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HSC-SPECIFIC ANTIBODY CONJUGATED LIPID NANOPARTICLES AND USES
THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
{8001} This application claims the benefit of priority to U.S. Provisional Application No.
63/443,223, filed on February 3, 2023, to U.S. Provisional Application No. 63/463 252, filed

on May 1, 2023, and to U.S. Provisional Application No. 63/467 282, filed May 17, 2023,

each of which is incorporated by reference herein in its entirety.
REFERENCE TO AN ELECTRONIC SEQUENCE LISTING

[6002] The contents of the electronic sequence listing (183952035040SEQLIST xmi;
Size: 57,069 bytes; and Date of Creation: January 30, 2024) is herein incorporated by

reference in its entirety.
FIELD OF THE INVENTION

{6003} The invention provides lpid nanoparticles for the delivery of nucleic acids to

hematopoietic stem cells, methods of making and using.

BACKGROUND
{0004} There exists a need for safe and effective /i vivo methods for targeted gene editing
in hematopoietic stem cells (HS8Cs).
SUMMARY

{6005) Provided herein is a lipid nanoparticle (LNP) for targeted delivery of a nucleic
acid into a hematopoietic stem cell (HSC), the LNP comprising a lipid-antibody conjugate
comprising the compound of Formula (I): {Lipid] — Joptional linker] — [antibody], wherein
the antibody binds to CD105 and/or CD117; an ionizable cationic ipid comprising: () a

compound of Formula (IF'):
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or a salt thereof, wherein: R}, R?, and R® are each independently a bond or C1.3 alkylene; R'4A,
R?* and R** are each independently a bond or Ciig alkylene; RIM RIAZ RIA RIA R242)
R RIM R and R* are each independently H, Ci.z0 alkyl, Ciz0 alkenyl, -(CHz)o
1WCEOHYORY or «(CH2)0-100C{O)R™; R and R are each independently Cias alkyl or Ci
alkenyl;

R382 R?’E;%?

\N/

RIBig R

- R385 alkylene; and R*™ and R*™ are each independently H or
Crs alkyl optionally substituted with one or more substituents each independently selected
from the group consisting of -OH and -0-(Cy.s alkyly; or (i) a compound having the

following structure:

/Z

or a salt thereof;

and one or more nucleic acids disposed in the LNP.

j0006] In some embodiments, the compound of Formula (11} 1s a compound of Formula

()
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or a salt thereof, wherein: R}, R?, and R® are each independently a bond or Cia alkylene; R4,
R* and R** are each independently a bond or Ci.10 alkylene; R'A RIAT RIS RN R2A2)
R RIM R and R*™ are each independently H, Ciao alkyl, Ciao alkenyl, -(CHz .

CIOHOR™, or «(CH230.100C{OIRY™; R and R are each independently Ci.z0 alkyl or Crzo

alkenyl;
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Ny
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E 2 - -
R is R%3 - R is Cre alkylene; and R™* and R™ are each independently H or
Crus atkyl,

{6007} In some embodiments, the LNP comprises two lipid-antibody conjugates
comprising the compound of Formula (I}, wherein the first lipid-antibody conjugate and the

second lipid-antibody conjugate are the same or different.

{6608} In some embodiments, the antibody of the LNP that binds to CD105 and/or
CD117 comprises an antibody heavy chain variable region (VH} and an antibody light chain
variable region (VL). In some embodiments, the antibody binds to CD117, where the VH
comprises a CBR-H1 comprising the amino acid sequence of FTFSNYAMS {SEQ 1D NO:
1}, a CDR-H2 comprising the amino acid sequence of AISGSGGSTYYADSVKG (SEQ ID
NG 2), and a CDR-H3 comprising the amino acid sequence of AKGPPTYHTNYYYMDV
(SEQ D NO: 3}, and the VL comprises CDR-L1 comprising the amino acid sequence of
RASQGISSWLA (SEG ID NGO: 4), a CDR-L2 comprising the amino acid sequence of
AASSLGS (SEQ ID NO: 5), and a CDR-L3 comprising the amino acid sequence of

Lol
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QOQTNSFPYT (SEQ 1D NO: 6}, In some embodiments, the antibody binds to CD117, where
the VH comprises a CDR-HI comprising the amino acid sequence of FTFSDADMD (SEQ
1D NGO 10}, a CDR-HZ comprising the amine acid sequence of
RTRNKAGSYTTEYAASVKG {(SEQ ID NQ: 11}, and a CDR-H3 comprising the amino acid
sequence of AREPKYWIDFDL (SEQ ID NO: 12), and the VL comprises CDR-L1
comprising the amino acid sequence of RASQSISSYLN (SEQ IDNG: 13), a CDR-L2
comprising the amino acid sequence of AASSLOS (SEQ ID N(O: 14), and a CBR-L3
comprising the amino acid sequence of QQSYIAPYT (SEQ D NO: 15). In some
embodiments, the antibody binds to CD105, where VH comprises a CDR-H1 comprising the
aming acid sequence of BAWMD (SEQ D NG 19), a CBR-HZ comprising the amino acid
sequence of BEIRSKASNHATYYAESVEG (SEQ ID NO: 20), and a CDR-H3 comprising the
amino acid sequence of WRRFFDS (SEQ 1D NOG: 21), and VL comprises CDR-L1
comprising the amino acid sequence of RASSSVSYMH (SEQ 1D NO: 223, a CDR-L2
comprising the armvivo acid sequence of ATSNLAS (SEQ ID NO: 23), and a CDR-L3
comprising the amino acid sequence of QOQWSSNPLT (SEQ ID NO: 24},

[6009] In some embodiments, the antibody of the LNP binds to CD117 and comprises an
antibody heavy chain vanable region (VH) and an antibody light chato variable region {(VL),
wherein the VH comprises a CDR-HI comprising the amino acid sequence of FIFSNYAMS
(SEQ 1D NO: 1), a CDR-H2 comprising the amino acid sequence of
AISGRGGSTYYADRSVKG (SEQ 1D NO: 2), and a CBR-H3 comprising the amino acid
sequence of AKGPPTYHTINYYYMDYVY (SEQ ID NO: 3), and the VL comprises CDR-L1
comprising the amino acid sequence of RASQGISSWLA (SEQ H2 NG: 4}, a CBR-L2
comprising the amino acid sequence of AASSLQS (SEQ ID NO: 5), and a CDR-L3
comprising the arvino acid sequence of QOTNSFPYT (SEQ 1D NO: 6).

j0810] In some embodiments, the antibody of the LNP binds to CD 117 and comprises an
antibody heavy chain variable region (VH) and an antibody light chain variable region (VL),
wherein the VH comprises a COR-HI comprising the amino acid sequence of FTFSDADMD
(SEQ 1D NO: 10), a CDR-H2 comprising the amino acid sequence of
RTRNKAGSYTTEYAASVKG (SEQ ID NQO: 11}, and a CDR-H3 comprising the amino acid
sequence of AREPKYWIDFDL (SEQ ID NO: 12), and the VL comprises CDR-L1
comprising the amino acid sequence of RASQSISSYLN (SEQ ID NG: 13), a CDR-L2
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comprising the amino acid sequence of AASSLQS (SEQ D NO: 14), and a CDR-L3
comprising the amino acid sequence of QQSYIAPYT (SEQ ID NO: 15)

0011} In some embodiments, the antibody of the LNP hinds to CD103 and comprises an
antibody heavy chain variable region (VH) and an antibody light chain variable region (VL},
wherein VH comprises a CDR-H1 comprising the amino acid sequence of DAWMD (SEQ
3y NO: 19), a CDR-H2 comprnising the amino acid sequence of
FIRSKASNHATYYAESVKG (SEG ID NO: 20), and a COR-H3 comprising the amino acid
sequence of WRRFFDS (SEQ ID NG: 21), and VL comprises CDR-L1 comprising the amino
acid sequence of RASSSVSYMH (SEQ 1D NG 22), a CDR-L2 comprising the amino acid
sequence of ATSNLAS (SEGQ ID NO: 23), and a CDR-L3 comprising the amino acid
sequence of QOWSSNPLT (SEQ ID NO: 24,

{6012} In some embodiments, the antibody of the LNP comprises an antibody heavy
chain variable region (VH} and an antibody light chain variable region (VL}, wherein the
antibody binds to CD117, and wherein the VH comprises the amino acid sequence of SEQ ID
NO: 7 and the YL comprises the amino acid sequence of SEQ D NOG: 8. In some
embodiments, the antibody comprises an antibody heavy chain variable region {(VH) and an
antibody light chain variable region {(VL), wherein the antibody binds to CD117, and wherein
the VH comprises the amino acid sequence of SEG ID NO: 16 and the VL comprises the
amino acid sequence of SEQ D NG 17, In some embodiments, the antibody comprises an
antibody heavy chain variable region (VH) and an antibody light chain variable region (VL)
wherein the antibody binds to CI105, and wherein the VH comprises the amino acid
sequence of SEQ ID NO: 25 and the VL comprises the amino acid sequence of SEQ ID NO:

-

26.

{6013} In some embodiments, the antibody of the LNP binds to CD117 and comprises an
antibody heavy chain variable region (VH) and an antibody light chain variable region {VL},
wherein the VH comprises the amino acid sequence of SEQ ID NO: 7 and the VL comprises

the amino acid sequence of SEQ D NO: 8.

{0014} In some embodiments, the antibody of the LNP hinds to CD117 and comprises an
antibody heavy chain variable region (VH) and an antibody light chain variable region (VL),
wherein the VH comprises the amino acid sequence of SEQ 1D NGO: 16 and the VL comprises

the amino acid sequence of SEQ ID NO: 17.
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HEIRY In some embodiments, the antibody of the LNP binds to (1105 and comprises an
antibody heavy chain variable region (VH) and an antibody light chain variable region (VL),
wherein the VH comprises the amino acid sequence of SEQ 1D NGO: 25 and the VL comprises

the amino acid sequence of SEQ 1D NO: 26.

0016} In some embodiments, the antibody of the LNP that binds to CD105 and/or
CID117 comprises a Fab, F{ab™)2, Fab’-SH, Fv, scFv fragment, or immunoglobulin single
variable domain. In some embodiments, the antibody comprises a Fab. In some embodimenis,

the antibody comprises an Fe domain,

{8017} In some embodiments, the antibody comprises a Fab comprising a heavy chain
domain and a fight chain domain. In some embodiments, the heavy chain and light chain
domains of the Fab comprise the amino acid sequences set forth in SEG ID NOs: 9 and 38, or
have at least 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity with the amino acid
sequences set forth in SEQ ID NOs: 9 and 38, In some embodiments, the heavy chain and
light chain domains of the Fab comprise the amino acid sequences set forth in SEQ ID NQs:
18 and 39, or have at least 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity with the
amino acid sequences set forth in SEQ 1D NOs: 18 and 39, In some embodiments, the heavy
chain and light chain domains of the Fab comprise the amino acid sequences set forth in SEQ
iD NOs: 27 and 40, or have at least 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity
with the amino acid sequences set forth in SEQ 1D NOs: 27 and 40,

6018} In some embodiments, the Fab lacks the native interchain disulfide bond at the C-
terminus. In some embodiments, the Fab is engineered to replace one or both cysteines on the
native constant light chain and the native constant heavy chain that form the native interchain
disulfide with a non-cysteine amino acid, therefor to remove the native interchain disulfide
bond tu the Fab. In some embodiments, the Fab comprises a beavy chain fragment that
comprises C2338 substitution, and a light chain fragment that comprises 2148 substitution,

numbering according to Kabat.

{6019 In some embodiments, the Fab has a non-natural interchain disulfide bond. In

some embodiments, the Fab has an engineered, buried interchain disulfide bond.

{6020} In some embodiments, the Fab comprises F174C substitution in the heavy chain
fragment, and S176C substitution in the light chain fragment, numbering according to Kabat.

in some embodiments, the Fab comprises a cysteine at the C-terminus of the heavy or light

6
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chain fragment. In some embodiments, the Fab further comprises one or more amino acids

between the heavy chain fragment of the Fab and the C-terminal cysteine.

10021} In some embodiments, the antibody comprises an immunoglobulin single variable
(ISV} domain. In some embodiments, the ISV domain is a Nanobody® ISV domain. In some
embodiments, the immunocglobulin single variable domain comprises a cysteine at the C-

ferminus.
[6022] In some embodiments, the antibody comprises two or more VHH domains.

{8023} In some embodiments, the immunoglobulin single variable domain comprises a
YHH domain and further comprises a spacer comprising one or more amine acids between
the VHH domain and the C-terminal cysteine. In some embodiments, the two or more VHH
domains are linked by an amino acid spacer. In some embodiments, the antibody comprises a
first VHH domain linked to an antibody CHI domain and a second VHH domain linked to an

antibody light chain constant domain.

6024} In some embodiments, the antibody CHT domain and the antibody light chain
constant domain are linked by one or more disulfide bonds. In some embodiments, the CH1
doraain coroprises F174C and C2338 substiutions, and the light chato constant dorsain

comprises S176C and C2148 substitutions, numbering according to Kabat.

0025} In some embodiments, the antibody comprises an amino acid spacer or linker with
the amine acid sequence of AAA, or with an amino acid sequence set forth in any one of

SEQ 1D N{s: 45-60.

6026} In some embodiments, the antibody comprises a bispecific antibody. In some
embodiments, the antibody of the LINP that binds to CD10S and/or CD117 comprises a

bispecific antibody.

6027} In some embodiments, provided herein is a LNP, where the one or more nucleic

acids is DNA or RNA. In some embodiments, the RNA is an mRNA.

j0028] In some embodiments, the one or more nucleic acids of the LNP comprise an
mRNA encoding a site-directed nuclease, a chemical base editor, a prime editor, or an
epigenome editor. In some embodiments, the one or more nucleic acids comprise an mRNA

enceding a site-directed nuclease. In some embodiments, the site-directed nuclease is a

-



WO 2024/163905 PCT/US2024/014265

CRISPR-associated (Cas) nuclease, a zinc finger nuclease (ZFN), a transcription activator-
tike effector nuclease {TALEN), or a megaTAL. In some embodiments, the site-directed
nuciease is a Cas nuclease, ZFN, TALEN, or megaTAL comprising an amino acid sequence

that confers binding to a target nucleotide sequence.

0029 In some embodiments, the one or more nucleic acids of the LNP comprise an
mMmRNA encoding a CRISPR-assoctated (Cas) nuclease or a chemical base editor; and a guide
RNA (gRNA) comprising a nuclectide sequence that confers binding to a target nucleotide

sequence.

{6030} In some embodiments, the one or more nucleic acids of the LNP comprise an
mRNA encoding a prime editor; and a prime editing guide RNA {pegRNA) comprising a

nucleotide sequence that confers binding to a target nuclectide sequence.

j8031] In some embodiments, the Cas nucleaseis a Type L or a Type V Cas enzyme, or a
variant thereof. In some embodiments, the Cas nuclease is a Cas® enzyme, a Casl2 enzyme, a

CasX enzyme, a Casl4d enzyme, or a variant thereof,

{0032} In some embodiments, the gRNA or pegRNA of the LNP comprises a sequence
having at least 80% identity to at least 15 consecutive nucleotides of the target nucleotide
sequence. In some embodiments, the one or more nucleic acids of the LNP further comprise a
donor template nucleic acid comprising a sequence having at least 80% identity to at least 15

consecutive nucleotides of the target nucleotide sequence.

{6033} In some embodiments, the target nucleotide sequence comprises at least 15
consecutive nucleotides and is located within a coding region of a gene, an infronic region
associated with a gene, an exon region associated with a gene, a 57 untranslated region
associated with a gene, or a 3 untranslated region associated with a gene, wherein the gene is
selected from the group consisting of geve selected from the group cousisting of HBE, HRGI,
HBGZ2, HBAI HBA2, HBD, BCLIIA, BACH2 KLFI, LRF, ADA, DCLREIC, IL2RG, RAG{,
RAG2, JAK3, BIK, WAS, F8, FO, F11, FI0, PKLR, RPSI9, CYBA, CYBB, NCFI, NCFIE,
NCFIC, NCF2, NCF4, ELANFE, ABCD1, ARSA, FXN, GBA, IDS, IDUA, TCIRG, AICDA,
UNG, CD40, CO40LG, FOXP3, TL4 1010, W3, TR, PRET, FANCA, FANCB, FANCC,
FANCDI/BRACAZ, FANCD2, MPL, CCR3, CXCR4, F35, F2, antithrombin 111, and protein .
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j6034) In some embodiments, the target nucleotide sequence is within a regulatory
region, optionally an enhancer region or a repressor region, of a gene selected from the group
consisting of HBB, HBGI, HBG2, HBAI, HBA2, HBD, BOLIIA, BACH2, KLFI, LRF, ADA,
DCLREIC, IL2RG, RAGI, RAG2, JAK3, BIK, WAS, F8, 8, Fil FI10, PKLR RPSI9 CYBA,
CYBB, NCFI, NCFIB, NCFIC, NCF2, NCF4, EIANE, ABCDI, ARSA, FXN, GB4, 1DS,
IDUA, TCIRG, AICDA, UNG, CDH0, CDH0LG, FOXP3, IE4, 1110, 1113 IL7R, PRFI,
FANCA, FANCE, FANCC, FANCDI/BRACA2, FANCD2, MPL, CCRS, CXCR4, F5, F2,
antithrombin 111, and protein C. In some embodiments, the target nucleotide sequence is
within the BCLI A erythroid enhancer. In some embodiments, the target nucleotide sequence
comprises the polynucleotide sequence of GTGATAAAAGCAACTGTTAG (SEQ ID NG
62}, or a variant thereof comprising up to 10{e.g, 1,2, 3,4, 5, 6,7, 8, 9, or 14) nucleotide

substitutions.

