sequence (described below) between the 5° cap and the start codon, but does
not have any additional 5° UTR. In some embodiments, the mRNA does not comprise a 3° UTR,
e.g., there are no additional nucleotides between the stop codon and the poly-A tail.

In some embodiments, the mRNA comprises a Kozak sequence. The Kozak sequence can
affect translation initiation and the overall yield of a polypeptide translated from an mRNA. A
Kozak sequence includes a methionine codon that can function as the start codon. A minimal
Kozak sequence is NNNRUGN wherein at least one of the following is true: the first Nis A or G
and the second N is G. In the context of a nucleotide sequence, R means a purine (A or G). In
some embodiments, the Kozak sequence is RNNRUGN, NNNRUGG, RNNRUGG,
RNNAUGN, NNNAUGG, or RNNAUGG. In some embodiments, the Kozak sequence is
rccRUGg with zero mismatches or with up to one or two mismatches to positions in lowercase.
In some embodiments, the Kozak sequence is rccAUGg with zero mismatches or with up to one
or two mismatches to positions in lowercase. In some embodiments, the Kozak sequence is
gccReccAUGG with zero mismatches or with up to one, two, or three mismatches to positions in
lowercase. In some embodiments, the Kozak sequence is gccAccAUG with zero mismatches or
with up to one, two, three, or four mismatches to positions in lowercase. In some embodiments,
the Kozak sequence is GCCACCAUG. In some embodiments, the Kozak sequence is
gccgecRecAUGG with zero mismatches or with up to one, two, three, or four mismatches to
positions in lowercase.

In some embodiments, an mRNA disclosed herein comprises a 5° cap, such as a Cap0,
Capl, or Cap2. A 5’ cap is generally a 7-methylguanine ribonucleotide (which may be further
modified, as discussed below e.g. with respect to ARCA) linked through a 5’-triphosphate to the
5’ position of the first nucleotide of the 5’-t0-3 chain of the mRNA, i.e., the first cap-proximal
nucleotide. In Cap0, the riboses of the first and second cap-proximal nucleotides of the mRNA
both comprise a 2’-hydroxyl. In Cap]1, the riboses of the first and second transcribed nucleotides
of the mRNA comprise a 2’-methoxy and a 2’-hydroxyl, respectively. In Cap2, the riboses of the
first and second cap-proximal nucleotides of the mRNA both comprise a 2’-methoxy. See, e.g.,
Katibah et al. (2014) Proc Natl Acad Sci USA 111(33):12025-30; Abbas et al. (2017) Proc Natl
Acad Sci USA 114(11):E2106-E2115. Most endogenous higher eukaryotic mRNAs, including
mammalian mRNAs such as human mRNAs, comprise Capl or Cap2. CapO and other cap

structures differing from Capl and Cap2 may be immunogenic in mammals, such as humans,
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due to recognition as “non-self” by components of the innate immune system such as IFIT-1 and
IFIT-5, which can result in elevated cytokine levels including type I interferon. Components of
the innate immune system such as IFIT-1 and IFIT-5 may also compete with eIF4E for binding
of an mRNA with a cap other than Capl or Cap2, potentially inhibiting translation of the mRNA.
A cap can be included co-transcriptionally. For example, ARCA (anti-reverse cap analog;
Thermo Fisher Scientific Cat. No. AM8045) is a cap analog comprising a 7-methylguanine 3’-
methoxy-5’-triphosphate linked to the 5’ position of a guanine ribonucleotide which can be
incorporated in vitro into a transcript at initiation. ARCA results in a CapO cap in which the 2’
position of the first cap-proximal nucleotide is hydroxyl. See, e.g., Stepinski et al., (2001)
“Synthesis and properties of mRNAs containing the novel ‘anti-reverse’ cap analogs 7-
methyl(3'-O-methyl)GpppG and 7-methyl(3'deoxy)GpppG,” RNA 7: 1486-1495. The ARCA

structure 1s shown below.

£
{iddy

CleanCap™ AG (m7G(5")ppp(5')(2'OMeA )pG; TriLink Biotechnologies Cat. No. N-7113)
or CleanCap™ GG (m7G(5")ppp(5')(2'OMeG)pG; TriLink Biotechnologies Cat. No. N-7133) can
be used to provide a Capl structure co-transcriptionally. 3’-O-methylated versions of CleanCap™
AG and CleanCap™ GG are also available from TriLink Biotechnologies as Cat. Nos. N-7413
and N-7433, respectively. The CleanCap™ AG structure is shown below.
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Alternatively, a cap can be added to an RNA post-transcriptionally. For example, Vaccinia
capping enzyme is commercially available (New England Biolabs Cat. No. M2080S) and has RNA
triphosphatase and guanylyltransferase activities, provided by its D1 subunit, and guanine
methyltransferase, provided by its D12 subunit. As such, it can add a 7-methylguanine to an RNA,
so as to give CapO, in the presence of S-adenosyl methionine and GTP. See, e.g., Guo, P. and
Moss, B. (1990) Proc. Natl. Acad. Sci. USA 87, 4023-4027;, Mao, X. and Shuman, S. (1994) J.
Biol. Chem. 269, 24472-24479.

In some embodiments, the mRNA further comprises a poly-adenylated (poly-A) tail. In
some embodiments, the poly-A tail comprises at least 20, 30, 40, 50, 60, 70, 80, 90, or 100
adenines, optionally up to 300 adenines. In some embodiments, the poly-A tail comprises 95, 96,
97, 98, 99, or 100 adenine nucleotides. In some instances, the poly-A tail is “interrupted” with one
or more non-adenine nucleotide “anchors” at one or more locations within the poly-A tail. The
poly-A tails may comprise at least 8 consecutive adenine nucleotides, but also comprise one or
more non-adenine nucleotide. As used herein, “non-adenine nucleotides” refer to any natural or
non-natural nucleotides that do not comprise adenine. Guanine, thymine, and cytosine nucleotides
are exemplary non-adenine nucleotides. Thus, the poly-A tails on the mRNA described herein may
comprise consecutive adenine nucleotides located 3’ to nucleotides encoding an RNA-guided
DNA-binding agent or a sequence of interest. In some instances, the poly-A tails on mRNA
comprise non-consecutive adenine nucleotides located 3’ to nucleotides encoding an RNA-guided
DNA-binding agent or a sequence of interest, wherein non-adenine nucleotides interrupt the
adenine nucleotides at regular or irregularly spaced intervals.

As used herein, “non-adenine nucleotides” refer to any natural or non-natural nucleotides
that do not comprise adenine. Guanine, thymine, and cytosine nucleotides are exemplary non-
adenine nucleotides. Thus, the poly-A tails on the mRNA described herein may comprise
consecutive adenine nucleotides located 3’ to nucleotides encoding an RNA-guided DNA-binding
agent or a sequence of interest. In some instances, the poly-A tails on mRNA comprise non-
consecutive adenine nucleotides located 3 to nucleotides encoding an RNA-guided DNA-binding
agent or a sequence of interest, wherein non-adenine nucleotides interrupt the adenine nucleotides
at regular or irregularly spaced intervals.

In some embodiments, the mRNA is purified. In some embodiments, the mRNA is purified

using a precipitation method (e.g., LiCl precipitation, alcohol precipitation, or an equivalent
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method, e.g., as described herein). In some embodiments, the mRNA is purified using a
chromatography-based method, such as an HPLC-based method or an equivalent method (e.g., as
described herein). In some embodiments, the mRNA is purified using both a precipitation method
(e.g., LiCl precipitation) and an HPLC-based method.

In some embodiments, at least one gRNA is provided in combination with an mRNA
disclosed herein. In some embodiments, a gRNA is provided as a separate molecule from the
mRNA. In some embodiments, a gRNA is provided as a part, such as a part of a UTR, of an mRNA
disclosed herein.
mRNAs

In some embodiments, a composition or formulation disclosed herein comprises an
mRNA comprising an open reading frame (ORF) encoding DNA cutting agent, such as an RNA-
guided DNA-cutting agent, such as a Cas nuclease, or Class 2 Cas nuclease as described herein.
In some embodiments, an mRNA comprising an ORF encoding an RNA-guided DNA-cutting
agent, such as a Cas nuclease or Class 2 Cas nuclease, is provided, used, or administered. An
mRNA may comprise one or more of a 5’ cap, a 5’ untranslated region (UTR), a 3° UTRs, and a
polyadenine tail. The mRNA may comprise a modified open reading frame, for example to
encode a nuclear localization sequence or to use alternate codons to encode the protein.

The mRNA in the disclosed LNP compositions may encode, for example, a secreted
hormone, enzyme, receptor, polypeptide, peptide or other protein of interest that is normally
secreted. In some embodiments, the mRNA may optionally have chemical or biological
modifications which, for example, improve the stability and/or half-life of such mRNA or which
improve or otherwise facilitate protein production.

In addition, suitable modifications include alterations in one or more nucleotides of a
codon such that the codon encodes the same amino acid but is more stable than the codon found
in the wild-type version of the mRNA. For example, an inverse relationship between the stability
of RNA and a higher number cytidines (C’s) and/or uridines (U’s) residues has been
demonstrated, and RNA devoid of C and U residues have been found to be stable to most
RNases (Heidenreich, et al. J Biol Chem 269, 2131-8 (1994)). In some embodiments, the number
of C and/or U residues in an mRNA sequence is reduced. In another embodiment, the number of
C and/or U residues is reduced by substitution of one codon encoding a particular amino acid for

another codon encoding the same or a related amino acid. Contemplated modifications to the
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mRNA nucleic acids also include the incorporation of pseudouridines. The incorporation of
pseudouridines into the mRNA nucleic acids may enhance stability and translational capacity, as
well as diminishing immunogenicity in vivo. See, e.g., Kariko, K., et al., Molecular Therapy 16
(11): 1833-1840 (2008). Substitutions and modifications to the mRNA may be performed by
methods readily known to one or ordinary skill in the art.

The constraints on reducing the number of C and U residues in a sequence will likely be
greater within the coding region of an mRNA, compared to an untranslated region, (i.e., it will
likely not be possible to eliminate all of the C and U residues present in the message while still
retaining the ability of the message to encode the desired amino acid sequence). The degeneracy
of the genetic code, however presents an opportunity to allow the number of C and/or U residues
that are present in the sequence to be reduced, while maintaining the same coding capacity (i.e.,
depending on which amino acid is encoded by a codon, several different possibilities for
modification of RNA sequences may be possible).

The term modification also includes, for example, the incorporation of non-nucleotide
linkages or modified nucleotides into the mRINA sequences (e.g., modifications to one or both
the 3" and 5' ends of an mRNA molecule encoding a functional secreted protein or enzyme).
Such modifications include the addition of bases to an mRNA sequence (e.g., the inclusion of a
poly A tail or a longer poly A tail), the alteration of the 3' UTR or the 5' UTR, complexing the
mRNA with an agent (e.g., a protein or a complementary nucleic acid molecule), and inclusion
of elements which change the structure of an mRNA molecule (e.g., which form secondary
structures).

The poly A tail is thought to stabilize natural messengers. Therefore, a long poly A tail
may be added to an mRNA molecule thus rendering the mRNA more stable. Poly A tails can be
added using a variety of art-recognized techniques. For example, long poly A tails can be added
to synthetic or in vitro transcribed mRNA using poly A polymerase (Yokoe, et al. Nature
Biotechnology. 1996; 14: 1252-1256). A transcription vector can also encode long poly A tails.
In addition, poly A tails can be added by transcription directly from PCR products. In some
embodiments, the length of the poly A tail is at least about 90, 200, 300, 400 at least
500 nucleotides. In certain embodiments, the length of the poly A tail is adjusted to control the
stability of a modified mRNA molecule and, thus, the transcription of protein. For example,

since the length of the poly A tail can influence the half-life of an mRNA molecule, the length of
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the poly A tail can be adjusted to modify the level of resistance of the mRNA to nucleases and
thereby control the time course of protein expression in a cell. In some embodiments, the
stabilized mRNA molecules are sufficiently resistant to in vivo degradation (e.g., by nucleases),
such that they may be delivered to the target cell without a transfer vehicle.

In certain embodiments, an mRNA can be modified by the incorporation 3' and/or 5’
untranslated (UTR) sequences which are not naturally found in the wild-type mRNA. In some
embodiments, 3" and/or 5’ flanking sequence which naturally flanks an mRNA and encodes a
second, unrelated protein can be incorporated into the nucleotide sequence of an mRNA
molecule encoding a therapeutic or functional protein in order to modify it. For example, 3' or 5’
sequences from mRNA molecules which are stable (e.g., globin, actin, GAPDH, tubulin, histone,
or citric acid cycle enzymes) can be incorporated into the 3" and/or 5' region of a sense mRNA
nucleic acid molecule to increase the stability of the sense mRNA molecule. See, e.g.,
US2003/0083272.

More detailed descriptions of the mRNA modifications can be found in

US2017/0210698A1, at pages 57-68, the contents of which are incorporated herein.

Template Nucleic Acid

The methods disclosed herein may include using a template nucleic acid. The template
may be used to alter or insert a nucleic acid sequence at or near a target site for an RNA-guided
DNA-cutting protein such as a Cas nuclease, e.g., a Class 2 Cas nuclease. In some embodiments,
the methods comprise introducing a template to the cell. In some embodiments, a single template
may be provided. In other embodiments, two or more templates may be provided such that
editing may occur at two or more target sites. For example, different templates may be provided
to edit a single gene in a cell, or two different genes in a cell.

In some embodiments, the template may be used in homologous recombination. In some
embodiments, the homologous recombination may result in the integration of the template
sequence or a portion of the template sequence into the target nucleic acid molecule. In other
embodiments, the template may be used in homology-directed repair, which involves DNA
strand invasion at the site of the cleavage in the nucleic acid. In some embodiments, the
homology-directed repair may result in including the template sequence in the edited target
nucleic acid molecule. In yet other embodiments, the template may be used in gene editing

mediated by non-homologous end joining. In some embodiments, the template sequence has no
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similarity to the nucleic acid sequence near the cleavage site. In some embodiments, the template
or a portion of the template sequence is incorporated. In some embodiments, the template
includes flanking inverted terminal repeat (ITR) sequences.

In some embodiments, the template may comprise a first homology arm and a second
homology arm (also called a first and second nucleotide sequence) that are complementary to
sequences located upstream and downstream of the cleavage site, respectively. Where a
template contains two homology arms, each arm can be the same length or different lengths, and
the sequence between the homology arms can be substantially similar or identical to the target
sequence between the homology arms, or it can be entirely unrelated. In some embodiments, the
degree of complementarity or percent identity between the first nucleotide sequence on the
template and the sequence upstream of the cleavage site, and between the second nucleotide
sequence on the template and the sequence downstream of the cleavage site, may permit
homologous recombination, such as, e.g., high-fidelity homologous recombination, between the
template and the target nucleic acid molecule. In some embodiments, the degree of
complementarity may be about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%,
98%, 99%, or 100%. In some embodiments, the degree of complementarity may be about 95%,
97%, 98%, 99%, or 100%. In some embodiments, the degree of complementarity may be at least
98%, 99%, or 100%. In some embodiments, the degree of complementarity may be 100%. In
some embodiments, the percent identity may be about 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 97%, 98%, 99%, or 100%. In some embodiments, the percent identity may be
about 95%, 97%, 98%, 99%, or 100%. In some embodiments, the percent identity may be at
least 98%, 99%, or 100%. In some embodiments, the percent identity may be 100%.

In some embodiments, the template sequence may correspond to, comprise, or consist of
an endogenous sequence of a target cell. It may also or alternatively correspond to, comprise, or
consist of an exogenous sequence of a target cell. As used herein, the term “endogenous
sequence” refers to a sequence that is native to the cell. The term “exogenous sequence” refers to
a sequence that is not native to a cell, or a sequence whose native location in the genome of the
cell is in a different location. In some embodiments, the endogenous sequence may be a genomic
sequence of the cell. In some embodiments, the endogenous sequence may be a chromosomal or
extrachromosomal sequence. In some embodiments, the endogenous sequence may be a plasmid

sequence of the cell. In some embodiments, the template sequence may be substantially identical
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to a portion of the endogenous sequence in a cell at or near the cleavage site, but comprise at
least one nucleotide change. In some embodiments, editing the cleaved target nucleic acid
molecule with the template may result in a mutation comprising an insertion, deletion, or
substitution of one or more nucleotides of the target nucleic acid molecule. In some
embodiments, the mutation may result in one or more amino acid changes in a protein expressed
from a gene comprising the target sequence.

In some embodiments, the mutation may result in one or more nucleotide changes in an
RNA expressed from the target insertion site. In some embodiments, the mutation may alter the
expression level of a target gene. In some embodiments, the mutation may result in increased or
decreased expression of the target gene. In some embodiments, the mutation may result in gene
knock-down. In some embodiments, the mutation may result in gene knock-out. In some
embodiments, the mutation may result in restored gene function. In some embodiments, editing
of the cleaved target nucleic acid molecule with the template may result in a change in an exon
sequence, an intron sequence, a regulatory sequence, a transcriptional control sequence, a
translational control sequence, a splicing site, or a non-coding sequence of the target nucleic acid
molecule, such as DNA.

In other embodiments, the template sequence may comprise an exogenous sequence. In
some embodiments, the exogenous sequence may comprise a coding sequence. In some
embodiments, the exogenous sequence may comprise a protein or RNA coding sequence (e.g.,
an ORF) operably linked to an exogenous promoter sequence such that, upon integration of the
exogenous sequence into the target nucleic acid molecule, the cell is capable of expressing the
protein or RNA encoded by the integrated sequence. In other embodiments, upon integration of
the exogenous sequence into the target nucleic acid molecule, the expression of the integrated
sequence may be regulated by an endogenous promoter sequence. In some embodiments, the
exogenous sequence may provide a cDNA sequence encoding a protein or a portion of the
protein. In yet other embodiments, the exogenous sequence may comprise or consist of an exon
sequence, an intron sequence, a regulatory sequence, a transcriptional control sequence, a
translational control sequence, a splicing site, or a non-coding sequence. In some embodiments,
the integration of the exogenous sequence may result in restored gene function. In some
embodiments, the integration of the exogenous sequence may result in a gene knock-in. In some

embodiments, the integration of the exogenous sequence may result in a gene knock-out.
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The template may be of any suitable length. In some embodiments, the template may
comprise 10, 15, 20, 25, 50, 75, 100, 150, 200, 500, 1000, 1500, 2000, 2500, 3000, 3500, 4000,
4500, 5000, 5500, 6000, or more nucleotides in length. The template may be a single-stranded
nucleic acid. The template can be double-stranded or partially double-stranded nucleic acid. In
some embodiments, the single stranded template is 20, 30, 40, 50, 75, 100, 125, 150, 175, or 200
nucleotides in length. In some embodiments, the template may comprise a nucleotide sequence
that is complementary to a portion of the target nucleic acid molecule comprising the target
sequence (i.e., a “homology arm™). In some embodiments, the template may comprise a
homology arm that is complementary to the sequence located upstream or downstream of the
cleavage site on the target nucleic acid molecule.

In some embodiments, the template contains ssDNA or dsDNA containing flanking
invert-terminal repeat (ITR) sequences. In some embodiments, the template is provided as a
vector, plasmid, minicircle, nanocircle, or PCR product.

In some embodiments, the nucleic acid is purified. In some embodiments, the nucleic
acid is purified using a precipitation method (e.g., LiCl precipitation, alcohol precipitation, or an
equivalent method, e.g., as described herein). In some embodiments, the nucleic acid is purified
using a chromatography-based method, such as an HPLC-based method or an equivalent method
(e.g., as described herein). In some embodiments, the nucleic acid is purified using both a
precipitation method (e.g., LiCl precipitation) and an HPLC-based method. In some
embodiments, the nucleic acid is purified by tangential flow filtration (TFF).

Cell Types

In some embodiments, the cell is a eukaryotic cell, such as a human cell in a subject. In
some embodiments the cell is a cell in vivo, e.g. in a tissue, organ, or organism. In some
embodiments the cell is a cell in vitro. In some embodiments, the cell is an immune cell. As used
herein, “immune cell” refers to a cell of the immune system, including e.g., a lymphocyte (e.g., T
cell, B cell, natural killer cell (“NK cell”, and NKT cell, or iNKT cell)), monocyte, macrophage,
mast cell, dendritic cell, or granulocyte (e.g., neutrophil, eosinophil, and basophil). In some
embodiments, the cell is a primary immune cell. In some embodiments, the immune system cell
may be selected from CD3+, CD4+ and CD8+ T cells, regulatory T cells (Tregs), B cells, NK

cells, and dendritic cells (DC). In some embodiments, the immune cell is allogeneic. In some
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embodiments, the cell is a lymphocyte. In some embodiments, the cell is an adaptive immune
cell. In some embodiments, the cell is a T cell. In some embodiments, the cell is a B cell. In
some embodiments, the cell is a NK cell.

As used herein, a T cell can be defined as a cell that expresses a T cell receptor (“TCR”
or “off TCR” or “y6 TCR”), however in some embodiments, the TCR of a T cell may be
genetically modified to reduce its expression (e.g., by genetic modification to the TRAC or
TRBC genes), therefore expression of the protein CD3 may be used as a marker to identify a T
cell by standard flow cytometry methods. CD3 is a multi-subunit signaling complex that
associates with the TCR. Thus, a T cell may be referred to as CD3+. In some embodiments, a T
cell is a cell that expresses a CD3+ marker and either a CD4+ or CD8+ marker.

In some embodiments, the T cell expresses the glycoprotein CD8 and therefore is CD8+
by standard flow cytometry methods and may be referred to as a “cytotoxic” T cell. In some
embodiments, the T cell expresses the glycoprotein CD4 and therefore is CD4+ by standard flow
cytometry methods and may be referred to as a “helper” T cell. CD4+ T cells can differentiate
into subsets and may be referred to as a Th1 cell, Th2 cell, Th9 cell, Th17 cell, Th22 cell, T
regulatory (“Treg”) cell, or T follicular helper cells (“Tfh”). Each CD4+ subset releases specific
cytokines that can have either proinflammatory or anti-inflammatory functions, survival or
protective functions. A T cell may be isolated from a subject by CD4+ or CD8+ selection
methods.

In some embodiments, the T cell is a memory T cell. In the body, a memory T cell has
encountered antigen. A memory T cell can be located in the secondary lymphoid organs (central
memory T cells) or in recently infected tissue (effector memory T cells). A memory T cell may
be a CD8+ T cell. A memory T cell may be a CD4+ T cell. As used herein, a “central memory T
cell” can be defined as an antigen-experienced T cell, and for example, may expresses CD62L
and CD45RO. A central memory T cell may be detected as CD62L+ and CD45RO+ by Central
memory T cells also express CCR7, therefore may be detected as CCR7+ by standard flow
cytometry methods.

As used herein, an “early stem-cell memory T cell” (or “Tscm”) can be defined as a T
cell that expresses CD27 and CD45RA, and therefore is CD27+ and CD45RA+ by standard flow
cytometry methods. A Tscm does not express the CD45 isoform CD45RO, therefore a Tscm will
further be CD45RO- if stained for this isoform by standard flow cytometry methods. A
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CD45R0O- CD27+ cell is therefore also an early stem-cell memory T cell. Tscm cells further
express CD62L and CCR7, therefore may be detected as CD62L+ and CCR7+ by standard flow
cytometry methods. Early stem-cell memory T cells have been shown to correlate with increased
persistence and therapeutic efficacy of cell therapy products.

In some embodiments, the cell is a B cell. As used herein, a “B cell” can be defined as a
cell that expresses CD19 and/or CD20, and/or B cell mature antigen (“BCMA”), and therefore a
B cell is CD19+, and/or CD20+, and/or BCMA+ by standard flow cytometry methods. A B cell
1s further negative for CD3 and CD56 by standard flow cytometry methods. The B cell may be a
plasma cell. The B cell may be a memory B cell. The B cell may be a naive B cell. The B cell
may be IgM+ or has a class-switched B cell receptor (e.g., [gG+, or IgA+).

Cells used in ACT therapy are included, such as mesenchymal stem cells (e.g., isolated
from bone marrow (BM), peripheral blood (PB), placenta, umbilical cord (UC) or adipose);
hematopoietic stem cells (HSCs; e.g. isolated from BM); mononuclear cells (e.g., isolated from
BM or PB); endothelial progenitor cells (EPCs; isolated from BM, PB, and UC); neural stem
cells (NSCs); limbal stem cells (LSCs); or tissue-specific primary cells or cells derived therefrom
(TSCs). Cells used in ACT therapy further include induced pluripotent stem cells (iPSCs) that
may be induced to differentiate into other cell types including e.g., islet cells, neurons, and blood
cells; ocular stem cells; pluripotent stem cells (PSCs); embryonic stem cells (ESCs); cells for
organ or tissue transplantations such as islet cells, cardiomyocytes, thyroid cells, thymocytes,
neuronal cells, skin cells, retinal cells, chondrocytes, myocytes, and keratinocytes.

In some embodiments, the cell is a human cell, such as a cell from a subject. In some
embodiments, the cell is 1solated from a human subject, such as a human donor. In some
embodiments, the cell is isolated from human donor PBMCs or leukopaks. In some
embodiments, the cell is from a subject with a condition, disorder, or disease. In some
embodiments, the cell is from a human donor with Epstein Barr Virus (“EBV?”).

In some embodiments, the cell is a mononuclear cell, such as from bone marrow or
peripheral blood. In some embodiments, the cell is a peripheral blood mononuclear cell
(“PBMC”). In some embodiments, the cell is a PBMC, e.g. a lymphocyte or monocyte. In some
embodiments, the cell is a peripheral blood lymphocyte (“PBL”).

In some embodiments, the methods are carried out ex vivo. As used herein, “ex vivo”

refers to an in vitro method wherein the cell is capable of being transferred into a subject, e.g., as
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an ACT therapy. In some embodiments, an ex vivo method is an in vitro method involving an
ACT therapy cell or cell population.

In some embodiments, the cell is maintained in culture. In some embodiments, the cell is
transplanted into a patient. In some embodiments, the cell is removed from a subject, genetically
modified ex vivo, and then administered back to the same patient. In some embodiments, the cell
is removed from a subject, genetically modified ex vivo, and then administered to a subject other
than the subject from which it was removed.

In some embodiments, the cell is from a cell line. In some embodiments, the cell line is
derived from a human subject. In some embodiments, the cell line is a lymphoblastoid cell line
(“LCL”). The cell may be cryopreserved and thawed. The cell may not have been previously
cryopreserved.

In some embodiments, the cell is from a cell bank. In some embodiments, the cell is
genetically modified and then transferred into a cell bank. In some embodiments the cell is
removed from a subject, genetically modified ex vivo, and transferred into a cell bank. In some
embodiments, a genetically modified population of cells is transferred into a cell bank. In some
embodiments, a genetically modified population of immune cells 1s transferred into a cell bank.
In some embodiments, a genetically modified population of immune cells comprising a first and
second subpopulations, wherein the first and second sub-populations have at least one common
genetic modification and at least one different genetic modification are transferred into a cell
bank.

In some embodiments, the T cell is activated by polyclonal activation (or “polyclonal
stimulation”) (not antigen-specific stimulation). In some embodiments, the T cell is activated by
CD3 stimulation (e.g., providing an anti-CD3 antibody). In some embodiments, the T cell is
activated by CD3 and CD28 stimulation (e.g., providing an anti-CD3 antibody and an anti-CD28
antibody). In some embodiments, the T cell is activated using a ready-to-use reagent to activate
the T cell (e.g., via CD3/CD28 stimulation). In some embodiments, the T cell is activated by via
CD3/CD28 stimulation provided by beads. In some embodiments, the T cell is activated by via
CD3/CD28 stimulation wherein one or more components is soluble and/or one or more
components is bound to a solid surface (e.g., plate or bead). In some embodiments, the T cell is
activated by an antigen-independent mitogen (e.g., a lectin, including e.g., concanavalin A

(“ConA”), or PHA).
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In some embodiments, one or more cytokines are used for activation of T cells. IL-2 is
provided for T cell activation and/or to promote T cell survival. In some embodiments, the
cytokine(s) for activation of T cells is a cytokine that binds to the common gamma chain (yc)
receptor. In some embodiments, IL-2 is provided for T cell activation. In some embodiments, IL-
7 1s provided for T cell activation. In some embodiments, IL-15 is provided for T cell activation.
In some embodiments, IL-21 is provided for T cell activation. In some embodiments, a
combination of cytokines is provided for T cell activation, including, e.g., IL-2, IL-7, IL-15,
and/or IL-21.

In some embodiments, the T cell is activated by exposing the cell to an antigen (antigen
stimulation). A T cell is activated by antigen when the antigen is presented as a peptide in a
major histocompatibility complex (“MHC”) molecule (peptide-MHC complex). A cognate
antigen may be presented to the T cell by co-culturing the T cell with an antigen-presenting cell
(feeder cell) and antigen. In some embodiments, the T cell is activated by co-culture with an
antigen-presenting cell that has been pulsed with antigen. In some embodiments, the antigen-
presenting cell has been pulsed with a peptide of the antigen.

In some embodiments, the T cell may be activated for 12 to 72 hours. In some
embodiments, the T cell may be activated for 12 to 48 hours. In some embodiments, the T cell
may be activated for 12 to 24 hours. In some embodiments, the T cell may be activated for 24 to
48 hours. In some embodiments, the T cell may be activated for 24 to 72 hours. In some
embodiments, the T cell may be activated for 12 hours. In some embodiments, the T cell may be

activated for 48 hours. In some embodiments, the T cell may be activated for 72 hours.

Definitions

It should be noted that, as used in this application, the singular form “a”, “an” and “the”
include plural references unless the context clearly dictates otherwise. Thus, for example,
reference to “a composition” includes a plurality of compositions and reference to “a cell”
includes a plurality of cells and the like. The use of “or” is inclusive and means “and/or” unless
stated otherwise.

Unless specifically noted in the above specification, embodiments in the specification

that recite “comprising” various components are also contemplated as “consisting of”” or

“consisting essentially of” the recited components; embodiments in the specification that recite
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“consisting of”” various components are also contemplated as “comprising” or “consisting
essentially of” the recited components; embodiments in the specification that recite “about”
various components are also contemplated as “at” the recited components; and embodiments in
the specification that recite “consisting essentially of” various components are also contemplated
as “consisting of” or “comprising” the recited components (this interchangeability does not apply
to the use of these terms in the claims).

Numeric ranges are inclusive of the numbers defining the range. Measured and
measurable values are understood to be approximate, taking into account significant digits and
the error associated with the measurement. As used in this application, the terms “about” and
“approximately” have their art-understood meanings; use of one vs the other does not necessarily
imply different scope. Unless otherwise indicated, numerals used in this application, with or
without a modifying term such as “about” or “approximately”, should be understood to
encompass normal divergence and/or fluctuations as would be appreciated by one of ordinary
skill in the relevant art. In certain embodiments, the term “approximately” or “about” can referf
to a range of values that fall within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%,
11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1% or less in either direction
(greater than or less than) of a stated reference value unless otherwise stated or otherwise evident
from the context (except where such number would exceed 100% of a possible value).

As used herein, the term “contacting” means establishing a physical connection between
two or more entities. For example, contacting a mammalian cell with a nanoparticle composition
means that the mammalian cell and a nanoparticle are made to share a physical connection.
Methods of contacting cells with external entities both in vivo and ex vivo are well known in the
biological arts. For example, contacting a nanoparticle composition and a mammalian cell
disposed within a mammal may be performed by varied routes of administration (e.g.,
intravenous, intramuscular, intradermal, and subcutaneous) and may involve varied amounts of
nanoparticle compositions. Moreover, more than one mammalian cell may be contacted by a
nanoparticle composition.