[6035] In some embodiments, the ionizable cationic lipid of the NP comprises a
compound of Formula (II"). In some embodiments, the ionizable cationic lipid of the LNP
comprises a compound of Formuta (II}. In some embodiments, R¥? and R* are each
independently H or Ci¢ alkyl, optionally substituted with one or more substituents each
independently selected from the group consisting of ~-OH and ~-0-(C1.s alkyl). In some
embodiments, R** and R*™ are each independently methy! or ethyl, each optionally
substituted with one or more ~-OH. In some embodiments, R*P? and R*™ are each

unsubstituted methyl.

s
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{6037} In some embodiments, R 18 . In some
embodiments, RY, R? and R? are each independently a bond or methylene. In some

embodiments, R! and R? are each methylene and R is a bond.

16038} In some embodiments, the ionizable cationic lipid of the LNP is a compound of

Formula (Iia):

0 Q
R‘E Al RZAS
1A2 RZAE
R“iA& R?.A‘i
RSBZ R3B1
g g
N
E RSA R3A3
R353
REAE
RAA1 (Ta).

: 2 24 , A 1A2 A Al [IAZ pld 3 A
wherein Rlzl, Rx_k_’ REA’ RLkln‘ r! ’!u.’ R;l @37 RZ A . R A2 R 2A3 R Al R’% A2 Ra A3 R?Bl R?BZ and R?Iﬁ

are as defined for Formula (1"}, Formula (I}, or any variation or embodiment thereof.

{6039 In some embodinents, the ionizable cationic lipid of the LNP is a compound of

Formula (Iib):

#N (Ib).

[0048]  In some embodiments, R! R* and R* are each independently a bond or -
{CHp)1-10-. In some embodiments, R** and R** are each independently a bond, -CHo-, -

10
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{CHy)o-, {CHo)a-, «(CHz -, (CHy)s~, {CH)s-, -(CHa -, or «(CHz3s-. In some embodiments,
R and R** are each independently a bond, -(CHap-, (CHz -, -{CHz)s-, {(CHa)7-, or -
(CHa)s-. In some embodiments, R¥ is a bond, -CHa-, -(CHz k-, or «(CH2)r-. In some
embodiments, R R!A2 RIA R2A R and R*™ are each independently H, Cras alkyl, -
CH=CHA-(Cr15 alkyl), -CH=CH-CH-CH=CHA(C116 atky), (CH2)ouCOYOCH(Cro
alky1)(Cris alkyl), -(CH2)oOC(OICH(Crio alkyl¥Cois alkyl}, (CH2)osC(O)OCHCois
alkyl), ot «(CHz)osOC{O)YCHA(C 15 alkyl). In some embodiments, R*4! and R** are each
independently -CH=CH-(Ci.15 alkyl), -CH=CH-CHy-CH=CH-(C1.10 alky!), (CHz)o.
SC(OYOCH(C 0 alkyD(Ciars alkyl), or (CH2)04QC(OYCH(C 10 alkyl HChots alkyl); and R4

RIMR? and R** are each H. In some embodiments, R'* and R** are each

S

&

;%(O\Cv S

_;‘\T@ A

O

{0041}  In some embodiments, R'* and R**! are each

{00421  In some embodiments, B> R* and R’ are each independently H, Ci.ss alkyl,
{CHD04C(OICH(C s alkyl)(Cro alkyl), CH2)osOCOICH(CLs alky X Cruo alkyl), -
{CH2)0.4C(OYOCHHC 10 alkyl), or {CHa).4OC{OYCH{C 110 alkyl).

{0043}  In some embodiments, R*' and R*" are each independently C .15 alkyl; and RV

s HL
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{0044]  In some embodiments, R**! and R** are each independently ethyi, propyl,
"% B - 5 O
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{6045} In some embodiments, R**! is propyl and R** is

jiB4s] In some embodiments, the ionizable cationic lipid of the LNP is
(8] o]
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N
(/i/ \;}(\C\/’\/
- N o~
Lipid 8

j00471 In some embodiments, the ionizable cationic lipid of the INP is

j6048] In some embodiments, the iomzable cationic lipid of the LNP is

O

& o O e

y¥e
igwob

Lipid 15

{6049] In the ionizable cationic lipid comprises the compound having the structure
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{0050} In some aspect, provided herein is an LNP where the antibody 1s covalently
coupled to a lipid in the LNP via a polvethylene glycol {(PEG) containing linker. In some
embodiments, the antibody that binds to CD105 and/or CD117 15 covalently coupled to a
lipid in the LNP via a polyethylene glycol (PEG) containing linker. In some embodiments,
the lipid covalently coupled to the antibody via a PEG containing linker is distearoylglyeerol
{DSG), distearoyiphosphatidylethanolamine (DSPE), dimyrstoyl-phosphatidyiethanolamine
dipalmitoylphosphatidylethanolamine (DPPE), dipalmitoyl-glycerol (DPG), or cerarvide. To

some embodiments, the PEG is PEG 2000 or PEG 3400,

{6051} In some embodiments, the lipid-antibody conjugate is present in the LNPina
range of 0.001 to 0.5 mole percent. In some embodiments, the lipid-antibody conjugate is

present in the LNP in a range of 0.002-0.2 mole percent.

{0052} In some embodiments, the ionizable cationic lipid is present in the LNP in a range
of 30-70 mole percent. In some embodiments, the ionizable cationic lipid is present in the

LNP in a range of 40-60 mole percent.

[0053] In some embodiments, the LNP further comprises one or more of a structural
lipid, a neutral phospholipid, and a free PEG-lipid. In some embodiments, the structural lipid
is a sterol. In some embodiments, the sterol 1s cholesterol. In some embodiments, the sterol is
present in the LNP in a range of 20-70 mole percent. In some embodiments, the sterol is
present 1o the LNP 1o a range of 30-50 mole percent. In some embodiments, the stero

comprises cholesterol and is present in the LINP at a concentration of about 40 mole percent.

[6054] In some embodiments, the neutral phospholipid is selected from the group
consisting of phosphatidyicholine, phosphatidylethanolamine, distearoyl-snglycero-3-
phosphoethanclamine (DSPE), 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC), 1,2-
dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE), 1,2-dioleoyl-sn-glycero-3-
phosphocholine (DOPC), and sphingomyelin. In some embodiments, the neutral phospholipid

is present in the LNP in a range of 5-15 mole percent. In some embodiments, the

13
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concentration of the neutral phospholipid in the LNP is about 10 mole percent. In some
embodiments, the neutral phospholipid 1s DSPC and the concentration of DSPC in the LNP is

about 10 mole percent.

6055] In some embodiments, the free PEG-lipid is selected from the group consisting of
PEG-modified phosphatidylethanolamines, PEG-meoditied phosphatidic acids, PEG-modified
ceramides, PEG-modified dialkylamines, PEG-modified diacviglyeerols, and PEG-modified
dialkylglycerols. In some embodiments, the free PEG-lipid comprises PEG-dioleayigylcerol
{(PEG-DOG), PEG-dimyristoyi-glycerol (PEG-DMG), PEG-dipalmitoylglycerol (PEG-DPG),
PEG-dilinoleoyl-glycero-phosphatidy] ethanolamine (PEG-DLPE), PEG-dimyrstoyl-
phosphatidylethanolamine (PEG-DMPE), PEG-dipalmitoviphosphatidylethanolamine (PEG-
DPPE), PEG-distearoyiglycerol (PEG-DSG), N-palmitoyi-sphingosine-1-
{succinyl{methoxy(polyethylene glycol}] (PEG-ceramide), PEG-distearoyl-glycero-
phosphoglycerol (PEG-DSPG), PEG-dioleoyl-glycerophosphoethanolamine (PEG-DOPE), 2-
[{polyethylene glycol)-2000]-N Nditetradecylacetamide, PEG-distearoyl-
phosphatidylethanolamine (PEG-DSPE), or a derivative thereof. In sorme ervbodirnents, the
chain or Distearoyi {C18) chain, and optionally the free PEG-lipid comprises PEG-DPG and
PEG-DMG. In some embodiments, the free PEG-lipid is present in the LNP in a range of 1-4
mole percent. In some embodiments, the PEG-lipid is DPG-PEG comprising PEG that has at
a molecular weight of 2000 daltons, and the DPG-PEG lipid is present inthe LNP at a

concentration of about 1.5 mole percent.

{6056} In some embodiments, the free PEG-lipid comprises the same or a different lipid

as the lipid io the lipid-antibody conjugate.

{60587} In some embodiments, the free PEG-lipid comprises a PEG having a molecular
weight of at least 2000 daltons. In some embodiments, the PHEG has a molecular weight of

about 3000 to 5000 daltons.

10058] In some embodiments, the LNP has a mean diameter in the range of 50-200 nm.
In some embodiments, the LNP has a mean diameter of about 100 nm. In some embodiments,
the LNF has a polydispersity index in a range from 0.05 to 1. In some embodiments, the LNP
has a zeta potential of from about +10 mV to about + 30 mV at pH 5. In some embodiments,

the ENP has a zeta potential of from about -30 mV to about + SmV at pH 7.4,

14
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j6059) In some embodiments, the LNP comprises the ionizable cationic lipid, the lipid-
antibody conjugate comprising the compound of the following formula: [Lipid] - [optional
finker} - [antibody], wherein the aniibody binds to CD105 and/or CD117, a sterol or other
structural lipid, a neutral phospholipid, a free Polyethylene glycol (PEG) lipid, and the

nuclete acid.

j0860] Also provided herein is a method of targeting the delivery of a nucleic acid to a
hematopoietic stem cell (HSC), optionally ex vive or i vive in a subject, the method
comprising administering o the subject the LNP of any one of the preceding embodiments,

wherein the LNP comprises the nucleic acid. In some embodiments, the subject is a human.

0061} In some embodiments, the method further comprises administering 1o the subject
an HSC mobilization agent, and wherein the LNP is administered to the subject
intravenously. In some embodiments, the HSC mobilization agent is administered to the
subject before, during, or before and during administration of the LNP. In some
embodiments, the HSC mobilization agent comprises plerixafor, granulocyte colony
stimulating factor {G-CSF), granulocyte-macrophage colony stimulating factor {GM-CSF), or
any combination thereof In some embodiments, the HSC mobilization agent comprises

plerixafor and G-CSF.

[6062] Also provided herein is a method of genetically modifying a hematopoietic stem
cell (HSC), optionally ex vivo or i1 vivo in a subiect, the method comprising administering to
the subject the LNP of any one of the preceding embodiments, wherein the one or more
nucleic acids disposed in the LNP comprise an mRNA encoding a site-directed nuclease, a

chemical base editor, a prime editor, or an epigenome editor.

8063} Also provided berein is a wmethod of treating a disease in a subject in need thereof,
the method comprising administering to the subject the LNP of any one of the preceding
embodiments, wherein the one or more nucleic acids disposed in the LNP comprise a
sequence, optionally an mRNA, encoding a site-directed nuclease, a chemical base editor, a

prime editor, or an epigenome editor.

j0864] In some embodiments, the rethod further comprises administering to the subject
an HSC mobilization agent, and wherein the LNP is administered to the subject
intravenousiv. In some embodiments, the HSC mobilization agent is administered to the

subiect before, during, or before and during administration of the LNP. In some

1
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embodiments, the HSC mobilization agent comprises plerixafor, granulocyte colony
stimulating factor (G-CSF), granulocyte-macrophage colony stimulating factor ({GM-CSF), or
any combination thereof. In some embodiments, the HSC mobilization agent comprises

plerixafor and G-CSF.

0065} In some embodiments, the disease 1s a blood disease. In some embodiments, the
disease is a hemoglobinopathy, a primary tvunune deficiency (PID), a congeunital cytopenia, a
hemophilia, a thrombophilia, an inborn error of metabolism, a neuropathy, or a viral disease.
In some embodiments, the disease is an a-hemoglobinopathy or a P-hemoglobinopathy. In

some embodiments, the B-hemoglobinopathy is B-thalassemia or sickle cell disease.

HHUL In some embodiments, administration of the LNPs results in one or more of (1) an
insertion of an HBB transgene, or a fragment thereof, into at least one HSC of the subject; (i1)
increased expression of B-globin in the subject; (i11) an increased amount of axf; adult
hemoglobin (HbA)} in the subject; (iv) insertion of an HBG / transgene, or a fragment thereof]
into at least one HSC of the subject; {v) insertion of an #BG2 transgene, or a fragment
thereof, into at least one HSC of the subject; (vi) increased expression of y-globin in the
subject; {vii} an increased aroount of waya fetal bemoglobin (HBF) in the subject; {(viti )
disruption of the HBA4 f gene, the HBAZ gene, or a combination thereof in at least one HSC of
the subject; (ix} decreased expression of g-globin in the subject; and (x} a decreased amount

of aa a~-globin heterotetramers the subject.

6067} In some embodiments, the disgase is a PID. In some embodiments, the PID is a
severe combined immunodeficiency (SCID), Wiskott-Aldrich syndrome, chronic
granulomatous disease, immunodysregulation polyendocrinopathy enteropathay X-linked

{(IPEX), a hyper IgM syndrome, or X-linked agammaglobulinemia.

{60685} In some embodiments, the PID is a SCID. In some embodiments, the SCID is
Arternis-SCID (ART-SCID), recombination activating gene SCID (RAG-SCID), X-linked
SCHD (X-SCID), adenosine deaminase-deficient SCID, interfeukin 7 receptor deficiency
SCID, or JAKS SCID. In some embodiments, the SCID is ART-SCID, and wherein
administration of the LNP resulis in insertion of a DCLREIC transgene, or a fragment thereof,
into at least one HSC of the subject; increased expression of functional Artemis protein in the
subject; or a combination thereof. In some embodiments, the SCID 1s RAG-SCID, and

wherein administration of the LNP results in insertion of a RAG T transgene or a K4G2
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trangene, or a fragment thereof, into at least one HSC of the subject; increased expression of
functional RAG! protein or RAG2 protein in the subject; or a combination thereof. In some
embodiments, the SCHD 1s X-SCID, and wherein adminisiration of the LNP results in
insertion of an /L2RG transgene, or a fragment thereof, in at least one HSC of the subject;

increased expression of functional IL2RG protein i the subject; or a combination thereof.

j6869] In some embodiments, the PID 1s Wiskott-Aldrich syndrome. To some
embodiments, the PID is Wiskoti-Aldrich syndrome, and wherein administration of the LNP
results in jnsertion of a WAS transgene, or a fragment thereof, into at teast one HSC of the
subject; increased expression of functional WASP protein expression in the subject; or a

combination thereof.
10070} In some embodiments, the PID is chronic granulomatous disease.
[8071] In some embodiments, the PID is X-linked chronic granulomatous disease.

6072} In some embodiments, the PID is chronic granulomatous disease, and wherein
administration of the LNP results in one or more of (i} insertion of a (Y84 transgene, a
CYHBB transgene, an NCFJ transgene, NCF2 transgene, or an NCF4 transgene, or a fragment
thereof, into at least one HSC of the subject; {ii) introduction of a point 676C>T pointe
functional CYBA protein, CYBB protein, NCF1 protein, NCF2 protein, or NCF4 protein in
the subject; and (v} an increased amount of functional NADPH oxidase enzyme complex in

the subject.

{6073} In some embodiments, the PID is IPEX. In some embodiments, the PID is IPEX]
and wherein administration of the LINP results in insertion of an FOXP3 transgene, ora
fragment thereof, into at least one HSC of the subject; increased expression of functional

FOXP3 protein in the subject; or a combination thereof.

j0874] In some embodiments, the PID s hyper [gM syndrome. In some embodiments, the
PID 15 hyper IgM syndrome, and wherein administration of the LNP results in one or more of
(1} insertion of a A/CO4 transgene, a UNG transgene, an COH0 transgene, or a CDH0LG
transgene, or a fragment thereof, into at least one HSC of the subject; (it} increased

expression of functional AICDA protein, UNG protein, CD40 protein, or CD40LG protein in

[y
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the subject; (i1} a decreased amount of IgM antibodies in the subject; and (iv) an increased

amount of IgG, IgA, or 1gE antibodies in the subject.

{0075} In some embodiments, the disease 18 a congenital cytopenia. In some
embodiments, the congenital cytopenia is Fanconia anemia, Shwachman-Diamond syndrome,
Blackfan-Diamond anemia, dyskeratosis congenita, congenital amegakaryocytic
thrombocytopenia, or reticular dysgenesis. In some embodiments, the congenital cytopenia is
Fanconia anemia, and wherein administration of the LNP results in insertion of one or more
FANC genes, or a fragment thereof], into at feast one HSC in the subject; increased expression
of one or more functional FANC proteins in the subject; or a combination thereof. In some
embodiments, the congenital cytopenia is Fanconia anenua, and wherein admirnistration of
the LNP insertion of a FANCA transgene, or a fragment thereof, into at least one HSC of the

subject; increased expression of functional FANCA in the subject; or a combination thereof.

{6076} In some embodiments, the disease is a hemophilia. In some embodiments, the

hemophilia is hemophilia A, hemophilia B, or hemophilia C.

{6077} In some embodiments, the disease is a hemophilia, and wherein adminisiration of
the LNP results in (i) insertion of a £§ transgene, a 9 transgene, or an 7/ /, or a fragment
thereof, into at least one HSC of the subject; (1) increased expression of functional factor
YIH protein, factor IX protein, or factor X1 protein in the subject; and (iii) increased blood

clotting in the subject.

{6078} In some embodiments, the disease is a thrombophilia. In some embodiments, the

thrombophilia is amegakaryocytic thrombocytopenia or factor X deficiency.

{0079} In some embodiments, the disease is a thrombophilia, and wherein administration
of the LINP results in one or more of (i} insertion of a /5 transgene, a £2 transgene, a
iransgene encoding antithrombin I a transgene encoding protein C, or a transgene encoding
protein 8, or a fragment thereof, into at least one HSC of the subject; (i) increased expression
of functional factor V protein, factor Il protein, antithrombin HI protein, protein C, or protein

S in the subject; and (it1) reduced blood clotting in the subject.

{00861 In some embodiments, the disease is an inborn error of metabolism. In some
embodiments, the inborn error of metabolism s phenvlketoneuria, medium-chain acyl-CoA

dehvdrogenase (MCAD) deficiency, a lysosomal storage disease, a glycogen storage
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disorder, a peroxisomal disorder, Fabry disease, Gaucher disease, Hurler syndrome, Hunter
syndrome, Wolman disease, or pyruvate kinase deficiency. In some embodiments, the
peroxisomal disorder is X-linked adrenoleukodystrophy. In some embodiments, the
lysosomal storage disease is metachromatic leukodystrophy, mucopolysaccharidosis I, or

mucopolysaccharidosis 1

j0681] In some embodiments, the disease is a neuropathy. In some embodiments, the

neuropathy is Friedrich’s ataxia.

{6082] In some embodiments, the disease is a viral disease. In some embediments, the
viral disease is HIV/AIDS. In some embodiments, the viral disease is HIV/AIDS, and
wherein administration of the LNP prevents infection by HIV, progression of HIV/AIDS, or a

combination thereof,

j0083] In some embodiments, the one or more nucleic acids of the method of treating
disposed in the LNP comprise an mRNA encoding a site-directed nuclease. In some
embodimetns, the site-directed nuclease is a CRISPR-associated {Cas) nuclease, a zinc finger
nuclease (ZFN), a transcription activator-like effector nuclease {TALEN), or amegaTAL. In
some embodiments, the site-directed nuclease is a Cas nuclease, ZFN, TALEN, or megaTAL

comprising an amino acid sequence that confers binding to a target nuclectide sequence.

{6084} In some embodiments, the one or more nucleic acids of the method of treating
disposed in the LNP comprise (i} an mRNA encoding a CRISPR-associated {Cas) nuclease or
a chemical base editor; and (i1} a guide RNA {gRNA) comprising a nucleotide sequence that
confers binding to a target nuclectide sequence. In some embodiments, the one or more
nucleic acids disposed in the LNP comprise (i) an mRNA encoding a prime editor; and (it) a
prime editing guide RNA (pegRNA) comprising a nucleotide sequence that confers hinding
to a target nucleotide sequence. In some embodiments, the Cas nucleaseisa TypeHora
Type V Cas enzyme, or a vanant thereof. To some embodiments, the Cas nuclease i3 a Cas9
enzyme, a Casl2 enzyme, a CasX enzyme, or a Cas 14 enzyme, or a variant thereof. In some
erabodiments, the gRNA or pegRNA comprises a sequence having at least 80% identity to at

feast 15 consecutive nucleotides of the target nuclectide sequence.

j6085) In some embodiments, the one or more nucleic acids of the method of treating

disposed in the LNP further comprise a donor template nucleic acid comprising a sequence
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having at least 80% identity to at least 15 consecutive nuclectides of the target nucleotide

SeqUence.

{6086} In some embodiments, the target nucleotide sequence of the method of treating
comprises ai least 15 consecutive nucleotides and is located within a coding region of a gene,
an intronic region associated with a gene, an exon region associated with a gene, a 57
untranslated region associated with a gene, or a 3’ untransiated region associated with a
gene, wherein the gene is selected from the group consisting of 88, HBGI, HBG2, HBAI,
HBA2 HBD, BCLIIA, BACH2, KILFI LRF, ADA, DCLREIC, {L2RG, RAGE, RAG2, JAK3,
BIK, WAS, F& FO, F11, FI19, PKIR, RPSIS, CYBA, CYBB, NCFI, NCFIB, NCFIC, NCF2,
NCF4, ELANE, ABCDI, ARS4, FXN, GBA4, IDS, IDUA, TCIRG, AICDA, UNG, CD40,
CDH40LG, FOXP3, 14, TLIG, 1113, IL7R, PRET, FANCA, FANCB, FANCC,
FANCDI/BRACA2, FANCD2 MPL, CCRS, CXCR4, ¥5, F2, antithrombin ITI, and protein C.

{6087} In some embodiments, the target nucleotide sequence is within a regulatory
region, optionally an enhancer region or a repressor region, of a gene selected from the group
consisting of HBB, HRGI HBG2, HBAI, HBA2, HRD, BCLiiA, BACH2 KILF{ LRF ADA,
DCLREIC, HHL2RG, RAGI, RAG2, JAK3, BTK, WAS, I8, 8 i1, FI0, PKIR, RPSI? CYBA,
CYRB, NCF{, NCFIB, NCFIC, NCF2, NCF4, ELANE, ABCD, ARSA, FXN, GBA, IDS,
IDUA, TCIRG, AICDA, UNG, CD40, CD40LG, FOXP3, 14, 1110, 1013, IL7R, PRI,
FANCA, FANCE, FANCC, FANCDI/BRACA2, FANCD2, MPL, CCRS, CXCUR4, 5, F2,

antithrombin I, and protein C.

j6088] In some embodiments, the target nucleotide sequence is within the BUL/ /4
erythroid enhancer. In some embodiments, the target nucleotide sequence comprises the
polynucieotide sequence of GTGATAAAAGCAACTGTTAG (SEGQ D NO: 62), or a variant
thereof comprisingup to 10{e.g., 1,2,3,4, 5, 6,7, §, 9, or 10) nucleotide substitutions. In

some embodiments, the subject of the methods provided herein is a human.

BRIEF BESCRIFTION OF THE DRAWINGS

10089} The present application can be understood by reference to the following

description taken n conjunction with the accompanying figures.
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{6090} FI1G. 1 depicts an exemplary therapeutic strategy for in vivo CRISPR editing of

hematopoietic stem cells (HSCs) with targeted lipid nanoparticles (LINPs).
{6691} FIG. 2 depicts proton NMR spectrum of intermediate 13-11

[8092] FIG. 3A depicts proton NMR spectrum of intermediate 13-11a; FIG. 3B depicts
proton NMR. spectrum of intermediate 13-11b; and FIG. 3C depicts LC-ELSD of

intermediate 13-11b.

0093 FIG 4A depicts proton NMR spectrum of intermediate 13-10; FiG. 4B depicts

LC-CAD chromatogram of intermediate 13-10.

8094} FIG. 5A-1 depicts proton NMR spectrurn for Lipid 1; FIG. 8A-2 depicts the LC

CAD chromatogram of Lipid 1.

j0695] FI1G. 5B-1 depicts proton NMR spectrum of Lipid 3; ¥1G. 5B-2 depicts the LC-

CAD chromatogram of Lipid 3.

{6096} FIG. 8C-1 depicts proton NMR spectrum of Lipid 4; FEG. 3C-2 depicts the LC-

CAD chromatogram £ of Lipid 4.

{8097} FIG. 5D-1 depicts proton NMR spectrum of Lipid S; FIG. 3B-2 depicis the L.C-
CAD chromatogram of Lipid 5.

10098} FIG, 5E-1 depicts proton NMR spectrum of Lipid 6; FIG, SE-2 depicts the LC-
CAD chromatogram of Lipid 6.

6099 FIG, SF-1 depicts proton NMR spectrum of Lipid 7, F1G. $F-2 depicts the LC-

CAD chromatogram of Lipid 7.

{0100} FIG. 5G-1 depicts proton NMR spectrum of Lipid 2; FIG. 5G-2 depicts the LC-

CAD chromatogram of Lipid 2;

{6161} FIG. SH-1 depicts proton NMR spectrum of Lipid 8; FIG, SH-2 depicts the LC-

CAD chromatogram of Lipid 8.

{6102} FIG. 51-1 depicts proton NMR spectrum of Lipid 9; FIG. 51-2 depicts the LC-
CAD chromatogram of Lipid 9.
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j6103) Fi1G. 5J-1 depicts proton NMR spectrum of Lipid 10; FIG. 8§-2 depicts the LC-

CAD chromatogram of Lipid 10.

10104} FIG. 5K-1 depicts proton NMR spectrum of Liptd 11; FIG. 5K-2 depicts the LC-

CAD chromatogram of Lipid 11.

{6105} FIG. 831-~1 depicts proton NMR spectrums of Lipid 12; FIG. 81.-2 depicts the LC-
CAD chromatogram of Lipid 12.

0106} FIG, 5M-1 depicts proton NMR spectrum of Lipid 13; FIG. SM-2 depicts the
LC-CAD chromatogram of Lipid 13,

6197} FIG. 5N-1 depicts proton NMR spectrum of Lipid 15; FIG. 8N-2 depicts the LC-

CAD chromatogram of Lipid 15.

j0108] FI1G. 501 depicts proton NMR spectrum of Lipid 16; FIG, 30-2 depicts the LC-
CAD of Lipid 16.
{6109} FIG. 8P-1 depicts proton NMR spectrum of Lipid 19; FIG, SP-2 depicts the LC-

CAD chromatogram of Lipid 19.

{6110} FIG. 5¢}-1 depicts proton NMR spectrum of Lipid 20; FIG. 5G-2 depicts the LC-

CAD chromatogram of Lipid 20.

10111} FIG, 5R-1 depicts proton NMR spectrum of Lipid 31; FIG. 8R-2 depicts the L.C-
CAD chromatogram of Lipid 31.

10112 FIG. §5-1 depicts proton NMR spectrum of Lipid 32; FIG. 858-2 depicts the LC-

CAD chromatogram of Lipid 32.

{0113} FIG. 8T-1 depicts proton NMR spectrum of Lipid 33; FIG. 5T-2 depicts the LC-

CAD chromatogram of Lipid 33,

{0114} FIG. 5U-1 depicts proton NMR spectrum of Lipid 34; FIG. 5U-2 depicts the LC-

CAD chromatogram of Lipid 34.

{8115} FIGS. 6A-6D depict the results of experiment to screen LNP-Fab and LNP-ful]
length antibody conjugates for binding to HSCs. LNP-Fab and LINP-antibody conjugates
were formulated with 1,1-Dioctadecyl-3,3,3 3 - Tetramethylindocarbocyanine Perchlorate
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{Ix1) and used to treat HSCs in virro. Dil fluorescence is shown as a measure of LNP
targeting, since binding of the LINP-Fab conjugate to the HSCs results in the HSCs having
Dil fluorescence. The specific Fab or antibody of each LNP-Fab or LNP-antibody conjugate
is shown at the top of each panel. Each coluran shows Dil fluorescence of HS8Cs treated with
the indicated LNP-Fab or LNP-antibody conjugate prepared at various Fab/antibody
densities, as indicated in the detailed layout legend. Unconjugated LNPs and ENPs
conjugated with the anti-CD8 mutOK TR antibody were used as vegative controls for HSC
targeting, as CD8 is not expressed by HSCs. Hanks Balanced Salt Solution (HBS) was also
used as a non-LNP butfer control. FIG. 64 depicts a first experiment to screen HSC targeting
of a first set of LNP-Fab conjugates. FIG. 6B depicts a second experiment to screen HSC
targeting of the first set of LNP-Fab conjugates. F1G. 6C depicts a first experiment to screen
HSC targeting of a second set of LNP-antibody conjugates. FiG. 6B depicts a second

experiment to screen HSC targeting of the second set of LNP-antibody conjugates.

{0116} FIGS. 7TA-7D depict the results of experiment to screen LNP-Fab and LNP-full
length antibody conjugates for transfection of HSCs. LNP-Fab and LNP-autibody conjugates
were formulated with Dil and an mRNA encoding green fluorescent protein (GFP) and used
to treat HSCs in vitro. A combination of Dil fluorescence and GFP fluorescence ts shown as
a measure of LNP transfection, since binding of the LNP-Fab or LNP-antibody conjugate to
the HSCs results in the HSCs having Dhl fluorescence, and since transcription of the mRNA
into GFP requires the mRINA to enter the cell and escape the endosome. The specific Fab or
antibody of each LNP-Fab or LNP-antibody conjugate is shown at the top of each panel.
Each column shows double Dil and GFP fluorescence of HSCs treated with the indicated
LNB-Fab conjugate or LNP-antibody conjugate prepared at various Fab/antibody densities, as
indicated in the detailed layout legend. Unconjugated LNPs and LNPs conjugated with the
anti-CD8 mutOK T8 antibody were used as negative controls for HSC targeting, as CD8 is
not expressed by HSCs. Hanks Balanced Salt Solution (HBS) was also used as a non-LNP
buffer control. FIG. 7A depicts a first experiment to screen HSC transfection of a first set of
LNP-Fab conjugates. FEG. 7B depicts a second experiment to screen HSC transfection of the
first set of LNP-Fab conjugates. FIG. 7C depicts a first experiment to screen HSC
transfection of a second set of LNP-antibody conjugates. FIG. 7D depicts a second

experiment {0 screen HEC transfection of the second set of LNP-antibody conjugates.
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{617} F1G. 8 depicts transfection of HSCs by LNPs conjugated with the anti-Ci2117
Abl Fab. Dif fluorescence indicates binding of the (Ab1}-LNP conjugate to the HSCs, and

GFP fluorescence indicates successful transfection of the HSCs with GFP mRNA.

0118} FIGS. 9A-98 depict in virro editing of HSCs by treatment with KC3 LNPs
conjugated with the anti-CD117 Ab1 Fab. KC3 LNP formulations conjugated with or without
AbT were used to encapsulate N1-methyl-pseudo-uridine chemically modified Cas® mRNA
with a gRNA specific for CD45. Primary human HSCs were treated with these LINPs at a
dose range of 100 to 800 ng of total RNA for 7 days, after which the HSCs were stained with
fluorescent antibodies against D34 and CD117 to define HSC cell populations and a
fluorescent antibody against CD4S to detect CD45 knockout. FIG. 94 depicts CD34 and
C245 fluorescence of HSCs treated with the Abl-conjugated KC3 LNPs and illustrates a
reduction in H8Cs expressing CD45 with increasing amounts RNA loading. FIG, 9B depicts
the percentage of CD435 knockout in HSCs treated with both Abl-conjugated (KC3-Abl) and
-unconjugated (KC3) LNPs.

j011%9] FIGS. 10A-168 depict in vitro editing of HSCs by treatment with Lipid 15 LNPs
conjugated with the anti-CDD117 Abl Fab. Lipid 15 LNP formulations conjugated with or
without Ab1 were used to encapsulate Ni-methyl-pseudo-uridine chemically modified Cas9
mBRNA with a gRNA specific for CD4S. Primary human HSCs were treated with these LNPs
at a dose range of 100 to 800 ng of total RNA for 7 days, after which the HSCs were stained
with fluorescent antibodies against CD34 and CD117 to define HSC cell populations and a
fluorescent antibody against U145 to detect CD45 knockout. FIG. 18A depicts €334 and
D45 fluorescence of HSCs treated with the Abl-conjugated Lipid 15 LNPs and illustrates a
reduction in HSCs expressing CD45 with increasing amounts RNA loading. FIG. 10B
depicts the percentage of CD45 knockout in HSCs treated with both Abl-conjugated (Abl

Lipid 15} and unconjugated (Lipid 13) LNPs,

je120} FIG, 11 depicts a plot of percent knockout of CD45 in LNP-ireated HSCs as
measured by both phenotype (CD45 expression) and genotype (indels detected via
sequencing analysis). Each individual point represents a single technical replicate (ie. a
unigue well of HSCs). Phenotype KO % is the frequency of cells absent of CD4S protein.
Genotype KO % is the percentage of reads that contain out of frame indels at the target cut

site.
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je121) Fi1G. 12 depicts structures of various Fab, VHH (Nb), Sclv, Fab-ScFv and Fab-
VHH hybrids.

10122} FIG. 13 depicts in vitro transfection of HSCs with LNPs conjugated with Abl and

encapsulating mCherry mRNA at varying Fab densities.