As used herein, the term “delivering” means providing an entity to a destination. For
example, delivering a therapeutic and/or prophylactic to a subject may involve administering a
nanoparticle composition including the therapeutic and/or prophylactic to the subject (e.g., by an

intravenous, intramuscular, intradermal, or subcutaneous route). Administration of a nanoparticle
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composition to a mammal or mammalian cell may involve contacting one or more cells with the
nanoparticle composition.

As used herein, “encapsulation efficiency” refers to the amount of a therapeutic and/or
prophylactic that becomes part of a nanoparticle composition, relative to the initial total amount
of therapeutic and/or prophylactic used in the preparation of a nanoparticle composition. For
example, if 97 mg of therapeutic and/or prophylactic are encapsulated in a nanoparticle
composition out of a total 100 mg of therapeutic and/or prophylactic initially provided to the
composition, the encapsulation efficiency may be given as 97%. As used herein, “encapsulation”
may refer to complete, substantial, or partial enclosure, confinement, surrounding, or
encasement.

RE T 35

As used herein, the terms “editing efficiency”, “editing percentage”, “indel efficiency”,
and “percent indels” refer to the total number of sequence reads with insertions or deletions
relative to the total number of sequence reads. For example, editing efficiency at a target location
in a genome may be measured by isolating and sequencing genomic DNA to identify the
presence of insertions and deletions introduced by gene editing. In some embodiments, editing
efficiency is measured as a percentage of cells that no longer contain a gene (e.g., CD3) after
treatment, relative to the number of the cells that initially contained that gene (e.g., CD3+ cells).
As used herein, “knockdown” refers to a decrease in expression of a particular gene product
(e.g., protein, nRNA, or both). Knockdown of a protein can be measured by detecting total cellular
amount of the protein from a sample, such as a tissue, fluid, or cell population of interest. It can
also be measured by measuring a surrogate, marker, or activity for the protein. Methods for
measuring knockdown of mRNA are known and include sequencing of mRNA isolated from a
sample of interest. In some embodiments, “knockdown” may refer to some loss of expression of a
particular gene product, for example a decrease in the amount of mRNA transcribed or a decrease
in the amount of protein expressed by a population of cells (including in vivo populations such as

those found in tissues).

As used herein, “knockout” refers to a loss of expression from a particular gene or of a
particular protein in a cell. Knockout can be measured by detecting total cellular amount of a
protein in a cell, a tissue or a population of cells, for example. Knockout can also be detected at

the genome or mRNA level, for example.
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As used herein, the term “biodegradable” is used to refer to materials that, when
introduced into cells, are broken down by cellular machinery (e.g., enzymatic degradation) or by
hydrolysis into components that cells can either reuse or dispose of without significant toxic
effect(s) on the cells. In certain embodiments, components generated by breakdown of a
biodegradable material do not induce inflammation and/or other adverse effects in vivo. In some
embodiments, biodegradable materials are enzymatically broken down. Alternatively or
additionally, in some embodiments, biodegradable materials are broken down by hydrolysis.

As used herein, the “N/P ratio” is the molar ratio of ionizable nitrogen atom-containing
lipid (e.g. Compound of Formula I) to phosphate groups in RNA, e.g., in a nanoparticle
composition including a lipid component and an RNA.

Compositions may also include salts of one or more compounds. Salts may be
pharmaceutically acceptable salts. As used herein, “pharmaceutically acceptable salts” refers to
derivatives of the disclosed compounds wherein the parent compound is altered by converting an
existing acid or base moiety to its salt form (e.g., by reacting a free base group with a suitable
organic acid). Examples of pharmaceutically acceptable salts include, but are not limited to,
mineral or organic acid salts of basic residues such as amines; alkali or organic salts of acidic
residues such as carboxylic acids; and the like. Representative acid addition salts include acetate,
adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate,
camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, fumarate, glucoheptonate, glycerophosphate, hemisulfate, heptonate, hexanoate,
hydrobromide, hydrochloride, hydroiodide, 2-hydroxy-ethanesulfonate, lactobionate, lactate,
laurate, lauryl sulfate, malate, maleate, malonate, methanesulfonate, 2-naphthalenesulfonate,
nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate,
phosphate, picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate,
toluenesulfonate, undecanoate, valerate salts, and the like. Representative alkali or alkaline earth
metal salts include sodium, lithium, potassium, calcium, magnesium, and the like, as well as
nontoxic ammonium, quaternary ammonium, and amine cations, including, but not limited to
ammonium, tetramethylammonium, tetraethylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, ethylamine, and the like. The pharmaceutically acceptable salts of
the present disclosure include the conventional non-toxic salts of the parent compound formed,

for example, from non-toxic inorganic or organic acids. The pharmaceutically acceptable salts of
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the present disclosure can be synthesized from the parent compound which contains a basic or
acidic moiety by conventional chemical methods. Generally, such salts can be prepared by
reacting the free acid or base forms of these compounds with a stoichiometric amount of the
appropriate base or acid in water or in an organic solvent, or in a mixture of the two; generally,
nonaqueous media like ether, ethyl acetate, ethanol, isopropanol, or acetonitrile are preferred.
Lists of suitable salts are found in Remington’s Pharmaceutical Sciences, 17" ed., Mack
Publishing Company, Easton, Pa., 1985, p. 1418, Pharmaceutical Salts: Properties, Selection, and
Use, P. H. Stahl and C. G. Wermuth (eds.), Wiley-VCH, 2008, and Berge et al., Journal of
Pharmaceutical Science, 66, 1-19 (1977), each of which is incorporated herein by reference in its
entirety.

As used herein, the “polydispersity index” is a ratio that describes the homogeneity of the
particle size distribution of a system. A small value, e.g., less than 0.3, indicates a narrow
particle size distribution. In some embodiments, the polydispersity index may be less than 0.1.

As used herein, “transfection” refers to the introduction of a species (e.g., an RNA) into a
cell. Transfection may occur, for example, in vitro, ex vivo, or in vivo.

The term “alkyl” as used herein is a branched or unbranched saturated hydrocarbon group
of 1 to 24 carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, s-butyl, -
butyl, n-pentyl, isopentyl, s-pentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl,
tetradecyl, hexadecyl, eicosyl, tetracosyl, and the like. The alkyl group can be cyclic or acyclic.
The alkyl group can be branched or unbranched (i.e., linear). The alkyl group can also be
substituted or unsubstituted. For example, the alkyl group can be substituted with one or more
groups including, but not limited to, alkyl, aryl, heteroaryl, cycloalkyl, alkoxy, amino, ether,
halide, hydroxy, nitro, silyl, sulfoxo, sulfonate, carboxylate, or thiol, as described herein. A
“lower alkyl” group is an alkyl group containing from one to six (e.g., from one to four) carbon
atoms.

The term “alkenyl”, as used herein, refers to an aliphatic group containing at least one
carbon-carbon double bond and is intended to include both “unsubstituted alkenyls” and
“substituted alkenyls”, the latter of which refers to alkenyl moieties having substituents replacing
a hydrogen on one or more carbons of the alkenyl group. Such substituents may occur on one or
more carbons that are included or not included in one or more double bonds. Moreover, such

substituents include all those contemplated for alkyl groups, as discussed below, except where
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stability is prohibitive. For example, an alkenyl group may be substituted by one or more alkyl,
carbocyclyl, aryl, heterocyclyl, or heteroaryl groups is contemplated. Exemplary alkenyl groups
include, but are not limited to, vinyl (-CH=CHy), allyl (-CH,CH=CH>), cyclopentenyl (-CsH>),
and 5-hexenyl (-CH,CH.CH.CH,CH=CH>).

An “alkylene” group refers to a divalent alkyl radical, which may be branched or
unbranched (i.e., linear). Any of the above mentioned monovalent alkyl groups may be
converted to an alkylene by abstraction of a second hydrogen atom from the alkyl.
Representative alkylenes include C»-4 alkylene and C,-; alkylene. Typical alkylene groups
include, but are not limited to -CH(CH3)-, -C(CH3)2-, -CH>CH»-, -CH,CH(CH3)-, -CH,C(CHz)»-,
-CH,CH,CH>-, -CH,CH>CH>CH>-, and the like. The alkylene group can also be substituted or
unsubstituted. For example, the alkylene group can be substituted with one or more groups
including, but not limited to, alkyl, aryl, heteroaryl, cycloalkyl, alkoxy, amino, ether, halide,
hydroxy, nitro, silyl, sulfoxo, sulfonate, carboxylate, or thiol, as described herein.

The term “alkenylene” includes divalent, straight or branched, unsaturated, acyclic
hydrocarbyl groups having at least one carbon-carbon double bond and, in one embodiment, no
carbon-carbon triple bonds. Any of the above-mentioned monovalent alkenyl gorups may be
converted to an alkenylene by abstraction of a second hydrogen atom from the alkenyl.
Representative alkenylenes include Ca.salkenylenes.

The term “Cx” when used in conjunction with a chemical moiety, such as alkyl or
alkylene, is meant to include groups that contain from x to y carbons in the chain. For example,
the term “Cx.y alkyl” refers to substituted or unsubstituted saturated hydrocarbon groups,
including straight-chain and branched-chain alkyl and alkylene groups that contain from x to y
carbons in the chain.

The term “alkoxy” refers to an alkyl group, preferably a lower alkyl group, having an
oxygen attached thereto. Representative alkoxy groups include methoxy, ethoxy, propoxy, tert-
butoxy and the like.

While the inventions are described in conjunction with the illustrated embodiments, it is
understood that they are not intended to limit the invention to those embodiments. On the
contrary, the disclosure is intended to cover all alternatives, modifications, and equivalents,
including equivalents of specific features, which may be included within the inventions as

defined by the appended claims.
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Both the foregoing general description and detailed description, as well as the following
examples, are exemplary and explanatory only and are not restrictive of the teachings. The
section headings used herein are for organizational purposes only and are not to be construed as
limiting the desired subject matter in any way. In the event that any literature incorporated by
reference contradicts any term defined in this specification, this specification controls. All ranges

given in the application encompass the endpoints unless stated otherwise.

Incorporation by Reference

The contents of the articles, patents, and patent applications, and all other documents and
electronically available information mentioned or cited herein, are hereby incorporated by
reference in their entirety to the same extent as if each individual publication was specifically
and individually indicated to be incorporated by reference. Applicant reserves the right to
physically incorporate into this application any and all materials and information from any such
articles, patents, patent applications, or other physical and electronic documents.

Examples
Example 1 - Materials and Methods
1.1. T cell culture media preparation.

T cell culture media compositions used below are described here. “X-VIVO Base Media”
consists of X-VIVO™ 15 Media, 1% Penstrep, S0 uM Beta-Mercaptoethanol, 10 mM NAC. In
addition to above mentioned components, other variable media components used were: 1. Serum
(Fetal Bovine Serum (FBS)); and 2. Cytokines (IL-2, IL-7, IL-15).

1.2. T cell preparation

Healthy human donor leukapheresis was obtained commercially (Hemacare). T cells
were isolated by negative selection using the EasySep Human T cell Isolation Kit (Stem Cell
Technology, Cat. 17951) or by CD4/CD8 positive selection using the StraightFrom®
Leukopak® CD4/CD8 MicroBeads (Milteny, Catalog #130-122-352) on the MultiMACSTM
Cell24 Separator Plus instrument following manufacturers instruction. T cells were

cryopreserved in Cryostor CS10 freezing media (Cat. #07930) for future use.

Upon thaw, T cells were cultured in complete T cell growth media composed of CTS
OpTmizer Base Media (CTS OpTmizer Media (Gibco, A3705001) supplemented with 1X
GlutaMAX, 10mM HEPES buffer (10 mM), and 1% pen-strep (Gibco, 15140-122) further
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supplemented with 200 IU/mL IL-2 (Peprotech, 200-02), 5 ng/mL IL-7 (Peprotech, 200-07), 5
ng/mL IL-15 (Peprotech, 200-15), and 2.5% human serum (Gemini, 100-512). After overnight
rest, T cells at a density of 10%/mL were activated with T cell TransAct Reagent (1:100 dilution,
Milteny1) and incubated at 37°C for 24 or 48 hours. Post incubation, cells at a density of

0.5x10%/mL were used for editing applications.

Unless otherwise indicated, the same process was used for non-activated T cells with the
following exceptions. Upon thaw, non-Activated T cells were cultured in the CTS complete
growth media composed of CTS OpTmizer Base Media (Thermofisher, A10485-01), 1% pen-
strep (Corning, 30-002-CT) 1X GlutaMAX (Thermofisher, 35050061), 10 mM HEPES
(Thermofisher, 15630080)) which was further supplemented with 200 U/mL IL-2 (Peprotech,
200-02), 5 ng/mL IL-7 (Peprotech, 200-07), 5 ng/mL IL-15 (Peprotech, 200-15) with 5% human
AB serum (Gemini, 100-512) were incubated for 24hrs with no activation. T cells were plated at
a cell density of 10%/mL in 100 uL of CTS OpTmizer base media, described above, containing

2.5% human serum and cytokines for editing applications.

1.3. Preparation of lipid nanoparticles.

Unless otherwise specified, the lipid components were dissolved in 100% ethanol at
various molar ratios. The RNA cargos (e.g., Cas9 mRNA and sgRNA) were dissolved in 25 mM
citrate, 100 mM NaCl, pH 5.0, resulting in a concentration of RNA cargo of approximately 0.45
mg/mL.

Unless otherwise specified, the LNPs contained ionizable Lipid A ((9Z,127)-3-((4,4-
bis(octyloxy)butanoyl)oxy)-2-((((3-(diethylamino)propoxy)carbonyl)oxy)methyl)propyl
octadeca-9,12-dienoate, also called 3-((4,4-bis(octyloxy)butanoyl)oxy)-2-((((3-
(diethylamino)propoxy)carbonyl)oxy)methyl)propyl (9Z,127)-octadeca-9,12-dienoate),
cholesterol, DSPC, and PEG2k-DMG in a 50:38:9:3 molar ratio, respectively. The lipid nucleic
acid assemblies were formulated with a lipid amine to RNA phosphate (N:P) molar ratio of about
6, and a ratio of gRNA to mRNA of 1:1 by weight, unless otherwise specified. In Examples 13-
16, a ratio of gRNA to mRNA of 1:2 by weight was used, unless otherwise specified.

Lipid nanoparticles (LNPs) were prepared using a cross-flow technique utilizing impinging
jet mixing of the lipid in ethanol with two volumes of RNA solutions and one volume of water.

The lipids in ethanol were mixed through a mixing cross with the two volumes of RNA solution.
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A fourth stream of water was mixed with the outlet stream of the cross through an inline tee (See
WO02016010840 Figure 2.). The LNPs were held for 1 hour at room temperature (RT), and further
diluted with water (approximately 1:1 v/v). LNPs were concentrated using tangential flow
filtration, e.g., on a flat sheet cartridge (Sartorius, 100kD MWCO) and buffer exchanged using
PD-10 desalting columns (GE) into 50 mM Tris, 45 mM NaCl, 5% (w/v) sucrose, pH 7.5 (TSS).
Alternatively, the LNP’s were optionally concentrated using 100 kDa Amicon spin filter and buffer
exchanged using PD-10 desalting columns (GE) into TSS. The resulting mixture was then filtered
using a 0.2 um sterile filter. The final LNP was stored at 4°C or -80°C until further use.

1.4. Next-generation sequencing (“NGS”) and analysis for on-target cleavage efficiency

Genomic DNA was extracted using QuickExtract™ DNA Extraction Solution (Lucigen,
Cat. QE09050) according to manufacturer's protocol.

To quantitatively determine the efficiency of editing at the target location in the genome,
next generation sequencing was utilized to identify the presence of insertions and deletions
introduced by gene editing. PCR primers were designed around the target site within the gene of
interest (e.g. TRAC), and the genomic area of interest was amplified. Primer sequence design
was done as is standard in the field.

Additional PCR was performed according to the manufacturer's protocols (Illumina) to
add chemistry for sequencing. The amplicons were sequenced on an Illumina MiSeq instrument.
The reads were aligned to the human (e.g., hg38) reference genome after eliminating those
having low quality scores. The resulting files containing the reads were mapped to the reference
genome (BAM files), where reads that overlapped the target region of interest were selected and
the number of wild-type reads versus the number of reads which contain an insertion or deletion
(“indel”) was calculated.

The editing percentage (e.g., the “editing efficiency” or “percent editing”) is defined as
the total number of sequence reads with insertions or deletions (“indels”) over the total number
of sequence reads, including wild type.

1.5. In vitro transcription (“IVT”) of nuclease mRNA

Capped and polyadenylated mRNA containing N1-methyl pseudo-U was generated by in

vitro transcription using a linearized plasmid DNA template and T7 RNA polymerase. Plasmid

DNA containing a T7 promoter, a sequence for transcription, and a polyadenylation region was
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linearized by incubating at 37°C for 2 hours with Xbal with the following conditions: 200 ng/uL
plasmid, 2 U/uLL Xbal (NEB), and 1x reaction buffer. The Xbal was inactivated by heating the
reaction at 65°C for 20 min. The linearized plasmid was purified from enzyme and buffer salts.
The IVT reaction to generate modified mRNA was performed by incubating at 37°C for 1.5-4
hours in the following conditions: 50 ng/uL linearized plasmid; 2-5 mM each of GTP, ATP,
CTP, and N1-methyl pseudo-UTP (Trilink); 10-25 mM ARCA (Trilink); 5 U/uL. T7 RNA
polymerase (NEB); 1 U/uL Murine RNase inhibitor (NEB); 0.004 U/uL Inorganic E. coli
pyrophosphatase (NEB); and 1x reaction buffer. TURBO DNase (ThermoFisher) was added to a
final concentration of 0.01 U/uL, and the reaction was incubated for an additional 30 minutes to
remove the DNA template. The mRNA was purified using a MegaClear Transcription Clean-up
kit (ThermoFisher) or a RNeasy Maxi kit (Qiagen) per the manufacturers’ protocols.
Alternatively, the mRNA was purified through a precipitation protocol, which in some
cases was followed by HPLC-based purification. Briefly, after the DNase digestion, mRNA is
purified using LiCl precipitation, ammonium acetate precipitation and sodium acetate
precipitation. For HPLC purified mRNA, after the LiCl precipitation and reconstitution, the
mRNA was purified by RP-IP HPLC (see, e.g., Kariko, ef al. Nucleic Acids Research, 2011, Vol.
39, No. 21 e142). The fractions chosen for pooling were combined and desalted by sodium
acetate/ethanol precipitation as described above. In a further alternative method, mRNA was
purified with a LiCl precipitation method followed by further purification by tangential flow
filtration. RNA concentrations were determined by measuring the light absorbance at 260 nm
(Nanodrop), and transcripts were analyzed by capillary electrophoresis by Bioanlayzer (Agilent).
Streptococcus pyogenes (“Spy”’) Cas9 mRNA was generated from plasmid DNA
encoding an open reading frame according to SEQ ID Nos: 9-10 (see sequences in Additional
Sequence Table). When the sequences cited in this paragraph are referred to below with respect
to RNAs, it is understood that Ts should be replaced with Us (which can be modified nucleosides
as described above). Messenger RNAs used in the Examples include a 5° cap and a 3”
polyadenylation sequence e.g., up to 100 nts and are identified by in Additional Sequence Table.

Guide RNAs are chemically synthesized by methods known in the art.

Compound Synthesis
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General Information

All reagents and solvents were purchased and used as received from commercial vendors or
synthesized according to cited procedures. All intermediates and final compounds were purified using
flash column chromatography on silica gel. NMR spectra were recorded on a Bruker or Varian 400
MHz spectrometer, and NMR data were collected in CDCI3 at ambient temperature. Chemical shifts
are reported in parts per million (ppm) relative to CDCI3 (7.26). Data for 1H NMR are reported as
follows: chemical shift, multiplicity (br = broad, s = singlet, d = doublet, t = triplet, q = quartet, dd =
doublet of doublets, dt = doublet of triplets m = multiplet), coupling constant, and integration. MS data
were recorded on a Waters SQD2 mass spectrometer with an electrospray ionization (ESI) source.
Purity of the final compounds was determined by UPLC-MS-ELS using a Waters Acquity H-Class
liquid chromatography instrument equipped with SQD2 mass spectrometer with photodiode array

(PDA) and evaporative light scattering (ELS) detectors.

Table 1. DNA PK inhibitor Compounds

Compound Structure
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Example 2 - Compound 1

Intermediate 1a: (E)-N,N-dimethyl-N'-(4-methyl-5-nitropyridin-2-yl)formimidamide

To a solution of 4-methyl-5-nitro-pyridin-2-amine (5 g, 1.0 equiv.) in toluene (0.3 M) was added
DMF-DMA (3.0 equiv.). The mixture was stirred at 110 °C for 2 h. The reaction mixture was
concentrated under reduced pressure to give a residue and purified by column chromatography to
afford product as a yellow solid (59%). '"H NMR (400 MHz, (CD5),SO) & 8.82 (s, 1H), 8.63 (s,
1H), 6.74 (s, 1H), 3.21 (m, 6H).

Intermediate 1b: (E)-N-hydroxy-N'-(4-methyl-5-nitropyridin-2-yl)formimidamide

N H
I A NVN\OH
O,N-—N\F

To a solution of Intermediate 1a (4 g, 1.0 equiv.) in MeOH (0.2 M) was added NH.OH-HCI (2.0
equiv.). The reaction mixture was stirred at 80 °C for 1 h. The reaction mixture was filtered, and
the filtrate was concentrated under reduced pressure to give a residue. The residue was partitioned
between H,O and EtOAc, followed by 2x extraction with EtOAc. The organic phases were
concentrated under reduced pressure to give a residue and purified by column chromatography to
afford product as a white solid (66%). |H NMR (400 MHz, (CD3),S0) §10.52 (d, J=3.8 Hz, 1H),
10.08 (dd, J=9.9, 3.7 Hz, 1H), 8.84 (d, ] = 3.8 Hz, 1H), 7.85 (dd, J = 9.7, 3.8 Hz, 1H), 7.01 (d, J
=3.9Hz, 1H), 3.36 (s, 3 H).

Intermediate 1c: 7-methyl-6-nitro-[1,2,4]triazolo[1,5-a]pyridine
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To a solution of Intermediate 1b (2.5 g, 1.0 equiv.) in THF (0.4 M) was added trifluoroacetic
anhydride (1.0 equiv.) at 0 °C. The mixture was stirred at 25 °C for 18 h. The reaction mixture was
filtered, and the filtrate was concentrated under reduced pressure to give a residue. The residue
was purified by column chromatography to afford product as a white solid (44%). 'H NMR (400
MHz, CDCl:) § 9.53 (s, 1H), 8.49 (s, 1H), 7.69 (s, 1H), 2.78 (d, J = 1.0 Hz, 3H).

Intermediate 1d: 7-methyl-[1,2,4]triazolo[ 1,5-a]pyridin-6-amine

To a mixture of Pd/C (10% w/w, 0.2 equiv.) in EtOH (0.1 M) was added Intermediate 1c (1.0
equiv. and ammonium formate (5.0 equiv.). The mixture was heated at 105 °C for 2 h. The reaction
mixture was filtered, and the filtrate was concentrated under reduced pressure to give a residue.
The residue was purified by column chromatography to afford product as a pale brown solid. 'H
NMR (400 MHz, (CD3),S0) 6 8.41 (s, 2H), 8.07 (d, J =9.0 Hz, 2H), 7.43 (s, 1H), 2.22 (s, 3H).

Intermediate 1e: ethyl 2-chloro-4-((tetrahydro-2H-pyran-4-yl)amino)pyrimidine-5-carboxylate

i@

HN

EtO,C %\N
\NJ\CI

To a solution of tetrahydropyran-4-amine (5 g, 1.0 equiv.) and ethyl 2 4-dichloropyrimidine-5-
carboxylate (1.0 equiv.) in MeCN (0.25 — 2.0 M) was added K2COs (1.0 3.0 equiv.). The mixture

was stirred at 20-25 °C for at least 12 h. The reaction mixture was filtered, and the filtrate was
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concentrated under reduced pressure to give a residue. The residue was purified by column
chromatography to afford product as a pale yellow solid (21%). 1H NMR (400 MHz, (CDs)2SO)
§8.60 (s, 1H), 8.29 (d, J = 7.7 Hz, 1H), 4.28 (q, ] = 7.1 Hz, 2H), 4.14 (dtt, J = 11.3, 8.3, 4.0 Hz,
1H), 3.82 (dt, J = 12.1, 3.6 Hz, 2H), 3.57 (s, 1H), 1.87 — 1.78 (m, 2H), 1.76 — 1.67 (m, 1H), 1.54
(qd, I =10.9, 4.3 Hz, 2H), 1.28 (t, ] = 7.1 Hz, 3H).

Intermediate 1f: 2-chloro-4-((tetrahydro-2H-pyran-4-yl)amino)pyrimidine-5-carboxylic acid

1@

HN

HOZC\K\N
\NJ\CI

To a solution of LiOH (2.5 equiv.) inl:1 THF/H>O (0.25 — 1.0 M) was added Intermediate 1e (3.0
g, 1.0 equiv.). The mixture was stirred at 25 °C for 12 h. The mixture was concentrated under
reduced pressure to remove THF. The residue was adjusted pH to 2 by 2 M HCI, and the resulting
precipitate was collected by filtration, washed with water, and dried under vacuum to get a residue.
The residue was purified by column chromatography to afford product as a white solid (74%) or

used directly as a crude product.

Intermediate 1g: 2-chloro-9-(tetrahydro-2H-pyran-4-y1)-7,9-dihydro-8H-purin-8-one
o
o §
iy
H
=~ ~N
|
\N)\CI

To a solution of Intermediate 1f (2 g, 1.0 equiv.) in MeCN (0.2 — 0.5 M) was added Et;N (1.0
equiv.). The mixture was stirred at 25 °C for 30 min. Then DPPA (1.0 equiv.) was added to the
mixture. The mixture was stirred at 100 °C for at least 7 h. The reaction mixture was poured into
water, and the resulting precipitate was collected by filtration, washed with water, and dried under

vacuum to get a residue. The residue was purified by column chromatography to afford product as
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a white solid (56%). 'H NMR (400 MHz, CDCL) & 9.50 (s, 1H), 8.09 (s, 1H), 4.53 (tt, J = 12.4,
42 Hz, 1H), 4.07 (dt, T = 9.5, 4.8 Hz, 2H), 3.48 (td, J = 12.1, 1.9 Hz, 2H), 2.69 (qd, T = 12.5, 4.7
Hz, 2H), 1.67 (dd, T = 12.1, 3.9 Hz, 2H).

Intermediate 1h: 2-chloro-7-methyl-9-(tetrahydro-2H-pyran-4-y1)-7,9-dihydro-8H-purin-8-one
(0]
o S
I\?~N
— j\)\N
SN J\m

To a mixture of Intermediate 1g (300 mg, 1.0 equiv.) and NaOH (5.0 equiv.) in 1:1 THF/H.0
(0.25-1.0 M) was added iodomethane (2.0 equiv.). The reaction mixture was stirred at 25 °C for
12 h. The reaction mixture was concentrated under reduced pressure to give a residue and purified
by column chromatography to afford product as a white solid (47%). '"H NMR (400 MHz,
(CDs):S0) 6 8.34 (s, 1H), 4.43 (ddt, J =12.2, 8.5, 4.2 Hz, 1H), 3.95 (dd, J = 11.5, 4.6 Hz, 2H),
3.43 (td, J =121, 1.9 Hz, 2H), 2.45 (s, 3H), 2.40 (td, J = 12.5, 4.7 Hz, 2H), 1.66 (ddd, ] =122,
4.4, 1.9 Hz, 2H).

Compound 1: 7-methyl-2-((7-methyl-[1,2,4]triazolo[ 1,5-a]pyridin-6-yl)amino)-9-(tetrahydro-
2H-pyran-4-yl1)-7,9-dihydro-8H-purin-8-one
o

o

N—
NN
f/\N | YV,
|
SNAS R

A mixture of Intermediate 1h (1.3 g, 1.0 equiv.), Intermediate 1d (1.0 equiv.), Pd(dppf)CL (0.1 -
0.2 equiv.), XantPhos (0.1 - 0.2 equiv.) and Cs2COs (2.0 equiv.) in DMF (0.05 — 0.3 M) was
degassed and purged 3x with N, and the mixture was stirred at 100-130 °C for at least 12 h under

N, atmosphere. The reaction mixture was then poured into water and extracted 3x with DCM. The
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combined organic phase was washed with brine, dried with anhydrous Na>SQu, filtered, and the
filtrate was concentrated in vacuum. The residue was purified by column chromatography to afford
product as a pale yellow solid. '"H NMR (400 MHz, (CD3).S0) & 9.13 (s, 1H), 8.69 (s, 1H), 8.39
(s, 1H), 8.10 (s, 1H), 7.72 (s, 1H), 4.50 — 4.36 (m, 1H), 3.98 (dd, T = 11.6, 4.4 Hz, 2H), 3.44 (d, J
=11.9 Hz, 2H), 3.32 (s, 3H), 2.44 — 2.38 (m, 3H), 1.69 (d, T = 11.6 Hz, 2H). MS: 381.3 m/z [M+H].

Example 3 — Compound 2

Intermediate 2a: 2-chloro-7-ethyl-9-(tetrahydro-2H-pyran-4-yl)-7,9-dihydro-8H-purin-8-one
(o]
2 S
'\?sN
e
\NJ\CI

To a mixture of Intermediate 1h (800 mg, 1.0 equiv.) and NaOH (5.0 equiv.) in THF (0.4 M) and
H:0 (0.8 M) was added EtI (3.0 equiv.). The reaction mixture was stirred at 20 °C for 12 h. The
reaction mixture concentrated under reduced pressure to give a residue and purified by column
chromatography to afford product as a white solid (45%). '"H NMR (400 MHz, (CD5)2S0) & 8.50
(s, 1H), 4.52 (tt, J = 12.2, 42 Hz, 1H), 4.03 (dd, J=11.5, 4.6 Hz, 2H), 3.95 (q, J = 7.2 Hz, 2H),
3.51(td,J=12.1,1.9Hz, 2H),2.48 (td, = 12.5, 4.7 Hz, 2H), 1.79 - 1.71 (m, 2H), 1.31 (t,J=7.2
Hz, 3H).

Compound 2: 7-ethyl-2-((7-methyl-[1,2,4]triazolo[ 1,5-a]pyridin-6-yl)amino)-9-(tetrahydro-2H-
pyran-4-yl)-7,9-dihydro-8H-purin-8-one

(o]

A
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Compound 2 was synthesized as a TFA salt from Intermediate 1d and Intermediate 2a using the
method employed for Compound 1, followed by a purification by reverse-phase HPLC. 'H NMR
(400 MHz, (CD3),S0) § 9.11 (s, 1H), 8.69 (s, 1H), 8.38 (s, 1H), 8.15 (s, 1H), 7.71 (, J = 1.0 Hz,
1H), 442 (ddd, J =12.1,7.9,4.1 Hz, 1H), 3.96 (dd, J=11.7, 4.4 Hz, 2H), 3.83 (q, J = 7.2 Hz, 2H),
3.41 (t, J=11.9 Hz, 2H), 2.40 (d, J = 1.0 Hz, 3H), 1.68 (d, ] = 11.0 Hz, 2H), 1.23 (1, J = 7.2 Hz,
3H). MS: 395.3 m/z [M+H].