{6123} FIGK, 14A-14C depict in vitro gene editing of HSCs using LNPg conjugated with
Abl and carrying RNAs for gene editing machinery. Primary HSCs were cultured in vitro
and treated with LNP encapsulating CRISPR mRNA and beta-2-microglobulin (B2M)
guides. The gene editing effect were measured by flow cytometry targeting the cell surface
marker B2M. FIG, 14A shows exemplary flow cytometry results of LNPs conjugated with
Abl (binding Ab), recogunizing long-term hematopoietic stem cells (LT-HSC). FIG. 14B
shows exemplary flow cytometry results of LNP conjugated with mutated Abl (mutAbi,
non-binding Ab™). F1G. 14C shows the average percentage of cells that exhibited a knockout
of B2M protein expression in samples treated with LNPs conjugated with Abl and non-

binding mutAbl.

6124} FIGS. 15A~15F depict & vivo transfection of human long-term HSCs (L T-HSCs)
engrafted into NSG™ mice. FIG. 15A depicts exemplary flow cytometry results illustrating
the flow cytometry gating strategy to identify LT-HSCs using the CD34 and CD117 markers
{CD34 15 a ubiquitous HSC marker and CD117 is a marker of long-term HSCs). The
transfection efficiency was evaluated by measuring the percentage of mCherry positive cells.
Cells were initially selected using antibodies against human and mouse CD457 cells, in order
to differentiate the human HSCs from the mixture with mouse HSCs. FIG. 13B depicts an
additional exemplary flow cytometry resuit showing mCherry expression in cell selected
using the gating strategy illustrated in FIG. 18A. FIG, 18C shows the average percentage of
LT-HSCs mCherry positive from mice treated with Lipid 15 LNPs coated with the Abl Fab,
non-targeting mutAbl Fab, or uncoated (naked) LNPs encapsulating mCherry mRNA. FIG,
13D shows the average percentage of LT-HSCs mCherry positive from mice treated with
KC3 LNPs coated with the Ab1 Fab or the non-targeting mutAbl Fab encapsulating mCherry
mRNA. FIG. 15F shows the amount of mCherry protein normalized by total protein detected
in Hiver tissues from mice treated with Lipid 15 LNPs coated with the Ab1 Fab, the non-
targeting mutAbl Fab, or uncoated {naked) LNPs encapsulating mCherry mRNA. FIG. 15F
shows the amount of mCherry protein normalized by total protein detected in liver tissues

from mice treated with KC3 LNPs coated with the Abl Fab, the non-targeting mutAbl Fab,

2
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or unceoated (naked) LINPs encapsulating mCherry mRNA. In FIGS. 188-E, the sample size
was 2-9 mice for each treatment condition. Bar charts show data as mean values & S, ¥¥%*

indicates P < 0.0001; * indicates P < 0.05; “ns” indicates not significant.

16125) FIG. 16 depicis in vivo transfection of human LT-HSCs engrafted into NSGT™
mice, showing the average percentage of LT-HSCs that are mCherry positive from mice
treated with Lipid 15 LNPs coated with the Abl Fab encapsulating mCherry mRNA, and

from untreated mice.

{6126} FiG. 17 depicts in vitro transfection of cynomolgus macaque HSCs with LNPs
coated with the Ab1 Fab. LT-HSCs were isolated from cynomolgus macaque bone marrow
and identified using the €234 and CI3117 markers. The average percentage of LT-HSCs that
were mCherry positive 18 shown for samples treated with Lipid 15 LNPs that were coated

with Abl Fab, coated with the non-targeting mutAb1 Fab, or were uncoated.

je127} FIG. 18 depicts exemplary flow cytometry results iltustrating the flow cytometry
gating strategy to identify cynomolgus macaque LT-HSCs using the cynomolgus macaque
CD34 and CD117 markers {CD34 is a ubiquitous HSC marker and CD117 is a marker of
long-term HSCs). The transfection efficiency was evaluated by measuring the percentage of

mCherry positive cells.

j6128] FIGS. 19A-198 depict in vive transfection of LT-HSCs in cynomolgus macaques.
Cynomolgus macaques were first treated intramuscularly with diphenhydramine at a dose of
2 mg/kg, and 30 minutes later were treated intravenously with HSC -targeting LNPs at various
doses as shown on the x-axis. Whole bone marrow samples were collected 24h after
treatment by aspiration from the iliac crest and analyzed by flow cytometry using mCherry
reporter. FIG. 194 shows the average percentage of LT-HSCs that are mCherry positive
from cynomolgus macaques treated with Lipid 15 LNPs coated with the Abi Fab
encapsulating mCherry mRNA. FIG. 198 shows the average percentage of LT-HSCs
mCherry positive from cynomolgus macaques treated with KC3 LNPs coated with the Abl
Fab encapsulating maCherry oRNA. The LNPs were administered intravenously at various
doses, as shown on the horizontal axes. Each data point marked represents a single
cynomolgus macaque, with one or two cynomolgus macaques tested per LNP and dose

combination.
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BETAILED DESCRIPTION

j6129] The invention provides lipid nanoparticles (L NP} that specifically target
hematopoietic stem cells (HSC) and deliver nucleic acids encapsulated in the LNP into HSC.
in some aspects, the LINP for tasrgeted delivery comprises {(a) a lipid-antibody-conjugate
comprising the compound of formula (1) [Lipid}-{optional linker|-[antibody (1), and (b} an
ionizable cationic lipid; and {¢) one or more nucleic acids disposed in the LNP. In some
embodiments, the antibody specifically binds to CD10S and/or CD117. In some
embodimenis, the one or more nucleic acids comprise an mRNA encoding a nuclease and an
associated guide RNA. Also provided herein are compositions comprising the LNP and

methods of making and using the LNP for gene editing in HSC.

{6130} The practice of the present invention empioys, unless otherwise indicated,
conventional techniques of organic chemistry, pharmacology, cell biclogy, and biochemistry.
Such techniques are explained in the literature, such as in “Comprehensive Organic
Synthesis” (B.M. Trost & L Fleming, eds., 1991-1992); “Current protocols in molecular
biology” (F M. Ausubel er af., eds., 1987, and periodic updates); and “Current protocols in
immunology” (J.E. Coligan ef of., eds., 1991), each of which is herein incorporated by
reference in its entirety. Various aspects of the invention are set forth below in sections;
however, aspects of the invention described in one particular section are not to be limited to

any particular section.

{. DEFINITIONS

j0131} To facilitate an understanding of the present invention, a number of terms and

phrases are defined below.

j6132] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. The abbreviations used herein have their conventional meaning within the
chemical and biological arts. The chemical structures and formulae set forth herein should be
construed according to the standard rules of chemical valency known in the chemical arts. In
addition, when a chemical group is a diradical, for example, it ts understood a that the
chemical groups can be bonded to their adjacent atoms in the remainder of the structure in
one ot both orientations, for example, ~-OC{0)- 1s interchangeable with -C{03)0- or -OC(8)- 13

interchangeable with -C(S)0-.

[N
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j¢133) The terms “a” and “an” as used herein mean “one or more” and include the plural
unless the context is inappropriate. In some embodiments, “one or more” is | or 2. In some
embodiments, “one or more” 18 1, 2, or 3. In some embodiments, “one or more” 18 1, 2, 3, or
4. In some embodiments, “one or more” is 1, 2, 3, 4, or 5. In some embodiments, “one or

more” is 1, 2, 3, 4, 5, ot more.

j0134] The term “alkyl” as used herein refers to a saturated straight or branched
hiydrocarbon, such as a straight or branched group of 1-12, 1-10, or 1-6 carbon atoms,
referred to herein as Ci-Craalkyl, Ci-Ciealkyl, or Ci-Cealkyl, respectively. In some
embodiments, altkyl is optionaly substituted. Exemplary alkyl groups include, but are not
Hmited to, methyl, ethyl, propvl, isopropyl, Z-methyl-1-propyl, 2-methyl-2-propyl, 2-methyl-
1-butyl, 3-methyl-1-butyl, 2-methyl-3-butyl, 2,2-dimethvil-1-propyl, Z-methyl-1-pentyl, 3-
methyl-1-pentyl, 4-methyl-t-pentyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl, 4-methyi-2-
pentyl, 2, 2~-dimethyl-1-butyl, 3,3-dimethyl-1-butyl, 2-ethyl-1-butyl, buiyl, isobutyl, t-butyl,

pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, etc.

j0135} The ternt “alkylene” refers to a diradical of an alkyl group. In some embodiments,

alkyleve is optionaly substituted. Au exeroplary alkyiene group is -CH2CH?2-.

j0136] The term “haloalkyl” refers to an alkyi group that 1s substituted with at least one

halogen. For example, -CHoF, -CHY,, -CFs3, -CHCF3, -CF3CF3, and the like.

{6137} The term “oxo” is art-recognized and refers to 2 “=0" substituent. For example, a

cyclopentane substituted with an oxo group is cyclopentanone.

{6138} The term “morpholinyl” refers to a substituent having the structure of’
o

e ~ , which is optionally substituted.

{6139} The term “piperidinyl” refers to a substituent having a structure of:

NS .
et \"/, which is optionally substituted.
101404 In general, the term “substituted”, whether preceded by the term “optionally” or
not, means that one ot more hydrogens of the designated moiety are replaced with a suitable
substituent. Unless otherwise indicated, an “optionally substituted” group may have a suitable
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substituent at each substitutable position of the group, and when more than one position in
any given structure may be substituted with more than one substituent selected from a
specified group, the substituent may be either the same or different at each position.
Combinations of substituents envisioned under this invention are preferably those that result
in the formation of stable or chemically feasible compounds. In some embodiments,
“optionally substituted” is equivalent to “unsubstituted or substituted.” In some embodiments,
“optionally substituted” indicates that the designated atom or group is optionally substituted
with one or more substituents independently selected from optional substituents provided
herein. In some embodiments, optional substituent may be selected from the group consisting
oft Ciealkyl, cyano, halogen, -0O-Cisalkyl, Cishaloalkyl, Csrcycloalkyl, 3-to 7-membered
heterocyclyi, 5- to 6~-membered hetercaryl, and phenyl. In some embodiments, optional
substituent is alkyl, cyano, halogen, halo, azide, aralkyl, alkenyi, alkynyl, cycloalkyl,
hydroxyl, alkoxyi, amino, nitro, sulthydryl, imino, amido, carboxylic acid, -C{O)alkyl, -
COnallyl, carbouyl, carboxyl, alkyithio, sulfonyl, sulfonamido, sulfonamide, ketone,
aldehyde, ester, heterocyclyl, aryl, or heteroaryl. In some embodiments, optional substituent
is -OR™ -NRMRY LC(ORY, -C(OYOR® C(ONRYRY | -OC(OR™®, -OC(0)0ORY, -
OC{OINRYRY NR¥IC(ORY? ) or -NRPVC(OYOR? wherein R R¥ R¥ RM R R,
RY RE RY RO RS RS RS RSM and R are each indpenednetly H, Cre alkyl, Cao
cycloalkyl, Css aryl, 5- to 10-membered hetercaryl, or 3- to 10-membered heterocyciyl, each

of which is optionally substituted.

{0141} The term “haloalkyl” refers to an alkyl group that is substituted with at least one

halogen. For example, ~-CHoF, -CHF,, -CF;, ~-CHCF;, -CF2CFs, and the like.

{6142} The tern “cycloalkyl” refers to a monovalent saturated cyclic, bicyclic, bridged
cyclic {e.g., adamantyl}, or spirocyclic hydrocarbon group of 3-12, 3-10, 3-8, 4-8, or 4-6
carbons, referred to herein, e.g., as "Caacycloalkyl,” derived from a cycloatkane. In some
embodiments, cycloatkyl is optionally substituted. Exemplary cycloalky! groups include, but
are not limited to, cyclohexanes, cyvclopentanes, cyclobutanes and cyclopropanes. Unless
specified otherwise, cycloalkyl groups are optionally substituted at one or more ring positions
with, for example, alkanoyl, alkoxy, alkyl, haloalkyl, alkenyl, alkynyl, amido, amidino,
amino, aryl, arylalkyl, azido, carbamate, carbonate, carboxy, cyano, cycioalkyl, ester, ether,

formyl, halogen, haloalkyl, hetercaryl, heterocyelyl, hydroxyl, imino, ketone, nitro,
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phosphate, phosphonato, phosphinato, sulfate, sulfide, sulfonamide, sulfonyl or thiocarbonyl.

In certain embodiments, the cycloalkyl group is not substituted, i.e, it is unsubstituted.

{6143} The terms “heterocyclyl” and “heterocyclic group” are art-recognized and refer to
saturated, partially unsaturated, or aromatic 3- to 10-membered ring siructures, alternatively
3- to 7-membered rings, whose ring structures include one to four heteroatoms, such as
nitrogen, oxygen, and sulfur. In some embodiments, heterocyelvl is optionally substituted.
The number of ring atoms in the heterocyclyl group can be specified using Cy-Cy
nomenclature where x 18 an integer specifying the nurober of ring atoms. For example, a Cs-
Crheterocyclyl group refers to a saturated or partially unsaturated 3- to 7-membered ring
structure containing one to four heteroatoms, such as nitrogen, oxygen, and sulfur. The
designation “C3-Cy” indicates that the heterocyclic ring contains a total of from 3 to 7 ring
atoms, inclusive of any heteroatoms that occupy a ring atom position. One example of a
Csheterocyclyl is aziridinyl. Heterocycles may be, for exaraple, mono-, bi-, or other multi-
cyclic ring systems {e.g., fused, spiro, bridged bicyclic). A heterocycle may be fused to one
or more aryl, partially unsaturated, or saturated rings. Heterocvelyl groups include, for
example, bictinyl, chromenyl, dihydrofuryl, dihydroindolyl, dihydropyranyl, dikydrothienyl,
dithiazolvi, bomopiperidinyl, imidazolidinyl, isoquinolyl, isothiazolidinyl, isooxazolidinyi,
morpholinyl, oxolanyl, oxazolidinyl, phenoxanthenyl, piperazinyl, piperidinyl, pyranyl,
pyrazolidinyl, pyrazolinyl, pyridyl, pyrimidinyl, pyrrolidinyl, pyrrolidin-2-onyl, pyrrolinyl,
tetrahydrofuryl, tetrahydroisoquinolyl, tetrahvdropyranyl, tetrahydroquinolyl, thiazolidingl,
thiolanyl, thiomorpholinyl, thiopyranyl, xanthenyl, lactones, lactams such as azetidinones and
pyrrolidinones, sultams, sultones, and the like. Unless specified otherwise, the heterocyclic
ring is optionally substituted at one or more positions with substituents such as alkanoyl,
alkoxy, alkyl, alkenyl, alkynyl, amido, amidino, amino, aryl, arviatkyl, azido, carbamate,
carbonate, carboxy, cyvano, cycloalkyl, ester, ether, formyl, halogen, haloalkyl, hetercaryl,
heterocycelyl, hydroxyl, imino, ketone, nitro, oxo, phosphate, phosphonato, phosphinato,
sulfate, sulfide, sulfonamido, sulfonyl and thiccarbonyl. In certain embodiments, the

heterocyclyl group is not substituted, i.e, it is unsubstituted.

6144} The term “aryl” is art-recognized and refers to a carbocyclic aromatic group. In
some embodiments, aryl is optionally substituted. Representative aryl groups include phenyl,
naphthyl, anthracenvl, and the like. The term “arvl” includes polycyclic ring systems having

two or more catbocyclic rings in which two or more carbons are common to two adjoining
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rings {the rings are “fused rings”} wherein at least one of the rings is aromatic and, e.g., the
other ring(s) may be cycloalkyls, cycloalkenyls, cycloaltkynyls, and/or aryls. Unless specified
otherwise, the aromatic ring may be substituted at one or more ring positions with, for
example, halogen, azide, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, atkoxyl,
amino, nitro, sulfhydryl, imino, amido, carboxylic acid, ~-C(Qatkyl, COnalkyl, carbonyl,
carboxyl, alkylthio, sulfonyl, sulfonamido, sulfonamide, ketone, aldehyde, ester,
heterocyclyl, aryl or heteroaryl moieties, ~CFz, -CN, or the like. In certain embodiments, the
aromatic ring is substituted at one or more ring positions with halogen, alkyl, hydroxyl, or
alkoxyl. In certain other embodiments, the aromatic ring is not substituted, i.e ) it is
unsubstituted. In certain embodiments, the aryl group is a 6- to 10-membered ring structure.

In some embodiments, the aryl group 1s a Cs-Cra aryl.

{6145} The term “heteroaryl” is art-recognized and refers to aromatic groups that include
at {east one ring heteroatom. In some embodiments, beteroaryl is optionally substituted. In
certain instances, a heteroaryl group contains 1, 2, 3, or 4 ring heteroatoms. Representative
examples of hetercaryl groups include pyrrolyl, furanyl, thiophenyl, imidazolyl, oxazolyl,
thiazolyi, triazolyl, pyrazolyl, pyridinyl, pyrazinyl, pyridazinyl and pyrimidinyl, and the like.
Uniess specified otherwise, the hetercaryl ring may be substituted at one or more ring
positions with, for example, halogen, azide, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyt,
hydroxyl, alkoxyl, amino, nitro, sulthydryl, imino, amido, carboxylic acid, C{O)alkyl, -
Cnalkyl, carbonyl, carboxyl, altkylthio, sulfonyl, sulfonamido, sulfonamide, ketone,
aldehyde, ester, heterocyclyl, aryl or heteroaryl moieties, -CFa, -CN, or the like. The term
“heteroaryl” also tncludes polycyclic ring systems having two or more rings in which two or
more carbons are common to two adjoining rings {the rings are “fused rings”} wherein at
least one of the rings is heteroaromatic, e.g., the other cyclic rings may be cycloalkyls,
cycioalkenvls, cycloalkynyls, and/or aryls. In certain embodiments, the hetercaryl ring is
substituted at oue or more ring positions with balogen, alkyl, hvdroxyl, or atkoxyl. In certain
other embodiments, the heteroaryl ring ts not substituted, i.e., it is unsubstituied. In certain
embodiments, the heteroarvi group 1s a 5- to 10-membered ring structure, altemnatively a 3- 1o
6-membered ring structure, whose ring structure includes 1, 2, 3, or 4 heteroatoms, such as

nitrogen, oxygen, and sulfur.