Example 4 — Compound 3

Intermediate 3a: ethyl 2-chloro-4-((4,4-difluorocyclohexyl)amino)pyrimidine-5-carboxylate

"

HN

EtO,C \f\ N
\NJ\CI

Intermediate 3a was synthesized from ethyl 2 4-dichloropyrimidine-5-carboxylate and 4,4-
difluorocyclohexanamine hydrochloride using the method employed in Intermediate 1e. "H NMR
(400 MHz, (CD3),80) 6 8.61 (s, 1H), 8.30 (d, T = 7.7 Hz, 1H), 4.29 (q, ] = 7.1 Hz, 2H), 4.19 —
4.09 (m, 1H), 2.09 — 1.90 (m, 6H), 1.69 — 1.58 (m, 2H), 1.29 (t, ] = 7.1 Hz, 3H).

Intermediate 3b: 2-chloro-4-((4,4-difluorocyclohexyl)amino)pyrimidine-5-carboxylic acid

F

"

HN

HOZC%\N
\NJ\CI

Intermediate 3b was synthesized (78%) from Intermediate 3a using the method employed in
Intermediate 1f. "H NMR (400 MHz, (CD5):S0) & 13.77 (s, 1H), 8.57 (s, 1H), 8.53 (d, ] = 7.8 Hz,
1H), 4.12 (d, J =10.2 Hz, 1H), 2.14 — 1.89 (m, 6H), 1.62 (ddt, ] =17.0, 10.3, 6.0 Hz, 2H).
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Intermediate 3c: 2-chloro-9-(4,4-difluorocyclohexyl)-7,9-dihydro-8H-purin-8-one

I?N
H

Intermediate 3¢ was synthesized (56%) from Intermediate 3b using the method employed in
Intermediate 1g. "H NMR (400 MHz, (CD3),S0) 6 11.76 — 11.65 (m, 1H), 8.20 (s, 1H), 4.47 (dq,
7=12.6,6.2, 43 Hz, 1H), 2.34 — 1.97 (m, 6H), 1.90 (d, J = 12.9 Hz, 2H).

Intermediate 3d: 2-chloro-9-(4,4-difluorocyclohexyl)-7-methyl-7,9-dihydro-8H-purin-8-one

F
F

(o]
e

To a mixture of Intermediate 3¢ (1.4 g, 1.0 equiv.), NaOH (5.0 equiv.) in 5:1 THF/H2O (0.3 M)
was added Mel (2.0 equiv.). The mixture was stirred at 20 °C for 12 h under N atmosphere. The
reaction mixture was concentrated under reduced pressure to give a residue and purified by column
chromatography to afford product as a yellow solid (47%). 'H NMR (400 MHz, CDCl3) § 8.01 (s,
1H), 4.53 —4.39 (m, 1H), 3.43 (s, 3H), 2.73 (qd, J =12.7, 12.1, 3.8 Hz, 2H), 2.32 — 2.20 (m, 2H),
2.03 —1.82 (m, 4H).
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Compound 3: 9-(4,4-difluorocyclohexyl)-7-methyl-2-((7-methyl-[ 1,2, 4]triazolo[ 1,5-a]pyridin-6-
yl)amino)-7,9-dihydro-8H-purin-8-one

F
F

o
/I?%/N\N NNT\I
\N/”\NH’EJ

Compound 3 was synthesized from Intermediate 1d and Intermediate 3d using the method
employed for Compound 1, followed by a purification by reverse-phase HPLC. {H NMR (400
MHz, (CD3),S0) & 9.03 (s, 1H), 8.66 (s, 1H), 8.38 (s, 1H), 8.10 (s, 1H), 7.71 (d, J = 1.4 Hz, 1H),
436 (d,J =123 Hz, 1H), 3.31 (s, 3H), 2.38 (d, ] = 1.0 Hz, 3H), 2.11 — 1.96 (m, 4H), 1.81 (d, J =
12.6 Hz, 2H). MS: 415.5 m/z [M+H].

Example 5 — Compound 4

Intermediate 4a: 8-methylene-1,4-dioxaspiro[4.5]decane

T

To a solution of methyl(triphenyl)phosphonium bromide (1.15 equiv.) in THF (0.6 M) was added
n-BuLi (1.1 equiv.) at -78 °C dropwise, and the mixture was stirred at 0 °C for 1 h. Then, 1,4-
dioxaspiro[4.5]decan-8-one (50 g, 1.0 equiv.) was added to the reaction mixture. The mixture was
stirred at 25 °C for 12 h. The reaction mixture was poured into aq. NH4Cl at 0°C, diluted with
H»0, and extracted 3x with EtOAc. The combined organic layers were concentrated under reduced
pressure to give a residue and purified by column chromatography to afford product as a colorless
oil (51%). '"H NMR (400 MHz, CDCls) § 4.67 (s, 1H), 3.96 (s, 4 H), 2.82 (1, ] = 6.4 Hz, 4 H), 1.70
(t, ] = 6.4 Hz, 4 H).
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Intermediate 4b: 7,10-dioxadispiro[2.2.4%.2%]dodecane

v

To a solution of Intermediate 4a (5 g, 1.0 equiv.) in toluene (3 M) was added ZnEt; (2.57 equiv.)
dropwise at -40 °C and the mixture was stirred at -40 °C for 1 h. Then diiodomethane (6.0 equiv.)
was added dropwise to the mixture at -40 °C under N»2. The mixture was then stirred at 20 °C for
17 h under N> atmosphere. The reaction mixture was poured into aq. NH4Cl at 0 °C and extracted
2x with EtOAc. The combined organic phases were washed with brine (20 mL), dried with
anhydrous Na>SQyg, filtered, and the filtrate was concentrated in vacuum. The residue was purified

by column chromatography to afford product as a pale-yellow oil (73%).

Intermediate 4c: spiro[2.5]octan-6-one

S

To a solution of Intermediate 4b (4 g, 1.0 equiv.) in 1:1 THF/H>O (1.0 M) was added TFA (3.0
equiv.). The mixture was stirred at 20 °C for 2 h under N, atmosphere. The reaction mixture was
concentrated under reduced pressure to remove THF, and the residue adjusted pH to 7 with 2 M
NaOH (aq.). The mixture was poured into water and 3x extracted with EtOAc. The combined
organic phase was washed with brine, dried with anhydrous Na>SOQys, filtered, and the filtrate was
concentrated in vacuum. The residue was purified by column chromatography to afford product as
a pale-yellow oil (68%). "H NMR (400 MHz, CDCl3) § 2.35 (t, J = 6.6 Hz, 4H), 1.62 (t, ] = 6.6
Hz, 4H), 0.42 (s, 4H).

Intermediate 4d: N-(4-methoxybenzyl)spiro[2.5]octan-6-amine

PMBHN- :

-112 -



WO 2022/221696 PCT/US2022/025075

To a mixture of Intermediate 4¢ (2 g, 1.0 equiv.) and (4-methoxyphenyl)methanamine (1.1 equiv.)
in DCM (0.3 M) was added AcOH (1.3 equiv.). The mixture was stirred at 20 °C for 1 h under N»
atmosphere. Then, NaBH(OAc); (3.3 equiv.) was added to the mixture at O °C, and the mixture
was stirred at 20 °C for 17 h under N atmosphere. The reaction mixture was concentrated under
reduced pressure to remove DCM, and the resulting residue was diluted with H,O and extracted
3x with EtOAc. The combined organic layers were washed with brine, dried over Na,SQy, filtered,
and the filtrate was concentrated under reduced pressure to give a residue. The residue was purified
by column chromatography to afford product as a gray solid (51%). 'H NMR (400 MHz,
(CDs)2S0) 6 7.15 — 7.07 (m, 2H), 6.77 — 6.68 (m, 2H), 3.58 (s, 3H), 3.54 (s, 2H), 2.30 (ddt, J =
10.1,7.3, 3.7 Hz, 1H), 1.69 — 1.62 (m, 2H), 1.37 (td, J = 12.6, 3.5 Hz, 2H), 1.12 — 1.02 (m, 2H),
0.87 - 0.78 (m, 2H), 0.13 — 0.04 (m, 2H).

Intermediate 4e: spiro[2.5]octan-6-amine

HZN/C

To a suspension of Pd/C (10% w/w, 1.0 equiv.) in MeOH (0.25 M) was added Intermediate 4d (2
g, 1.0 equiv.) and the mixture was stirred at 80 °C at 50 Psi for 24 h under H, atmosphere. The
reaction mixture was filtered, and the filtrate was concentrated under reduced pressure to give a
residue that was purified by column chromatography to afford product as a white solid. 'H NMR
(400 MHz, (CDs),S0) & 2.61 (tt, J = 10.8, 3.9 Hz, 1H), 1.63 (ddd, T = 9.6, 5.1, 2.2 Hz, 2H), 1.47
(td, J =12.8, 3.5 Hz, 2H), 1.21 — 1.06 (m, 2H), 0.82 — 0.72 (m, 2H), 0.14 — 0.05 (m, 2H).

Intermediate 4f: ethyl 2-chloro-4-(spiro[2.5]octan-6-ylamino)pyrimidine-5-carboxylate

HN/C
EtO
ZC\(‘\N
|
\N)\CI
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Intermediate 4f was synthesized (54%) from Intermediate 4e using the method employed in
Intermediate 1e. "H NMR (400 MHz, (CD3).S0) & 8.64 (s, 1H), 8.41 (d, T = 7.9 Hz, 1H), 433 (q,
J=7.1Hz, 2H), 4.08 (d, J =9.8 Hz, 1H), 1.90 (dd, J=12.7, 48 Hz, 2H), 1.64 (t, ] = 12.3 Hz, 2H),
1.52(q,J=10.7,9.1 Hz, 2H), 1.33 (t, ] =7.1 Hz, 3H), 1.12 (d, J = 13.0 Hz, 2H), 0.40 — 0.21 (m,
4H).

Intermediate 4g: 2-chloro-4-(spiro[2.5]octan-6-ylamino)pyrimidine-S-carboxylic acid

HN/C
HO,C
2 I%"
|
\N)\CI

Intermediate 4g was synthesized (82%) from Intermediate 4f using the method employed in
Intermediate 1f. "H NMR (400 MHz, (CD5),SO) & 13.54 (s, 1H), 8.38 (d, J = 8.0 Hz, 1H), 8.35 (s,
1H), 3.82 (qt, J = 8.2, 3.7 Hz, 1H), 1.66 (dq, J = 12.8, 4.1 Hz, 2H), 1.47 — 1.34 (m, 2H), 1.33 -
1.20 (m, 2H), 0.86 (dt, J = 13.6, 4.2 Hz, 2H), 0.08 (dd, J = 8.3, 4.8 Hz, 4H).

Intermediate 4h: 2-chloro-9-(spiro[2.5]octan-6-yl)-7,9-dihydro-8H-purin-8-one

(o]
'S
H

Intermediate 4h was synthesized (67%) from Intermediate 4g using the method employed in
Intermediate 1g. "H NMR (400 MHz, (CD3)S0) & 11.68 (s, 1H), 8.18 (s, 1H), 4.26 (ddt, J = 12.3,
7.5,3.7Hz, 1H), 2.42 (qd, J = 12.6, 3.7 Hz, 2H), 1.95 (td, J = 13.3, 3.5 Hz, 2H), 1.82 — 1.69 (m,
2H), 1.08 — 0.95 (m, 2H), 0.39 (tdq, J=11.6, 8.7, 4.2, 3.5 Hz, 4H).
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Intermediate 41: 2-chloro-7-methyl-9-(spiro[2.5]octan-6-yl)-7,9-dihydro-8H-purin-8-one

o

by

Intermediate 41 was synthesized (67%) from Intermediate 4h using the method employed in
Intermediate 1h. "H NMR (400 MHz, CDCl3) § 7.57 (s, 1H), 4.03 (tt, T = 12.5, 3.9 Hz, 1H), 3.03
(s, 3H), 2.17 (qd, J = 12.6, 3.8 Hz, 2H), 1.60 (td, J = 13.4, 3.6 Hz, 2H), 1.47 — 1.34 (m, 2H), 1.07
(s, 1H), 0.63 (dp, J = 14.0, 2.5 Hz, 2H), -0.05 (s, 4H).

Compound 4: 7-methyl-2-((7-methyl-[1,2,4]triazolo[ 1,5-a]pyridin-6-yl)amino)-9-
(spiro[2.5]octan-6-y1)-7,9-dihydro-8H-purin-8-one

Compound 4 was synthesized from Intermediate 41 and Intermediate 1d using the method
employed in Compound 1. '"H NMR (400 MHz, (CD5),S0) & 9.09 (s, 1H), 8.73 (s, 1H), 8.44 (s,
1H), 8.16 (s, 1H), 7.78 (s, 1H), 4.21 (t, ] = 12.5 Hz, 1H), 3.36 (s, 3H), 2.43 (s, 3H), 2.34 (dt, J =
13.0, 6.5 Hz, 2H), 1.93 - 1.77 (m, 2H), 1.77 — 1.62 (m, 2H), 0.91 (d, J = 13.2 Hz, 2H), 0.31 (t,J =
7.1 Hz, 2H). MS: 405.5 m/z [M+H].
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Example 6 — Compound 5

Intermediate Sa: ethyl 2-chloro-4-((3-hydroxycyclobutyl)amino)pyrimidine-5-carboxylate

OH

HN/U

EtOZC\f\N
|
\N)\CI

Intermediate Sa was synthesized (49%) from 3-aminocyclobutanol using the method employed in
Intermediate le. '"H NMR (400 MHz, (CD3),SO, mixture of rotamers) § 8.62 (s, 1H), 8.45 (dd, J =
25.7,7.1 Hz, 1H), 5.17 (dd, J = 6.0, 2.7 Hz, 1H), 4.32 (q, ] = 7.1 Hz, 2H), 3.96 (dp, J = 50.4, 7.2
Hz, 2H), 2.67 (ddd, J =11.6, 5.8, 2.8 Hz, 1H), 2.25 (td, J=8.1, 7.0, 4.0 Hz, 1H), 1.85 (qd, J =8.7,
2.8 Hz, 1H), 1.32 (t, ] =7.1 Hz, 3H).

Intermediate 5b: 2-chloro-4-((3-hydroxycyclobutyl)amino)pyrimidine-5-carboxylic acid

OH

HN/D/

HO,C
|
\N)\CI

Intermediate Sb was synthesized (67%) from Intermediate Sa using the method employed in
Intermediate 1f. '"H NMR (400 MHz, (CD5),SO, mixture of rotamers) & 13.82 (s, 1H), 8.70 (dd, J
=25.0,7.1 Hz, 1H), 8.63 (s, 1H), 4.65 — 4.29 (m, 1H), 4.17 — 4.02 (m, 1H), 3.95 (p, ] = 7.2 Hz,
1H), 2.74 (dh, T=11.8, 3.1 Hz, 2H), 2.30 (t, = 6.2 Hz, 1H), 1.88 (qd, J = 8.5, 2.8 Hz, 1H).

Intermediate Sc: 2-chloro-9-(3-hydroxycyclobutyl)-7,9-dihydro-8H-purin-8-one
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OH

}F

Intermediate Sc was synthesized from Intermediate 5b using the method employed in Intermediate
lg. '"H NMR (400 MHz, (CD3).SO, mixture of rotamers) & 8.12 (d, J = 1.7 Hz, 1H), 7.29 — 7.13
(m, 1H), 4.26 (tt, J = 9.8, 7.5 Hz, 1H), 4.00 — 3.87 (m, 1H), 2.78 (dtd, ] = 9.9, 8.1, 2.8 Hz, 2H),
2.59 —2.52 (m, 2H).

Intermediate 5d: 2-chloro-9-(3-hydroxycyclobutyl)-7-methyl-7,9-dihydro-8H-purin-8-one

OH
/&6\'\'
|
Intermediate 5d was synthesized (61%) from Intermediate Sc using the method employed in
Intermediate 1h. 'H NMR (400 MHz, (CD5),SO) 6 8.32 (d, J =2.4 Hz, 1H), 4.26 (tt, ] = 9.8, 7.5

Hz, 1H), 3.98 —3.85 (m, 1H), 3.31 (d, ] =2.4 Hz, 3H), 2.81 — 2.65 (m, 2H), 2.53 (ddt, ] = 7.5, 4.1,
2.0 Hz, 2H).

Compound 5: 9-(3-hydroxycyclobutyl)-7-methyl-2-((7-methyl-[ 1,2 4]triazolo[ 1,5-a]pyridin-6-
yl)amino)-7,9-dihydro-8H-purin-8-one

JjOH
o)

/l\?%\I\N NNj.
\NJ\NHQ
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Compound 5 was synthesized from Intermediate 5d and Intermediate 1d using the method
employed in Compound 1. '"H NMR (400 MHz, (CD3),S0) & 9.15 (s, 1H), 8.61 (s, 1H), 8.38 (s,
1H), 8.10 (s, 1H), 7.72 (s, 1H), 5.15 (d, J = 6.1 Hz, 1H), 426 — 4.17 (m, 1H), 3.94 (hept, ] = 6.8
Hz, 1H), 3.30 (s, 3H), 2.78 (qd, J = 8.3, 2.6 Hz, 2H), 2.61 — 2.54 (m, 2H), 2.41 — 2.39 (m, 3H).
MS: 367.4 m/z [M+H].

Example 7 — Compound 6

Intermediate 6a: ethyl 6-chloro-4-((tetrahydro-2H-pyran-4-yl)amino)nicotinate

Intermediate 6a was synthesized (46%) from 4,6-dichloropyridine-3-carboxylate and
tetrahydropyran-4-amine using the method employed in Intermediate le. '"H NMR (400 MHz,
(CDs)2S0) 6 8.61 (s, 1H), 8.13 (d, ] =7.9 Hz, 1H), 7.05 (s, 1H), 4.36 (q, J = 7.1 Hz, 2H), 3.90 (dt,
J=11.7,3.8Hz, 3H), 3.54 (td, ] = 11.4, 2.2 Hz, 2H), 1.96 (dd, ] = 12.6, 3.6 Hz, 2H), 1.52 (dtd, J
=12.7,10.6, 4.3 Hz, 2H), 1.38 (t, ] = 7.1 Hz, 3H).

Intermediate 6b: 6-chloro-4-((tetrahydro-2H-pyran-4-yl)amino)nicotinic acid

Intermediate 6b was synthesized (74%) from Intermediate 6a using the method employed in
Intermediate 1f. '"H NMR (400 MHz, (CD;3)S0) & 8.57 (s, 1H), 8.36 (d, J = 8.0 Hz, 1H), 7.00 (s,
1H), 3.92 - 3.81 (m, 3H), 3.54 (td, = 11.4, 2.2 Hz, 3H), 2.04 — 1.90 (m, 2H), 1.56 — 1.42 (m, 2H).
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Intermediate 6¢: 6-chloro-1-(tetrahydro-2H-pyran-4-yl)-1,3-dihydro-2H-imidazo[4,5-c]pyridin-

2-one

e
H
=

|

N~ >ClI

Intermediate 6¢ was synthesized (76%) from Intermediate 6b using the method employed in
Intermediate 1g. 'H NMR (400 MHz, (CD3):S0) & 11.32 (s, 1H), 7.94 (s, 1H), 7.44 (s, 1H), 4.38
(tt, J=12.2,42Hz, 1H), 3.94 (dd, J = 11.5, 4.5 Hz, 2H), 3.42 (td, J=11.9, 1.9 Hz, 2H), 2.31 (qd,
T=12.4, 4.6 Hz, 2H), 1.69 — 1.56 (m, 2H).

Intermediate 6d: 6-chloro-3-methyl-1-(tetrahydro-2H-pyran-4-yl)-1,3-dihydro-2H-imidazo[4,5-

c]pyridin-2-one

N~ >Cl
Intermediate 6d was synthesized (63%) from Intermediate 6¢ in 2:1 THF/H>O using the method
employed in Intermediate 1h. '"H NMR (400 MHz, (CD3)S0) & 8.15 (s, 1H), 7.50 (s, 1H), 4.43
(tt, J=12.1, 42 Hz, 1H), 3.94 (dd, J =11.5, 4.5 Hz, 2H), 3.43 (td, = 11.9, 1.9 Hz, 2H), 3.32 (s,
3H), 2.32 (qd, J=12.4, 4.6 Hz, 2H), 1.63 (ddd, J =12.2, 4.3, 1.9 Hz, 2H).
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Compound 6: 3-methyl-6-((7-methyl-[1,2,4]triazolo[ 1,5-a]pyridin-6-yl)amino)-1-(tetrahydro-
2H-pyran-4-yl)-1,3-dihydro-2H-imidazo[4,5-c]pyridin-2-one

Compound 6 was synthesized from Intermediate 6d and Intermediate 1f using the method
employed in Compound 1. 'H NMR (400 MHz, (CD3)S0) & 9.78 (s, 1H), 8.31 (s, 1H), 8.03 (s,
1H), 8.00 (s, 1H), 7.69 (s, 1H), 7.24 (s, 1H), 4.44 (d, J =12.5 Hz, 1H), 4.04 (dd, J=11.6, 4.4 Hz,
2H), 3.52 (t,J =11.7 Hz, 2H), 2.50 — 2.46 (m, 3H), 2.32 (&, J = 12.3, 7.0 Hz, 2H), 1.75 - 1.67 (m,
2H). MS: 380.4 m/z [M+H].

Example 8 — Compound 7
Intermediate 7a: 4,6-dimethyl-5-nitropyridin-2-amine

N
I\NHZ

O,N-"\F

To a solution of 4,6-dimethylpyridin-2-amine (50 g, 1.0 equiv.) in HoSO4 was added a mixture of
HNOs3 (3.25 equiv.) and H2SO4 (2.3 equiv.) at -10 °C dropwise. After addition, the mixture was
stirred at this temperature for 1 h. The reaction mixture was quenched by addition NH3-H>O at 0
°C dropwise, diluted with H>O, and extracted 3x with EtOAc. The combined organic layers were
concentrated under reduced pressure to give a residue and purified by column chromatography to
afford product as ayellow solid (19%). 'H NMR (400 MHz, CDCls) § 7.70 (s, 1H), 2.53 (s, 3H),
2.45 (s, 3H).
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Intermediate 7b: (E)-N'-(4,6-dimethyl-5-nitropyridin-2-y1)-N,N-dimethylformimidamide

To a solution of Intermediate 7a (11.8 g, 1.0 equiv.) and DMF-DMA (1.1 equiv.) in toluene (0.7
M) was degassed and purged 3x with N> and the mixture was stirred at 110 °C for 2 h under N
atmosphere. The reaction mixture was concentrated under reduced pressure to give a residue and

used directly in the next reaction without additional purification.

Intermediate 7¢: (E)-N'-(4,6-dimethyl-5-nitropyridin-2-y1)-N-hydroxyformimidamide

N H
I N N%/N\OH
O,N"NF

A mixture of Intermediate 7b (10 g, 1.0 equiv.), hydroxylamine hydrochloride (2.0 equiv.) in
MeOH (0.4 — 0.5 M) was degassed and purged 3x with N, and the mixture was stirred at 80 °C
for 1 h under N> atmosphere. The reaction mixture was concentrated under reduced pressure, and
the resulting residue was diluted with aq. NaHCO3 and extracted 3x with EtOAc. The combined
organic layers were concentrated under reduced pressure and purified by column chromatography
to afford product (19%) as a yellow solid. 'H NMR (400 MHz, CDCls) § 9.97 (d, ] = 9.6 Hz, 1H),
8.27(d,J=9.5 Hz, 1H), 6.68 (s, 1H), 2.54 (s, 3H), 2.46 (s, 3H).

Intermediate 7d: 5,7-dimethyl-6-nitro-[1,2,4]triazolo[1,5-a]pyridine

NN

v

0,N~N\F

To a mixture of Intermediate 7¢ (2.2 g, 1.0 equiv.) in THF (0.5 M) was added TFAA (1.5 equiv.).
The mixture was stirred at 25 °C for 18 h under N, atmosphere. The reaction mixture was

concentrated under reduced pressure to remove solvent. The residue was diluted with aq. NaHCO3
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and extracted 3x with EtOAc. The combined organic layers were concentrated under reduced

pressure and purified by column chromatography to afford product as a pale yellow solid (55%).

Intermediate 7e: 5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyridin-6-amine

N—
NN

|

H,N-\F

To a solution of Intermediate 7d (1.1 g, 1.0 equiv.) in EtOH (0.5 - 0.6 M) was added NH4CO-H
(1.0 equiv.) and Pd/C (10% w/w, 1.0 eqiuv.). The mixture was stirred at 105 °C for 2 h. The
reaction mixture was filtered, concentrated under reduced pressure, and purified by column
chromatography to afford product as a white solid (64%). "H NMR (400 MHz, (CD5),SO) § 8.15
(s, 1H), 7.38 (s, 1H), 4.77 (s, 2H), 2.58 (s, 3H), 2.28 (s, 3H).

Compound 7: 6-((5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyridin-6-yl)amino)-3-methyl-1-(tetrahydro-
2H-pyran-4-yl)-1,3-dihydro-2H-imidazo[4,5-c]pyridin-2-one

A mixture of Intermediate 7e (1.0 equiv.), Intermediate 6d (1.0 equiv.), BrettPhos Pd G3 (0.1
equiv.), Cs2COs3 (2.0 equiv.) in DMF (0.15 M) was degassed and purged 3x with N, and the
mixture was stirred at 100 °C for 18 h under N> atmosphere. The reaction mixture was poured into
water and extracted 3x with DCM. The combined organic phase was washed with brine, dried with
anhydrous Na»SOq, filtered, and the filtrate was concentrated in vacuum. The residue was purified
by column chromatography to afford product as a pale yellow solid. 'H NMR (400 MHz,
(CD3),80) & 8.44 (s, 1H), 8.05 (s, 1H), 7.71 (s, 1H), 7.63 (s, 1H), 6.68 (s, 1H), 4.06 — 3.96 (m,
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2H), 3.50 (d, T = 11.9 Hz, 2H), 3.26 (s, 3H), 2.60 (s, 3H), 2.29 (s, SH), 1.70 (d, J = 11.5 Hz, 2H).
MS: 394.4 m/z [M+H].

Example 9 — Compound 8

Compound 8: 2-((5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyridin-6-yl)amino)-7-methyl-9-(tetrahydro-
2H-pyran-4-yl)-7,9-dihydro-8H-purin-8-one

o
5
INLJ\NH L~

A mixture of Intermediate 7e (1.0 equiv.), Intermediate 1h (1.0 equiv.), Cs2CO3 (2.0 equiv.),
Pd(dppf)Clz (0.2 equiv.), XantPhos (0.4 equiv.) in DMF (0.1 — 0.2 M) was degassed and purged

o

3x with N, and then the mixture was stirred at 130 °C for 24 h under N, atmosphere. The mixture
was poured into water and extracted 3x with DCM. The combined organic phase was washed with
brine, dried with anhydrous Na,SOq, filtered, and the filtrate was concentrated in vacuum. The
residue was purified by column chromatography to afford product as a brown solid. 'H NMR (400
MHz, (CD3):S0) 6 8.76 (s, 1H), 8.49 (s, 1H), 7.98 (s, 1H), 7.68 (s, 1H), 4.44 (s, 1H), 4.03 —3.93
(m, 2H), 3.47 (d, T =12.5 Hz, 2H), 3.32 (s, 3H), 2.64 (s, 3H), 2.34 (s, 3H), 1.71 (d, T =12.3 Hz,
2H). MS: 395.4 m/z [M+H].

Example 10 — Compound 9

Intermediate 9a: ethyl 4,6-dichloro-5-methylnicotinate

Cl

N (o]
To a mixture of 4,6-dichloro-5-methyl-pyridine-3-carboxylic acid (1.8 g, 1.0 equiv.) in EtOH (0.4
— 0.5 M) was added H2SO4 (1.0 equiv.) dropwise. The mixture was stirred at 80 °C and stirred for
-123 -



WO 2022/221696 PCT/US2022/025075

12 h. The reaction mixture was poured into aq. NaHCO; and extracted 2x with EtOAc. The
combined organic phase was washed with brine, dried with anhydrous Na,SOQs, filtered, and the
filtrate was concentrated in vacuum. The residue was purified by column chromatography to afford
product as a colorless oil (59%). "H NMR (400 MHz, CDCls) § 8.55 (d, J = 4.2 Hz, 1H), 4.36 (pd,
7=6.9,3.9 Hz, 2H), 2.49 (d, T = 4.3 Hz, 3H), 1.36 (td, = 7.3, 4.0 Hz, 3H).

Intermediate 9b: ethyl 6-chloro-5-methyl-4-((tetrahydro-2H-pyran-4-yl)amino)nicotinate

Intermediate 9b was synthesized (50%) from Intermediate 9a using the method employed in
Intermediate 1e. 'H NMR (400 MHz, (CD3),S0) & 8.44 (s, 1H), 7.43 (d, ] = 9.3 Hz, 1H), 4.31 (q,
J=7.1Hz 2H), 3.79 (dt, T =11.7,3.8 Hz, 2H), 3.67 (tq, 7=9.7, 49, 4.1 Hz, 1H), 3.36 (dd, J =
11.5, 2.2 Hz, 2H), 2.30 (s, 3H), 1.84 — 1.75 (m, 2H), 1.41 (dtd, J = 17.5, 10.6, 9.6, 4.4 Hz, 2H),
1.31 (t, J=7.1 Hz, 3H).

Intermediate 9c: 6-chloro-5-methyl-4-((tetrahydro-2H-pyran-4-yl)amino)nicotinic acid

Intermediate 9c was synthesized (83%) from Intermediate 9b using the method employed in

Intermediate 1f.
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Intermediate 9d: 6-chloro-7-methyl-1-(tetrahydro-2H-pyran-4-yl)-1,3-dihydro-2H-imidazo[4,5-
c]pyridin-2-one

N Cl
To a mixture of Intermediate 9¢ (0.45 g, 1.0 equiv.), EtsN (1.0 equiv.) in DMA (0.16 M) was added
DPPA (1.0 equiv.). The mixture was stirred at 120 °C for 8 h under N, atmosphere. The reaction
mixture was poured into water, and the precipitate was collected by filtration, washed with water,

and dried under vacuum to give a residue that was used directly in the next reaction without further

purification (67%).

Intermediate 9e: 6-chloro-3,7-dimethyl-1-(tetrahydro-2H-pyran-4-yl)-1,3-dihydro-2H-

imidazo[4,5-c]pyridin-2-one

N~ >~Cl

Intermediate 9e was synthesized (79%) from Intermediate 9d using the method employed in
Intermediate 1h. '"H NMR (400 MHz, CDCl3) & 7.79 (s, 1H), 4.55 (tt, J = 12.0, 4.2 Hz, 1H), 4.08
(dd, J=11.38, 47 Hz, 2H), 3.40 (td, J = 12.2, 2.0 Hz, 2H), 2.81 (qd, J = 12.5, 4.6 Hz, 2H), 1.66
(ddd,J=12.5,4.2,1.9 Hz, 2H).
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Compound 9: 3,7-dimethyl-6-((7-methyl-[1,2 4]triazolo[ 1,5-a]pyridin-6-yl)amino)-1-(tetrahydro-
2H-pyran-4-yl)-1,3-dihydro-2H-imidazo[4,5-c]pyridin-2-one

(o}

o ()
|

NH

N N—
“??I o
=

Compound 9 was synthesized from Intermediate 1d and Intermediate 9e¢ using the method
employed in Compound. 1H NMR (400 MHz, DMSO) 6 8.63 (s, 1H), 8.30 (s, 1H), 7.72 (s, 1H),
7.64 (s, 1H), 7.54 (s, 1H), 4.65 — 4.56 (m, 1H), 3.95 (dd,  =11.4, 4.5 Hz, 2H), 3.43 (t, J=11.8
Hz, 2H), 3.22 (s, 3H), 2.69 — 2.52 (m, 2H), 2.50 (s, 3H), 2.21 (d,J=1.1 Hz,3H), 1.71 (d,J =114
Hz, 2H). MS: 394.5 m/z [M+H].