{6146} The terms “amine” and “aming” are art-recognized and refer to both unsubstituted

and substituted amines, .2., a moiety represented by the general formula ~N(R'HRM),
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wherein R and R'! each independently represent hydrogen, alkyl, cycloalkyl, heterocyclyl,
alkenyl, arvl, aralkyl, or (CHzm-R'%; or R and R", taken together with the N atom to which
they are attached complete a heterocycle having from 4 to § atoms in the ring structure; R1?
represents an aryl, a cycloalkyl, a cycloalkenyl, a heterocycle or a polyeyele; and m is zero or
an integer in the range of 1 to 8. In certain embodiments, R'% and R each independently

represent hydrogen, alkyl, alkenyl, or -{CH2)m-R'.

{6147} The terms “alkoxyl” or “alkoxy” are art-recognized and refer to an altkyl group, as
defined above, having an oxygen radical aitached thereto. In some embodiments, alkoxyl is
optionally substituted. Representative alkoxyi groups include methoxy, ethoxy, propyioxy,
tert-butoxy and the Hke. An “ether” is two hydrocarbons covalently linked by an oxygen.
Accordingly, the substituent of an alkyl that renders that alkyl an ether is or resembles an
alkoxyl, such as may be represented by one of -G-alkyl, -O-alkenyl, O-alkynyl, -O-(CHo)w-
R, where m and R™ are described above. The term “haloalkoxyl” refers to an alkoxyl group
that is substituted with at least one halegen. For example, -O-CHyF, -G-CHF;, -0-C¥F;, and
the like. In certain embodiments, the haloalkoxyl is an alkoxyl group that is substituted with
at least one fluoro group. In certain embodiments, the haloatkoxyl is an alkoxyl group that is

substituted with from 1-6, 1-3, 1-4, 2-4, or 3 fluoro groups.
{0148} The symbol “ 7 indicates a point of attachment.

[6149] The compounds of the disclosure may contain one or more chiral centers and/or
double bonds and, therefore, exist as sterecisomers, such as geometric isomers, enantiomers
or diastereomers. The term “sterecisomers” when used herein consist of all geometric
isomers, enantiomers or diastereomers. These compounds may be designated by the symbols
"R or 8,7 depending on the configuration of substituents around the sterecgenic carbon
atom. The present invention encompasses various stereoisomers of these compounds and
mixtures thereof. Stereoisomers include enantiomers and diastereomers. Mixtures of
enantiomers or diastereomers may be designated “(+)” in nomenclature, but the skilled
artisan will recognize that a structure may denote a chiral center implicitly. It is understood
that graphical depictions of chemical structures, e.g., generic chemical structures, encompass

all sterecisomeric forms of the specified compounds, unless indicated otherwise,

{0150} Individual stereoisomers of compounds of the present invention can be prepared

synthetically from commercially available starting materials that contain asymmetric or
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stereogenic centers, or by preparation of racemic mixtures followed by resolution methods
well known to those of ordinary skill in the art. These methods of resolution are exemplified
by {1} attachment of a mixture of enantiomers to a chiral auxiliary, separation of the resulting
mixture of diastereomers by recrystallization or chromatography and liberation of the
optically pure product from the auxiliary, (2) salt formation employing ao optically active
resolving agent, or {3} direct separation of the mixture of optical enantiomers on chiral
chromatographic columns. Stereoisomeric mixtures can also be resolved into their compouent
sterecisomers by well-known methods, such as chiral-phase gas chromatography, chiral-
phase high performance liquid chromatography, crystallizing the compound as a chiral salt
complex, or crystallizing the compound in a chiral solvent. Further, enantiomers can be
separated using supercritical fhuid chromatographic (SFC) techniques described in the
literature. Still further, sterecisomers can be obtained from stereomerically-pure

intermediates, reagents, and catalysts by well-known asymmetric synthetic methods.

{0151} Geometric isomers can also exist in the compounds of the present invention. The
symbol 2 denotes a bond that may be a single, double or triple bond as described herein.
The present invention encompasses the various geometric isomers and mixtures thereof
resulting from the arrangerent of substituents around a catboun-carbon double bond or
arrangement of substituents around a carbocyclic ring. Substituents around a carbon-carbon
double bond are designated as being in the “27 or “£7 configuration wherein the terms ©77
and “£” are used in accordance with IUPAC standards. Unless otherwise specified, structures

depicting double bonds encompass both the “/7 and “Z 7 isomers.

0152} Substituents around a carbon-carbon double bond alternatively can be referred to
as “cis” or “trans,” where “cis” represents substituents on the same side of the double bond
and “trans” represents substituents on opposite sides of the double bond. The arrangement of
substituents around a carboeyclic ring are designated as “cis” or “trans.” The term “cis”
represents substituents on the same side of the plane of the ring and the term “trans”
represents substituents on opposite sides of the plane of the ring. Mixtures of compounds
wherein the substituents are disposed on both the same and opposite sides of plane of the ring

are designated “cis/trans.”

10153} The invention also embraces isotopically labeled compounds of the invention
which are identical to those recited herein, except that oue or more atoms are replaced by an

atom having an atomic mass or mass number different from the atomic mass or mass number
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usually found in nature. Examples of isotopes that can be incorporated inte compounds of the
invention include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, fluorine and

chlorine, such as 2H, °H, *C, MC, PN, B0, 70, 3P, %P, P8, B¥F and *CI, respectively.

8154 Certain isotopically-labeled disclosed compounds (e.g., those fabeled with 3H and
14C) are useful in compound and/or substrate tissue distribution assays. Tritiated (i ¢, 3H)
and carbon-14 (i ¢, 14C) 1sotopes are particularly preferred for their ease of preparation and
detectability. Further, substitution with heavier isotopes such as deuterium {(i.e, 2H) may
atford certain therapeutic advantages resulting from greater metabolic stability (e.g.,
increased in vivo half-life or reduced dosage requirements) and hence may be preferred in
sorae circumstances. Isotopically labeled compounds of the invention can generally be
prepared by following procedures analogous to those disclosed in, e.g., the Examples herein

by substituting an isotopically labeled reagent for a non-isotopically labeled reagent.

[6155) As used herein, the terms “subject” and “patient” refer to organisms to be treated
by the methods of the present invention. Such organisms are preferably mammals {e.g.,
murines, simians, equines, bovines, porcines, canines, telines, and the like), and more

preferably humans.

j0156] Asused heren, the term “pharmaceutical composition” refers to the combination
of an active agent with a carrier, inert or active, making the composition especially suitable

for diagnostic or therapeutic use i vivo or ex vivo.

{61587} As used herein, the term “pharmaceutically acceptable excipient” refers to any of
the standard pharmaceutical carriers, such as a phosphate buffered saline sclution, water,
emulsions {e.g., such as an oil/water or water/otl emulsions}, and various types of wetting
agents. The compositions also can include stabilizers and preservatives. For examples of
carriers, stabilizers and adjuvants, see Remington's The Science and Practice of Pharmacy,

21st Editton, A, R. Gennaro, Lippiocott, Williams & Wilkins, Baltimore, M3, 2006,

{6158} As is known to those of skill in the art, “salts” of the compounds of the present
invention may be derived from inorganic or organic acids and bases. Examples of acids
include, but are not limited to, hydrochloric, hydrobromic, sulfuric, nitric, perchioric,
fumaric, maleic, phosphoric, glycolic, lactic, salicylic, suceinic, toluene-p-sulfonic, tartaric,
acetic, citric, methanesulfonic, ethanesulfonie, formic, benzoic, malonic, naphthalene-2-

sulfonic, benzenssulfonic acid, and the like. Other acids, such as oxalic, while not in
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thernselves pharmaceutically acceptable, may be employed in the preparation of salts useful
as intermediates in obtaining the compounds of the tnvention and their pharmaceutically

acceptable acid addition salts.

8159} Bxamples of bases include, but are not limited to, alkali metal {e.g., sodium)
hydroxides, alkaline earth metal {e.g., magnesium} hydroxides, ammonia, and compounds of

formula NW4', wherein W is Cis alkyl, and the like.

{0169} Examples of salts include, but are not limited to: acetate, adipate, alginate,
aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, citrate, camphorate,
camphorsulfonate, cyclopentanepropionate, digiuconate, dodecylsulfate, ethanesulfonate,
fumarate, flucoheptanocate, glycerophosphate, hemisulfate, heptanocate, hexanocate,
hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,
methanesulfonate, 2-naphthalenesulfonate, nicotinate, oxalate, palmoate, peciinate,
persulfate, phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate,
tosylate, undecanocate, and the like. Other examples of salts include anions of the compounds
of the present invention compounded with a suitable cation such as Na®, NHy', and NW,~

{wherein W is a Crs alkyl group), and the like.

j0161] Abbreviations as used heretn include diisopropyiethyviamine (DIPEA); 4-
dimethylaminopyridine (DMAP); tetrabutylamimonium iodide (TBAILY, 1-ethyl-3-(3-
dimethylaminopropyljcarbodiimide (EDC); benzotriazol-1-yl-oxyiripyrrolidinophosphonium
hexaflucrophosphate (PyBOP), 9-Fluorenyimethoxycarbonyl {Fmoc}, tetrabutyldimethylsiivl
chloride (TBDMSCI), hydrogen fluoride (HF), phenyl (Ph), bis(trimethylsilyDamine
{HMDS), dimethyiformamide (DMF); methylene chloride (DCM); tetrahvdrofuran {THF ),
high-performance liquid chromatography (HPLC); mass spectrometry (MS8), evaporative
fight scattering detector (ELSDY), electrospray (ES)), nuclear magunetic resonance

spectroscopy (NMR).

jo162] As used herein, the term “effective amount” refers to the amount of a compound
{e.g., a nucleic acid, e.g., an mRNA) sufficient to effect benefictal or desived results. An
effective amount can be administered in one or more administrations, applications or dosages
and is not intended to be limited fo a particular formulation or administration route. The term
effective amount can be considered to include therapeutically and/or prophyliactically

effective amounts of a compound.

(o)
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{6163} The phrase "therapeutically effective amount” as used herein means that amount
of a compound {e.g., a nucleic acid, e.g., an mRNA}), material, or composition comprising a
compound (e.g., a nucletc acid, e.g., an mRNA} which is effective for producing some
desired therapeutic effect in at least a sub-population of cells in a mammal, for example, a
human, or a subject (e.g., a human subject) at a reasonable benefit/risk ratio applicable to any

medical treatment.

{0164} The phrase "prophylactically effective amount” as used herein means that amount
of a compound {e.g., a nucleic acid, e.g., an mRMNA), material, or composition comprising a
compound (e.g., a nucleic acid, e.g., an mRNA) which is effective for producing some
desired prophylactic effect in at least a sub-population of cells in a mammal, for example, a
human, or a subject (e.g,, a human subject) by reducing, minimizing or eliminating the risk of
developing a condition or the reducing or minimizing severity of a condition at a reasonable

benefit/risk ratio applicable to any medical treatment.

% ¢

0165} As used herein, the terms “treat,” “treating,” and “treatment” include any effect,
e.g., lessening, reducing, modulating, ameliorating or eliminating, that results in the
improvement of the condition, disease, disorder, and the like, or ameliorating a symptom

thereof.

{6166} The phrase "pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings and
animals without excessive toxicity, irritation, allergic response, or other problem or

complication, commensurate with a reasonable benefit/risk ratio.

je1s7 In the application, where an element or component is said to be included in and/or
selected from a list of recited elements or components, it should be understood that the
element or component can be any one of the recited elements or coruponents, or the element
or component can be selected from a group consisting of two or more of the recited elements

Of coraponents.

j61638] Further, it should be understood that elements and/or features of a composition or
a method described herein can be combined in a variety of ways without departing from the
spirit and scope of the present invention, whether explicit or implicit herein. For example,

where reference is made to a particular compound, that compound can be used in varicus
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embodiments of compositions of the present invention and/or in methods of the present
invention, unless otherwise understood from the context. In other words, within this
application, embodiments have been described and depicted in a way that enables a clear and
concise application to be written and drawn, but it is intended and will be appreciated that
erabodiments may be variously combined or separated without parting from the present
teachings and invention{s). For example, it will be appreciated that all features described and
depicted herein can be applicable to all aspects of the invention(s) described and depicted

herein.

{6169} It should be understood that the expression “at least ong of” includes individually
each of the recited objects after the expression and the various combinations of two or more

of the recited objects unless otherwise understood from the context and use. The expression

“and/or” in connection with three or more recited objects should be understood to have the

saroe meaving unless otherwise understood from the context.

ERINAS 3 3 < >

{6176 The use of the term “include,” “includes,” “including,” “have,” “has,” “having,’
“contain,” “contains,” or “containing,” including grammatical equivalents thereof, should be
understood generally as open-ended and nov-linuting, for example, not excluding additional
unrecited elements or steps, uniess otherwise specifically stated or understoed from the

context.

{6171} Where the use of the term “about” is before a quantitative value, the present
invention also includes the specific quantitative value itself, unless specifically stated
otherwise. As used herein, the term “about” refers to a £10% variation from the nominal

value unless otherwise indicated or inferred.

j8172} As used herein, unless otherwise indicated, the term “antibody” weans any
antigen-binding molecule or molecular complex comprising at least one complementarity
determining region {CDR) that specifically binds to or interacts with a particolar antigen. Itis
understood the term encompasses an intact antibody (e.g., an intact monoclonal antibody}, or
a fragment thereof, such as an Fe fragment of an antibody {e.g., an Fc fragment of a
monocional antibody), or an antigen-binding fragment of an antibody {e.g., an antigen-
binding fragment of a monoclonal antibody), including an intact antibody, antigen-binding
fragment thereof, or Fc fragment that has been modified or engineered. Examples of antigen-

binding fragments include Fab, Fab’, (Fab’, Fv, single chain antibodies {e.g., scFv),

o
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minibodies, and dizbodies. Examples of antibodies that have been modified or engineered
include chimeric antibodies, humanized antibodies, and multispecific antibodies {(e.g.,
bispecific antibodies). The term also encompasses an immunoglobulin single variable

domain, such as a Nanobody (e.g., a V).

{0173} Naturally occurring antibodies typically comprise a tetramer. Each such tetramer
is typically composed of two identical pairs of polypeptide chains, each pair having ove full-
fength "light" chain (typically having a molecular weight of about 25 kDa}) and one full-
fength “heavy" chain {typically having a molecular weight of about 50-70 kDa}. The terms
"heavy chain" and "light chain" as used herein refer to any immunoglobulin polypeptide
having sufficient variable domain sequence to confer specificity for a target antigen. The
amino-terminal portion of each light and heavy chain typically includes a variable domain of
about 100 to 110 or more amino acids that typically is responsible for antigen

recoguition. The carboxy-termoival portion of each chain typically defines a constant domain
responsible for effector function. Thus, in a naturally occurring antibody, a tull-length heavy
chain immunoglobulin polypeptide includes a variable domain (V) and three constant
domains (Cuy, Cmz, and Cmz), wherein the Vi domain is at the amino-terminus of the
polypeptide and the Crs domain is at the carboxyl-terminus, and a full-length light chain
immunoglobulin polypeptide includes a variable domain (Vi) and a constant domain {Cr),
wherein the Vi, domain 1s at the amino-terminus of the polypeptide and the €. domain is at

the carboxyl-terminus.

{0174} Human light chains are typically classified as kappa and lambda light chains, and
human heavy chains are typically classified as mu, delta, gamma, alpha, or epsilon, and
define the antibody's isotype as IgM, Igh, Ig(, IgA, and Igk, respectively. IgG has several
subclasses, including, but not limited to, IgG1, 1gG2, 1gG3, and IgG4. IgM has subclasses
including, but vot Hmiuted to, IgM1 and 1gM2. IgA is simifarly subdivided wnto subclasses
including, but not limited to, IgAl and IgA2. Within full-length light and heavy chains, the
variable and constant domains typically are joined by a "J" region of about 12 or more amino
acids, with the heavy chain alse including a "D" region of about 10 more amino acids. See,
e.g., FUNDAMENTAL IMMUNGLOGY (Paul, W, ed, Raven Press, 2nd ed., 1989), which is
incorporated by reference in its entivety for all purposes. The variable regions of each
fight'heavy chain pair typically form an antigen binding site. The variable domains of

naturally occurring antibodies typically exhibit the same general structure of relatively
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conserved framework regions (FR) joined by three hypervariable regions, also called
complementarity determining regions or CDRs. The CDRs from the two chains of each pair
typically are aligned by the framework regions, which may enable binding to a specific
epitope. From the amino-terminus to the carboxyl-terminus, both light and heavy chain
variable domaiuns typically comprise the domains FR1, CDR1, FR2, CDR2, FR3, CDR3, and
FR4.

{6175} The term "CDR set" refers to a group of three CDRs that occur in a single variable
region capable of binding the antigen. The exact boundaries of these CDRs have been
defined differently according to different systerms. The system described by Kabat (Kabat ef
af., SEQUENCES OF PROTEINS OF IMMUNGLOGICAL INTEREST (National Institutes of Health,
Bethesda, Md. (1987) and (1991)) not only provides an unambiguous residue numbering
system applicable to any variable region of an antibody, but also provides precise residue
boundaries defining the three CDRs. These CDRs may be referred to as Kabat

CDRs. Chothia and coworkers {Chothia and Lesk, 1987, .7 Mo/ Fiol 196: 901-17; Chothia
ef ool 1989, Nature 342 877-83} found that certain sub-portions within Kabat CDRs adopt
niearly identical peptide backbone conformations, despite having great diversity at the level of
amino acid sequence. These sub-portions were designated as L1, 1.2, and L3 or HI, H2, and
H3 where the "L" and the "H" designates the light chain and the heavy chain regions,
respectively. These regions may be referred to as Chothia CDRs, which have boundaries that
overlap with Kabat CDRs. Other boundaries defining CDRs overlapping with the Kabat
CDRs have been described by Padlan, 1995, FASER J. 9 133-39; MacCallum, 1996, J. Aol
Biol 262(5). 732-45; and Lefranc, 2003, Dev. Comp. Jnmunol 27, 55-77. Still other CDR
boundary definitions may not strictly follow one of the herein systems, but will nonetheless
overlap with the Kabat CDRs, although they roay be shortened or lengthened in light of
prediction or experimental findings that particular residues or groups of residues or even
entire CDRs do not significantly impact antigen binding. The methods used herein may
utilize CDRs defined according to any of these systems, although certain embodiments use
Kabat or Chothia defived CDRs. Identification of predicted CDRs using the amino acid
sequence is well known in the fleld, such as in Martin, A.C. "Protein sequence and structure
analysis of antibody variable domains," I Antibody Engineering, Vol 2. Kontermann R,
Dibel 8., eds. Springer-Verlag, Berlin, p. 33-51 (2010). The amino acid sequence of the
heavy and/or light chain variable domain may be also inspected to identify the sequences of

the CDRs by other conventional methods, e g, by comparison to known amino acid
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sequences of other heavy and lght chain variable regions to determine the regions of
sequence hypervariability. The numbered sequences may be aligned by eye, or by employing
an alignment program such as one of the CLUSTAL suite of programs, as described in
Thompson, 1994, Nucleic Acids Res. 22: 4673-80. Molecular models are conventionally used
to cotrectly delineate framework and CDR regions and thus correct the sequence-based

assignments.

{6176} The term "Fc" as used herein refers to a molecule comprising the sequence of a
non-antigen-bindivg fragment resulting from digestion of av antibody or produced by other
means, whether in monomeric or multimeric form, and can contain the hinge region. The
original immunoglobulin source of the native Fe is preferably of human origin and can be any
of the immunoglobulins, although 12G1 and 1gG2 are preferred. Fe molecules are made up of
monomeric polypeptides that can be linked into dimeric or multimeric forms by covalent (i.e.,
disulfide bonds) and non-covalent association. The number of intermolecular disulfide bonds
between monomeric subunits of native Fc molecules ranges from 1 to 4 depending on ciass
{e.g., 1gG, IgA, and Igh) or subclass {e.g., IgGl, 1gG2, 1gG3, IgAl, and IgGA2). One
example of a Fc is a disulfide-bonded dimer resulting from papain digestion of an IgG. The

term "native Fe" as used herein is generic to the monomernte, dimeric, and multimeric forms.

{8177} A F(ab) fragment typically includes one light chain and the Vi and Cyy domains
of one heavy chain, wherein the Va-Cin heavy chain portion of the F(ab) fragment cannot
form a disulfide bond with another heavy chain polypeptide. As used herein, a F(ab)
fragment can also include one light chain containing two variable domains separated by an
amino acid linker and one heavy chain containing two variable domains separated by an

amino acid linker and a Cyy domain.

{6178} A F(ab") fragment typically includes one light chain and a portion of one heavy
chain that contains more of the constant region {between the Cyy and Cix domains), such that
an interchatn disulfide bond can be formed between two heavy chains to forro a F{ab™y,

molecule.

{6179} Asused here, an “antibody that binds to X7 (i.e., X being a particular antigen), or

“an anti-X antibody”, 15 an antibody that specifically recognizes the antigen X,

0180} As used herein, a “buried interchain disulfide bond” or an “interchain buried

disulfide bond” refers to a disulfide bond on a polypeptide which is not readily accessible to
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water soluble reducing agents, or is effectively “buried” in the hydrophobic regions of the
polypeptide, such that it is unavailable to both reducing agents and for conjugation to other
hydrophilic PEGs. Buried interchain disuifide bonds are further described in

WO2017096361 AL, which is incorporated by reference in its entirety.

j0181} As used herein, specificity of the targeted delivery by an EINP is defined by the
ratio between % of hematopoietic stem cells (HSCs) that receive the delivered nucleic acid
{e.g., on-target delivery), and % of an undesired or untargeted cell type that is not meant to be
the destination of the delivery, but receives the delivered nucleic acid (e g., off-target
delivery). For example, the specificity is higher when more HSCs receive the delivered
nucleic acid, and/or when fewer cells of other types receive the delivered nucleic acid.
Specificity of the targeted delivery by an LNP can also be defined by the ratio of the amount
of nucleic acid being delivered to the HSCs (e g, on-target delivery) and the amount of
nucleic acid being delivered to cells of other types (e.g,, off-target delivery). Specificity of
the delivery can be determined using any suitable method. As a non-limiting example,
expression level of the nucleic acid to HSCs can be measured and compared to that of another

cell type that is not meant to be the destination of the delivery.

{6182} Asused herein, a humanized antibody is an antibody which is wholly or partially
of non-human origin and whose protein sequence has been roodified to replace certain amino
acids, for instance that cccur at the corresponding position{s) in the framework regions of the
VH and VL domains in a sequence of antibody from a human being, to increase its similfarity
to antibodies produced naturally in humans, in order to avoid or minimize an immune
response in humans. For example, using techniques of genetic engineering, the variable
domains of a non-human antibodies of interest may be combined with the constant domains
of human antibodies. The constant domains of a2 humanized antibody are most of the time

human CH and CL domains.

{6183} As used herein, the term “spacer” or “linker” denotes a peptide that fuses together
two or more polypeptides or proteins into a single molecule. The use of spacers to connect
two or more {polypeptides is well known in the art. Further exernplary peptidic spacers are
shown in Table C. One often used class of peptidic spacer are known as the “Gly-Ser” or
“G8” spacers. These are spacers that essentially consist of glycine {(G) and serine (8)
residues, and usually comprise ong or more repeats of a peptide motif such as the GGGGS

{SEQ ID NO:45) motif (for example, having the formula (Gly-Gly-Gly-Gly-Serjn in which n
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may be 1,2, 3,4, 5,6, 7 or more}. Some often-used examples of such GS spacers are 9GS
spacers (GGGGSGGGS, SEQ 1D NG: 48), 15GS spacers {(n=3) and 35GS spacers (n=7).

Reference is for example made to Chen et al. 2013 (Adv. Drug Deliv. Rev. 65(10): 1357~

1369 and Klein et al. 2014 (Protein Eng. Des. Sel. 27 (10} 325-330}).

j0184] As used herein, the term “structural lipid” refers to sterols and also to lipids

contatning sterol moieties.

j0185] 1t should be understood that the order of steps or order for performing certain
actions is immaterial so iong as the present invention remain operable. Moreover, two or

more steps or actions may be conducted simultaneously.

{6186} At various places in the present specification, substituents are disclosed in groups
or in ranges. If ts specifically intended that the description include each and every individual
subcombination of the members of such groups and ranges. For example, the term “Cis
alkyl” is specifically intended to wndividually disclose Cy, C;, Cs, Ca, Cs, Ce, Ci-Cs, C1-Cs,
C1-Cy, C1-C3, Ci-Cg, Ca-Cs, C2-Cs, C3-Cy, C-Ca, C3-Ce, C3-Cs, Ca-Cy, Co-Cs, Co-Cs, and Cs-
Cs alkyl. By way of other examples, av integer in the range of 0 to 40 is specifically intended
to individually disclose 0, 1,2, 3, 4,5, 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, 31, 32, 33, 34, 35, 36, 37, 38, 39, and 40, and an integer in
the range of 1 to 20 is specitically intended to individually disclose 1, 2,3, 4,5, 6,7, &, 9, 10,
11, 12,13, 14, 15, 16, 17, 18, 19, and 20.

{0187} The use of any and all examples, or exemplary language herein, for example,
“such as” or “including,” is intended merely to illustrate better the present invention and does
not pose a limitation on the scope of the invention unless claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the

practice of the present invention.

{0188] Throughout the description, where compositions and kits are described as having,
including, or comprising specific components, or where processes and wethods are described
as having, including, or comprising specific steps, it is contemplated that, additionally, there
are compositions and kits of the present invention that consist essentially of, or consist of, the
recited components, and that there are processes and methods according to the present

invention that consist essentially of] or consist of, the recited processing steps.
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{6189} As a general matter, compositions specifying a percentage are by weight unless
otherwise specified. Further, if a variable is not accompanted by a definition, then the

previous definition of the variable conirols.

. LIPID NANOPARTICLE COMPOSITIONS

{0190} The invention provides a lipid nanoparticle (.NP)} composition comprising an
ionizable cationic lipid described herein and/or a lipid-HSC targeting group conjugate (e.g.,
lipid-antibody conjugate) described herein. In certain embodiments, the LNP may comprise
an ionizable, cationic lipid described herein and one or more of a sterol, a neutral
phospholipid, a PEG-lipid, and a lipid-immune cell targeting group conjugate. In some
embodiments, the LNP comprises a lipid blend comprising the ionizable cationic lipid and
one or more of a sterol, a neutral phospholipid, a PEG-lipid, and a lipid-HSC targeting group

conjugate (e.g., lipid-antibody conjugate).

{a} {enizable Catienic Lipids

{6191} In some embodiments, the lipid nanoparticle compositions provided herein
comprise an iovizable cationic lipid. When used in a lipid nanoparticle composition, such
tonizable cationic lipids may facilitate the delivery of a payload {e.g., a nucieic acid, such as a
DNA or RNA, such as an mRBRNA) disposed therein to cells, e.g., mammalian cells, e.g.,
hematopoietic stem cells (HSCs). Such ionizable cationic lipids have been designed to enable
intracellular delivery of a nucleic acid, e.g., mRNA, to the cytosciic compartment of a target
cell type and rapidly degrade into non-toxic components. The complex functionalities of the
ionizable cationic lipids are facilitated by the interplay between the chemistry and geometry
of the ionizable lipid head group, the hydrophobic “acvi-tatl” groups and the linkers
connecting the head group and the acyl tail groups. Typically, the pK, of the ionizable amine
head group is designed to be in the range of 6-8, such as between 6.2-7 4, or between 6.7-7.2,
such that it remains strongly cationic under acidic formulation conditions {e.g., pH 4 - pH
5.5}, neutral or slightly anjionic in physiological pH (7.4) and cationic in the early and late
endosomal compartments {e.g,, pH 5.5 - pH 7). The acyl-tail groups play a key role in fusion
of the lipid nanoparticle with endosomal membranes and membrane destabilization through
structural perturbation. The three-dimensional structure of the acyl-tail (determined by its
tength, and degree and site of unsaturation) along with the relative sizes of the head group
and tail group are thought to play a role in promoting membrane fusion, and hence lipid

nanoparticle endosomal escape (a key requirement for cytosolic delivery of a nucleic acid
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payload}. The linker connecting the head group and acyl tail groups is designed to degrade by
physiologically prevalent enzymes (e.g., esterases, or proteases) or by acid catalyzed

hydrolysis.

3192 In some embodiments, the lipid nanoparticle compositions provided herein
p P i p

comprise an ionizable cationic lipid represented by Formula (I1'):

O O
R! R? /i]\
141 ij\\g/ \\I/ \@ R2A
183 R3

R1 A3 I RQA’E

N O
RSS

R RZAS
282

R

R&‘\ R3A3

RSAZ
RSA’\

(),
or a salt thereof, wherein:

RY R? and R® are each independently a bond or Cy.; alkylene;

R R? and R are each independently a bond or Ci.yo alkylene;

RIM ORIAZ RIA RIAL RIAL RIS BRI RIAL and R are each independently H, Ci.g0 alkyl,
Crao alkenyl, (CH2)0-10C(O)YOR™, or -(CH2)o.100C(ORY,

R* and R™ are each independently Ci.oo alkyl or Cy.z0 alkenyl;

REBZ R@vS%

\N/

R38Big R383 :

R3B! is C .5 alkylene; and

R and R™™ are each independently H or Ci alkyl optionally substituted with one or more
substituents each independently selected from the group consisting of -OH and -0-(C16

alkyi).

j0193] Any of the variables or substituents provided herein 1s unsubstituted or substituted
with one or more substituents. In some embodiments, any of the variables or substituents
provided herein is optionally substituted. In some embodiments, any of the variabies or

substituents provided herein is optionally substituted with one or more substituents
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independently selected from the group consisting of -OR*!, -NR¥R™ -C(OR™, -C(OYOR®,
CIOINRSRY, -OC(OIR™, -OC(0)ORY, -OC(OINRIRY, -NR*ZC(O)R, and -
NRHC(OHOR wherein RS R¥ R R RY RS RY RS RY R0 sl pol2 Roi3 peid
and R*' are each independently H, Ci.s alkyl, Ca.10 cycloatkyl, Css aryl, 5- to 10-membered

heteroaryl, or 3- to 10-membered heterocyelyl, each of which is optionally substituted.

j0194] In some embodiments, R!, R%, and R” are each independently a bond or Ci3
alkylene. In some embodiments, R', R*, and R? are each independently a bond or methylene.
In some embodiments, R and R? are each methylene and R® is a bond. In some
embodiments, RY, R?, and R? are each methylene. In some embodiments, R, R? and R are

each independently unsubstituted or substituted.

{01951  In some embodiments, R! R* and R™ are each independently a bond or Cio
alkylene. In some embodiments, R'* R** and R** are each independently a bond or -(CHy ).
1o~ In some embodiments, R'* and R** are each independently a bond, -CHz-, -(CHz)o-, -
(CHzpa-, (CH2)a-, (CH2)s=, «(CHa)e-, ~(CHzyr-, or «(CHz)s-. In some embodiments, R and
R** are each a bond, each -CHa-, each -(CH:):-, each -(CH:)s-, each -(CHy -, each -(CHa)s-,
each -{CHz)e-, each -(CHa)r-, or each -(CHa)s-. In some embodiments, R™ and R?* are each
independently a bond, -{CHz)-, ~(CH2)s-, «(CHz}e-, -(CHz)s-, or {(CHz)s-. In some
embodiments, R and R* are each a bond, each -(CHa -, each ~(CHy -, each {CHz)e-, each
-(CHa2)r-, or each -(CHz)s-. In some embodiments, R is a boad, ~-CHa-, {(CHa k-, or -{(CHz -
. In some embodiments, R', R**, and R* are each independently unsubstituted or

substituted.

[0196]  In some embodiments, R RIA RIAS RIA R2AZ @243 R3AL RIAT and R* are
each independently H, C1.20 alkyl, Ci.20 alkenyl, -(CH230.10C{OYOR™ or «(CH:30.100C{OIR™.
In some embodiments, R14, R142 RIA R2AL RIAZ RIA3 R3AL R3A2 and R¥? are each
independently H, Ci.1s alkyl, -CH=CH-{Cy.s5 alkyl), -CH=CH-CH-CH=CH-(C1.15 alkyl}, -
{CH o2 CIOYOCH(Croio alky D Cilis alkyly, {CH o aOC{OICHCre ally D Crus alkyl), -
{CH2o.4COMOCH(Cras alkyly, or «(CH23o.4OC(OYCHR{Cruis alkyl). In some embodiments,
RiAL RIAZ RIAS RIAL R242 RIA3 RIAL RIAL and R*™ are each independently unsubstituted

or substituted.

0197} In some embodiments, R'* and R**! are each independently ~-CH=CH-(C1.i5
alkyl), -CH=CH-CHz-CH=CH-(C1.10 alkyl), ACHa)o-4C(OYOCH(C .10 alky)(Cio1s alkyl), or -

PN
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{CH2)0.eOCHOYCH(Cruio alkylH(Cruis alkyly; and RYM? RIN R?22 and R* are each H. In

some embodiments, R'* and R*! are each

{0198]  Insome embodiments, R'* and R**! are each C1.i5 alkyl; R'* and R*** are each

Cias alkyl; and R and B* are each H. In some embodiments, R'*! and R** are each

Le;e? ;and R and R* are each

E/\M,

{0199}  In some embodiments, R and R*™ are each ~(CH2)o4OC{OYCHA(Cy-1s alkyl),
R4 and R? are each -(CH2)o4C{OYOCHA(Cro15 alkyl); and R and R? are each H. In

S\O)L\/\,/\

some embodiments, R'! and R™ are each sand R?4 and

{02081  In some embodiments, R! and R**! are each -C(GYOCH(C15 alkyl); R and
R* are each ~(CH2oaC(OYOCHAC .15 alkyl); and RM and R?* are each H. In some

R*? gre gach
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embodiments, R’ and R**! are each & ;and R and

S

{0201}  In some embodiments, R’ R** and R** are each independently H, Ci.15 alkyl,
{CH04C(OWCH(C s alky1)(Cro alkyl), (CH)osOC(O)ICH(C s alky N Cruro alkyl), -

{CH2)osC(OYOCH{C 10 alkyl}, or ~(CH230.40C{OICH{C o0 alkyl).