Example 11 - TRAC LNP treatment of T cells with or without DNA-PK Inhibitors

T cells were thawed from liquid N2 storage and rested overnight in 2.5% human serum T
growth activation media (TCGM: CTS OpTmizer (Thermofisher #A3705001) with 2.5% heat
inactivated human AB serum (Gemini #100-512), 1X GlutaMAX (Thermofisher #35050061),
1% Penicillin/Streptomycin (Thermofisher #15140-122), 10 mM HEPES pH 7.4 (Thermofisher
#15630080), IL-2 (200 U/mL, Peptrotech #200-02), IL-7 (5 ng/mL, Peptrotech #200-07), and IL-
15 (5 ng/mL, Peptrotech #200-15).

After overnight rest T cells were activated with TransAct (1:100 dilution, Miltenyi) for
48 hours prior to insertion. T cells were harvested, washed, and resuspended in TCGM without
serum to a concentration of 1.25x10° cells/mL. LNP -ApoE solution was prepared at an LNP
concentration of 5 pg/mL in 5% human serum TCGM with 1 ng/mL ApoE3 and incubated in 37
degree for 10 min. LNP compositions were formulated with mRNA encoding Cas9 (SEQ ID:
NO 8) and sgRNA targeting human TRAC (G013006 SEQ ID: 1) as described in Example 1 ata
lipid molar ratio of 50/38.5/10/1.5 or 35/47.5/15/2.5 of component lipids Lipid A, cholesterol,
DSPC, and PEG2k-DMG, respectively. The cargo ratio of sgRNA to Cas9 mRNA was 1:2 by
weight. The LNP-ApoE mix and T cells (50,000 cells/well) were mixed 1:1 by volume. AAV

-126 -



WO 2022/221696 PCT/US2022/025075

encoding a homology directed repair template for insertion of a GFP open reading frame (OFR)
into the TRAC locus (SEQ ID NO: 13) was added at a MOI of 3x10° viral genomes/cell. DNA-
PK inhibitors (Compound 1, Compound 2, Compound 3, Compound 4, Compound 5, Compound
6, Compound 7, Compound 8, or Compound 9) were diluted in 2.5% serum TCGM and added to
cells to achieve a final concentration of 1, 0.25, or 0.0625 uM. The next day T cells were spun
down in 96-well plate at 500 g for 5 min to remove the media, washed once, and resuspended in
2.5% serum TCGM, and expanded for 5 days. During the 5-day expansion, cells were split once

at day 2 into new 2.5% serum TCGM to prevent overgrowth.

11.1. Flow Cytometry

On day 5 post-edit, T cells were phenotyped by flow cytometry to determine endogenous
TCR knockout and GFP insertion. The T cell receptor alpha chain encoded by TRAC 1s required
for T cell receptor/CD3 complex assembly and translocation to the cell surface. Accordingly,
disruption of the TRAC gene by genome editing leads to a loss of CD3 protein on the cell
surface of T cells. Briefly, edited T cells were stained with FACS buffer (PBS pH 7.4, 2% FBS,
1mM EDTA) containing antibody targeting CD3 (1:200) and incubated on ice, protected from
light for 30 minutes. Cells were subsequently washed and resuspended in FACS buffer
containing DAPI (1:5,000) and incubated on ice, protected from light for 10 min. Post-staining,
T cells were washed, resuspended in FACS buffer, and analyzed using a CytoFLEX L.X
cytometer. T cells were gated on size, DAPI staining, and GFP and CD3 expression. Results are
shown in Table 2 and FIG. 1A. GFP positive cells were gated within the CD3 negative
population as in Table 3 and FIG. 1B.

Table 2. Percent CD3 negative T cells following editing in the presence of indicated DNAPK

inhibitors
Compound Compound Mean %CD3"
Concentration Cells(n=3) SD %CD3 Cells
Compound 1 | 1uM 60.00 1.23
0.25 uM 54.87 1.08
0.0625 uM 39.43 0.25
Compound 2 | 1 uM 57.23 0.64
0.25 uM 46.30 1.21

-127 -



PCT/US2022/025075

WO 2022/221696
0.0625 uM 31.20 0.56
Compound 3 | 1uM 58.90 1.82
0.25 uM 57.47 1.88
0.0625 uM 50.73 0.42
Compound 4 | 1uM 58.93 1.94
0.25 uM 53.93 1.85
0.0625 uM 37.60 1.85
Compound 5 | 1 uM 56.83 1.70
0.25 uM 51.03 2.90
0.0625 uM 35.40 2.75
Compound 6 | 1 uM 58.30 1.15
0.25 uM 36.20 1.22
0.0625 uM 33.87 2.07
Compound 7 | 1 uM 38.90 0.50
0.25 uM 29.83 1.29
0.0625 uM 30.47 1.46
Compound 8 | 1 uM 53.87 1.36
0.25 uM 33.67 0.91
0.0625 uM 33.10 2.17
Compound 9 | 1 uM 31.37 1.07
0.25 uM 31.77 2.15
0.0625 uM 30.20 0.79
DMSO 1 30.37 1.01
3 28.30 0.79
5 28.07 1.63
No inhibitor LNP 33.63 1.07
No inhibitor LNP+AAV(1e5) 30.93 1.53
No inhibitor | AAV(1e)) 1.09 0.25
No inhibitor | Untreated (UNT) 1.07 0.37

Table 3. Percent GFP positive of the CD3 negative T cells following editing in the presence of

indicated DNAPK inhibitors

Compound Mean %CD3" SD % CD3

Concentration | /GFP+ Cells (n=3) | /GFP+ Cells
Compound 1 1 uM 81.37 1.56

0.25 uM 78.00 1.37

0.0625 uM 65.63 0.83
Compound 2 1 uM 79.40 0.82

0.25 uM 70.07 2.31

0.0625 uM 47.93 1.66
Compound 3 1 uM 79.60 1.65

0.25 uM 79.97 0.95

0.0625 uM 75.50 0.70
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Compound 4 1 uM 80.07 1.72
0.25 uM 78.73 0.85
0.0625 uM 58.13 3.57
Compound 5 1 uM 78.97 0.15
0.25 uM 73.30 0.96
0.0625 uM 53.00 3.64
Compound 6 1 uM 74.40 1.32
0.25 uM 53.50 1.61
0.0625 uM 35.10 0.69
Compound 7 1 uM 43.43 0.60
0.25 uM 37.43 1.61
0.0625 uM 29.90 1.87
Compound 8 1 uM 70.07 0.85
0.25 uM 44.43 2.72
0.0625 uM 32.23 1.46
Compound 9 1 uM 27.83 1.27
0.25 uM 28.50 2.03
0.0625 uM 28.27 1.90
DMSO 1 27.10 0.85
3 26.20 0.66
5 25.43 1.16
No inhibitor LNP 0.13 0.07
No inhibitor LNP+AAV(1e5) | 27.83 0.96
No inhibitor AAV(1e5) 0.81 0.72
No inhibitor Untreated (UNT) | 0.76 0.13

Example 12 - Engineering functionally active TCR T cells with CRISPR/Cas9 and DNA-
PK inhibitors

The use of DNA-PK inhibitors to boost transgenic TCR (tgTCR) insertion in T cells

without perturbing T cell expansion, cytotoxicity or cytokine release was evaluated.
12.1. T cell isolation

Healthy human donor apheresis was obtained commercially (HemaCare) from three
donors (referred to as 007HD, 008HD, and 009HD). Cells were washed and re-suspended in
ClinitMACS PBS/EDTA buffer (Miltenyi cat. 130-070-525) on the LOVO device. T cells were
isolated via positive selection using CD4 and CD8 magnetic beads (Miltenyi BioTec cat.130-
030-401/130-030-801) using the CliniMACS Plus and CliniMACS LS disposable kit. T cells
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were aliquoted into vials and cryopreserved in a 1:1 formulation of Cryostor CS10 (StemCell

Technologies cat. 07930) and Plasmalyte A (Baxter cat. 2B2522X) for future use.
12.2. T cell Media and Thaw

T cells were thawed from liquid N2 storage and rested overnight in 2.5% human serum T
cell activation media (TCAM: CTS OpTmizer (Thermofisher #A3705001) with 2.5% heat
inactivated human AB serum (Gemini #100-512), 1X GlutaMAX (Thermofisher #35050061),
1% Penicillin/Streptomycin (Thermofisher #15140-122), 10mM HEPES pH 7.4 (Thermofisher
#15630080), IL-2 (200 U/mL, Peptrotech #200-02), IL-7 (5 ng/mL, Peptrotech #200-07), and IL-
15 (5 ng/mL , Peptrotech #200-15)).

12.3. T cell Engineering

Rested T cells were counted and resuspended in TCGM at a density of 2x10° cells/mL
with TransAct reagent added at a 1:50 dilution. Meanwhile, 5 ng/mL of TRBC-LNP formulated
with mRNA encoding Cas9 (SEQ ID NO: 8) and an sgRNA targeting TRBC (G016239) (SEQ
ID NO: 2) was incubated in TCAM with 1 png/mL recombinant human ApoE3 before being
mixed 1:1 by volume with T cells and incubated at 37°C for 48 hours. After 48h of activation, T
cells were harvested, washed, and resuspended in TCAM to a concentration of 1x10° cells/mL.
TRAC-LNP-ApoE solution was prepared at 5 pg/mL in TCAM with 5 pg/mL ApoE3. The
TRAC-LNP was formulated with mRNA encoding Cas9 (SEQ ID NO: 8) and an sgRNA
targeting TRAC (G013006) (SEQ ID NO: 1). The LNP-ApoE mix and T cells were mixed 1:1
by volume. An AAV encoding a homology directed repair template for insertion into the TRAC
locus of HD1, a WT1-specific TCR, (SEQ ID NO: 13) was added at a MOI of 3x10° viral
genomes/cell. DNA-PK inhibitors were added as indicated in Table 4 at a concentration of 0.25
uM. The next day T cells were washed, resuspended in T cell expansion media (TCEM: as
described for TCAM with exception of 5% human AB serum instead of 2.5%) before being
transferred to GREX plates (Wilson Wolf #80240M), and expanded for 6 additional days with
cytokine replenishment every 2-3 days. Control samples were processed as described above with
the omission of any DNA-PK inhibitor treatment. Post expansion cells were harvested, counted
using Vi-CELL XR Cell Counter, and characterized by flow cytometry. Fold expansion was
determined by dividing the total cell count yield at endpoint by the number of cells in each group

at Day O (i.e. starting material). There was no impact of T cell expansion observed by DNA-PK
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treatment with compounds 6, 7, and 8 (Table 4). T cells were cryopreserved in Cryostor CS10

freezing media for future analysis.

Table 4. Fold T cell expansion following editing in the presence of indicated DNAPK inhibitors

Donor No Inhibitor | Compound 1 | Compound 3 | Compound 4
007HD 130.64 110.18 110.47 118.46
008HD 104.43 114.56 111.44 108.81
009HD 14291 159.08 143.01 140.77

Mean 125.99 127.94 121.64 122.68

SD 19.66 27.06 18.51 16.39
P-value relative

to No Inhibitor 0.88 0.65 0.56

12.4. Flow Cytometry

After engineering and expansion, T cells were characterized for editing efficiency and
memory phenotype using flow cytometry. Briefly, T cells were stained with a cocktail of
antibodies targeting CD4, CD8, CD3¢, V38, CD45RA, CD45R0O, CD62L, and CCR7 diluted in
FACS buffer (PBS pH 7.4, 2% FBS, 1mM EDTA) for 30 minutes at room temperature. V38
antibody recognizes the specific VB-chain used by the WT1-TCR. Post-staining T cells were
washed, resuspended in FACS buffer, and analyzed using a CytoFLEX LX cytometer. There was
no impact of the inhibitor on the percent of CD8+ T cells within each group (FIG. 2A). We
observed a statistically significant increase (p<0.05, Students T test) in the percent of CD8+ cells
with WT1-TCR insertion (CD3e+, VB8+) in all DNA-PK inhibitor treated groups relative to the
non-treated groups (Table 5, FIG. 2C), as well as a trend towards increased endogenous TCR KO
(FIG. 2B).

Table 5. Percent CD3e+, VB8+ cells among CD8+ cells following editing in the presence of
indicated DNAPK inhibitors.

Compound

Donor No Inhibitor Compound 1 | Compound 3 | 4
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007HD 59.3 87.7 88.9 87.7
008HD 59.7 85 84.6 83.6
009HD 472 81.3 82 80.5
Mean 55.4 84.7 85.2 83.9
SD 7.1 3.2 35 3.6
P-value relative to No Inhibitor 0.008 0.009 0.009

12.5. WT1 TCR T Cell mediated cytotoxicity and cytokine release in response to 697
ALL and KS62-HLA-A*02:01 CML cell lines.

The ability of WT1-TCR T cells engineered from donors 007HD and 008HD to kill
hematological cancer cells expressing natural levels of WT1 and release cytokines was
evaluated. TCR KO cells generated as described above but without TRAC/AAYV addition were
used as a negative, non-killing control. Briefly, T cells were co-cultured with luciferase
expressing 697 ALL cells (697-1uc2), or K562-luc2 cells transduced to express HLA-A*02:01
(K5692-HLA-A*02:01-luc2) at various effector to target (E:T) ratios (2:1, 1:1, 0.5:1) in TCEM
without the addition of IL-2, IL-7, or IL-15. Notably effector to target ratios were normalized for
relative WT1 TCR insertion in each group leading to the same amount of absolute WT1 TCR
expressing cells across inhibitor and no treatment groups. After 24h of co-culture, supernatants
from the 2:1 E:T ratio group were harvested and used in an MSD U/R-PLEX assay to quantify
IL-2, TNFaq, IFNy, and Granzyme B following manufacturers protocol (Mesoscale Discovery).
After 48h of co-culture luciferase activity was quantified using the Bright-GLO Luciferase Assay
System (Promega) in relative luminescence units (RLU). Percent specific lysis was determined

using the formula:

% Specific Lysis=100-((RLU [Experimental Well]/RLU[Target Only Well])*100)

Results from the cytotoxicity assay are shown in FIGS. 3A-3D and Table 6, while cytokine
release is reported in Table 7 and FIGS. 4A-4H. No notable differences on T cell functionality in

groups treated with the DNA-PK inhibitors were observed.
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Example 13 - Editing in B cells using DNA protein kinase inhibitors

The effect of DNA protein kinase inhibitors (DNA-PKI) on editing efficiency in B cells
was assessed.

B cells were isolated from a healthy human donor leukopak by CD19 positive selection
using the StraightFrom Leukopak CD19 MicroBead kit (Miltenyi, 130-117-021) on a
MultiMACS Cell24 Separator Plus instrument. Following MACS isolation, CD19+ B cells were
activated in IMDM media or Stemspan media and frozen until needed. Base media are IMDM
(Corning, 10-016-CV ) or StemSpan SFEM (StemCell Technologies, 9650) supplemented with
1% Penicillin/Streptomycin (Corning, 30-002-CI), 50 ng/ml hIL-2 (Peprotech, 200-02), 50 ng/ml
hIL-10 (Peprotech, 200-10), 10 ng/ml hIL-15 (Peprotech, 200-15), 100 ng/ml MEGACD40L, 1
ug/ml CpG ODN 2006 (Invivogen, TLR-2006) and 10% fetal bovine serum (FBS). B cells were
thawed and cultured in Stemspan media supplemented with 1% Penicillin/Streptomycin
(Corning, 30-002-CI), 50 ng/ml hIL-2 (Peprotech, 200-02), 50 ng/ml hIL-10 (Peprotech, 200-
10), 10 ng/ml hIL-15 (Peprotech, 200-15), 1 ng/ml MEGACD40L, 1 ug/ml CpG ODN 2006
(Invivogen, TLR-2006) and 5% human AB Serum (Gemini Bio-Products, 100-512). Following
two days of culture, cells were harvested and resuspended at 100,000 cells/100 pl in StemSpan
media with 1% Penicillin/Streptomycin, supplemented with 2x the final concentration of the
cytokine, 2 ug/ml CpG ODN 2006 (Invivogen, TLR-2006) and 2 ng/ml MEGACD40L prior to
treatment with LNP compositions delivering mRNA encoding Cas9 (SEQ ID NO: 8) and gRNA
G000529 targeting B2M.

LNPs were generally prepared as described in Example 1 with the lipid composition of
50/38.5/10/1.5, expressed as the molar ratio of 1onizable lipid/cholesterol/DSPC/PEG,
respectively. LNPs were preincubated at a concentration of 5 pg/ml total RNA cargo with 1.25
ng/ml ApoE4 (Peprotech, 350-04) at 37°C for about 15 minutes in StemSpan media
supplemented with 1% Penicillin/Streptomycin and 5% human AB serum (Gemini Bio-Products,
100-512). The pre-incubated LNPs were added to B cells at a final concentration 2.5 ug/ml total
RNA cargo followed by addition of 0.25 ug/ml DNAPK inhibitor Compound 1, Compound 3, or
Compound 4.

B cells were phenotyped for the presence of B2M surface protein on day 7 post LNP
composition treatment. For this, B cells were incubated with antibodies targeting CD86
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(Biolegend, 374216) and B2M (Biolegend, 316312). Cells were subsequently stained with a
viability dye (Biolegend, 422801), washed, processed on a Cytoflex instrument (Beckman
Coulter) and analyzed using the FlowJo software package. B cells were gated on size and
viability status, followed by B2M expression on the total live population. Percent B2M negative
cells is shown in Table 8. Increased percentage of B2M negative B cells were observed in the

presence of DNA-PKI compared to no DNA-PKI, indicating increased gene editing.

Table 8. Percentage of B2M negative cells following editing with DNA-PKI and LNP
composition targeting B2M.

% B2M-

Sample Mean | SD
No Inhibitor 11215
Compound 1 19223
Compound 3 274126
Compound 4 241 (1.0
No edit 25105

13.2. Editing in B cells from multiple donors using DNAPK inhibitors

B cells were isolated from PBMC derived from 3 donors as described in Example 23.1.
Following MACS isolation, CD19+ B cells were activated in Stemspan media with 1 ug/ml CpG
ODN 2006 (Invivogen, TLR-2006), 2.5% human AB serum (Gemini Bio-Products, 100-512),
1% penicillin-streptomycin (ThermoFisher, 15140122), 50 ng/ml IL-2 (Peprotech, 200-02), 50
ng/ml IL-10 (Peprotech, 200-10), and 10 ng/ml IL-15 (Peprotech, 200-15) and 1 ng/ml CD40L
(Enzo Life Sciences, ALX-522-110-C010). Two days following activation, B cells were treated
with LNP compositions delivering mRNA encoding Cas9 (SEQ ID NO: 8) and gRNA G000529
targeting B2M. B cells were plated at 50,000 cells per well in triplicate as indicated in Table 9 in
complete Stemspan media as described above.

LNPs were generally prepared as in Example 1 with the lipid composition of
50/38.5/10/1.5, expressed as the molar ratio of 1onizable lipid/cholesterol/DSPC/PEG,
respectively. LNPs were preincubated at 37°C for 15 minutes with Stemspan media containing 1
pug/mL CpG ODN 2006, 2.5% human AB serum, 1% penicillin-streptomycin, 50 ng/mL IL-2, 50
ng/mL IL-10, and 10 ng/ml IL-15, 1 ng/ml CD40L, and 1.25 ng/mL ApoE4. The pre-incubated
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LNP compositions were added to B cells at a final concentration 2.5 pg/mL total RNA cargo
followed by addition of 0.25 ng/mL DNAPK inhibitor Compound 1 or Compound 4. Seventy-
two hours post-LNP composition addition, cells were washed, resuspended in Stemspan media
containing 1 pg/mL CpG ODN 2006, 2.5% human AB serum, 1% penicillin-streptomycin, 50
ng/mL IL-2, 50 ng/mL IL-10, and 10 ng/mL IL-15, and 100 ng/mL CD40L and transferred to a
48-well plate.

Seven days post-LNP composition treatment, cells were phenotyped by flow cytometry. Briefly,
B cells were incubated with antibodies targeting CD19 (Biolegend, 363010A), CD20 (Biolegend,
302322), CD86 (Biolegend, 374216) and B2M (Biolegend, 395806) followed by viability dye
DAPI (Biolegend, 422801). Cells were subsequently washed and processed on a Cytoflex
instrument (Beckman Coulter) and analyzed using the FlowJo software package. B cells were
gated on size and viability status, followed by B2M expression on the total live population. Table
9 and FIG. 5 show mean percent of B2M negative cells following editing with DNAPK
inhibitors. Addition of DNAPK inhibitors moderately improved editing efficiency.

Table 9. Mean percent B2M negative cells following editing with DNAPK inhibitors

Unedited,

No inhibitor No inhibitor | Compound 1 | Compound 4

Donor Mean SD [N |Mean SD [N |Mean SD [N (Mean |SD [N
Donor 150 | 3.74) 1.62 3| 50.57| 1.54| 3| 56.41| 4.39| 3| 59.42| 4.16] 3
Donor 200 | 5.11] 0.06 2| 27.60| 4.16| 3| 36.77| 1.79 3| 34.88| 8.44] 3
Donor 340 | 0.70] 0.43 3| 45.61| 3.23| 3| 56.28| 3.01| 3| 57.59/3.52] 3

Example 14 - Insertion into NK cells using DNAPK inhibitors

NK cells were assessed for the impact of DNA protein kinase inhibitors (DNA-PKI) on
indel and insertion rates. NK cells were treated with LNP compositions delivering mRNA
encoding Cas9 (SEQ ID NO: 8) and gRNA G000562 targeting AAVSI in the presence of DNA
protein kinase inhibitors. A subset of samples was also treated with AAV encoding a GFP coding
sequence flanked by regions of homology to the AAVS1 edit site (SEQ ID NO: 16).

NK cells were isolated from a commercially obtained leukopak using the EasySep
Human NK Cell Isolation Kit (STEMCELL, Cat. No. 17955) according to the manufacturer’s
protocol. Human primary NK cells were activated and expanded using K562-41BBL cells as
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feeder cells in OpTmizer media with 5% human AB serum, 500 U/mL IL-2, and 5 ng/ml IL-15
for 3 days. NK cells were plated at 50,000 cells per well in triplicate in OpTmizer supplemented
as described above with DNA-PKI at concentrations indicated in Tables 10 and 11. LNPs were
preincubated with 10 ug/ml APOE3 at 37°C for about 15 minutes in OpTmizer media with 2.5%
human AB serum, 500 U/mL IL-2 and 5 ng/ml IL-15. The pre-incubated LNP compositions
were added to NK cells suspended in the same media at a final concentration of 10 ug/ml of total
RNA cargo in triplicate. For a subset of samples, AAV encoding GFP flanked by regions
homologous to the AAVS1 edit site were added at a multiplicity of infection (MOI) of 600,000
genome copies following editing. At seven days post LNP composition treatment, cells were
phenotyped by flow cytometry to measure GFP insertion rates. Briefly, NK cells were incubated
with antibodies targeting CD3 (Biolegend, Cat. No. 317336) and CD56 (Biolegend, Cat. No.
318310). Cells were subsequently washed, processed on a Cytoflex instrument (Beckman
Coulter) and analyzed using the FlowJo software package. NK cells were gated on size,
CD3/CD56 status, and GFP expression. High GFP-expressing cells were gated as targeted GFP
insertion in AAVS1 locus and low GFP-expressing cells were gated as episomal retention. Cells
were then collected for NGS analysis as described in Example 1.4.

Tables 10 and 11 and FIGS. 6A and 6B show percent editing following treatment with
LNP compositions, AAV, and varying concentrations of the DNAPK inhibitors Compound 1 and

Compound 4. Both indel formation and insertion increased in the presence of DNAPK inhibitors.

Table 10. Mean percent editing at AAVS1 with varying doses of DNA-PKI

0 uM 0.125 uM 0.25uM 0.5uM
Sample Mean | SD Mean | SD Mean | SD Mean | SD
Unedited 0.67 | 0.60

No DNA-PKI | 93.17| 0.12

Compound 1 96.10| 1.01| 9697 | 0.21| 98.13 0.65

Compound 4 96.77| 0.67| 9737| 0.06| 97.67 1.55
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Table 11. Percent of NK cells with high GFP expression seven days following editing with LNP
compositions, AAV and DNA-PKI.

0 uM 0.125 uM 0.25uM 0.5uM
Sample Mean | SD | Mean | SD | Mean | SD | Mean | SD
AAV only 2.68| 037

No DNA-PKI | 74.93 | 4.09

Compound 1 8547 | 248 | 9023 | 166| 9230 | 1.66

Compound 4 88.10| 1.00| 9063 | 101| 9027 | 3.09

Example 15 - Multiediting with two insertions in T cells

To demonstrate engineering of T cells with five distinct Cas9 edits, healthy donor cells
were treated sequentially with five LNP compositions co-formulated with an mRNA encoding
Cas9 (SEQ ID NO: 8) and a sgRNA targeting either TRAC (G013006), TRBC (G016239),
CIITA (G013676), HLA-A (G018995), or AAVS1(G000562). A transgenic WT1 targeting TCR
was site-specifically integrated into the TRAC cut site by delivering a homology directed repair
template (SEQ ID NO: 14) using AAV. As a proof-of-concept we also site-specifically
integrated GFP into the AAVS1 target site using a second homology repair template (SEQ ID
NO: 15).

T cells were isolated from the leukapheresis products of two healthy HLA-A*02:01+
donors (STEMCELL Technologies). T cells were isolated using EasySep Human T cell Isolation
kit (STEMCELL Technologies, 17951) following manufacturer’s protocol and cryopreserved
using Cryostor CS10 (STEMCELL Technologies, 07930). The day before initiating T cell editing,
cells were thawed and rested overnight in T cell activation media (TCAM: CTS OpTmizer
(Thermofisher, A3705001) supplemented with 2.5% human AB serum (Gemini, 100-512), 1X
GlutaMAX (Thermofisher, 35050061), 10 mM HEPES (Thermofisher, 15630080), 200 U/mL IL-
2 (Peprotech, 200-02), 5 ng/mL IL-7 (Peprotech, 200-07), and 5 ng/mL IL-15 (Peprotech, 200-
15).

LNP Composition Treatment and Expansion of T cells
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LNPs were generally prepared as described in Example 1 with the lipid composition of
50/38.5/10/1.5, expressed as the molar ratio of 1onizable lipid/cholesterol/DSPC/PEG,
respectively. Immediately prior to exposure to T cells, LNP compositions were preincubated in
ApoE containing media. Experimental design of the sequential editing steps and control groups

1s found in Table 12.

Table 12. Experimental Design

Group Dayl |(Day2 |Day3 Day 4 Day S | Purpose
Unedited None None None None None | Negative control
GFP-AAV AAV- Control for GFP
None None None None . .

only GFP episomal expression
TCR edits TRAC LNP + Control for TCR
only None None WTI1 AAV None TRBC replacement

. AAVSI1
Quintuple TRAC LNP + .
Edit CIITA | HLA-A WT1 AAV -(Ir} {:AI;AV_ TRBC | Experimental

Day 1: LNP compositions targeting CIITA as indicated in Table 12 were incubated at a
concentration of 5 ug/mL in TCAM containing 5 ug/mL rhApoE3 (Peprotech 350-02). T cells
were harvested, washed, and resuspended at a density of 2x10"6 cells/mL in TCAM with a 1:50
dilution of T Cell TransAct, human reagent (Miltenyi, 130-111-160). T cells and LNP-ApoE
solutions were then mixed at a 1:1 ratio by volume and T cells plated in culture flasks overnight.

Day 2: LNP compositions targeting HLA-A as indicated in Table 12 were incubated at a
concentration of 25 ug/mL in TCAM containing 20 ug/mL rhApoE3 (Peprotech 350-02). LNP-
ApoE solution was then added to the appropriate culture at a 1:10 ratio by volume.

Day 3: LNP compositions targeting TRAC were incubated at a concentration of 5 ug/mL
in TCAM containing 5 ug/mL rthApoE3 (Peprotech 350-02). T cells were harvested, washed, and
resuspended at a density of 1x1076 cells/mL in TCAM. T cells and LNP-ApoE media were mixed
ata 1:1 ratio by volume and T cells plated in culture flasks. WT1 AAV was then added to each
group at a MOIT of 3x10"5 genome copies/cell. The DNA-PK inhibitor Compound 4 was added to
each group at a concentration of 0.25 uM

Day 4: LNP compositions targeting AAVS1 were incubated at a concentration of 5 ug/mL
in TCAM containing 5 ug/mL rhApoE3 (Peprotech 350-02). Meanwhile, T cells were harvested,

washed, and resuspended at a density of 1x1076 cells/mL in TCAM. T cells and LNP-ApoE media
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were mixed at a 1:1 ratio by volume and T cells plated in culture flasks. GFP-AAV was then added
to each group at a MOI of 3x10"5 genome copies/cell. The DNA-PK inhibitor Compound 4 was
added to each group at a concentration of 0.25 pM.

Day 5: LNP compositions targeting TRBC as indicated in Table 12 were incubated at a
concentration of 5 ug/mL in TCAM containing 5 ug/mL rhApoE3 (Peprotech 350-02). T cells
were harvested, washed, and resuspended at a density of 1x1076 cells/mL in TCAM. LNP-ApoE
solution was then added to the appropriate culture at a 1:1 ratio by volume.

Day 6-11: T cells were transferred to a 24-well GREX plate (Wilson Wolf, 80192) in T
cell expansion media (TCEM: CTS OpTmizer (Thermofisher, A3705001) supplemented with 5%
CTS Immune Cell Serum Replacement (Thermofisher, A2596101), 1X GlutaMAX (Thermofisher,
35050061), 10 mM HEPES (Thermofisher, 15630080), 200 U/mL IL-2 (Peprotech, 200-02), 5
ng/ml IL-7 (Peprotech, 200-07), 5 ng/ml IL-15 (Peprotech, 200-15)) and expanded per
manufacturer’s protocols. Briefly, T cells were expanded for 6 days, with media exchanges every

other day.