R?*? gre each

{0202}  Insome embodiments, R*' and R** are each independently C.1s atkyl; and R7
is H. In some embodiments, R** and R*" are each independently ethyl,
‘2% | %27 | ‘?1; .

‘QZ?MW

{02031  In some embodiments, R* is Ci.is alkyl and R¥? and R are each H. In some

embodiments, R*!is t?z’

[0204]  Insome embodiments, R is -C{OYOCH(C1s alkyl}(Ci.10 alkyl); and R** and

R*? are each H. In some embodiments, R** is

O

[0205]  Insome embodiments, R*! is -(CH)o-4OC{OCHACrao alkyl), R¥? 15 (CHo)o-
H{OYOCHCi10 alkyl); and R is H. In some embodiments, R¥ is

'
-3
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%{0\@5/\/ E/Q\W/\/\/
%??/\\EE/OW\\/”

Cand RI4% 4

[0206]  In some embodiments, R** is -(CH)o4C(OYOCHAC 110 alkyl); R is (CHz)o

AC(OYOCH(C a0 alkyl);, and R is HL. In some embodiments, R** is

‘z;)/\;lfo\/'\\/\,/ %%/’J’L\QM

cand R i
02 n some embodiments, R* R**2 and R are each H.
G207 I bod RIAM R and R34 hH

16208} R and R* are each independently Cy.a0 alky! or C0 alkenyl. In some

embodiments, R* and R™ are each independently (CHalo-1sCHz or -CH{(C1.10 alky1 ) Ciois

alkyl). In some embodiments, R*! and R* are each independently MC/“M\

>

:

é/”\v”\vf”\

, oF g , each of
which is optionally substituted. In some embodiments, R*! and R* are each independently

unsubstituted or substituted.
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RSBZ R3B’;{%

\N/

RSBﬁ

[0209]  Insome embodiments, R* is . In some embodiments, R is H. In

some embodiments, R™ is unsubstituted or substituted.
{0216]  Insome embodiments, R*™ is Cy alkylene. In some embodiments, R* is
ethylene or propylene. In some embodiments, R*! is unsubstituted or substituted. In some

embeodiments, R*P! is optionally substituted.

{0213}  In some embodiments, R*™ and R™ are each independently and optionally
substituted. In some embodiments, R*? and R*" are each independently H or Ci.¢ alkyl
optionally substituted with one or more substituents each independently selected from the
group consisting of -OH and -O-{C s alky!l). In some embodiments, R*™ and R’ are each
independently H or Ci¢ alkyl optionally substituted with one or ruore substituents
independently selected from the group consisting of -OR*!, -NR*R™, -C(OR*, -C(O)OR*,
C(OINR*RY -QC(OR*®, -OC{OIORY, -OC{OINRMRY | -NREC(OIR and -
NRICIOJORYS, wherein RY, R RY R RS R R, g%, R, R0, RY, RY2 RY3, Ro4
and R are each independently H, Ci.s alkyl, Ca.10 cycloatkyl, Cs4 aryl, 5- to 10-membered
heteroaryl, or 3- to 10-membered heterocyclyl, each of which is optionally substituted. In
some embodiments, R?% and R are each independently H, methyl, ethyl, propyl, butyl, or
pentyl, each of which is optionally substituted with one or more substituents each
independently selected from the group consisting of -OH and -0-(C1.s alkyl}. In some
embodiments, R* and R* are each independently methyl or ethyl, each optionally
substituted with one or more -OH. In some embodiments, R*% and R*™ are each methyl or
each ethyl, each optionally substituted with one or more -OH. In some embodiments, R™?

and R*™ are each unsubstituted methyl.
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o
Rﬁaﬁ R3B‘§
l

10212} In some embodiments, RS is E

N /‘*\,}47 AN /\//\5

~ %,
e o

TN NN

i , each of which is optionally substituted.

{0213} Inn some embodiments, the lipid nanoparticle compositions provided herein

comprise an ionizable cationic lipid represented by Formula (Ha):

R1 Ad R‘i A RZAﬁ
R‘;&?r/ R.’?AZ
R1A3 R2A1

REB? R3B‘i
. N -~
E R3A R3A3
R3B3
RSAZ
RSA’i

(1),

or a salt thereoﬂ wherein RIA‘, }5{‘,‘5,”3\47 RSA’ RiAI, REA{ RU“;, RZAE’ RZAZj RE[‘Q) RF%AE; RZ‘A?: RBAS,
R3BLR32 and R are as defined for Formula(Il'), Formula (i), or any variation or

embodiment thereof,

102144 In some embodiments, the lipid nanoparticle compositions provided herein

comprise an jonizable cationic lipid represented by Formula (ITb):

L4l
[
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Q Q

R1 At R1 Ajl\\ Aj//\Q/JJ\ R2A3
RY N O \\E<R2f“2
RIAZ Y R2A1

RﬁA R3A3

e

R3A1

AN (1b),

or a salt thereof, wherein R'4, R*A R34 RIAL RIAZ RIM R2AL R2A2 g2 RIAA RIAZ and RPY

are as detined for Formula (I}, Formula (I}, or any variation or ernbodiment thereof.

{08215} In some embodiments, the lipid nanoparticle compositions provided herein

comprise an ionizable cationic lipid of formula:

N N ’\,.f’g\ a O D}L\V’A\«" \\,f*\.\r,/»\\\l

=

or a salt thereof

8216} In some embodiments, the lipid nanoparticle compositions provided herein

comprise an ionizable cationic lipid of formula:

o 0
AN S ey ,.rg\ o o ,.)k\\y N ,-\V‘_,\

or a salt thereof.

(4]
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{6217} In some embodiments, the lipid nanoparticle compositions provided herein

comprise an ionizable cationic lipid of formula:

O O
NP E

TN T T e T TN g o R N W NN

st B

{ N
[f s\{‘ /j o RNy
\I (_. i \\?,/ N _,.«"i‘\\ Or’ N »,«J
. - G ] -~

or a salt thereof,

{0218} In some embodiments, the lipid nanoparticle compositions provided herein

comprise an ionizable cationic lipid represented by Formula s or Formula Hib:

xf\z(z
Hal Lo — -RY
‘{\\,)o’_“\/ G/Y\YH“\P?‘Z.
x3 x4 (Formula 1lla}
R"
Nl
Sgrn ‘RQ'
Y
/ 0
Hg}g Nk o o)

HSC(\%T)/\\/\\/\/\\/
$ o {Formula b},

or a salt thereof, wherein:

R' and R* are independently Cisalkyl, or R' and R are taken together with the
nitrogen atom to form an optionally substituted piperidinyl or morpholinyl;

Y 1s selected from the group consisting of -O-, -GC(0)-, -OC(8)-, and ~-CHa-;

X' X2 X and X* are hydrogen or X' and X* or X* and X* independently are taken
together to form an oxo;

nis Gor3;

o and p are independently an integer selected from 2-6.
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j6219) In some embodiments, the lipid nanoparticle composiiions provided herein
comprise an ionizable cationic lipid represented by Formula Hla. In some embodiments, the
lipid nanoparticle composttions provided herein comprise an ionizable cationic lipid

represented by Formula IHb.

02201 In some embodiments, the compound of formula [la is not a compound selected

from the group consisting of

- = W)J\Qfﬁ/\/fk/

, and

= = 0 , or g salt thereof.

(3
o
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{6221} In certain embodiments, ¢ and p may be 2. In certain embodiments, o and p may
be 3. In other embodiments, o and p may be 4. In some embodiments, ¢ and pmay be 5. In

other embodiments, o and p may be 6.

{02221  In certain embodiments, X' and X* may be taken together to form an oxo and X

and X* are taken together to form an oxo. In other embodiments, X', X* X, and X* may be
hydrogen.
{8223} In certain embodiments, Y may be selected from the group consisting of -O-, -

OC(C}-, OC(8)- and -CHy-. For example, in certain embodiments, Y may be -O-. In certain
embodiments, Y may be -OC{0)-. In certain embodiments, Y may be -CHz- In certain

embodiments, Y may be ~-OC(8)-.

{0224}  In certain embodiments, R' and R? may be independently Ciaalkyl. In other
embodiments, R and R? may be -CHas. In certain embodiments, R' and R? are -CH,CH:.

In certain embodiments, R' and R are C3 alkyl.
j6225} In certain embodiments, n may be 0. In other embodiments, o may be 3.

{8226} Also provided herein, in part, is a compound represented by Formula TV
, Xt K2
xE X (Formula 1V),
or a salt thereof, wherein:
RY and R* are independently Cisalkyl, or R' and R* are taken together with the
nitrogen atom to form an optionally substituted pipetidinyl or morpholinyl;

Y is selected from the group consisting of -0, ~-GC(O)-, ~OC(S}-, and -CHa-;

X' X2 X, and X* are hydrogen or X’ and X? or X and X* are taken together to form

an OxXo;
nis 0-4;

ois | and ris an integer selected from 3-8 or 0 is 2 and 1 is an integer selected from 1-

pis 1 and s is an integer selected from 3-8 or p is 2 and s is an integer selected from 1-

(4]
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wherein,

'l

when ¢ and p are both 1, rand s are independently 4, 5, 7, or 8, and

when o and p are both 2, r and s are independently 1, 2, 4, or 5.

{0227} In certain embodiments, X' and X* may be taken together to form an oxo and X*
and X* may be taken together to form an oxo. In other embodiments, X}, X, X3, and X may

be hydrogen.

j0228] In certain embodiments, Y may be selected from the group consisting of -O-, -
OC(O), and ~CH:-. For example, in certain embodiments, Y may be -0~ o certain
embodiments, Y may be -OC(0)-. In certain embodiments, Y may be -CHsz-. In certain

embodiments, Y may be ~-OC(S)-.

{0229}  In certain embodiments, RY and R? may be independently Ciaalkyl. In other
embodiments, R and R* may be -CHzs. In certain embodiments, R' and R* may be -
CH,CH;. In some embodiments, RY and R? may be Cs alkyl. In certain embodiments, R"
and R¥ are taken together with the nitrogen atom to form an optionally substituted

piperidinyl.
{0238} In certain embodiments, n may be 0. In other embodiments, n may be 3.

{0231} In some embodiments, the lipid nanoparticle compositions provided herein

comprise an iovizable cationic lipid selected from the group consisting of:



WO 2024/163905 PCT/US2024/014265

o , and

or a salt thereof,

102324 In some embodiments, the lipid nanoparticle compositions provided herein
comprise an ionizable cationic lipid of formula:

e}
— —— /\\//‘\\//H\ O, . AN O/’"\\//‘\ N s
g H

. |
\/V\_/V/\/\V/\/\Tf

Q

or a salt thereof.

{0233} In some embodiments, the lipid nanoparticle compositions provided herein

comprise an ionizable cationic lipid of formula:

or a salt thereof.

(4]
(@)
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[6234) In some embodiments, the lipid nanoparticle compositions provided herein

comprise an ionizable cationic lipid of formula:

or 4 salt thereof.

[0235) In some embodiments, the lipid nanoparticle compositions provided herein

comprise an ionizable cationic lipid of formula:

or a salt thereof.

0236} In some embodiments, the lipid nanoparticle compositions provided herein

comprise an ionizable cationic lipid of formula:

i é
e — = ’J\o/\\g;\@/'j\//\/‘“\«/
[ — /\Ti/ﬁ

Q

or a salt thereof.
{8237} In some embodiments, the lipid nanoparticle compositions provided herein

comprise an ionizable cationic lipid of formula:

N "\/’\v”\\/u\ "\<\ /u\,/\ [/
W

O‘I

or a salt thereof.

{6238} In some embodiments, the lipid nanoparticle compositions provided herein

comprise an iovizable cationic lipid of formula:

NG

(4]
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/\W/\/u\ /\<\ /va\/f‘*

o)
or a salt thereof,

{6239} In some embodiments, the lipid nanoparticle compositions provided herein
comprise an ionizable cationic lipid of Formula V-
X X2
H&C(\zfﬁ\/w ~ ”\r/\vkﬁ;w RY

Ha C’(f —Nv \\/’\\;(0
X% % (Formula V),

or a salt thereof, wherein:

R' and R* are independently Cisalkyl, or R' and R are taken together with the
nitrogen atom to form an optionally substituted piperidinyl or morpholinyl;

Y 1s selected from the group consisting of -O-, ~-QC{0)-, -OC(8)-, and -CHa-;

X1 X2 33, and X* are hydrogen or X! and X% or X* and X" are taken together to form

an oxo; and

n is an integer selected from 0-4.

0240} In certain embodiments, X' and X? may be taken together to form an oxo and X°
and X* may be taken together to form an oxo. In other embodiments, X!, X2 X3, and X* may

be hydrogen.

{6241} In certain embodiments, Y may be selected from the group consisting of -O- -
OC{0)-, and -CHz-. For example, in certain embodiments, Y may be -0~ In certain
embodiments, Y may be -O0C{0})-. In certain embodiments, Y may be -CH»-. In certain

embodiments, Y may be -OC(8)-.

j0242} In certain embodiments, R!" and R? may be independently Cisalkyl. In other
embodiments, R and R* may be -CHa. In certain embodiments, R and R* may be -
CH,CHs In some embodiments, R' and R* may be Cs alkyl. In certain embodiments, RY
and R? are taken together with the nitrogen atom to form an optionally substituted

piperidinyl.

L5
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6243} In certain embodiments, n may be 0. In other embodiments, n may be 3.

{0244} In some embodiments, the lipid nanoparticle compositions provided herein
comprise an ionizable cationic lipid of the formula:
9
-------- ”\)j\o’”\/\o”"\/\r};/

/WMW\\WO

G

or a salt thereof.

SCHEME S1 - Synthetic scheme for making a lipid of Formula (IHa)
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0245} A compound of Formula Hla may be prepared, e.g,, according to Scheme S1. A
hydroxy-functional protected propane diol is converted to the corresponding dimethy] amino-
function ether (Y = oxo) or ester (Y = 0-C{0}). The ether bond formation results from a
reaction of the alkyl halide with alcohol in the presence of tertiary butvlammontum iodide /
NaCOH in THF at 80°C. The ester bond formation utilizes treatment of an acid functional
dimethylamine with alcohol under carbodiimide activation (BCM, EDC, DIEPA, DMAP).
The diol deprotection yields a vicinal diol intermediate that is subsequently converted 1o the
corresponding ether linked or ester linked diacyl lipids by treatment with TBAINaOH and
bromo-acyt or by carbodiimide mediated carboxylic acid activation for ester bond formation,

respectively.

4]
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SCHEME S2 - Synthetic scheme for making a lipid compeosition of Formula (1V)
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{0246} A compound of Formula IV may be prepared, e.g., according to Scheme S2. The
synthetic procedure is as outlined above for Scheme §1; however, in Scheme 52, either bis-
unsaturated acy! groups or mono-unsaturated acyl groups may be employed to obtain a lipid

of Formula IV.

16247} In some embodiments, tonizable cationic lipid used in the LINPs of the present
disclosure is selected from the lipids in Table A, or a combination thereof. In some

embodiments, the tonizable cationic lipid is:

Y ,of
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j62438] In some embodiments, the tonizable cationic lipid used in the LNPs of the present

disclosure is a compound of Formula (KC3):

(KC3),

or a salt thereof. References to “KC3” or “lipid KC3” herein refer to a compound of Formula
(KC3), or a salt thereof References to “KC3 LNPs” herein refer to lipid nanoparticles

comprising a compound of Formula (KC3), or a salt thereof.

Table A: Exemplary ionizable cationic lipids.
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.
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{0249} In some embodiments, the tonizable cationic lipid is not Dlin-MC3-DMA.

{6250} In certain embodiments, the ionizable cationic lipid described herein may be
present in the LNP or the lipid blend in a range of 30-70 mole percent, 30-60 mole percent
30-50 mole percent, 40-70 mole percent, 40-60 mole percent, 40-50 mole percent, 50-70
mole percent, 50-60 mole percent, or of about 30 mole percent, about 35 mole percent, about
40 mole percent, about 45 mole percent, about S0 mole percent, about 55 mole percent, about

60 mole percent, about 65 mole percent, or about 70 mole percent.

{b} Sterol

{6251} In certain embodiments, the LNP or lipid blend may comprise a sterol component
which may compnise, for example cholesterol, fecosterol, B-sitosterol, ergosterol,
campesterol, stigmasterol, stigmastanol, or brassicasterol. In certain embodiments, the sterol

is cholesterol.