Quantification of T cell editing by flow cytometry and NGS

Post expansion, edited T cells were stained with antibodies targeting HLA-A*02:01
(Biolegend 343307), HLA-DR-DP-DQ (Biolegend 361712), WT1-TCR (Vb8", Biolegend
348104), CD3e (Biolegend 300328), CD4 (Biolegend 317434), CD8 (Biolegend 301046), and
Viakrome 808 Live/Dead (Cat. C36628). This cocktail was used to determine HLA-A*02:01
knockout (HLA-A2"), HLA-DR-DP-DQ knockdown via CIITA knockout (HLA-DRDPDQ),
WT1-TCR insertion (CD37Vb8™), and the percentage of cells expressing residual endogenous TCR
(CD3*Vb8"). Insertion into the AAVSI site was tracked by monitoring GFP expression. Following
antibody incubation, cells were washed, processed on a Cytoflex LX instrument (Beckman
Coulter) and analyzed using the FlowJo software package. T cells were gated on size and
CD4/CD8 status prior to examining editing and insertion markers. Editing and insertion rates can
be found in Table 13 and Table 14 for CD8+ and CD4+ T cells, respectively. FIGS. 7A-7F show
graphs of the editing rates of all targets in CD8+ T cells. The percent of T cells with all intended
edits (i.e., insertion of the WT1-TCR and GFP, combined with knockout of HLA-A and CIITA)
was gated as % CD3" Vb8™ GFP" HLA-A  HLA-DRDPDQ". High levels of HLA-A and CIITA
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knockout, as well as GFP and WT1-TCR insertion were observed in quintuple edited samples from

both donors, yielding >75% of fully edited CD8+ T cells and >85% of fully edited CD4+ T cells.

Table 13. Editing rates in CD8+ T cells in Donors A and B

GFP-AAV | TCR edits | Quintuple

Unedited only only Edit
Marker A B A B A B A B
GFP+ 0.0 0.0 03] 07 0.0 00| 834|931
HLA-A2- 0.1 0.0 00| 00 03| 02| 997|994

HLA-DRDPDQ- | 31.9| 29.6| 300| 32.0| 405 | 56.7| 99.0|98.7

CD3+Vb8- 933 964 | 941 958 02| 03 1.0| 0.8
CD3+Vb8+ 6.0 3.5 5.5 40| 923 | 943 86.7|92.1
CD3+Vb8+

GFP+ HLA-A-, 0.0 0.0 00| 00 00| 00| 767|843
HLA-DRDPDQ-

Table 14, Editing rates in CD4+ T cells in Donors A and B

Unedited GFP-AAV | TCR edits | Quintuple

only only Edit
Marker A B A B A B A B
GFP+ 0.0 0.0 09| 13 00| 00| 864|913
HLA-A2- 0.1 0.0 00| 01 02| 02| 9951992

HLA-DRDPDQ- | 770 | 73.6| 713 | 750 | 93.1| 96.1| 99.2|99.1

CD3+Vbs- 946 | 946| 948|942 03| 04| 13| 13
CD3+Vb8+ 51| 51| 49| 54| 863|909 80.7[91.0
Vb8+ GFP+

HLA-A- 06| 00| 01| 00| 00| 00| 86.1|90.6
HLA-DRDPDQ-
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Example 16 - LNP composition activity evaluated in serum media conditions

To evaluate LNP composition editing efficacy, LNP compositions were tested in vitro
to evaluate the effect of alternative media conditions on insertion efficiency in CD3 positive T
cells. T cells were treated with LNP compositions with varied molar ratios of lipid components
encapsulating Cas9 mRNA and a sgRNA targeting the TRAC gene. An AAVG6 viral construct
delivered a homology directed repair template (HDRT) that encoded a GFP reporter flanked by
homology arms for site-specific integration into the TRAC locus (Vigene; SEQ ID NO: 17).
TRAC gene disruption was assessed by flow cytometry for loss of T cell receptor surface
proteins. Insertion was assessed by flow cytometry for GFP luminescence.

LNP compositions were preincubated with ApoE3. Equal volume of ApoE3 media was
added to each well. Subsequently 100 uL of the LNP-ApoE mix was added to each T cell plate.
The final concentration of LNPs at the top dose was set to be 5 pg/mL. Final concentrations of
ApoE3 at 5 pg/mL and T cells were at a final density of 0.5e6 cells/mL. Plates were incubated at
37°C with 5% CO; for 7 days and then harvested for flow cytometry analysis.

LNPs were generally prepared as described in Example 1 with the lipid composition as
indicated in Table 15, expressed as the molar ratio of ionizable lipid A/cholesterol/DSPC/PEG,
respectively. LNP compositions delivered mRNA encoding Cas9 (SEQ ID NO: 8) and sgRNA
targeting and sgRNA (SEQ ID NO. 1) targeting human TRAC. The cargo ratio of sgRNA to
Cas9 mRNA was 1:2 by weight.

Table 15. LNP formulation analysis results

iy . Z-Ave N/P
LNP ID Composmgn Molar | Encapsulatio Size PDI Num Ave rati
Ratio n (%) Size (nm)
(nm) 0
COMPOSITION 1
(Comparative) 50/38.5/10/1.5 98% 113 0.03 102 6
COMPOSITION
16 35/47.5/15/2.5 98% 78 0.03 72 6

T cells from a single donor (Lot #W0106) were prepared as described in Example 1 with

the following media modifications. T cells were plated with media supplemented with either
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2.5% human AB serum (HABS), 2.5% CTS Immune Cell SR (Gibco, Cat# A25961-01) serum
replacement (SR), 5% serum replacement (SR), or the combination of 2.5% human AB serum
and 2.5% serum replacement. T cells were activated 24 hours post thaw as described in Example
1.2. Two days post activation, T cells were transfected with LNP compositions as described in
Example 16.1 at LNP concentrations of 0.31 pg/mL, 0.63 ng/mL, 1.25 pg/mL, and 2.5 pg/mL.
AAV6 encoding homology directed repair template (HDRT) that encoded a GFP reporter
(Vigene; SEQ ID NO: 13) flanked by homology arms for site-specific integration into the TRAC
locus and was added to each well at a multiplicity of infection (MOI) of 3x10° viral
particles/cell. The small molecule inhibitor of DNA-dependent protein kinase, Compound 4,
was added at 0.25 uM.

Five days post transfection, T cells were phenotyped by flow cytometry analysis as
described in Example 14 to evaluate the insertion efficiency of the LNP compositions. Table 16
shows the percent of CD3 negative cells. The T cell receptor alpha chain encoded by TRAC is
required for T cell receptor/CD3 complex assembly and translocation to the cell surface.
Accordingly, disruption of the TRAC gene by genome editing leads to a loss of CD3 protein on
the cell surface of T cells. The mean percentage of GFP positive T cells for each media
condition is shown in Table 17 and FIGS. 8A-8B. Cells expressing GFP protein indicate

successful insertion into genome.

Table 16 — Percent CD3 negative T cells following treatment of activated T cells with AAV and
indicated LNP formulation.

2.5% HABS

Composition LNP 2.5% HABS 2.5% SR 5% SR & 2.5% SR

(ug/ml)

Mean SD Mean | SD | Mean | SD | Mean | SD

25| 9455| 007| 99.00|0.14| 9795| 0.07| 99.25| 0.07

1.25] 9225] 035 96.05|1.20| 92.10| 2.55| 9595| 021
50/38.5/10/1.5

063| 7655| 021 | 7660 |3.11| 63.55| 247 | 7470 | 1.27

031 4835| 134| 2595|120]| 1655| 247 | 41.55| 1.20

25| 9940| 000| 9880|042 | 9865| 0.07| 9870 0.14
35/47.5/15/2.5

125 98.85| 0.07| 9895|064 | 98.50( 0.14| 97.25| 035
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063 9410 028| 96.80|042| 9525| 035 | 84.60| 1.41

031 7520| 0.14| 6875|997| 6420| 0.57| 5030| 1.56

Table 17. Percent GFP+ cells following treatment of activated T cells with AAV and indicated

LNP formulations.
2.5% HABS
o, 0, o
2.5% HABS 2.5% SR 5% SR and 2.5% SR
LNP Dose
(ug/mL) | Insertion Insertion Insertion Insertion
% SD % SD % SD % SD
(mean) (mean) (mean) (mean)

2.5 94.6 0.0 954 04 93.7 0.6 90.0 0.1

1.25 923 0.3 923 0.5 87.7 1.8 75.1 1.1
50/38.5/10/1.5

0.63 76.6 0.1 76.3 1.3 63.1 1.8 312 2.6

0.31 48.4 0.9 30.5 1.0 19.5 2.5 5.0 0.7

25 95.6 0.0 96.3 0.5 95.6 0.1 94.7 0.4

1.25 94.8 0.5 96.0 1.4 95.6 0.0 91.1 0.2
35/47.5/15/2.5

0.63 89.6 0.6 933 0.5 91.1 0.2 78.8 1.0

0.31 74.7 0.1 75.0 0.0 64.4 0.4 48.8 1.2

16.1. LNP Transfection of T Cells

The LNP dose response curves (DRCs) transfection was performed on the Hamilton
Microlab STAR liquid handling system. The liquid handler was provided with the following: (a)
4X the desired highest LNP dose in the top row of a deep well 96-deep well plate, (b) ApoE3
diluted in media at 20 pg/mL, (c) complete T cell growth media composed of CTS OpTmizer
Base Media as previously described in Example 1 and (d) T cells plated at 10%/ml density in 100
uL in 96-well flat bottom tissue culture plates. The liquid handler first performed an 8-point two-
fold serial dilution of the LNPs starting from the 4X LNP dose in the deep well plate. Equal
volume of ApoE3 media was then added to each well resulting in a 1:1 dilution of both LNP and
ApoE3. Subsequently, 100 uL of the LNP-ApoE mix was added to each T cell plate. The final
concentration of LNPs at the top dose was set to be 5 ng/mL. Final concentrations of ApoE3 at 5
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ng/mL and T cells were at a final density of 0.5x10° cells/mL. Plates were incubated at 37°C
with 5% CO; for 24 or 48 hours for activated or on-activated T cells, respectively. Post-
incubation, T cells treated with LNPs were harvested and analyzed for on-target editing or Cas9
protein expression detection. Remaining cells were cultured for 7-10 days post LNP composition

treatment and protein surface expression assessed by flow cytometry.

Example 17 - Off-Target Structural Variation Comparison of DNA-PKI by UnIT

In this experiment, sgRNA targeting TRAC (G013006) treated with Compound 3 or
Compound 4 were assayed for off-target structural variation translocations compared to unedited
or untreated TRAC sgRNA.

On day 8 post-editing, T cells from Example 12 from the untreated, unedited, Compound
3 and Compound 4 guides samples were collected, spun down and the pellets were directly used
as input material for gDNA isolation using “Zymo Quick DNA/RNA Mag Beads Kit” (Zymo Cat.
R2131). The UnlT structural variant characterization assay was applied to these gDNA samples.
High molecular weight genomic DNA is simultaneously fragmented and sequence-tagged
(‘tagmented’) with the Tn5 transposase and an adapter with a partial Illumina PS5 sequence and a
12 bp unique molecular identifier (UMI). Two sequential PCRs using a primer to P5 and hemi-
nested gene specific primers (GSP) imparting the I[llumina the P7 sequence to create two Illumina
compatible NGS libraries per sample (Illumina, Ref 15033624). Sequencing across both
directions of the CRISPR/Cas9 targeted cut site with the two libraries allows the inference and
quantification of structural variants in DNA repair outcomes after genome editing. If the two
fragments were aligned to different chromosomes, the SV was classified as an “inter-chromosomal

2

translocation.” The magnitude of structural variation was shown in FIG. 9A and Table 18. The

insertion percent was shown in FIG. 9B and Table 19.

Table 18. Unintended Structural Variance

Sample Average | SD

Unedited 0.28 0.08
Treated No Pki 1.89 0.09
Treated Compound 3 | 1.30 0.24
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Treated Compound 4 | 1.46 0.28
Table 19. Insertion Percent

Sample Average | SD

Unedited 0.11 0.19

Treated No Pki 32.02 4.41

Treated Compound 3 | 68.35 3.99

Treated Compound 4 | 67.82 2.98

PCT/US2022/025075

Example 18 - Off-target analysis of TRAC and TRBC Guides with DNA-PKI

T Cells from Example 12 were screened for validation of off-target genomic sites targeting

TRAC and TRBC and was performed according to the Integrated DNA Technologies, IDT

rthAmpSeq thPCR Protocol.

In this experiment, 2 sgRNA targeting TRAC and TRBC in

combination with DNA-PKI Compound 3 and Compound 4 were screened for validation of off-

target profiles. The number of validated off-target sites for sgRNAs targeting TRAC (G013006)

and TRBC (G016239) were shown in Table 20. Off-target sites were validated if the p value was

less than 0.05 percent indel. Of the 173 off-target sites identified for the sgRNA targeting TRAC,

0 sites were validated. Of the 92 off-target sites identified for the sgRNA targeting TRBC, O sites

were validated.

Table 20. Off-Target Site Validation of TRAC and TRBC Guides with DNA-PKI

gRNA DNA-PKI | Target | Guide Sequence (SEQ ID NO:) Off-Target Sites
ID Sites Validated
G013006 N/A TRAC | CUCUCAGCUGGUACACGGCA 173 0
G013006 | Compound 3 | TRAC | CUCUCAGCUGGUACACGGCA 173 0
G013006 | Compound 4 | TRAC | CUCUCAGCUGGUACACGGCA 173 0
G016239 N/A TRBC | GGCCUCGGCGCUGACGAUCU 92 0
G016239 | Compound 3 | TRBC | GGCCUCGGCGCUGACGAUCU 92 0
G016239 | Compound 4 | TRBC | GGCCUCGGCGCUGACGAUCU 92 0
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Example 19- SpyCas9-mediated Insertion of an Immunological Receptor within TRAC
with or without DNA-PK Inhibitors
19.1. T cell preparation

Healthy human donor apheresis was obtained commercially (Hemacare, Cat. PBOO1F-2),
and cells were washed, re-suspended in ClinitMACS® PBS/EDTA buffer (Miltenyi Biotec Cat.
130-070-525) and processed in a MultiMACS™ Cell 24 Separator Plus device (Miltenyi Biotec).
T cells were isolated via positive selection using a Straight from Leukopak® CD4/CD8
MicroBead kit, human (Miltenyi Biotec Cat. 130-122-352). T cells were aliquoted and
cryopreserved for future use in Cryostor® CS10 (StemCell Technologies Cat. 07930).

Upon thaw, T cells were plated at a density of 1.0 x 1076 cells/mL in T cell growth media
(TCGM) composed of CTS OpTmizer T Cell Expansion SFM and T Cell Expansion Supplement
(ThermoFisher Cat. A1048501), 5% human AB serum (GeminiBio, Cat. 100-512) 1X Penicillin-
Streptomycin, 1X Glutamax, 10 mM HEPES, 200 U/mL recombinant human interleukin-2
(Peprotech, Cat. 200-02), 5 ng/ml recombinant human interleukin 7 (Peprotech, Cat. 200-07),
and 5 ng/mL recombinant human interleukin 15 (Peprotech, Cat. 200-15). T cells were rested in
this media for 24 hours, at which time they were activated with T Cell TransAct™, human
reagent (Miltenyi, Cat. 130-111-160) added at a 1:100 ratio by volume. T cells were activated for
48 hours prior to LNP treatments.

Example 19.2. T cell treatment and expansion

48 hours post-activation, T cells were harvested, centrifuged at 500 g for 5 min, and
resuspended at a concentration of 6.41 x 10"S T cells/mL in T cell plating media (TCPM): a
serum-free version of TCGM containing 400 U/mL recombinant human interleukin-2
(Peprotech, Cat. 200-02), 10 ng/mL recombinant human interleukin 7 (Peprotech, Cat. 200-07),
and 10 ng/mL recombinant human interleukin 15 (Peprotech, Cat. 200-15). 50 uL of T cells in
TCPM (3.2 x 10* T cells) were added per well to be treated in flat-bottom 96-well plates.

LNPs were generated as described in Example 1 at a ratio of 50/38.5/10/1.5 (Lipid A/
cholesterol/DSPC/PEG2k-DMG). Prior to T cell treatment, two separate LNP mixes (referred
below as mixes “A” and “B”) were prepared in T cell treatment media (TCTM): a version of

TCGM containing 20 ng/mL rhApoE3 in the absence of interleukins 2, 15, or 7.
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Mix “A” consisted of an LNP with G013006 (SEQ ID NO: 1) diluted to 13.36 pg/mL,
while mix “B” consisted of an LNP with Cas9 mRNA 60 (SEQ ID NO: 11) diluted to 13.36
pg/mL. LNP mixes “A” and “B” were incubated at 37°C for 15 minutes. Mix “A” was serially
diluted 1:2 in TCTM, and mixed 1:1 by volume with mix “B”. 25 uL of the resulting solution
was added to 3.2 x 1074 T cells in 96-well plates.

Next, a repair template in the form of an adeno-associated virus (AAV) encoding the
HD3 TCR (SEQ ID NO: 18 was diluted in TCTM to 3.84 x 10”11 genome copies/mL in the
presence or absence of Compound 4 diluted to 2 uM. 25 uL of the resulting solution was added
to T cells that were treated with LNPs in the prior step. To enable editing assessments by NGS
without the interference of repair templates, an arm of this experiment received 25 uL of TCTM
with or without Compound 4 diluted to 2 uM in the absence of AAVs.

Following the addition of LNPs, repair templates and Compound 4, T cells were
incubated at 37 °C for 48 hours, at which time T cells were centrifuged at S00 g for 5 min,
resuspended in 200 pL of TCGM and returned to the incubator.

On day 4 post-treatment, cells that did not receive AAV templates were centrifuged at
500 g for 5 min, subjected to lysis, PCR amplification of each targeted locus and subsequent
NGS analysis, as described in Example 1. Results for indel percent are shown in Table 21 and
FIG. 10A.

Also on day 4 post-treatment, cells that received AAV templates were mixed and sub-
cultured at a 1:4 ratio (v/v) in TCGM. On day 7 post-treatment, cells that received AAV

templates were evaluated by flow cytometry.

Example 19.3. Flow Cytometry

On day 7 post-LNP treatment, 50 pL of cells were transferred to U-bottom 96-well plates and
spun down for 5 min at 500 g. The supernatant was discarded, cells were resuspended in 100 uLL
of FACS buffer containing Viakrome 808 (Beckman C., Cat. C36628) (1:100), PCS5.5 anti-CD3
(Biolegend, Cat. 317336) (1:200), BV421 anti-CD4 (Biolegend, Cat. 317434) (1:100), BV785
anti-CD8 (Biolegend, Cat. 301046) (1:100), and anti-V7.2 (Beckman C., IM3604) (1:50) and
stained for 30 min at 4°C in the dark. Cells were washed once with 200 pL of FACS buffer,
resuspended in 100 pL of FACS buffer and processed on a Cytoflex LX flow cytometer. Results
for percent HD3 TCR insertion are shown in Table 22 and FIG. 10B.

Table 21. Percent indel with and without the presence of Compound 4.
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Spy Cas9 + Compound 4

Spy Cas9 — Compound 4

sgRNA (ng/mL) | Mean TRAC St. dev. TRAC Mean TRAC St. dev. TRAC
Editing % Editing % Editing % Editing %
1.67 96.10 0.85 94.30 0.14
0.835 96.15 0.49 88.70 1.70
0.418 94.45 0.92 79.05 3.04
0.209 89.00 0.42 66.20 3.39
0.104 79.25 0.64 46.00 2.12
0.052 63.45 0.07 29.80 0.71
0.026 48.55 0.49 19.35 3.61
0 0.20 0.00 0.10 0.00

Table 22. Percent HD3 TCR insertion with and without the presence of Compound 4.

Spy Cas9 + Compound 4

Spy Cas9 — Compound 4

seRNA (ng/imL) Mean CD3™ St. dev. CD3” Mean CD3” St. dev. CD3*
VB7.2"TCells | VB7.2"TCells |VB7.2°TCells | VP7.2* T Cells
% % % %

1.67 49.65 2.47 34.10 0.85

0.835 53.30 2.26 31.95 1.20

0.418 53.80 3.96 24 .85 0.35

0.209 56.10 2.69 16.30 0.28

0.104 52.60 4.95 10.20 0.00

0.052 44.50 4.95 5.54 0.43

0.026 35.20 5.37 3.67 0.50

0 0.79 0.08 0.65 0.14

Additional Sequence Table
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In the following table and throughout, the terms “mA,” “mC,” “mU,” or “mG” are
used to denote a nucleotide that has been modified with 2°-O-Me.

In the following table, a “*” is used to depict a PS modification. In this application,
the terms A*, C*, U*, or G* may be used to denote a nucleotide that is linked to the next (e.g.,
3’) nucleotide with a PS bond.

It is understood that if a DNA sequence (comprising Ts) is referenced with respect to
an RNA, then Ts should be replaced with Us (which may be modified or unmodified depending
on the context), and vice versa.

In the following table, single amino acid letter code is used to provide peptide

sequences.

Description SEQ ID | Sequence
NO
G013006 1 mC*mU*mC*UCAGCUGGUACACGGCAGUUUUAGAmMG
mCmUmAMGMAMAMAMUMAMGMCAAGUUAAAAUAAG
GCUAGUCCGUUAUCAMAMCmUmUmGmMmAMAmMAmMAmMA
mGmUmGmGMCmAMCmCmGmAMGmUmCmGmGmUmG
mCmU*mU*mU*mU

G016239 2 mG*mG*mC* CUCGGCGCUGACGAUCUGUUUUAGAmMG
mCmUmAMGMAMAMAMUmMAMGMmCAAGUUAAAAUAAG
GCUAGUCCGUUAUCAMAMCmUmUmGmMmAmMAmMAmMAmMA
mGmUmGmGMCmAMCmCmGmMAMGmUmCmGmGmUmG
mCmU*mU*mU*mU

G000529 3 mG*mG*mC* CACGGAGCGAGACAUCUGUUUUAGAMG
mCmUmAMGMAMAMAMUMAMGMCAAGUUAAAAUAAG
GCUAGUCCGUUAUCAMAMCmUmUmMGmMAmMAmMAmMAmMA
mGmUmGmGMCmAMCmCmGmMAMGMmUmCmGmGmUmG
mCmU*mU*mU*mU

G013676 4 mU*mG*mG*UCAGGGCAAGAGCUAUUGUUUUAGAmMG
mCmUmAMGMAMAMAMUMAMGmCAAGUUAAAAUAAG
GCUAGUCCGUUAUCAMAMCmUmUmGmMAMAMAmMAmA
mGmUmGmGMCmAMCmCmGmMAMGmUmCmGmGmUmG
mCmU*mU*mU*mU

G018995 5 mA*mC*mA* GCGACGCCGCGAGCCAGGUUUUAGAMG
mCmUmAMGMAMAMAMUmMAMGMmCAAGUUAAAAUAAG
GCUAGUCCGUUAUCAMAMCmUmUmGmMAMAmMAmMAmMA
mGmUmGmGMCmAMCmCmGmMAMGMmUmCmGmGmUmG
mCmU*mU*mU*mU

G000562 6 mC*mC*mA* AUAUCAGGAGACUAGGAGUUUUAGAmMG
mCmUmAMGMAMAMAMUmMAMGMCAAGUUAAAAUAAG
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GCUAGUCCGUUAUCAMAMCMUmUmGmMmAmMAMAMAmMA
mGmUmGmGMmCmAMCmCmGMAMGMmUmCmGmGmUmMG
mCmU*mU*mU*mU

AACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUA
UCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUU
uu

MDKKYSIGLDIGTNSVGWAVITDEYK VPSKKFKVLGNT
DRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKN
RICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHP
IFGNIVDEVAYHEK YPTIYHLRKKLVDSTDKADLRLIYLA
LAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLF
EENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNG
LFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDL
DNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKA
PLSASMIKRYDEHHQDLTLLK ALVRQQLPEK YKEIFFDQ
SKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKL
NREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFL
KDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETI
TPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHS
LLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVD
LLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNAS
LGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDRE
MIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLIN
GIRDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDI
QKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDEL
VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIE
EGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMY
VDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDK
NRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDN
LTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSR
MNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKVRE
INNYHHAHDA YLNAVVGTALIKKYPKLESEFVYGDYKV
YDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLAN
GEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQVN
IVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYG
GFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMER
SSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELENGRK
RMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSP
EDNEQKQLFVEQHKHYLDEIEQISEFSKRVILADANLDK
VLSAYNKHRDKPIREQAENITHLFTLTNLGAPAAFKYFDT
TIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDG
GGSPKKKRKYV

tractrRNA 7
Recombinant | 8
Cas9-NLS

amino acid
sequence

ORF 9
encoding Sp.
Cas9

ATGGACAAGAAGTACAGCATCGGACTGGACATCGGAA
CAAACAGCGTCGGATGGGCAGTCATCACAGACGAATA
CAAGGTCCCGAGCAAGAAGTTCAAGGTCCTGGGAAAC
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ACAGACAGACACAGCATCAAGAAGAACCTGATCGGA
GCACTGCTGTTCGACAGCGGAGAAACAGCAGAAGCAA
CAAGACTGAAGAGAACAGCAAGAAGAAGATACACAA
GAAGAAAGAACAGAATCTGCTACCTGCAGGAAATCTT
CAGCAACGAAATGGCAAAGGTCGACGACAGCTICTTC
CACAGACTGGAAGAAAGCTTCCTGGTCGAAGAAGACA
AGAAGCACGAAAGACACCCGATCTTCGGAAACATCGT
CGACGAAGTCGCATACCACGAAAAGTACCCGACAATC
TACCACCTGAGAAAGAAGCTGGTCGACAGCACAGACA
AGGCAGACCTGAGACTGATCTACCTGGCACTGGCACA
CATGATCAAGTTCAGAGGACACTTCCTGATCGAAGGA
GACCTGAACCCGGACAACAGCGACGTCGACAAGCTGT
TCATCCAGCTGGTCCAGACATACAACCAGCTGTTCGA
AGAAAACCCGATCAACGCAAGCGGAGTCGACGCAAA
GGCAATCCTGAGCGCAAGACTGAGCAAGAGCAGAAG
ACTGGAAAACCTGATCGCACAGCTGCCGGGAGAAAAG
AAGAACGGACTGTTCGGAAACCTGATCGCACTGAGCC
TGGGACTGACACCGAACTTCAAGAGCAACTTCGACCT
GGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGACAC
ATACGACGACGACCTGGACAACCTGCTGGCACAGATC
GGAGACCAGTACGCAGACCTGTTCCTGGCAGCAAAGA
ACCTGAGCGACGCAATCCTGCTGAGCGACATCCTGAG
AGTCAACACAGAAATCACAAAGGCACCGCTGAGCGCA
AGCATGATCAAGAGATACGACGAACACCACCAGGACC
TGACACTGCTGAAGGCACTGGTCAGACAGCAGCTGCC
GGAAAAGTACAAGGAAATCTTCTTCGACCAGAGCAAG
AACGGATACGCAGGATACATCGACGGAGGAGCAAGC
CAGGAAGAATTCTACAAGTTCATCAAGCCGATCCTGG
AAAAGATGGACGGAACAGAAGAACTGCTGGTCAAGC
TGAACAGAGAAGACCTGCTGAGAAAGCAGAGAACAT
TCGACAACGGAAGCATCCCGCACCAGATCCACCTGGG
AGAACTGCACGCAATCCTGAGAAGACAGGAAGACTTC
TACCCGTTCCTGAAGGACAACAGAGAAAAGATCGAAA
AGATCCTGACATTCAGAATCCCGTACTACGTCGGACC
GCTGGCAAGAGGAAACAGCAGATTCGCATGGATGACA
AGAAAGAGCGAAGAAACAATCACACCGTGGAACTTC
GAAGAAGTCGTCGACAAGGGAGCAAGCGCACAGAGC
TTCATCGAAAGAATGACAAACTTCGACAAGAACCTGC
CGAACGAAAAGGTCCTGCCGAAGCACAGCCTGCTGTA
CGAATACTTCACAGTCTACAACGAACTGACAAAGGTC
AAGTACGTCACAGAAGGAATGAGAAAGCCGGCATTCC
TGAGCGGAGAACAGAAGAAGGCAATCGTCGACCTGCT
GTTCAAGACAAACAGAAAGGTCACAGTCAAGCAGCTG
AAGGAAGACTACTTCAAGAAGATCGAATGCTTCGACA
GCGTCGAAATCAGCGGAGTCGAAGACAGATTCAACGC
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AAGCCTGGGAACATACCACGACCTGCTGAAGATCATC
AAGGACAAGGACTTCCTGGACAACGAAGAAAACGAA
GACATCCTGGAAGACATCGTCCTGACACTGACACTGT
TCGAAGACAGAGAAATGATCGAAGAAAGACTGAAGA
CATACGCACACCTGTTCGACGACAAGGTCATGAAGCA
GCTGAAGAGAAGAAGATACACAGGATGGGGAAGACT
GAGCAGAAAGCTGATCAACGGAATCAGAGACAAGCA
GAGCGGAAAGACAATCCTGGACTTCCTGAAGAGCGAC
GGATTCGCAAACAGAAACTTCATGCAGCTGATCCACG
ACGACAGCCTGACATTCAAGGAAGACATCCAGAAGGC
ACAGGTCAGCGGACAGGGAGACAGCCTGCACGAACA
CATCGCAAACCTGGCAGGAAGCCCGGCAATCAAGAAG
GGAATCCTGCAGACAGTCAAGGTCGTCGACGAACTGG
TCAAGGTCATGGGAAGACACAAGCCGGAAAACATCGT
CATCGAAATGGCAAGAGAAAACCAGACAACACAGAA
GGGACAGAAGAACAGCAGAGAAAGAATGAAGAGAAT
CGAAGAAGGAATCAAGGAACTGGGAAGCCAGATCCT
GAAGGAACACCCGGTCGAAAACACACAGCTGCAGAA
CGAAAAGCTGTACCTGTACTACCTGCAGAACGGAAGA
GACATGTACGTCGACCAGGAACTGGACATCAACAGAC
TGAGCGACTACGACGTCGACCACATCGTCCCGCAGAG
CTTCCTGAAGGACGACAGCATCGACAACAAGGTCCTG
ACAAGAAGCGACAAGAACAGAGGAAAGAGCGACAAC
GTCCCGAGCGAAGAAGTCGTCAAGAAGATGAAGAACT
ACTGGAGACAGCTGCTGAACGCAAAGCTGATCACACA
GAGAAAGTTCGACAACCTGACAAAGGCAGAGAGAGG
AGGACTGAGCGAACTGGACAAGGCAGGATTCATCAAG
AGACAGCTGGTCGAAACAAGACAGATCACAAAGCAC
GTCGCACAGATCCTGGACAGCAGAATGAACACAAAGT
ACGACGAAAACGACAAGCTGATCAGAGAAGTCAAGG
TCATCACACTGAAGAGCAAGCTGGTCAGCGACTTCAG
AAAGGACTTCCAGTTCTACAAGGTCAGAGAAATCAAC
AACTACCACCACGCACACGACGCATACCTGAACGCAG
TCGTCGGAACAGCACTGATCAAGAAGTACCCGAAGCT
GGAAAGCGAATTCGTCTACGGAGACTACAAGGTCTAC
GACGTCAGAAAGATGATCGCAAAGAGCGAACAGGAA
ATCGGAAAGGCAACAGCAAAGTACTTCTTCTACAGCA
ACATCATGAACTTCTTCAAGACAGAAATCACACTGGC
AAACGGAGAAATCAGAAAGAGACCGCTGATCGAAAC
AAACGGAGAAACAGGAGAAATCGTCTGGGACAAGGG
AAGAGACTTCGCAACAGTCAGAAAGGTCCTGAGCATG
CCGCAGGTCAACATCGTCAAGAAGACAGAAGTCCAGA
CAGGAGGATTCAGCAAGGAAAGCATCCTGCCGAAGA
GAAACAGCGACAAGCTGATCGCAAGAAAGAAGGACT
GGGACCCGAAGAAGTACGGAGGATTCGACAGCCCGA
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CAGTCGCATACAGCGTCCTGGTCGTCGCAAAGGTCGA
AAAGGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGA
ACTGCTGGGAATCACAATCATGGAAAGAAGCAGCTTC
GAAAAGAACCCGATCGACTTCCTGGAAGCAAAGGGAT
ACAAGGAAGTCAAGAAGGACCTGATCATCAAGCTGCC
GAAGTACAGCCTGTTCGAACTGGAAAACGGAAGAAA
GAGAATGCTGGCAAGCGCAGGAGAACTGCAGAAGGG
AAACGAACTGGCACTGCCGAGCAAGTACGTCAACTTC
CTGTACCTGGCAAGCCACTACGAAAAGCTGAAGGGAA
GCCCGGAAGACAACGAACAGAAGCAGCTGTTCGTCGA
ACAGCACAAGCACTACCTGGACGAAATCATCGAACAG
ATCAGCGAATTCAGCAAGAGAGTCATCCTGGCAGACG
CAAACCTGGACAAGGTCCTGAGCGCATACAACAAGCA
CAGAGACAAGCCGATCAGAGAACAGGCAGAAAACAT
CATCCACCTGTTCACACTGACAAACCTGGGAGCACCG
GCAGCATTCAAGTACTTCGACACAACAATCGACAGAA
AGAGATACACAAGCACAAAGGAAGTCCTGGACGCAA
CACTGATCCACCAGAGCATCACAGGACTGTACGAAAC
AAGAATCGACCTGAGCCAGCTGGGAGGAGACGGAGG
AGGAAGCCCGAAGAAGAAGAGAAAGGTCTAG

ORF
encoding Sp.
Cas9

10

ATGGACAAGAAGTACTCCATCGGCCTGGACATCGGCA
CCAACTCCGTGGGCTGGGCCGTGATCACCGACGAGTA
CAAGGTGCCCTCCAAGAAGTTCAAGGTGCTGGGCAAC
ACCGACCGGCACTCCATCAAGAAGAACCTGATCGGCG
CCCTGCTGTTCGACTCCGGCGAGACCGCCGAGGCCAC
CCGGCTGAAGCGGACCGCCCGGCGGCGGTACACCCGG
CGGAAGAACCGGATCTGCTACCTGCAGGAGATCTTCT
CCAACGAGATGGCCAAGGTGGACGACTCCTTCTTCCA
CCGGCTGGAGGAGTCCTTCCTGGTGGAGGAGGACAAG
AAGCACGAGCGGCACCCCATCTTCGGCAACATCGTGG
ACGAGGTGGCCTACCACGAGAAGTACCCCACCATCTA
CCACCTGCGGAAGAAGCTGGTGGACTCCACCGACAAG
GCCGACCTGCGGCTGATCTACCTGGCCCTGGCCCACAT
GATCAAGTTCCGGGGCCACTTCCTGATCGAGGGCGAC
CTGAACCCCGACAACTCCGACGTGGACAAGCTGTITCA
TCCAGCTGGTGCAGACCTACAACCAGCTGTTCGAGGA
GAACCCCATCAACGCCTCCGGCGTGGACGCCAAGGCC
ATCCTGTCCGCCCGGCTGTCCAAGTCCCGGCGGCTGG
AGAACCTGATCGCCCAGCTGCCCGGCGAGAAGAAGAA
CGGCCTGTTCGGCAACCTGATCGCCCTGTCCCTGGGCC
TGACCCCCAACTTCAAGTCCAACTTCGACCTGGCCGA
GGACGCCAAGCTGCAGCTGTCCAAGGACACCTACGAC
GACGACCTGGACAACCTGCTGGCCCAGATCGGCGACC
AGTACGCCGACCTGTTCCTGGCCGCCAAGAACCTGTC
CGACGCCATCCTGCTGTCCGACATCCTGCGGGTGAAC
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ACCGAGATCACCAAGGCCCCCCTGTCCGCCTCCATGA
TCAAGCGGTACGACGAGCACCACCAGGACCTGACCCT
GCTGAAGGCCCTGGTGCGGCAGCAGCTGCCCGAGAAG
TACAAGGAGATCTTCTTCGACCAGTCCAAGAACGGCT
ACGCCGGCTACATCGACGGCGGCGCCTCCCAGGAGGA
GTTCTACAAGTTCATCAAGCCCATCCTGGAGAAGATG
GACGGCACCGAGGAGCTGCTGGTGAAGCTGAACCGGG
AGGACCTGCTGCGGAAGCAGCGGACCTTCGACAACGG
CTCCATCCCCCACCAGATCCACCTGGGCGAGCTGCAC
GCCATCCTGCGGCGGCAGGAGGACTTCTACCCCTTCCT
GAAGGACAACCGGGAGAAGATCGAGAAGATCCTGAC
CTTCCGGATCCCCTACTACGTGGGCCCCCTGGCCCGGG
GCAACTCCCGGTTCGCCTGGATGACCCGGAAGTCCGA
GGAGACCATCACCCCCTGGAACTTCGAGGAGGTGGTG
GACAAGGGCGCCTCCGCCCAGTCCTTCATCGAGCGGA
TGACCAACTTCGACAAGAACCTGCCCAACGAGAAGGT
GCTGCCCAAGCACTCCCTGCTGTACGAGTACTTCACCG
TGTACAACGAGCTGACCAAGGTGAAGTACGTGACCGA
GGGCATGCGGAAGCCCGCCTTCCTGTCCGGCGAGCAG
AAGAAGGCCATCGTGGACCTGCTGTTCAAGACCAACC
GGAAGGTGACCGTGAAGCAGCTGAAGGAGGACTACTT
CAAGAAGATCGAGTGCTTCGACTCCGTGGAGATCTCC
GGCGTGGAGGACCGGTTCAACGCCTCCCTGGGCACCT
ACCACGACCTGCTGAAGATCATCAAGGACAAGGACTT
CCTGGACAACGAGGAGAACGAGGACATCCTGGAGGA
CATCGTGCTGACCCTGACCCTGTTCGAGGACCGGGAG
ATGATCGAGGAGCGGCTGAAGACCTACGCCCACCTGT
TCGACGACAAGGTGATGAAGCAGCTGAAGCGGCGGC
GGTACACCGGCTGGGGCCGGCTGTCCCGGAAGCTGAT
CAACGGCATCCGGGACAAGCAGTCCGGCAAGACCATC
CTGGACTTCCTGAAGTCCGACGGCTTCGCCAACCGGA
ACTTCATGCAGCTGATCCACGACGACTCCCTGACCTTC
AAGGAGGACATCCAGAAGGCCCAGGTGTCCGGCCAG
GGCGACTCCCTGCACGAGCACATCGCCAACCTGGCCG
GCTCCCCCGCCATCAAGAAGGGCATCCTGCAGACCGT
GAAGGTGGTGGACGAGCTGGTGAAGGTGATGGGCCG
GCACAAGCCCGAGAACATCGTGATCGAGATGGCCCGG
GAGAACCAGACCACCCAGAAGGGCCAGAAGAACTCC
CGGGAGCGGATGAAGCGGATCGAGGAGGGCATCAAG
GAGCTGGGCTCCCAGATCCTGAAGGAGCACCCCGTGG
AGAACACCCAGCTGCAGAACGAGAAGCTGTACCTGTA
CTACCTGCAGAACGGCCGGGACATGTACGTGGACCAG
GAGCTGGACATCAACCGGCTGTCCGACTACGACGTGG
ACCACATCGTGCCCCAGTCCTTCCTGAAGGACGACTCC
ATCGACAACAAGGTGCTGACCCGGTCCGACAAGAACC
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GGGGCAAGTCCGACAACGTGCCCTCCGAGGAGGTGGT
GAAGAAGATGAAGAACTACTGGCGGCAGCTGCTGAAC
GCCAAGCTGATCACCCAGCGGAAGTTCGACAACCTGA
CCAAGGCCGAGCGGGGCGGCCTGTCCGAGCTGGACAA
GGCCGGCTTCATCAAGCGGCAGCTGGTGGAGACCCGG
CAGATCACCAAGCACGTGGCCCAGATCCTGGACTCCC
GGATGAACACCAAGTACGACGAGAACGACAAGCTGA
TCCGGGAGGTGAAGGTGATCACCCTGAAGTCCAAGCT
GGTGTCCGACTTCCGGAAGGACTTCCAGTTCTACAAG
GTGCGGGAGATCAACAACTACCACCACGCCCACGACG
CCTACCTGAACGCCGTGGTGGGCACCGCCCTGATCAA
GAAGTACCCCAAGCTGGAGTCCGAGTTCGTGTACGGC
GACTACAAGGTGTACGACGTGCGGAAGATGATCGCCA
AGTCCGAGCAGGAGATCGGCAAGGCCACCGCCAAGTA
CTITCTTCTACTCCAACATCATGAACTTCTTCAAGACCG
AGATCACCCTGGCCAACGGCGAGATCCGGAAGCGGCC
CCTGATCGAGACCAACGGCGAGACCGGCGAGATCGTG
TGGGACAAGGGCCGGGACTTCGCCACCGTGCGGAAGG
TGCTGTCCATGCCCCAGGTGAACATCGTGAAGAAGAC
CGAGGTGCAGACCGGCGGCTTCTCCAAGGAGTCCATC
CTGCCCAAGCGGAACTCCGACAAGCTGATCGCCCGGA
AGAAGGACTGGGACCCCAAGAAGTACGGCGGCTTCGA
CTCCCCCACCGTGGCCTACTCCGTGCTGGTGGTGGCCA
AGGTGGAGAAGGGCAAGTCCAAGAAGCTGAAGTCCG
TGAAGGAGCTGCTGGGCATCACCATCATGGAGCGGTC
CTCCTTCGAGAAGAACCCCATCGACTTCCTGGAGGCC
AAGGGCTACAAGGAGGTGAAGAAGGACCTGATCATC
AAGCTGCCCAAGTACTCCCTGTTCGAGCTGGAGAACG
GCCGGAAGCGGATGCTGGCCTCCGCCGGCGAGCTGCA
GAAGGGCAACGAGCTGGCCCTGCCCTCCAAGTACGTG
AACTTCCTGTACCTGGCCTCCCACTACGAGAAGCTGA
AGGGCTCCCCCGAGGACAACGAGCAGAAGCAGCTGTT
CGTGGAGCAGCACAAGCACTACCTGGACGAGATCATC
GAGCAGATCTCCGAGTTCTCCAAGCGGGTGATCCTGG
CCGACGCCAACCTGGACAAGGTGCTGTCCGCCTACAA
CAAGCACCGGGACAAGCCCATCCGGGAGCAGGCCGA
GAACATCATCCACCTGTTCACCCTGACCAACCTGGGC
GCCCCCGCCGCCTTCAAGTACTTCGACACCACCATCGA
CCGGAAGCGGTACACCTCCACCAAGGAGGTGCTGGAC
GCCACCCTGATCCACCAGTCCATCACCGGCCTGTACG
AGACCCGGATCGACCTGTCCCAGCTGGGCGGCGACGG
CGGCGGCTCCCCCAAGAAGAAGCGGAAGGTGTGA

Open reading
frame for

11

AUGGACAAGAAGUACUCCAUCGGCCUGGACAUCGGC
ACCAACUCCGUGGGCUGGGCCGUGAUCACCGACGAG
UACAAGGUGCCCUCCAAGAAGUUCAAGGUGCUGGGC
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Cas9 with AACACCGACCGGCACUCCAUCAAGAAGAACCUGAUC
Hibit tag GGCGCCCUGCUGUUCGACUCCGGCGAGACCGCCGAG
GCCACCCGGCUGAAGCGGACCGCCCGGCGGCGGUAC
ACCCGGCGGAAGAACCGGAUCUGCUACCUGCAGGAG
AUCUUCUCCAACGAGAUGGCCAAGGUGGACGACUCC
UUCUUCCACCGGCUGGAGGAGUCCUUCCUGGUGGAG
GAGGACAAGAAGCACGAGCGGCACCCCAUCUUCGGC
AACAUCGUGGACGAGGUGGCCUACCACGAGAAGUAC
CCCACCAUCUACCACCUGCGGAAGAAGCUGGUGGAC
UCCACCGACAAGGCCGACCUGCGGCUGAUCUACCUG
GCCCUGGCCCACAUGAUCAAGUUCCGGGGCCACUUC
CUGAUCGAGGGCGACCUGAACCCCGACAACUCCGAC
GUGGACAAGCUGUUCAUCCAGCUGGUGCAGACCUAC
AACCAGCUGUUCGAGGAGAACCCCAUCAACGCCUCC
GGCGUGGACGCCAAGGCCAUCCUGUCCGCCCGGCUG
UCCAAGUCCCGGCGGCUGGAGAACCUGAUCGCCCAG
CUGCCCGGCGAGAAGAAGAACGGCCUGUUCGGCAAC
CUGAUCGCCCUGUCCCUGGGCCUGACCCCCAACUUCA
AGUCCAACUUCGACCUGGCCGAGGACGCCAAGCUGC
AGCUGUCCAAGGACACCUACGACGACGACCUGGACA
ACCUGCUGGCCCAGAUCGGCGACCAGUACGCCGACC
UGUUCCUGGCCGCCAAGAACCUGUCCGACGCCAUCC
UGCUGUCCGACAUCCUGCGGGUGAACACCGAGAUCA
CCAAGGCCCCCCUGUCCGCCUCCAUGAUCAAGCGGU
ACGACGAGCACCACCAGGACCUGACCCUGCUGAAGG
CCCUGGUGCGGCAGCAGCUGCCCGAGAAGUACAAGG
AGAUCUUCUUCGACCAGUCCAAGAACGGCUACGCCG
GCUACAUCGACGGCGGCGCCUCCCAGGAGGAGUUCU
ACAAGUUCAUCAAGCCCAUCCUGGAGAAGAUGGACG
GCACCGAGGAGCUGCUGGUGAAGCUGAACCGGGAGG
ACCUGCUGCGGAAGCAGCGGACCUUCGACAACGGCU
CCAUCCCCCACCAGAUCCACCUGGGCGAGCUGCACGC
CAUCCUGCGGCGGCAGGAGGACUUCUACCCCUUCCU
GAAGGACAACCGGGAGAAGAUCGAGAAGAUCCUGAC
CUUCCGGAUCCCCUACUACGUGGGCCCCCUGGCCCGG
GGCAACUCCCGGUUCGCCUGGAUGACCCGGAAGUCC
GAGGAGACCAUCACCCCCUGGAACUUCGAGGAGGUG
GUGGACAAGGGCGCCUCCGCCCAGUCCUUCAUCGAG
CGGAUGACCAACUUCGACAAGAACCUGCCCAACGAG
AAGGUGCUGCCCAAGCACUCCCUGCUGUACGAGUAC
UUCACCGUGUACAACGAGCUGACCAAGGUGAAGUAC
GUGACCGAGGGCAUGCGGAAGCCCGCCuUcCcuGuUCC
GGCGAGCAGAAGAAGGCCAUCGUGGACCUGCUGUUC
AAGACCAACCGGAAGGUGACCGUGAAGCAGCUGAAG
GAGGACUACUUCAAGAAGAUCGAGUGCUUCGACUCC
GUGGAGAUCUCCGGCGUGGAGGACCGGUUCAACGCC
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UCCCUGGGCACCUACCACGACCUGCUGAAGAUCAUC
AAGGACAAGGACUUCCUGGACAACGAGGAGAACGAG
GACAUCCUGGAGGACAUCGUGCUGACCCUGACCCUG
UUCGAGGACCGGGAGAUGAUCGAGGAGCGGCUGAAG
ACCUACGCCCACCUGUUCGACGACAAGGUGAUGAAG
CAGCUGAAGCGGCGGCGGUACACCGGCUGGGGCCGG
CUGUCCCGGAAGCUGAUCAACGGCAUCCGGGACAAG
CAGUCCGGCAAGACCAUCCUGGACUUCCUGAAGUCC
GACGGCUUCGCCAACCGGAACUUCAUGCAGCUGAUC
CACGACGACUCCCUGACCUUCAAGGAGGACAUCCAG
AAGGCCCAGGUGUCCGGCCAGGGCGACUCCCUGCAC
GAGCACAUCGCCAACCUGGCCGGCUCCCCCGCCAUCA
AGAAGGGCAUCCUGCAGACCGUGAAGGUGGUGGACG
AGCUGGUGAAGGUGAUGGGCCGGCACAAGCCCGAGA
ACAUCGUGAUCGAGAUGGCCCGGGAGAACCAGACCA
CCCAGAAGGGCCAGAAGAACUCCCGGGAGCGGAUGA
AGCGGAUCGAGGAGGGCAUCAAGGAGCUGGGCUCCC
AGAUCCUGAAGGAGCACCCCGUGGAGAACACCCAGC
UGCAGAACGAGAAGCUGUACCUGUACUACCUGCAGA
ACGGCCGGGACAUGUACGUGGACCAGGAGCUGGACA
UCAACCGGCUGUCCGACUACGACGUGGACCACAUCG
UGCCCCAGUCCUUCCUGAAGGACGACUCCAUCGACA
ACAAGGUGCUGACCCGGUCCGACAAGAACCGGGGCA
AGUCCGACAACGUGCCCUCCGAGGAGGUGGUGAAGA
AGAUGAAGAACUACUGGCGGCAGCUGCUGAACGCCA
AGCUGAUCACCCAGCGGAAGUUCGACAACCUGACCA
AGGCCGAGCGGGGCGGCCUGUCCGAGCUGGACAAGG
CCGGCUUCAUCAAGCGGCAGCUGGUGGAGACCCGGC
AGAUCACCAAGCACGUGGCCCAGAUCCUGGACUCCC
GGAUGAACACCAAGUACGACGAGAACGACAAGCUGA
UCCGGGAGGUGAAGGUGAUCACCCUGAAGUCCAAGC
UGGUGUCCGACUUCCGGAAGGACUUCCAGUUCUACA
AGGUGCGGGAGAUCAACAACUACCACCACGCCCACG
ACGCCUACCUGAACGCCGUGGUGGGCACCGCCCUGA
UCAAGAAGUACCCCAAGCUGGAGUCCGAGUUCGUGU
ACGGCGACUACAAGGUGUACGACGUGCGGAAGAUGA
UCGCCAAGUCCGAGCAGGAGAUCGGCAAGGCCACCG
CCAAGUACUUCUUCUACUCCAACAUCAUGAACUUCU
UCAAGACCGAGAUCACCCUGGCCAACGGCGAGAUCC
GGAAGCGGCCCCUGAUCGAGACCAACGGCGAGACCG
GCGAGAUCGUGUGGGACAAGGGCCGGGACUUCGCCA
CCGUGCGGAAGGUGCUGUCCAUGCCCCAGGUGAACA
UCGUGAAGAAGACCGAGGUGCAGACCGGCGGCUUCU
CCAAGGAGUCCAUCCUGCCCAAGCGGAACUCCGACA
AGCUGAUCGCCCGGAAGAAGGACUGGGACCCCAAGA
AGUACGGCGGCUUCGACUCCCCCACCGUGGCCUACU
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CCGUGCUGGUGGUGGCCAAGGUGGAGAAGGGCAAGU
CCAAGAAGCUGAAGUCCGUGAAGGAGCUGCUGGGCA
UCACCAUCAUGGAGCGGUCCUCCUUCGAGAAGAACC
CCAUCGACUUCCUGGAGGCCAAGGGCUACAAGGAGG
UGAAGAAGGACCUGAUCAUCAAGCUGCCCAAGUACU
CCCUGUUCGAGCUGGAGAACGGCCGGAAGCGGAUGC
UGGCCUCCGCCGGCGAGCUGCAGAAGGGCAACGAGC
UGGCCCUGCCCUCCAAGUACGUGAACUUCCUGUACC
UGGCCUCCCACUACGAGAAGCUGAAGGGCUCCCCCG
AGGACAACGAGCAGAAGCAGCUGUUCGUGGAGCAGC
ACAAGCACUACCUGGACGAGAUCAUCGAGCAGAUCU
CCGAGUUCUCCAAGCGGGUGAUCCUGGCCGACGCCA
ACCUGGACAAGGUGCUGUCCGCCUACAACAAGCACC
GGGACAAGCCCAUCCGGGAGCAGGCCGAGAACAUCA
UCCACCUGUUCACCCUGACCAACCUGGGCGCCCCCGC
CGCCUUCAAGUACUUCGACACCACCAUCGACCGGAA
GCGGUACACCUCCACCAAGGAGGUGCUGGACGCCAC
CCUGAUCCACCAGUCCAUCACCGGCCUGUACGAGAC
CCGGAUCGACCUGUCCCAGCUGGGCGGCGACGGCGG
CGGCUCCCCCAAGAAGAAGCGGAAGGUGUCCGAGUC
CGCCACCCCCGAGUCCGUGUCCGGCUGGCGGCUGUU
CAAGAAGAUCUCCUGA

HD1 TCR
insertion
including
ITRs

12

ttggccactcectetetgegegetcgetegetcactgaggecgggcgaccaaaggtegec
cgacgcececgggctttgeccgggeggcectcagtgagegagegagegegeagagagsg
agtggccaactccatcactaggggttectagatcttgecaacataccataaaccteecattet
gctaatgeccagectaagttggggagaccactccagattccaagatgtacagtttgetttge
tgggcctttttcccatgectgectttactctgecagagttatattgctggggttttgaagaagat
cctattaaataaaagaataagcagtattattaagtagccctgcatttcaggtttccttgagtgg
caggccaggcectggccgtgaacgttcactgaaatcatggectcttggecaagattgatag
cttgtgcctgtecctgagteccagtecatcacgageagetggtttctaagatgctattteceeg
tataaagcatgagaccgtgacttgccagecccacagagececgeccttgtecatcactgg
catctggactccagectgggttggggcaaagagggaaatgagatcatgtectaaccctga
tectettgtecoccacagatatccagaaccctgaccctgeggcetecggtgeccgtcagtgggc
agagcgcacatcgeccacagtceecgagaagtiggggeesasgoostecggcaattgaace
ggtocctagagaaggtggcgcggggtaaactgggaaagtgatgtegtgtactggetecg
cctttttcccgagggtgggggoagaaccgtatataagtgcagtagtcgecgtgaacgttettt
ttcgcaacgggtttgccgecagaacacaggtaagtgecgtgtgtggttecccgegggectg
gectetttacgggttatggeccttgegtgecttgaattacttccacgeeectggcetgeagtac
gtgattcttgatcccgagettcgggttggaagtgggtggoagagticgaggccttgegett
aaggagcccecttcgectegtgettgagttgaggectggettgggcgetggggecgecge
gtgcgaatctggtggcaccttcgegectgtetegetgctttcgataagtetetagecatttaa
aatttttgatgacctgctgcgacgcttttittctggcaagatagtcttgtaaatgegggecaag
atgtgcacactggtatttcggtttttggggccgegggcggcgacggggeccgtgegtece
agcgcacatgttcggcgaggeggggcctgegagegeggecaccgagaatcggacgg
gggotagtctcaagetggecggectgcetetggtgectggectegegecgecgtgtategee
ccgecctgggacggcaaggctggcccggteggcaccagttgcgtgageggaaagatgg
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ccgcettececggecectgetgcagggagetcaaaatggaggacgeggegetecgggagage
gggocggotgagtcacccacacaaaggaaaagggcectttcegtectcageegtegetteat
gtgactccacggagtaccgggcgecgtccaggeacctegattagtictegagettttgga
gtacgtcgtctttaggttggoggosaggogattitatgcgatggagtitccccacactgagtgg
gtggagactgaagttaggocagcttggcacttgatgtaattctecttggaatttgecectttttg
agtttggatcttggttcatictcaagcctcagacagtggttcaaagtttttttcticcatttcagg
tgtegtgatgeggecgecaccatgggatettggacactgtgttgegtgtecctgtgcatect
ggtggccaageacacagatgecggegtgatccagtctectagacacgaagtgaccgag
atgggccaagaagtgaccctgegetgcaagectatcageggcecacgattacetgtictgg
tacagacagaccatgatgagaggcctggaactgetgatctacttcaacaacaacgtgece
atcgacgacagcggcatgeccgaggatagattcagegecaagatgeccaacgecagett
cagcaccctgaagatccagectagecgageccagagatagegecegtgtacttctgegeca
gcagaaagacaggeggctacagcaatcagecccageactttggagatggeacceggcet
gagcatcctggaagatctgaagaacgtgtteccacctgaggtggecgtgticgagecttct
gaggccgagatcagecacacacagaaagcecacactegtgtgtetggecaccggcttctat
ccegatcacgtggaactgtettggtggotcaacggcaaagaggtgcacageggegtcag
caccgatcctcagectetgaaagageageccgcetetgaacgacageagatactgectga
gcagcagactgagagtgtccgecacctictggecagaaccecagaaaccacttcagatge
caggtgcagttctacggectgagegagaacgatgagtggacccaggatagagecaage
ctgtgacacagatcgtgtctgecgaagectggggcagagecgattgtggetitaccageg
agagctaccagcagggcgtgctgtetgecacaatectgtacgagatectgetgggcaaag
ccactctgtacgecegtgetggtgtetgecctggtgctgatggecatggtcaageggaagg
atagcaggggcggctcecggtgccacaaacttctccetgetcaagecaggecggagatgtg
gaagagaaccctggecctatggaaaccetgetgaaggtgctgageggceacactgetgtg
geagctgacatgggtecgatctcageagectgtgcagtetectcaggecgtgattetgaga
gaaggcgaggacgcecgtgatcaactgcageagetctaaggecctgtacagegtgeactg
gtacagacagaagcacggegaggeccctgtgttcctgatgatectgetgaaaggeggcg
agcagaagggccacgagaagatcagegecagetticaacgagaagaagcageagteca
gectgtacctgacagecagecagcetgagetacageggceacctacttttgtggcaccgect
ggatcaacgactacaagcetgtctticggagecggcaccacagtgacagtgegggccaat
attcagaaccccgatcctgecgtgtaccagetgagagacagcaagageagegacaaga
gegtgtgcctgttcaccgacttcgacagecagaccaacgtgtcccagagcaaggacage
gacgtgtacatcaccgataagactgtgctggacatgcggageatggacttcaagageaac
agcgecgtggcectggtecaacaagagegatttcgectgegecaacgecttcaacaacag
cattatccccgaggacacattcttcccaagtectgagageagetgegacgtgaagetggtg
gaaaagagcttcgagacagacaccaacctgaacttccagaacctgagegtgateggcette
agaatcctgcetgctcaaggtggecggcttcaacctgetgatgaceetgagactgtggteca
2ctaacctCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTG
TTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGT
GCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAAT
TGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGG
GGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATT
GGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGG
GCTCTATGGcttctgaggeggaaagaaccagetgggectctagggggtatccce
actagtcgtgtaccagctgagagactctaaatccagtgacaagtctgtetgectattcaceg
attttgattctcaaacaaatgtgtcacaaagtaaggattctgatgtgtatatcacagacaaaac
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tgtgctagacatgaggtctatggacttcaagagcaacagtgetgtggectggageaacaa
atctgactttgcatgtgcaaacgecttcaacaacagcattattccagaagacaccttcttece
cagcccaggtaagggcagctttggtgecttcgecaggetgtttecttgcticaggaatggec

aggttctgcccagagcetetggtcaatgatgtctaaaactectetgattggtggtetecggectt
atccattgccaccaaaaccctetttttactaagaaacagtgagcecttgttetggeagtccaga
gaatgacacgggaaaaaagcagatgaagagaaggtggcaggagagggecacgtggce

cagcctcagtctctagatctaggaacccctagtgatggagttggccacteectetetgege

gcetegetegetecactgaggecgeecgggceaaageccgggegtegggcgacctttggte

geecggectcagtgagegagegagegegeagagagggagtggoccaa

pINT-2547

13

taatcagaattggttaattggttotaacattattcagattgggcttgatttaaaacttcatttttaa
tttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagtt
ttcgttccactgagegtcagaccccgtagaaaagatcaaaggatcttcttgagatecttttttt
ctgcgcegtaatctgetgettgcaaacaaaaaaaccaccgcetaccageggtggtttgtttgee
ggatcaagagctaccaactctttttccgaaggtaactggctticagcagagegeagatacca
aatactgttcttctagtgtagccgtagttaggccaccacttcaagaactctgtagecaccgect
acatacctcgcetetgctaatectgttaccagtggcetgetgecagtggcgataagtegtgtett
accgggttggactcaagacgatagttaccggataaggegeageggtcgggetgaacgg
ggggttcgtgcacacageccagettggagegaacgacctacaccgaactgagataccta
cagcgtgagctatgagaaagcgecacgcticccgaagggagaaaggeggacaggtate
cggtaagcggeagggtcggaacaggagagegeacgagggagettccagggggaaac
gectggtatctttatagtectgtegggtttcgecacctetgacttgagegtegatttttgtgatg
ctcgtcaggggggcggagectatggaaaaacgecageaacgeggcctttttacggttect
ggccttttgetggecttttgctcacatgttctttectgegttatccectgattetgtggataaceg
tattaccgcctttgagtgagetgataccgetcgecgeagecgaacgaccgagegeageg
agtcagtgagcgaggaageggaagagegeccaatacgcaaaccgectcteccegege
gttggccgattcattaatgcagetggcacgacaggtttcccgactggaaagegggcagts
agcgcaacgcaattaatgtgagttagetcactcattaggcaccccaggctttacactttatge
ttccggctegtatgttgtgtggaattgtgageggataacaatttcacacaggaaacagetat
gaccatgattacaccacgcgt T TGGCCACTCCCTCTCTGCGCGCTC
GCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCG
ACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAG
CGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTA
GGGGTTCCTagatcttgccaacataccataaaccteccattetgetaatgeccagee
taagttgggoagaccactccagattccaagatgtacagtttgctttgctgggcctttttceccat
gectgectttactctgecagagttatattgetggggtittgaagaagatectattaaataaaag
aataagcagtattattaagtagcectgcatttcaggtttccttgagtggcaggecaggectg
gecgtgaacgttcactgaaatcatggectettggecaagattgatagettgtgectgtecct
gagtcccagtecatcacgageagetggtttctaagatgctatttccegtataaageatgaga
ccgtgacttgecagecccacagageccegeccttgtecatcactggeatctggactecag
cctgggttgggocaaagagggaaatgagatcatgtectaaceetgatectettgteccaca
gATATCCAGAACCCTGACCCTGCcGAGGGCCGCGGCAG
CCTGCTGACCTGCGGCGACGTGGAGGAGAALCCCGGC
CCCATGgtgAGCAAGGGCGAGGAGCTGTTCACCGGGGT
GGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAAC
GGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCG
ATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTG
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CACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTC
GTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCC
GCTACCCCGACCACATGAAGCAGCACGACTTCTTCAA
GTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACC
ATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCG
CCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCG
CATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGC
AACATCCTGGGGCACAAGCTGGAGTACAACTACAACA
GCCACAACGTCTATATCATGGCCGACAAGCAGAAGAA
CGGCATCAAGGTGAACTTCAAGATCCGCCACAACATC
GAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGC
AGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCC
CGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGC
AAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGC
TGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCAT
GGACGAGCTGTACAAGTAAcctCGACTGTGCCTTCTAGT
TGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTC
CTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCT
AATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAG
GTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGAC
AGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCAT
GCTGGGGATGCGGTGGGCTCTATGGcttctgaggeggaaagaac
cagctggggctctaggggoetatcccCACTAGTCGTGTACCAGCTGAG
AGACTCTAAATCCAGTGACAAGTCTGTCTGCCTATTCA
CCGATTTTGATTCTCAAACAAATGTGTCACAAAGTAA
GGATTCTGATGTGTATATCACAGACAAAACTGTGCTA
GACATGAGGTCTATGGACTTCAAGAGCAACAGTGCTG
TGGCCTGGAGCAACAAATCTGACTTTGCATGTGCAAA
CGCCTTCAACAACAGCATTATTCCAGAAGACACCTTCT
TCCCCAGCCCAGgtaagggcagctttggteccttcgcaggctgtttecttgette
aggaatggccaggttctgecccagagetetggtcaatgatgtctaaaactectetgattggts
gtctecggccttatccattgecaccaaaaccctetttttactaagaaacagtgagecttgttetg
gcagtccagagaatgacacgggaaaaaagcagatgaagagaaggtegocaggagaggs
gcacgtggcccagectcagtctct AGATCTAGGAACCCCTAGTGAT
GGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCA
CTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGAC
CTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGC
AGAGAGGGAGTGGCCA Agaattctctggecgtegttttacaacgtegtgac
tgggaaaaccctggegttacccaacttaatcgecttgcageacatcceectttcgecaget
ggcgtaatagcgaagaggeccgeaccgategeccttcccaacagttgecgeagectgaat
ggcgaatggegectgatgeggtattttctecttacgcatetgtgcggtatttcacaccgeata
tggtgcactctcagtacaatctgetetgatgecgeatagttaagecagecccgacacccge
caacacccgcetgacgegecectgacgggcttgtetgetcccggeatcegettacagacaag
ctgtgaccgteteccgggagetgcatgtgtcagaggttttcaccgtcatcaccgaaacgege
gatgcagctctggeccgtgtetcaaaatetetgatgttacattgcacaagataaaaatatate
atcatgaacaataaaactgtctgcttacataaacagtaatacaaggggtgttatgagccatat
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tcaacgggaaacgtcgaggccgegattaaattccaacatggatgctgatttatatgggtata
aatgggctcgegataatgtegggcaatcaggtgcgacaatetategettgtatgggaage
ccgatgcgcecagagttgtttctgaaacatggcaaaggtagegttgccaatgatgttacaga
tgagatggtcagactaaactggcetgacggaatttatgectcttccgaccatcaageattttat
ccgtactcctgatgatgeatggttactcaccactgegatecccggaaaaacageattccag
gtattagaagaatatcctgattcaggtgaaaatattgttgatgcgetggcagtgttectgege
cggttgcattcgattectgtttgtaattgtecttttaacagegatcgegtatttcgtetegetcag
gcgcaatcacgaatgaataacggtttggttgatgcgagtgattttgatgacgagegtaatg
getggectgttgaacaagtetggaaagaaatgceataaacttttgecattetcaccggattca
gtcgtcactcatggtgatttctcacttgataaccttatttttgacgaggggaaattaataggttg
tattgatgttggacgagtcggaatcgcagaccgataccaggatcettgecatectatggaact
gecteggtgagttttctecttcattacagaaacggctttttcaaaaatatggtattgataatect
gatatgaataaattgcagtttcatttgatgctcgatgagtttttc

pINT 1405,
HD1 TCR
insertion
including
ITRs

14

ttggccactcectetetgegegetcgetegetcactgaggecgggcgaccaaaggtegec
cgacgcececgggctttgeccgggeggcectcagtgagegagegagegegeagagagsg
agtggccaactccatcactaggggttcctagatcttgecaacataccataaaccteeccattct
gctaatgeccagectaagttggggagaccactccagattccaagatgtacagtttgetttge
tgggcctttttcccatgectgectttactctgecagagttatattgctggggttttgaagaagat
cctattaaataaaagaataagcagtattattaagtagecctgcatttcaggtttccttgagtgg
caggccaggcectggecgtgaacgttcactgaaatcatggectettggecaagattgatag
cttgtgcctgteecctgagteccagtecatcacgageagetggtttctaagatgctattteceeg
tataaagcatgagaccgtgacttgccagecccacagagececgeccttgtecatcactgg
catctggactccagectgggttggggcaaagagggaaatgagatcatgtectaaccctga
tectettgtcocacagatatccagaaccctgaccctgeggcetecggtgeccgtcagtgggc
agagcgcacatcgeccacagtceccgagaagtigggeooaggoostcggcaattgaacc
ggtocctagagaaggtggcgcggggtaaactgggaaagtgatgtegtgtactggetecg
cctttttccegagggtggggogoagaaccgtatataagtgcagtagtcgecgtgaacgttcttt
ttcgcaacgggtttgccgecagaacacaggtaagtgecgtgtgtggttecccgegggectg
gectetttacgggttatggececttgegtgecttgaattacttccacgeecctggcetgeagtac
gtgattcttgatcccgagcettcgggttggaagtgggtgggagagticgaggccttgegett
aaggagccccttcgectegtgettgagttgaggcctggettgggcgetggggoccgecge
gtgcgaatetggtggcaccttecgegectgtetegetgetttcgataagtetetagecatttaa
aatttttgatgacctgctgegacgctttttttctggcaagatagtetigtaaatgegggecaag

atgtgcacactggtatttcggtttttggggccgegggcggcgacggggeccgtgcgtece
agcgcacatgttcggegaggeggggectgegagegeggecaccgagaatcggacgg
gggtagtctcaagetggecggectgcetetggtgectggectegegecgecgtgtategee
ccgecectgggcggcaaggctggcceggteggcaccagttgcgtegagcggaaagatgg
ccgcetteceggecctgctgcagggagctcaaaatggaggacgeggcgctegggagage
gggcgggtgagtcacccacacaaaggaaaagggoctttecgtectcagecgtegetteat
gtgactccacggagtaccgggcgecgtecaggceacctegattagttctcgagettttgga
gtacgtcgtctttaggttgssgooaggoottttatgcgatggagtticcccacactgagtgg
gtggagactgaagttaggecagcttggcacttgatgtaattctecttggaatttgecctttttg
agtttggatcttggttcattctcaagectcagacagtggttcaaagtttttttcttccatttcagg
tgtegtgatgeggccgecaccatgggatettggacactgtgttgegtgtecctgtgeatect
ggtgoccaagcacacagatgccggcgtgatccagtetectagacacgaagtgaccgag
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atgggccaagaagtgaccctgegetgeaagectatcageggcecacgattacetgtictgg
tacagacagaccatgatgagaggcctggaactgetgatctacttcaacaacaacgtgece
atcgacgacagcggcatgcccgaggatagattcagegecaagatgeccaacgecagett
cagcaccctgaagatccagectagecgageccagagatagegecegtgtacttctgegeca
gcagaaagacaggeggctacagcaatcagecccageactttggagatggcaccegget
gagcatcctggaagatctgaagaacgtgtteccacctgaggtggecgtgticgagecttct
gaggccgagatcagecacacacagaaagcecacactegtgtgtetggecaccggcttctat
ccegatcacgtggaactgtettggtgggotcaacggcaaagaggtgcacageggegtcag
caccgatcctcagectetgaaagageageccgcetetgaacgacageagatactgectga
gcagcagactgagagtgtccgecacctictggcagaaccecagaaaccacttcagatge
caggtgcagttctacggectgagegagaacgatgagtggacccaggatagagecaage
ctgtgacacagatcgtgtetgecgaagectggggcagagecgattgtggctttaccageg
agagctaccagcagggcegtgctgtetgecacaatectgtacgagatectgetgggcaaag
ccactctgtacgecegtgetggtgtetgecctggtgctgatggecatggtcaageggaagg
atagcaggggcggctccggtgccacaaacttctecctgetcaagcaggecggagatgts
gaagagaaccctggecctatggaaaccctgetgaaggtgctgageggeacactgetgty
geagctgacatgggtecgatctcagecagectgtgcagtetectcaggecgtgattetgaga
gaaggcgaggacgcecgtgatcaactgcageagetctaaggecctgtacagegtgeactg
gtacagacagaagcacggcgaggceccctgtgticctgatgatecctgetgaaaggeggeg
agcagaagggccacgagaagatcagegecagcettcaacgagaagaagcageagteca
gectgtacctgacagecagecagcetgagetacageggceacctacttttgtggcaccgect
ggatcaacgactacaagcetgtctticggagecggcaccacagtgacagtgegggccaat
attcagaaccccgatcctgecgtgtaccagetgagagacagcaagageagegacaaga
gegtgtgectgttcaccgacttcgacagecagaccaacgtgtcccagagcaaggacage
gacgtgtacatcaccgataagactgtgctggacatgecggagcatggacttcaagageaac
agcgecgtggcectggtecaacaagagegatttcgectgegecaacgecttcaacaacag
cattatccccgaggacacattcttcccaagtectgagageagetgegacgtgaagetggtg
gaaaagagcttcgagacagacaccaacctgaacttccagaacctgagegtgateggcette
agaatcctgetgctcaaggtggccggcttcaacctgetgatgaceetgagactgtggteca
2ctaacctCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTG
TTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGT
GCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAAT
TGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGG
GGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATT
GGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGG
GCTCTATGGcttctgaggeggaaagaaccagetgggectctagggggtatccce
actagtcgtgtaccagcetgagagactctaaatccagtgacaagtetgtetgectattcaceg
attttgattctcaaacaaatgtgtcacaaagtaaggattctgatgtgtatatcacagacaaaac
tgtgctagacatgaggtctatggacttcaagagcaacagtgctgtggectggageaacaa
atctgactttgcatgtgcaaacgecttcaacaacagcattattccagaagacaccttcttece
cagcccaggtaagggcagctttggtgecttcgeaggetgtttecttgcticaggaatggec
aggttctgcccagagctetggtcaatgatgtctaaaactectetgattggtggteteggectt
atccattgccaccaaaaccctctttttactaagaaacagtgagecttgttctggcagtccaga
gaatgacacgggaaaaaagcagatgaagagaaggtggcaggagagggcacgtggce
cagcctcagtctctagatctaggaacccctagtgatggagttggccactecctetctgege
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gctecgcetegetcactgaggccgecegggcaaageeccgggcgtcgggcgacctttggte
gecccggectcagtgagegagegagegcgcagagagggagtgoccaa

AAV6-1008
GFP insert for
AAVS1

15

tgcatcatcaccgtttttctggacaaccccaaagtaccccgtetecctggetttagecacctcteca
tcctettgcetttetttgectggacaccecgttctectgtggattcgggtcacctetcactectttcattt
gggcagctccectacceccccttacctetctagtetgtgetagetcttccageccectgtecatggeat
cttccaggggtccgagagctcagctagtcttcttcctccaacccgggeccctatgtccacttcagg
acagcatgtttgctgcectccagggatcctgtgtccccgagetgggaccaccttatattcccaggge
cggttaatgtggctctggttctgggtacttttatctgtccecctccaccccacagtggggecactagg
gacaggattggtgacagaaaagccccatccttaggectcctecttccgagtaattcatacaaaag
gactcgcccctgccttggggaatcccagggaccgtcgttaaactcccactaacgtagaacccaga
gatcgctgegttcccgecccctcacccgeecgetctegtcatcactgaggtggagaagageatge
gtgaggctccggtgcccgtcagtgggcagagegeacatcgeccacagtccccgagaagttgggg
ggaggggtcggraattgaaccggtgcctagagaaggtggcgeggggtaaactgggaaagtgat
gtcgtgtactggctccgectttttcccgagggtgggggagaaccgtatataagtgeagtagtegec
gtgaacgttctttttcgcaacgggtttgccgccagaacacaggtaagtgecgtgtgtggttececge
gggcctggectctttacgggttatggeccttgegtgecttgaattacttccacgeccctggetgeag
tacgtgattcttgatcccgagettcgggttggaagtgggtgggagagttcgaggecttgegcettaa
ggagccccttcgectegtgettgagttgaggectggettgggegetggggecgecgegtgegaat
ctggtggcaccttcgegectgtctcgetgetttcgataagtctctagecatttaaaatttttgatgac
ctgctgcgacgctttttttctggcaagatagtcttgtaaatgegggcecaacatctgcacactggtat
ttcggtttttggggccgegggeggegacggggeccgtgegtecccagegeacatgtteggegagge
ggggcctgegagegeggecaccgagaatcggacgggggtagtctcaagetggecggectgcetcet
ggtgcctggectcgegecgecgtgtatcgececcgecctgggeggeaaggetggeeccggteggeac
cagttgcgtgagcggaaagatggccgcttcccggecctgetgcagggagctcaaaatggaggac
geggegcetcgggagagegggegggtgagtcacccacacaaaggaaaagggecttteecgtecte
agccgtcgcttcatgtgactccacggagtaccgggegecgtccaggcacctecgattagttctega
gcttttggagtacgtcgtctttaggttggggggaggggttttatgecgatggagtttccccacactga
gtgggtggagactgaagttaggccagettggeacttgatgtaattctccttggaatttgeccttttt
gagtttggatcttggttcattctcaagcctcagacagtggttcaaagtttttttcttccatttcaggtg
tcgtgacgctagegctaccggactcaatctcgagetcaagcettcgaattctgcagtcgacggtacc
gegggeecgggatccaccggtegecaccatggtgAGCAAGGGCGAGGAGCTGTTCAC
CGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCAC
AAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGC
TGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCC
ACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCC
CGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCT
ACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACC
CGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGC
TGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCT
GGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAG
AAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACG
GCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGA
CGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCC
TGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTT
CGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGtaat
agcggcecgegactctagatcataatcagccataccacatttgtagaggttttacttgctttaaaaa
acctcccacacctccccctgaacctgaaacataaaatgaatgcaattgtigttgttaacttgtttat
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tgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttc
actgcattctagttgtggtttgtccaaactcatcaatgtatcttaaggcgttagtctcctgatattgg
gtctaacccccacctectgttaggcagattecttatctggtgacacacccccatttectggagecat
ctctctccttgccagaacctctaaggtttgettacgatggagccagagaggatcctgggagggag
agcttggcagggggtgggagggaagggggggatgegtgacctgeccggttctcagtggecaccce
tgcgctaccctctcccagaacctgagetgetctgacgeggecgtetggtgegtttcactgatectgg
tgctgcagcttccttacacttcccaagaggagaagcagtttggaaaaacaaaatcagaataagtt
ggtcctgagttctaactttggctcttcacctttctagtccccaatttatattgttccteccgtgegtcag
ttttacctgtgagataaggccagtagccageccegt

AAV6-231
GFP insert for
AAVS1

16

gaccactttgagctctactggcttctgcgecgectctggeccactgtttccccttcccaggeaggtc

ctgctttctctgacctgeattctcteccctgggectgtgecgcetttctgtetgecagettgtggectggg
tcacctctacggctggceccagatccttccctgecgectecttcaggttccgtcettectecacteecte
ttccecttgetctetgetgtgttgetgecccaaggatgcetctttccggageacttecttcteggegetg

caccacgtgatgtcctctgagcggatccteccccgtgtctgggtectcteccgggeatctctecteect

cacccaaccccatgecgtcttcactcgetgggtteccttttecttctecttetggggectgtgecatcet
ctcgtttcttaggatggccttctccgacggatgtctcecttgegtececgectecccttettgtaggect
gcatcatcaccgtttttctggacaaccccaaagtaccccgtctecctggetttagecacctcetecat
cctettgcetttetttgectggacaccccgttetectgtggattcgggtcacctctcactectttcatttg
ggcagctcccctaccccccttacctctctagtctgtgetagetcttccageccectgtcatggeatct
tccaggggtccgagagctcagctagtcttcttcctccaacccgggeccctatgtecacttcaggac
agcatgtttgctgcctccagggatcctgtgtccccgagetgggaccaccttatattcccagggecg
gttaatgtggctctggttctgggtacttttatctgtcceccteccaccccacagtggggecactaggga
caggattggtgacagaaaagccccatccttaggectcctccttagttattaatgagtaattcatac

aaaaggactcgcccctgecttggggaatcccagggaccgtegttaaactceccactaacgtagaa

cccagagatcgctgegttcccgecccctcacccgeccgetctcgtcatcactgaggtggagaaga

gcatgcgtgaggctccggtgeccgtcagtgggcagagegcacatcgeccacagtecccgagaag
ttggggggaggggtcggcaattgaaccggtgcctagagaaggtggegeggggtaaactgggaa
agtgatgtcgtgtactggctccgectttttcccgagggtgggggagaaccgtatataagtgeagta
gtcgccgtgaacgttctttttcgcaacgggtttgeccgeccagaacacaggtaagtgecgtgtgtggt
tcccgegggectggectctttacgggttatggeccttgegtgecttgaattacttccacgeccctgg

ctgcagtacgtgattcttgatcccgagcttcgggttggaagtgggtgggagagttcgaggecttge
gcttaaggagccccttcgectcgtgettgagttgaggectggettgggegetggggecgecgegtg
cgaatctggtggcaccttcgegectgtctcgetgetttcgataagtctctagecatttaaaatttttg
atgacctgctgegacgctttttttctggcaagatagtcttgtaaatgegggecaaCatctgeacac

tggtatttcggtttttggggccgegggeggcgacggggeecgtgegteccagegeacatgttcgge
gaggcggggcectgegagegeggecaccgagaatcggacgggggtagtctcaagetggecggec
tgctctggtgectggectegegecgecgtgtatcgecccgecctgggeggcaaggetggeecggt
cggcaccagttgcgtgagcggaaagatggecgcttccecggecctgetgecagggagetcaaaatg
gaggacgcggegctcgggagagegggegggtgagtcacccacacaaaggaaaagggcectttce
gtcctcagecgtcgettcatgtgactccacggagtaccgggegecgtccaggeacctecgattagtt
ctcgagcttttggagtacgtcgtctttaggttggggggaggggttttatgcgatggagtttccccac
actgagtgggtggagactgaagttaggccagcettggcacttgatgtaattctccttggaatttgec
ctttttgagtttggatcttggttcattctcaagectcagacagtggttcaaagtttttttcttccatttc
aggtgtcgtgacgctagecgctaccggactcaatctcgagcetcaagettcgaattctgecagtcgac
ggtaccgcgggeccgggatccaccggtcgeccaccATGgtgAGCAAGGGCGAGGAGCT
GTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAAC
GGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACG
GCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCC
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TGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCG
CTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCG
AAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTAC
AAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCA
TCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCA
CAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACA
AGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGA
GGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATC
GGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTC
CGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTG
GAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACA
AGTAAtagcggccgegactctagatcataatcagccataccacatttgtagaggttttacttget
ttaaaaaacctcccacacctccccctgaacctgaaacataaaatgaatgcaattgttgttgttaac
ttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagca
tttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttaaggegtgtctaacccc
cacctcctgttaggcagattccttatctggtgacacacccccatttcctggagcecatctctctecttg
ccagaacctctaaggtttgcttacgatggagccagagaggatcctgggagggagagcttggeag
ggggtgggagggaagggggggatgcgtgacctgeccggttctcagtggecaccctgegetacce
tctcccagaacctgagetgctctgacgeggecgtctggtgegtttcactgatectggtgetgeaget
tccttacacttcccaagaggagaagcagtttggaaaaacaaaatcagaataagttggtectgag
ttctaactttggctcttcacctttctagtccccaatttatattgttcctecgtgegtcagttttacctgt
gagataaggccagtagccagccccgtectggcagggcetgtggtgaggaggggggtgtecgtgtg
gaaaactccctttgtgagaatggtgcgtectaggtgttcaccaggtegtggecgectctacteectt
tctctttctccatecttetttccttaaagagtccccagtgetatctgggacatattectccgeccaga
gcagggtcccgcettccctaaggecctgetctgggcettctgggtttgagtecttggcaageccagga
gaggcgctcaggcttecctgteccecttectcgtccaccatctecatgecectggetctectgecectt
ccctacaggggttcctggetcetgetcttcagactgagecccgtteccctgeatecccgttecectge
atcccccttceccctgeatcccccagaggecccaggecacctacttggectggaccccacgagagg
ccaccccagccctgtctaccaggcetgecttttgggtggattctcctccaa

Full HDRT
template -
GFP T2A
insert

GFP: P008%4

17

GAGGGCCGCGGCAGCCTGCTGACCTGCGGCGACGTGG
AGGAGAAtCCCGGCCCCATGgtgAGCAAGGGCGAGGAG
CTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGG
ACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGG
CGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACC
CTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGC
CCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTG
CAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGC
ACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTC
CAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACT
ACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACAC
CCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTC
AAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAG
TACAACTACAACAGCCACAACGTCTATATCATGGCCG
ACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGAT
CCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCC
GACCACTACCAGCAGAACACCCCCATCGGCGACGGCC
CCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCA
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GTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGAT
CACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGA
TCACTCTCGGCATGGACGAGCTGTACAAGTAAcctCGA
CTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCT
CCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCC
ACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCA
TTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGG
TGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACA
ATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGG ctt
ctgaggcggaaagaaccagctgggectctagegootatccccACTAGTCGTG
TACCAGCTGAGAGACTCTAAATCCAGTGACAAGTCTG
TCTGCCTATTCACCGATTTTGATTCTCAAACAAATGTG
TCACAAAGTAAGGATTCTGATGTGTATATCACAGACA
AAACTGTGCTAGACATGAGGTCTATGGACTTCAAGAG
CAACAGTGCTGTGGCCTGGAGCAACAAATCTGACTTT
GCATGTGCAAACGCCTTCAACAACAGCATTATTCCAG
AAGACACCTTCTTCCCCAGCCCAGgtaagggcagctttggtgcctte
gcaggctgtttecttgettcaggaatggecaggttctgcccagagetctggtcaatgatgte
taaaactcctctgattggtggtetcggecttatccattgecaccaaaaccctctttttactaag
aaacagtgagccttgttctggcagtccagagaatgacacgggaaaaaagcagatgaaga
gaaggtggcaggagagggcacgtggcccagectcagtctct

pINT 1280,
HD3 TCR
insertion
including
ITRs

18

TTGGCCACTCCCTCTCTGCGCGCTCGCTCGCTCACTGA
GGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTT
GCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGA
GAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTagatct
tgccaacataccataaaccteccattetgetaatgeccagectaagttggggagaccacte
cagattccaagatgtacagtttgctttgctgggcctttttcccatgectgectttactctgecag
agttatattgctggggttttgaagaagatcctattaaataaaagaataagcagtattattaagt
agccctgcatttcaggtttecttgagtggcaggccaggectggecgtgaacgttcactgaa
atcatggcectcttggecaagattgatagettgtgectgtecetgagteccagtecatcacga
gceagctggtttctaagatgetatttcccgtataaagcatgagaccgtgacttgecageecca
cagagccccgececttgtecatcactggeatctggactccagectgggttgggocaaagag
ggaaatgagatcatgtcctaaccctgatcctettgtcccacagATATCCAGAAC
CCTGACCCTGCGGCTCCGGTGCCCGTCAGTGGGCAGA
GCGCACATCGCCCACAGTCCCCGAGAAGTTGGGGGGA
GGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGC
GCGGGGTAAACTGGGAAAGTGATGTCGTGTACTGGCT
CCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTATATA
AGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGG
GTTTGCCGCCAGAACACAGGTAAGTGCCGTGTGTGGT
TCCCGCGGGCCTGGCCTCTTTACGGGTTATGGCCCTTG
CGTGCCTTGAATTACTTCCACGCCCCTGGCTGCAGTAC
GTGATTCTTGATCCCGAGCTTCGGGTTGGAAGTGGGTG
GGAGAGTTCGAGGCCTTGCGCTTAAGGAGCCCCTTCG
CCTCGTGCTTGAGTTGAGGCCTGGCTTGGGCGCTGGG
GCCGCCGCGTGCGAATCTGGTGGCACCTTCGCGCCTGT

- 169 -



WO 2022/221696

PCT/US2022/025075

CTCGCTGCTTTCGATAAGTCTCTAGCCATTTAAAATTT
TTGATGACCTGCTGCGACGCTTTTTTTCTGGCAAGATA
GTCTTGTAAATGCGGGCCAAGATgTGCACACTGGTATT
TCGGTTTTTGGGGCCGCGGGCGGCGACGGGGCCCGTG
CGTCCCAGCGCACATGTTCGGCGAGGCGGGGCCTGCG
AGCGCGGCCACCGAGAATCGGACGGGGGTAGTCTCAA
GCTGGCCGGCCTGCTCTGGTGCCTGGCCTCGCGCCGCC
GTGTATCGCCCCGCCCTGGGCGGCAAGGCTGGCCCGG
TCGGCACCAGTTGCGTGAGCGGAAAGATGGCCGCTTC
CCGGCCCTGCTGCAGGGAGCTCAAAATGGAGGACGCG
GCGCTCGGGAGAGCGGGCGGGTGAGTCACCCACACAA
AGGAAAAGGGCCTTTCCGTCCTCAGCCGTCGCTTCATG
TGACTCCACGGAGTACCGGGCGCCGTCCAGGCACCTC
GATTAGTTCTCGAGCTTTTGGAGTACGTCGTCTTTAGG
TTGGGGGGAGGGGTTTTATGCGATGGAGTTTCCCCAC
ACTGAGTGGGTGGAGACTGAAGTTAGGCCAGCTTGGC
ACTTGATGTAATTCTCCTTGGAATTTGCCCTTTTTGAGT
TTGGATCTTGGTTCATTCTCAAGCCTCAGACAGTGGTT
CAAAGTTTTTTTCTTCCATTTCAGGTGTCGTGAtgcggCC
GCCACCATGGGATGTAGACTTCTGTGTTGCGCCGTGCT
GTGTCTGCTTGGAGCTGGCGAACTGGTGCCTATGGAA
ACCGGCGTGACCCAGACACCTAGACACCTGGTCATGG
GCATGACAAACAAGAAAAGCCTGAAGTGCGAGCAGC
ACCTGGGCCACAATGCCATGTACTGGTACAAGCAGAG
CGCCAAGAAACCCCTGGAACTGATGTTCGTGTACAGC
CTGGAAGAGAGGGTCGAGAACAACAGCGTGCCCAGC
AGATTCAGCCCTGAGTGCCCTAATAGCAGCCACCTGTT
TCTGCATCTGCACACCCTGCAGCCTGAGGACTCTGCCC
TGTATCTGTGTGCCAGCAGCCAGGACTACCTGGTGTCC
AACGAGAAGCTGTTCTTCGGCAGCGGCACACAGCTGA
GCGTGCTGGAAGATCTGAAGAACGTGTTCCCACCTGA
GGTGGCCGTGTTCGAGCCTTCTGAGGCCGAGATCAGC
CACACACAGAAAGCCACACTCGTGTGTCTGGCCACCG
GCTTCTATCCCGATCACGTGGAACTGTCTTGGTGGGTC
AACGGCAAAGAGGTGCACAGCGGCGTCAGCACCGATC
CTCAGCCTCTGAAAGAGCAGCCCGCTCTGAACGACAG
CAGATACTGCCTGAGCAGCAGACTGAGAGTGTCCGCC
ACCTTCTGGCAGAACCCCAGAAACCACTTCAGATGCC
AGGTGCAGTTCTACGGCCTGAGCGAGAACGATGAGTG
GACCCAGGATAGAGCCAAGCCTGTGACACAGATCGTG
TCTGCCGAAGCCTGGGGCAGAGCCGATTGTGGCTTTA
CCAGCGAGAGCTACCAGCAGGGCGTGCTGTCTGCCAC
AATCCTGTACGAGATCCTGCTGGGAAAAGCCACTCTG
TACGCTGTGCTGGTGTCCGCTCTGGTGCTGATGGCCAT
GGTCAAGCGGAAGGATAGCAGGGGCGGCTCCGGTGCC
ACAAACTTCTCCCTGCTCAAGCAGGCCGGAGATGTGG
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AAGAGAACCCTGGCCCTATGATCAGCCTGAGAGTGCT
GCTGGTCATCCTGTGGCTGCAGCTGTCTTGGGTCTGGT
CCCAGCGGAAAGAGGTGGAACAGGACCCCGGACCTTT
CAATGTGCCTGAAGGCGCCACCGTGGCCTTCAACTGC
ACCTACAGCAATAGCGCCAGCCAGAGCTTCTTCTGGT
ACAGACAGGACTGCCGGAAAGAACCCAAGCTGCTGAT
GAGCGTGTACAGCAGCGGCAACGAGGACGGCAGATTC
ACAGCCCAGCTGAACAGAGCCAGCCAGTACATCAGCC
TGCTGATCCGGGATAGCAAGCTGAGCGATAGCGCCAC
CTACCTGTGCGTGGTCAACCTGCTGTCTAATCAAGGCG
GCAAGCTGATCTTCGGCCAGGGCACAGAGCTGAGCGT
GAAGCCCAACATTCAGAACCCCGATCCTGCCGTGTAC
CAGCTGAGAGACAGCAAGAGCAGCGACAAGAGCGTG
TGCCTGTTCACCGACTTCGACAGCCAGACCAACGTGTC
CCAGAGCAAGGACAGCGACGTGTACATCACCGATAAG
ACcGTGCTGGACATGCGGAGCATGGACTTCAAGAGCA
ACAGCGCCGTGGCCTGGTCCAACAAGAGCGATTTCGC
CTGCGCCAACGCCTTCAACAACAGCATTATCCCCGAG
GACACATTCTTCCCAAGTCCTGAGAGCAGCTGCGACG
TGAAGCTGGTGGAAAAGAGCTTCGAGACAGACACCAA
CCTGAACTTCCAGAACCTGTCCGTGATCGGCTTCCGGA
TCCTGCTGCTGAAAGTGGCCGGCTTCAACCTCCTGATG
ACCCTGAGACTGTGGTCCAGCTAAcctCGACTGTGCCTT
CTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTG
CCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCT
TTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGA
GTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCA
GGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAG
GCATGCTGGGGATGCGGTGGGCTCTATGG cttctgaggcgga
aagaaccagctggggctctagggeotatccccACTAGTCGTGTACCAGC
TGAGAGACTCTAAATCCAGTGACAAGTCTGTCTGCCT
ATTCACCGATTTTGATTCTCAAACAAATGTGTCACAAA
GTAAGGATTCTGATGTGTATATCACAGACAAAACTGT
GCTAGACATGAGGTCTATGGACTTCAAGAGCAACAGT
GCTGTGGCCTGGAGCAACAAATCTGACTTTGCATGTG
CAAACGCCTTCAACAACAGCATTATTCCAGAAGACAC
CTTCTTCCCCAGCCCAGgtaagggcagctttggtgccttcgcaggctgtttc
cttgcttcaggaatggccaggttctgeeccagagetetggtcaatgatgtctaaaactectetg
attggtggtctcggecttatccattgecaccaaaaccctctttttactaagaaacagtgagec
ttgttctggcagtccagagaatgacacgggaaaaaageagatgaagagaaggtogcag
gagaggecacgtggcccagectcagtctct AGATCTAGGAACCCCTAG
TGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCG
CTCACTGAGGCCGCCCGGGCAAAGCCCGGEGECGETCGGG
CGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGC
GCGCAGAGAGGGAGTGGCCAA
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CLAIMS

1. A compound having the structure of Formula I:

0 R;

R
}N’ 2 N:ﬂ\l
R1/ = Y,
N
5

y R, N
1
|

(Formula I)
or a salt thereof,
wherein:

x1 18 C-R3 or N;

Ry 1s C1-Cs alkyl;

R> is cycloalkyl or heterocyclyl, and cycloalkyl and heterocyclyl are optionally
substituted with one or more Re;

Rs3 1s H or C;1-Cs alkyl;

R4 1s H or C1-Cs alkyl;

Rs is C1-Cs alkyl;

each R is independently selected from hydroxy, halo, alkyl, alkoxy, cycloalkyl, amino,
and cyano, or two Rs, taken together with the atom or atoms to which they are
bonded, form a spirocyclic or fused ring; and

R71s H or C1-Cs alkyl,

provided that at least one of the following applies:

(a) x11s C-R3;

(b)  Riis C2-Cs alkyl,

(© Ry is C1-Cs alkyl,

(d) Ry is substituted with one Re, and Re 1s halo;

(e) R is substituted with two Rs that, taken together with the atom or atoms to which
they are bonded, form a spirocyclic or fused ring; and

) R» is C3-Cs cycloalkyl optionally substituted with one or more Rs.
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10.

11.

12.

13.

14.

15.

16.

17.

The compound of claim 1, wherein x;1 is C-Rs.

The compound of claim 2, wherein R3 is H or methyl.

The compound of claim 1, wherein x; is N.

The compound of any one of the preceding claims, wherein R; is C»-Cs alkyl.

The compound of any one of claims 1-4, wherein R; is selected from methyl and

ethyl.

The compound of claim 6, wherein Ri is methyl.

The compound of any one of the preceding claims, wherein Ry is C1-Cs alkyl.

The compound of any one of claims 1-7, wherein R4 1s H or methyl.

The compound of claim 9, wherein R4 is H.

The compound of any one of the preceding claims, wherein R» is cycloalkyl.

The compound of claim 11, wherein R; is C3-C7 cycloalkyl.

The compound of claim 12, wherein R» is cyclohexyl.

The compound of any one of claims 1-12, wherein R, is C3-Cs cycloalkyl.

The compound of any one of claims 1-10, wherein Ry is heterocyclyl.

The compound of claim 15, wherein R; is 5- to 7-membered heterocyclyl.

The compound of claim 16, wherein Ry is tetrahydropyranyl.
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18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

@)

The compound of claim 16, wherein R» is tetrahydrofuranyl.

The compound of any one of the preceding claims, wherein Ry is optionally
substituted with one or more Rs independently selected from hydroxy, halo, and
cycloalkyl, or two Rs, taken together with the atom or atoms to which they are

bonded, form a spirocyclic or fused ring.

The compound of claim 19, wherein R is substituted with one or more Rs; and each

Rs is halo or hydroxyl.
The compound of claim 20, wherein R is substituted with one Rs, and R is halo.
The compound of claim 20 or 21, wherein each Rg is fluoro.

The compound of claim 19, wherein R» is substituted with two R that, taken together

with the atom or atoms to which they are bonded, form a spirocyclic or fused ring.

The compound of any one of claims 1-18, wherein R is optionally substituted with

one or more Rs independently selected from hydroxy, methoxy, and methyl.
The compound of any one of the preceding claims, wherein Rs is methyl.
The compound of any one of the preceding claims, wherein R7 is H or methyl.

A compound selected from:

S
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(0]
@)
N N=—
J?L 'y
] |
g N/%J
H , or a salt thereof.

28. The compound of claim 27, wherein the compound is

Ve

N ’:\l:\‘
// %\N | Y
NP y
H , or a salt thereof.

29. The compound of claim 27, wherein the compound is

@)

N N=—
,?% hy)
=~ N |
|
H , or a salt thereof.

30. The compound of claim 27, wherein the compound 1s
OH

@)

Q\‘Nﬂ .
\NJ\H ~
, or a salt thereof.
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31. The compound of claim 27, wherein the compound 1s

0]
@)

N N=—
/Q?L Yy
"] |
H , or a salt thereof.

32. The compound of claim 27, wherein the compound is

v

N N=—
L bl
"] |
¢ Nj\f\f
H , or a salt thereof.

33. The compound of claim 27, wherein the compound is

3

N N=—
NN
=~ ~N |
[
SN~ ~
H , or a salt thereof.

34. The compound of claim 27, wherein the compound is

o

N N=—
fj/\ NN
] |
H , or a salt thereof.

35. The compound of any one of claims 1-34, wherein the compound is a free base.
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36. The compound of any one of claims 1-34, wherein the compound is a salt.
37. The compound of claim 36, wherein the salt comprises a triflate anion.

38. A composition comprising
a) a DNA protein kinase inhibitor (DNA-PKI);
b) a DNA cutting agent;
c) optionally, a cell; and
d) optionally, a donor DNA;
wherein the DNA-PKI is a compound of Formula I
0 R,

}\ R

N/ 2
R1/ /
NS

ol
X, R4 | N_,
L /\%\f
H
5 (Formula I)
or a salt thereof,
wherein:
x11s C-R3 or N;
R1 1s C1-Cs alkyl;
R» is cycloalkyl or heterocyclyl, and cycloalkyl and heterocyclyl are optionally
substituted with one or more Rg;
Rs3 is H or C;-Cs alkyl;
R4 1s H or C1-Cs alkyl;
Rs is C1-Cs alkyl;
each Rg is independently selected from hydroxy, halo, alkyl, alkoxy, cycloalkyl, amino,
and cyano, or two Rs, taken together with the atom or atoms to which they are

bonded, form a spirocyclic or fused ring; and

R7 i1s H or Ci-Cs alkyl.

39. The composition of claim 38, wherein x1 is N.
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40. The composition of claim 38 or 39, wherein R; is methyl.

41. The composition of any one of claims 38-40, wherein R4 is H.

42. The composition of any one of claims 38-41, wherein R> is cyclohexyl.

43, The composition of any one of claims 38-41, wherein Ry is tetrahydropyranyl.
44. The composition of any one of claims 38-41, wherein R 1s tetrahydrofuranyl.
45. The composition of any one of claims 38-44, wherein R» 1s optionally substituted

with one or more Rs independently selected from hydroxy, methoxy, and methyl.

46. The composition of any one of claims 38-45, wherein Rs is methyl.

47. The composition of any one of claims 38-46, wherein R7 is H or methyl.

48. The composition of claim 38, wherein the DNA-PKI is a compound of any one of
claims 1-37.

49. A composition comprising

a) a DNA protein kinase inhibitor (DNA-PKI),
b) a DNA cutting agent;

c) optionally, a cell; and

d) optionally, a donor DNA,

wherein the DNA-PKI is selected from:
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” ﬁ&ujgj

N

- f\/i
\N
, or a salt thereof.

50. The composition of claim 49, wherein the DNA-PKI is

(0]
o)
’\?~N N_—:-\\I
SN P
H , or a salt thereof.

S1. The composition of claim 49, wherein the DNA-PKI is

F
F

N N=—
NN
=~ ~N |
I
H , or a salt thereof.

O
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52. The composition of claim 49, wherein the DNA-PKI is
. Of
’\?-N Ny
I3
|
Sy
H , or a salt thereof.

53. The composition of claim 49, wherein the DNA-PKI is
OH

@)

Q\_N)j .
SyA—ny ~
H , or a salt thereof.

54. The composition of claim 49, wherein the DNA-PKI is
0]
*

N N—
L bl
~ ] |
g N/%J
H , or a salt thereof.

55. The composition of claim 49, wherein the DNA-PKI is

3

N N=—
L Y
"] |
H , or a salt thereof.
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56. The composition of claim 49, wherein the DNA-PKI is

o

N N=—
NN
Z N |
I
Sy ~
H , or a salt thereof.

57. The composition of claim 49, wherein the DNA-PKI is
@]
(:?L

N N=
ri NN
"] |
¢ N%J
H , or a salt thereof.

S8. The composition of any one of claims 38-57, wherein the concentration of the DNA-

PKI in the composition is about 1 pM or less.

59. The composition of claim 58, wherein the concentration of the DNA-PKI in the

composition is about 0.25 pM or less.

60. The composition of any one of claims 38-57, wherein the concentration of the DNA-

PKI in the composition is from about 0.1-1 pM.

61. The composition of claim 60, wherein the concentration of the DNA-PKI in the

composition is from about 0.1-0.5 uM.

62. The composition of any one of claims 38-61, comprising a cell.
63. The composition of claim 62, wherein the cell is a eukaryotic cell.
64. The composition of claim 62, wherein the cell is a liver cell.
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65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

The composition of claim 62, wherein the cell is useful in adoptive cell therapy

(ACT).

The composition of claim 65, wherein the cell is useful in adoptive cell therapy.

The composition of claim 65 or 66, wherein the cell is a stem cell.

The composition of claim 67, wherein the stem cell is a hematopoietic stem cell

(HSC) or an induced pluripotent stem cell (iPSC).

The composition of any one of claims 65-68, wherein the cell is an immune cell.

The composition of claim 69, wherein the immune cell is a leukocyte or a

lymphocyte.

The composition of claim 70, wherein the immune cell is a lymphocyte.

The composition of claim 71, wherein the lymphocyte is a T cell, a B cell, or an NK

cell.

The composition of claim 71, wherein the lymphocyte is a T cell.

The composition of claim 73, wherein T cell is a primary T cell.

The composition of claim 73, wherein T cell is a regulatory T cell.

The composition of any one of claims 73-75, wherein the lymphocyte is an activated

T cell.

The composition of any one of claims 73-75, wherein the lymphocyte is a non-

activated T cell.

The composition of any one of claims 62-77, wherein the cell is a human cell.
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79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

The composition of any one of claims 38-78, wherein the DNA cutting agent
comprises a CRISPR/Cas nuclease component and optionally a guide RNA

component.

The composition of claim 79, wherein the DNA cutting agent is selected from a zinc
finger nuclease, a TALE effector domain nuclease (TALEN), a CRISPR/Cas nuclease

component, and combinations thereof.

The composition of claim 79, wherein the DNA cutting agent is a CRISPR/Cas

nuclease component and a guide RNA component.

The composition of claim 81, wherein the CRISPR/Cas nuclease component

comprises a Cas nuclease or an mRNA encoding the Cas nuclease.

The composition of claim 82, wherein the CRISPR/Cas nuclease component

comprises an mRNA encoding the Cas nuclease.

The composition of claim 82 or 83, wherein the Cas nuclease is a Class 2 Cas

nuclease.

The composition of claim 84, wherein the Cas nuclease is a Cas9 nuclease.

The composition of claim 85, wherein the Cas nuclease is a S. pyogenes Cas9

nuclease.

The composition of claim 85, wherein the Cas nuclease is a N. meningitidis Cas9

nuclease.

The composition of claim 85, wherein the Cas nuclease is Nme2Cas9.

The composition of claim 81 or 82, wherein the Cas nuclease is a Cas12a nuclease.
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90.

91.

92.

93.

%4.

9s.

96.

97.

98.

99.

100.

101.

The composition of any one of claims 38-89, comprising a modified RNA.

The composition of any one of claims 79-90, wherein the the guide RNA component

is a guide RNA nucleic acid such as a guide RNA.

The composition of claim 91, wherein the guide RNA nucleic acid is a gRNA.

The composition of claim 91 or 92, wherein the guide RNA nucleic acid is or encodes

a dual-guide RNA (dgRNA).

The composition of claim 91 or 92, wherein the guide RNA nucleic acid is or encodes

a single-guide (sgRNA).

The composition of any one of claims 92-94, wherein the gRNA is a modified gRNA.

The composition of claim 95, wherein the modified gRNA comprises a modification

at one or more of the first five nucleotides at the 5° end.

The composition of claims 95 or 96, wherein the modified gRNA comprises a

modification at one or more of the last five nucleotides at the 3’ end.

The composition of any one of claims 38-97, wherein the composition comprises a
guide RNA nucleic acid and a Class 2 Cas nuclease mRNA; and the ratio of the
mRNA to the guide RNA nucleic acid is from about 2:1 to 1:4 by weight.

The composition of any one of claims 38-98, comprising the donor DNA.

The composition of claim 99, wherein the donor DNA comprises a template
comprising a sequence encoding a protein, a regulatory sequence, or a sequence

encoding structural RNA.

The composition of any one of claims 38-100, wherein the DNA cutting agent is
present in a lipid nucleic acid assembly composition.
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102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

The composition of claim 101, wherein the lipid nucleic acid assembly composition is

a lipid nanoparticle (LNP) composition.

The composition of claim 102, wherein the LNP has a diameter of about 10-200 nm,
about 20-150 nm, about 50-150 nm, about 50-100 nm, about 50-120 nm, about 60-
100 nm, about 75-150 nm, about 75-120 nm, or about 75-100 nm.

The composition of claim 102 or 103, wherein the composition comprises a
population of the LNPs with an average diameter of about 10-200 nm, about 20-150
nm, about 50-150 nm, about 50-100 nm, about 50-120 nm, about 60-100 nm, about
75-150 nm, about 75-120 nm, or about 75-100 nm.

The composition of claim 104, wherein the average diameter is a Z-average diameter.

The composition of claim 101, wherein the lipid nucleic acid assembly composition is

a lipoplex.

The composition of any one of claims 101-106, wherein the lipid nucleic acid

assembly composition comprises an ionizable lipid.

The composition of claim 107, wherein the ionizable lipid has a pKa from about 5.1
to 7.4, such as from about 5.5 to 6.6, from about 5.6 to 6.4, from about 5.8 to 6.2, or
from about 5.8 to 6.5.

The composition of any one of claims 101-108, wherein the lipid nucleic acid

assembly composition comprises a helper lipid.

The composition of any one of claims 101-109, wherein the lipid nucleic acid

assembly composition comprises a neutral lipid.

The composition of any one of claims 101-110, wherein the lipid nucleic acid

assembly composition comprises a PEG lipid.
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112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

The composition of any one of claims 101-111, wherein the N/P ratio of the lipid

nucleic acid assembly composition is about 3-10.

The composition of claim 112, wherein the N/P ratio of the lipid nucleic acid

assembly composition is from about 5-7.

The composition of claim 113, wherein the N/P ratio of the lipid nucleic acid

assembly composition is about 6.

The composition of any one of claims 38-114, further comprising a vector.

The composition of claim 115, wherein the vector encodes the DNA cutting agent.

The composition of claim 115 or 116, wherein the vector encodes the donor DNA.

The composition of any one of claims 115-117, wherein the vector is a viral vector.

The composition of any one of claims 115-117, wherein the vector is a non-viral

vector.

The composition of claim 118, wherein the vector is a lentiviral vector.

The composition of claim 118, wherein the vector is a retroviral vector.

The composition of claim 118, wherein the vector is an AAV.

The composition of claim 62, wherein the cell is not a cancer cell.
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124. A method for targeted genome editing in a cell, comprising contacting the cell with a

DNA cutting agent and a DNA-PKI, wherein the DNA-PKI is a compound of

Formula I
o) R7
R
’fN gk N:ﬂ\l
1
|
H
5 (Formula I)

or a salt thereof,
wherein:
x1 18 C-R3 or N;
Ri 1s C1-Cs alkyl;
R> is cycloalkyl or heterocyclyl, and cycloalkyl and heterocyclyl are optionally
substituted with one or more Re;
Rs3 is H or C;-Cs alkyl;
R4 1s H or C1-C;s alkyl;
Rs is C1-Cs alkyl;
each Rg is independently selected from hydroxy, halo, alkyl, alkoxy, cycloalkyl, amino,
and cyano, or two R, taken together with the atom or atoms to which they are
bonded, form a spirocyclic or fused ring; and
R7 is H or C;-Cs alkyl.
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125. A method of repairing a double stranded DNA break in the genome of a cell,
comprising contacting the cell with a DNA cutting agent and a DNA-PKI, wherein
the DNA-PKI is a compound of Formula I

R~ 2, R4 N Y
SN L
" 5 (Formula I)

or a salt thereof,
wherein:
x1 18 C-R3 or N;
Ri 1s C1-Cs alkyl;
R> is cycloalkyl or heterocyclyl, and cycloalkyl and heterocyclyl are optionally
substituted with one or more Re;
Rs3 is H or C;-Cs alkyl;
R4 is H or C;1-Cs alkyl;
Rs is C1-Cs alkyl;
each Rg is independently selected from hydroxy, halo, alkyl, alkoxy, cycloalkyl, amino,
and cyano, or two R, taken together with the atom or atoms to which they are
bonded, form a spirocyclic or fused ring; and
R7 is H or C;-Cs alkyl.

-190 -



WO 2022/221696 PCT/US2022/025075

126. A method of inhibiting or suppressing repair of a DNA break in a cell via a non-
homologous end joining (NHEJ) pathway, comprising contacting the cell with a DNA
cutting agent and a DNA-PKI, wherein the DNA-PKI is a compound of Formula I

R~ j\)\)% R, N__
\NJ\N | Z
" 5 (Formula I)

or a salt thereof,
wherein:
x1 18 C-R3 or N;
Ri 1s C1-Cs alkyl;
R> is cycloalkyl or heterocyclyl, and cycloalkyl and heterocyclyl are optionally
substituted with one or more Re;
Rs3 is H or C;-Cs alkyl;
R4 is H or C;1-Cs alkyl;
Rs is C1-Cs alkyl;
each Rg is independently selected from hydroxy, halo, alkyl, alkoxy, cycloalkyl, amino,
and cyano, or two R, taken together with the atom or atoms to which they are
bonded, form a spirocyclic or fused ring; and
R7 is H or C;-Cs alkyl.

127. A method of targeted insertion of a donor DNA into the genome of a cell, comprising

contacting the cell with a DNA cutting agent, the donor DNA, and a DNA-PK]I,
wherein the DNA-PKI is a compound of Formula I
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N=
Ro]/ VZ X1 R4 | N y;
|
5 (Formula I)

or a salt thereof,

wherein:

128.

129.

130.

131.

x11s C-R3 or N;

Ri 1s C1-C; alkyl;

R» is cycloalkyl or heterocyclyl, and cycloalkyl and heterocyclyl are optionally
substituted with one or more Rg;

Rs3 is H or C;1-Cs alkyl;

R4 1s H or C1-C;s alkyl;

Rs is C1-Cs alkyl;

each Re is independently selected from hydroxy, halo, alkyl, alkoxy, cycloalkyl, amino,
and cyano, or two Rs, taken together with the atom or atoms to which they are
bonded, form a spirocyclic or fused ring; and

R7 1s H or Ci-Cs alkyl.

The method of any one of claims 124-127, comprising growing the cell in a cell

medium free of the DNA-PKI and adding the DNA-PKI to the cell medium.

The method of any one of claims 124-128, comprising contacting the cell with the

DNA cutting agent before contacting the cell with the DNA-PKI.

The method of claim 129, comprising contacting the cell with the DNA-PKI within
about six hours of contacting the cell with the DNA cutting agent.

The method of claim 130, comprising contacting the cell with the DNA-PKI within
about three hours of contacting the cell with the DNA cutting agent.
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132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144,

The method of any one of claims 124-128, comprising contacting the cell with the

DNA cutting agent simultaneously with the DNA-PKI.

The method of any one of claims 124-128, comprising contacting the cell with the

DNA cutting agent after contacting the cell with the DNA-PKI.

The method of claim 133, comprising contacting the cell with the DNA cutting agent
within about three hours of contacting the cell with the DNA-PKI.

The method of claim 133 or 134, comprising growing the cell in a cell medium
comprising the DNA-PKI.

The method of any one of claims 124-135, wherein the cell is contacted with the
DNA cutting agent and the DNA-PKI for at least about one day.

The method of claim 136, wherein the cell is contacted with the DNA cutting agent
and the DNA-PKI for about one day to one week.

The method of claim 137, wherein the cell is contacted with the DNA cutting agent
and the DNA-PKI for about five days.

The method of any one of claims 124-138, wherein x; is N.

The method of any one of claims 124-139, wherein R; is methyl.

The method of any one of claims 124-140, wherein R4 is H.

The method of any one of claims 124-141, wherein R» is cyclohexyl.

The method of any one of claims 124-141, wherein Ry is tetrahydropyranyl.

The method of any one of claims 124-141, wherein R; is tetrahydrofuranyl.
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145.

146.

147.

148.

149.

The method of any one of claims 124-144, wherein R» is optionally substituted with

one or more Rg independently selected from hydroxy, methoxy, and methyl.

The method of any one of claims 124-145, wherein Rs is methyl.

The method of any one of claims 124-146, wherein R7 is H or methyl.

The method of any one of claims 124-147, wherein the DNA-PKI is a compound of

any one of claims 1-37.

A method for targeted genome editing in a cell, comprising contacting the cell with a

DNA cutting agent and a DNA-PKI, wherein the DNA-PKI is selected from:

N N=
_ NN
2 N |

\NJ\N/(%(
H
.
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| =
, or a salt thereof.
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150. A method of repairing a double stranded DNA break in the genome of a cell,
comprising contacting the cell with a DNA cutting agent and a DNA-PKI, wherein the
DNA-PKI is selected from:
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N
,and
O
@)
N N=
e e

] |

SN N =
H , or a salt thereof.

151. A method of inhibiting or suppressing repair of a DNA break in a cell via a non-

homologous end joining (NHEJ) pathway, comprising contacting the cell with a DNA
cutting agent and a DNA-PKI, wherein the DNA-PKI is selected from:

3 N):j‘J N=
3 N F F N
/%J\I\N/q;r\
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O

0
N

,/ j\u
\N

152. A method of targeted insertion of a donor DNA into the genome of a cell, comprising

, or a salt thereof.

contacting the cell with a DNA cutting agent, the donor DNA, and a DNA-PKI,
wherein the DNA-PKI is selected from:
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, or a salt thereof.

153.  The method of any one of claims 149-152, wherein the DNA-PKI is

- 200 -



WO 2022/221696 PCT/US2022/025075

oN/(j
F%E\N l//

154.  The method of any one of claims 149-152, wherein the DNA-PKI is
F

F
o)
N N—
/n?\ NN
Z\ |
I
H , or a salt thereof.

155.  The method of any one of claims 149-152, wherein the DNA-PKI is
N N=
A o
~ =N |
I
H , or a salt thereof.

156.  The method of any one of claims 149-152, wherein the DNA-PKI is
OH

, or a salt thereof.

o)

Nﬂ N=
iy g
=~ N |
H , or a salt thereof.

157.  The method of any one of claims 149-152, wherein the DNA-PKI is
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(0]
@)
N N=—
J?L Yy
] |
H , or a salt thereof.

158.  The method of any one of claims 149-152, wherein the DNA-PKI is

o

N N=—
"] |
, or a salt thereof.

159.  The method of any one of claims 149-152, wherein the DNA-PKI is

o

N N=—
NN
=~ N |
I
SN P
H , or a salt thereof.

160.  The method of any one of claims 149-152, wherein the DNA-PKI is
O
}

N N=—
fj/\ NN
] |
H , or a salt thereof.

161.  The method of any one of claims 124-160, wherein the cell is contacted with the
DNA-PKI in a cell medium, wherein the concentration of the DNA-PKI in the cell

medium is about 1 uM or less.
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162.  The method of claim 161, wherein the concentration of the DNA-PKI in the cell

medium is about 0.25 uM or less.

163.  The method of any one of claims 124-160, wherein the cell is contacted with the
DNA-PKI in a cell medium, wherein the concentration of the DNA-PKI in the cell

medium is from about 0.1-1 pM.

164.  The method of claim 163, wherein the concentration of the DNA-PKI in the cell
medium is from about 0.1-0.5 uM.

165.  The method of any one of claims 124-164, wherein the cell is a eukaryotic cell.

166.  The method of claim 165, wherein the cell is a liver cell.

167.  The method of any one of claims 124-165, wherein the cell is useful in adoptive cell
therapy (ACT).

168.  The method of claim 167, wherein the cell is useful in autologous cell therapy.

169. The method of any one of claims 124-165, wherein the cell is a stem cell.

170. The method of claim 169, wherein the stem cell is a hematopoietic stem cell
(HSC).

171. The method of claim 169, wherein the cell is an induced pluripotent stem cell
(iPSC).

172.  The method of claim 168, wherein the cell is an immune cell.

173.  The method of claim 172, wherein the immune cell is a leukocyte or a lymphocyte.

174.  The method of claim 173, wherein the immune cell is a lymphocyte.
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175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

The method of claim 174, wherein the lymphocyte is a T cell, a B cell, or an NK cell.

The method of claim 175, wherein the lymphocyte is a T cell.

The method of claim 176, wherein T cell is a primary T cell.

The method of claim 176, wherein T cell is a regulatory T cell.

The method of any one of claims 174-178, wherein the lymphocyte is an activated T

cell.

The method of any one of claims 174-178, wherein the lymphocyte is a non-activated

T cell.

The method of any one of claims 124-180, wherein the cell is a human cell.

The method of any one of claims 124-181, wherein the DNA cutting agent is selected
from a zinc finger nuclease, a TALE effector domain nuclease (TALEN), a

CRISPR/Cas nuclease component, and combinations thereof.

The method of claim 182, wherein the DNA cutting agent is a CRISPR/Cas nuclease

component.

The method of claim 183, wherein the CRISPR/Cas nuclease component comprises a

Cas nuclease or an mRNA encoding the Cas nuclease.

The method of claim 184, wherein the CRISPR/Cas nuclease component comprises

an mRNA encoding the Cas nuclease.

The method of claim 184 or 185, wherein the Cas nuclease is a Class 2 Cas nuclease.

The method of claim 186, wherein the Cas nuclease is a Cas9 nuclease.
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188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

The method of claim 187, wherein the Cas nuclease is a S. pyogenes Cas9 nuclease.

The method of claim 187, wherein the Cas nuclease is a N. meningitidis Cas9

nuclease.

The method of claim 187, wherein the Cas nuclease i1s Nme2Cas9.

The method of claim 186, wherein the Cas nuclease is a Cas12a nuclease.

The method of any one of claims 124-191, further comprising contacting the cell with
a modified RNA.

The method of any one of claims 124-192, further comprising contacting the cell with

a guide RNA nucleic acid.

The method of claim 193, wherein the guide RNA nucleic acid is a gRNA.

The method of claim 193 or 194, wherein the guide RNA nucleic acid is or encodes a

dual-guide RNA (dgRNA).

The method of claim 193 or 194, wherein the guide RNA nucleic acid is or encodes a

single-guide (sgRNA).

The method of any one of claims 194-196, wherein the gRNA is a modified gRNA.

The method of claim 197, wherein the modified gRNA comprises a modification at

one or more of the first five nucleotides at the 5” end.

The method of claims 197 or 198, wherein the modified gRNA comprises a

modification at one or more of the last five nucleotides at the 3” end.
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200.

201.

202.

203.

204.

205.

206.

207.

208.

The method of any one of claims 193-199, wherein the DNA cutting agent is a Class
2 Cas nuclease mRNA; and the ratio of the mRNA to the guide RNA nucleic acid 1s
from about 2:1 to 1:4 by weight.

The method of any one of claims 124-200, further comprising contacting the cell with
a donor DNA.

The method of claim 201, comprising contacting the cell with a vector comprising the

donor DNA.

The method claim 201 or 202, wherein the donor DNA comprises a template
comprising a sequence encoding a protein, a regulatory sequence, a sequence

encoding structural RNA.

The method of claim 203, wherein the template sequence is integrated into the

genome of the cell via homology directed repair (HDR).

The method of any one of claims 124-205, comprising contacting the cell with a lipid

nucleic acid assembly composition comprising the DNA cutting agent.

The method of claim 205, wherein the lipid nucleic acid assembly composition is a

lipid nanoparticle (LNP) composition.

The method of claim 206, wherein the LNP has a diameter of about 10-200 nm, about
20-150 nm, about 50-150 nm, about 50-100 nm, about 50-120 nm, about 60-100 nm,
about 75-150 nm, about 75-120 nm, or about 75-100 nm.

The method of claim 206 or 207, comprising contacting the cell with a population of
the LNPs with an average diameter of about 10-200 nm, about 20-150 nm, about 50-
150 nm, about 50-100 nm, about 50-120 nm, about 60-100 nm, about 75-150 nm,
about 75-120 nm, or about 75-100 nm.
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209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

The method of claim 207 or 208, wherein the average diameter is a Z-average

diameter.

The method of any one of claims 205-209, wherein the lipid nucleic acid assembly

composition comprises an ionizable lipid.

The method of claim 210, wherein the ionizable lipid has a pKa from about 5.1 to 7.4,
such as from about 5.5 to 6.6, from about 5.6 to 6.4, from about 5.8 to 6.2, or from
about 5.8 t0 6.5.

The method of any one of claims 205-211, wherein the lipid nucleic acid assembly

composition comprises a helper lipid.

The method of any one of claims 205-212, wherein the lipid nucleic acid assembly

composition comprises a neutral lipid.

The method of any one of claims 205-213, wherein the lipid nucleic acid assembly

composition comprises a PEG lipid.

The method of any one of claims 205-214, wherein the N/P ratio of the lipid nucleic

acid assembly composition is about 3-10.

The method of claim 215, wherein the N/P ratio of the lipid nucleic acid assembly

composition is from about 5-7.

The method of claim 216, wherein the N/P ratio of the lipid nucleic acid assembly

composition is about 6.

The method of any one of claims 124-217, further comprising contacting the cell with

a vector.

The method of claim 218, wherein the vector encodes the DNA cutting agent.
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220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

The method of claim 218 or 219, wherein the vector encodes a donor DNA.

The method of any one of claims 218-220, wherein the vector is a viral vector.

The method of any one of claims 218-220, wherein the vector is a non-viral vector.

The method of claim 221, wherein the vector is a lentiviral vector.

The method of claim 221, wherein the vector is a retroviral vector.

The method of claim 221, wherein the vector is an AAV.

The method of any one of claims 124-225, wherein the DNA cutting agent interacts
with a target sequence within the genome of the cell, resulting in a double stranded

DNA break (DSB).

The method of any one of claims 124-226, wherein the method results in a gene

knockout.

The method of any one of claims 124-227, wherein the method results in a gene

correction.

The method of any one of claims 124-227, wherein the method results in a gene

insertion.

The method of any one of claims 203-229, wherein the donor DNA comprises a

template comprising an exogenous nucleic acid encoding a protein.

The method of claim 230, wherein the protein is selected from a cytokine, an

immunosuppressor, an antibody, a receptor, and an enzyme.

The method of claim 231, wherein the protein is a receptor.
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233.

234.

235.

236.

237.

238.

239.

240.

The method of claim 231 or 232, wherein the receptor is selected from an

immunological receptor, a T-cell receptor (TCR), and a chimeric antigen receptor.

The method of claim 233, wherein the receptor is an immunological receptor.235.

The method of claim 233, wherein the receptor is a TCR.

The method of claim 230, wherein the exogenous nucleic acid encodes a TCR « chain

and/or a TCR B chain of a TCR.

The method of claim 233, wherein the receptor a chimeric antigen receptor.

The method of any one of claims 230-236, wherein the DNA cutting agent interacts
with a target sequence within the genome of the cell, resulting in a double stranded

DNA break (DSB).

The method of any one of claims 230-237, wherein the DNA cutting agent interacts
with a target sequence within the TRAC gene of the T-cell.

The method of any one of claims 230-238, wherein the template is integrated into the

TRAC gene of the T-cell.
The method of any one of claims 230-239, wherein the template comprises a first

homology arm and a second homology arm that are complementary to sequences

located upstream and downstream of the cleavage site, respectively.
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