10252} The sterol (e.g., cholesterol) may be present in the LNP or the lipid blend in a
range of 20-70 mole percent, 20-60 mole percent, 20-50 mole percent, 30-70 mole percent,

30-60 roole percent, 30-50 mole percent, 40-70 mole percent, 40-60 mole percent, 40-50

71
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mole percent, S0-70 mole percent, 50-60 mole percent, or about 20 mole percent, about 25
mole percent, about 30 mole percent, about 35 mole percent, about 40 mole percent, about 45
mole percent, about 50 mole percent, about 55 mole percent, about 60 mole percent or about

65 mole percent.

{c} Neutral Phosphelipid

{0253} In some embodiments, the LNP or the lipid blend may comprise one or more
neutral phospholipids described herein. In certain embodiments, the one or more neutral
phospholipids may comprise, for example, phosphatidyicholine, phosphatidylethanclamine,
distearoyl-sn-glycero-3-phosphoethanolamine (DSPE), 1,2-distearoyl-sn-glycero-3-
phosphocholine (DSPC), hydrogenated soy phosphatidylcholine (HSPC), 1,2-dioleoyi-sn-
glycero-3-phosphoethanolamine (BOPE), or 1,2-dioleoyl-sn-glycero-3-phosphocholine

{DOPC), sphingomyelin (SM).

{6254}  Neutral phospholipids include, for example, distearoyi-phosphatidylethanclamine
{DSPE), dimyrstoyl-phosphatidylethanolarsine (DMPE), distearoyl-glycero-phosphocholine
(DSPC), hydrogenated soy phosphatidylcholine (HSPC), dicleoyi-glycero-
phosphoethanolamine (DOPE), dilinoleoyl-glycero-phosphocholine (DLPC), dimyristoyl-
glycero-phosphocholing {(DMPC), dioleoyi-glycero-phosphocholine (DOPC), dipalmitoyl-
glycero-phosphocholine (DPPC), divndecanoyi-glveero-phosphocholine (DUPC), palmitoyl-
oleoyl-glycero-phosphocholine (POPC), dioctadecenyl-glycero-phosphocholing, oleoyl-
cholesterythemisuccinoyl-glycero-phosphocholine, hexadecyl-glycero-phosphocholine,
dilivolenoyi-glycero-phosphocholine, diarachidonoyl-glycero-3-phosphocholine,

didocosahexaenovi-glycero-phosphocholine, or sphingomyelin.

j0255) The neutral phospholipid may be present in the LNP or the lipid blend in a range
of 1-10 mole percent, 1-15 mole percent, 1-12 mole percent, 1-10 mole percent, 3-15 mole
percent, 3-12 mole percent, 3-10 mole percent, 4-15 mole percent, 4-12 mole percent, 4-10
mole percent, 4-8 mole percent, 5-15 mole percent, 5-12 mole percent, 5-10 mole percent, &-
15 mole percent, 6-12 mole percent, 6-10 more percent, or about 1 mole percent, about 2
mole percent, about 3 mole percent, about 4 mole percent, about S mole percent, about 6
mole percent, about 7 mole percent, about 8 mole percent, about 9 mole percent, about 10
mole percent, about 11 mole percent, about 12 mole percent, about 13 mole percent, about 14

mole percent, or about 15 mole percent.
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(d) PEG-Lipid

6256} The LNP or the lipid blend may inchude one or more polyethylene glycol (PEG) or
PEG-moditied lipids. Such species may be alternately referred to as PEGylated lipids. A PEG
fipid is 2 lipid modified with polyethylene glycol. As noted above, free PEG-lipids can be
included in the LINP or the lipid biend to reduce or eliminate non-specific binding via a
targeting group when a lipid-HSC targeting group conjugate {¢.g., antibody conjugate} is

included in the LNP or lipid blend.

{0257} The one or more PEG lipids may comprise, for example, PEG-modified
phosphatidyiethanolamines, PEG-modified phosphatidic acids, PEG-modified ceramides,
PEG-modified dialkylamines, PEG-modified diacyiglycerols, and PEG-modified
dialkyiglycerols. For example, a PEG lipid may be PEG- dioleovigvicerol (PEG-DOG), PEG-
dimyristovl-glycerol (PEG-DMG), PEG-dipalmitoyl-glycerol (PEG-DPG), PEG-dilinoleoyl-

.....

glycero-phosphatidy! ethanclamine (PEG-DLPE}, PEG-dimyrstoyl-
phosphatidylethanolamine (PEG-DMPE), PEG-dipalmitoyl- phosphatidylethanolamine
(PEG-DPPE), PEG-distearoyiglycercl (FEG-DSG), PEG-diacylglycerol (PEG-DAG, e g.,
PEG-DMG, PEG-DPG, and PEG-DSG), PEG-ceramide, PEG-distearoyl-glycero-
phosphoglycerol (PEG-DSPG), PEG-diclecyi-glycero-phosphoethanclamine (PEG-DOPE),
2-{(polyethyiene glycol}-2000}-N N-ditetradecylacetamide, or a PEG-distearoyl-
phosphatidylethanolamine (PEG-DSPE) lipid.

j0258] In certain embodiments, the LNP or the lipid blend may contain one or more free
PEG-lipids that can comprise, for example, PEG-distearoylglycerol (PEG-DSG), PEG-
diacyiglycerol (PEG-DAG, e.g, PEG-DMG, PEG-DPG, and PEG-DSG), PEG-dimyristoyl-
dimyrstoyl-phosphatidylethanolamine (PEG-DMPE). In some embodiments, the free PEG-
lipid comprises a diacylphosphatidyicholines comprising Dipalmitoyl {(C16) chain or

Distearoyl {C18) chain,

{02591 The PEG-lipid may be present in the LNP or in the lipid blend to & range of 1-10
mole percent, 1-8 mole percent, 1-7 mole percent, 1-6 mole percent, 1-5 mele percent, 1-4
mole percent, 1-3 mole percent, 2-8 mole percent, 2-7 mole percent, 2-6 mole percent, 2-5

mole percent, 2-4 mole percent, 2-3 mole percent, or about 1 mole percent, about 2 mole
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percent, about 3 mole percent, about 4 mole percent, or about 5 mole percent. In some

embodiments, the PEG-lipid is a free PEG-lipid.

{6260} In some embodiments, the PEG-lipid may be present in the LNP or the lipid blend
in the range of 0.01-10 mole percent, 0.01-S mole percent, 0.01-4 mole percent, 0.01-3 mole
percent, 0.01-2 mole percent, 0.01-1 mole percent, 0.1-10 mole percent, 0.1-5 mole percent,
0.1-4 mole percent, 0.1-3 mole percent, 0.1-2 mole percent, 0.1-1 mole percent, 0.53-10 mole
percent, 0.5-5 mole percent, 0.5-4 mole percent, 0.5-3 mole percent, 0.5-2 mole percent, 0.5-
1 mole percent, 1-2 mole percent, 3-4 mole percent, 4-5 mole percent, 5-6 mole percent, or
1.25-1.75 mole percent. In some embodiments, the PET-lipid may be about 0.5 mole percent,
about 1 mole percent, about 1.5 mole percent, about 2 mole percent, about 2.5 mole percent,
about 3 mole percent, about 3.5 mole percent, about 4 mole percent, about 4.5 mole percent,
about 5 mole percent, or about 5.5 mole percent of the lipid blend. In some embodiments, the

PEG-lipid is a free PEG-lipid.

{0261} In some embodiments, the lipid anchor length of PEG-lipid is C14 (as in PEG-

DMG). In some embodiments, the lipid anchor length of PEG-ipid is C16 {as in DPG). In

some embodirnents, the lipid anchor length of PEG-lipid is C18 {(as in PEG-DSG). In some
embodiments, the backbone or head group of PEG-lipid is diacyl glycerol or

phosphoethanolamive. In some embodiments, the PEG-lipid is a free PEG-lipid.

{6262} A LNP of the present disclosure may comprise one or more free PEG-lipid that is
not conjugated to an HSC targeting group (e.g., an antibody that binds to CI3105 and/or
CD117), and a PEG-lipid that is conjugated to an HSC targeting group {e.g., an antibody that
binds to CP105 and/or CD117)}. In some embodiments, the free PEG-lipid comprises the
same or a different lipid as the lipid in the lipid-HSC targeting group conjugate {e.g., lipid-

antibody conjugate).

{e} HSC Targeting Group

{0263} As discussed herein, the LNPs may be targeted to a particular cell type, 2., a
hematopoietic stem cell (HSC). This can be accomplished by using one or more of the lipids
described herein. Furthermore, targeting can be enhanced by including an HSC targeting
group at a solvent accessible surface of an LNP particle. For example, HSC targeting groups
may include a merober of a specific binding pair, e.g., an antibody-antigen pair, a ligand-

receptor pair, etc. In some embodiments, the HSC targeting group is an antibody. In certain

74



WO 2024/163905 PCT/US2024/014265

embodiments, the antibody binds to an HSC surface antigen, such as €105 (also known as
endoglin) and/or CD117 (also known as ¢-kit, tyrosine-protein kinase KIT, or mast/stem cell
growth factor receptor (SCEFR)). Targeting can be implemented, for example, by using lipid-

HSC targeting group conjugates {e.g., lipid-antibody conjugates}) described herein.

0264} Optionally, the HSC targeting group is an antibody fragment {(e.g., an antibody
fragment that binds to CD10S and/or CD 117} without an Fc component. scFv, Fab, or VHH
fragments can also be directly conjugated to activated PEG-lipids to make insertable
conjugates. In some embodiments, the HSC targeting group is an antibody fragment-lipid
conjugate comprising an sclv, Fab, or VHH fragments. In some embodiments, the antibody

fragment of the conjugate is directly conjugated to an activated PEG-lipid.
10265] In some embodiments, PEG-(lipid} is equivalent to (lipid)}-PEG.

[6266] In certain embodiments, an HSC targeting group may be a surface-bound antibody
or surface bound avtigen binding fragment thereof, which can permit tuning of cell targeting
speciticity. This 1s especially useful since highly specific antibodies can be raised against an
epitope of interest for the desired targeting site. In one embodiment, multiple different
antibodies can be incorporated into, and presented at the surface of an LNP, where each
antibody binds to different epitopes on the same antigen or different epitopes on different
antigens. Such approaches can increase the avidity and specificity of targeting interactions to

a particular target cell.

{0267} In some embodiments, targeting can be implemented, for exarmple, by using lipid-
HSC targeting group conjugates {e.2., lipid-antibody conjugates) described herein.
Exemplary ipid-HSC targeting group conjugates {e.g., lipid-antibody conjugates) can include

compounds of Formula (VI),

{Lipid] — [optional linker] — [HSC targeting group, e.g., antibody that binds an HSC
surface antigen, e.g., an antibody that binds to CD10S and/or CD117]

{(Formula VI).

{62685} In certatn embodiments, targeting can be implemented, for example, by using
Hpid-HSC targeting group conjugates {e.g., lipid-antibody conjugates) described herein.
Exemplary lipid- HSC targeting group conjugates {e.g., lipid-antibody conjugates) can

include compounds of Formula (I),

~J
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{Lipid] — [optional linker] - [antibody ], (I), wherein the antibody binds to CI105 and/or
CD1t7

(Formula ).

{0269} In some embodiments, the HSC targeting group comprises a polypeptide, and the
fipid of the conjugate {¢. g., a lipid-antibody conjugate) is conjugated to the N-terminus, C-
terminus, or anywhere in the middle part of the polypeptide. In some embodiments, the HSC
targeting group comprises a polypeptide, and the lipid of the conjugate is conjugated to the
N-terminus of the polypeptide. In some embodiments, the lipid is conjugated to the N-
terminus of the polypeptide. In some embodiments, the lipid is conjugated to the polypeptide
at a position between the N-terminus and the C-terminus. In some embodiments, the HSC
targeting group comprises an antibody or an antigen-binding fragment thereof, conjugated to
the lipid at the N-terminus, C-terminus, or any position between the N-terminus and C-
terminus of the antibody or antigen-binding fragment thereof. In some embodiments, the
HSC targeting group comprises an antibody or an antigen-binding fragment thereof,
conjugated to the lipid, wherein the antibody or an antigen-binding fragment thereof of the

lipid-antibody conjugate binds to CD105 and/or CD117.

j0270] Hxemplary anti-CD105 antibodies include, for example, TRCI0S (US Patent No.
US2018031135%A1), muRHI10S (PCT Application No. WOZ012149412A33, 43A3
{Biolegend), 166707 (Novus Biologicals), MEM-229 (Abcam), MJ7/18 (Ge A Z et al,
Cloning and expression of a cDNA encoding mouse endoglin, an endothelial cell TGF-B
Hgand® Gene 1994;138(1-2):201-206), OTI8A1 {OriGene), EPR19911-220 (Sigma Aldrich),
3A9 (Abcam), MAB1320 (R&D Systems), GTX100508 (GeneTex), SN6
{hitps://doi.org/10.1002/1j¢. 11551}, MEM-2206 (Thermo Fisher}, 10862-1-AP (Proteintech),
JE60-59 {(Thermo Fisher), 103 {Invitrogen), ARC0446 {Invitrogen), PAS-111623
(Invitrogen}, PAS-29555 (Invitrogen), PAS-80582 (Invitrogen), PAS-27205 (Invitrogen},
PA3-117933 (Invitrogen), PAS-29554 (Iovitrogen), 2D5ES (Proteintech), OTI3HS
{OriGene), OTI9ES (OriGene}, 4C11 (Thermo Fisher), 1E5 (Abnova), OTI6GS (OriGene),
QA19A14 (Biolegend), 4384E1 (Miltenyt Biotec), REAT94 (Miltenyi Biotec), DSOGT (Cell
Signiaing), AF1097 (Novus Biologicals), 001 (Novus Biologicals), EPR10145-12 (Abcam),
EPR10145-10 (Abcam), EPR19911 {Abcam), ENG/3269 (Abcam), P3D1 (Santa Cruz),
P4A4 (Santa Cruz), 2Q1707 (Santa Cruz), RMO030-6J9 (Sania Cruz), A-8 {Santa Cruz},

8E11 {Santa Cruz), and antigen-binding fragment thereof. In certain embodiments, the anti-
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{1035 antibody comprises a heavy chain variable domain (Vn) and a light chain variable
domain (V1) of an antibody selected from the group consisting of EPR19911-220,
GTXI00508, PAS-111623, PAS-29555, PAS-80582, PAS-27205, PA5-117933, PAS-29554,
AF1097 EPR10145-12, EPR10145-10, EPR19911, and 10862-1-AP. In certain
erabodiments, the anti-CD10S antibody comprises the heavy chain CBRy, CDRo, and CDR;
and the light chain CDR:, CDR,, and CDR;, determined under Kabat (see, Kabat ef o/
{1991) Sequences of Proteins of Immunological Interest, NIH Publication No. 91-3242,
Bethesda), Chothia (see, e.g., Choth, (1987}, J. MOL. BIOL. 196: 901-917), MacCallum (see,
MacCallum R M ef &/, (1996} ] MOL. BIOL. 262:1a C & Lesk A M732-745), or any other
CDR determination method known in the art, of the Vi and Vi sequences of an antibody
selected from the group consisting of EPR19911-220, GTX100508, AF1097 PAS-111623,
PAS-20555 PAS-BO582, PAS-27205, PAS-117933, PAS-29554, EPR10145-12, EPR10145-
10, EPR19911, and 10802-1-AP. In some embodiments, the anti-CID105 antibody comprises
the heavy chain CDRy, CDR,, and CDR3 and the light chain CDR,, CDRy, and CDRz of any
one of the anti-CD 103 antibodies described herein, or others anti-CD 103 antibodies known in

the art.

{0271} Exemplary anti-CID 17 antibodies include, for example, Ab38 (PCT Publication
No. WO2019084067A1), Ab67 (PCT Publication No. WOZ2019084067A1), AbSS (PCT
Publication No. WO2(019084067A1), CK6 (US Patent No. US853521578B2), hSR-1 (US
Patent No. US7915391B2), 6LUNI, 104D2 (Biolegend), A3C6EZ (European Patent No.
EPO787743), OTI3FS (OriGene}, BA7.3C.9 (ATCC), B-K15 (OriGene), 2B8 (US Patent
Publication No. UJS20160324982A1), ACK2 (lavitrogen), K45 (Blechmen J. et al | § Biol
Chem 1993 Feb 25;268(61:4399-406), YBS B8 (Ashman L K. et al | "Epitope mapping and
functional studies with three monoclonal antibodies to the ¢-kit receptor tyrosine kinase,
YBS B8 17F11 and SR-1" J Cell Physiol 1994;158(31:545-554), 1C5 (Thermo Fisher), 34-
8800 (Invitrogen), PAS-14694 (Tovitrogen), PAS-16458 (Invitrogen), PA5-16770
{(Invitrogen}, 18696-1-AP (Proteintech), HC34L.C14 (Thermo Fisher), ST04-99 {Invitrogen},
MAS5-44656 (Invitrogen), YR14S (Abcam), EPR25707-134 (Abcam), YR145 (Abcam},
DI3AZ {Cell Signaling), Ab81 (Cell Signaling}, 2C11 (Sigmaaldrich), S18022G (Biolegend),
QA18A1D (Biolegend), W18195C (Biolegend), A3C6E2 (Biolegend), AF1356 (R&D
Systems), AF332 (R&D Systems), MAB332 (R&D Systems), AF3267 (R&D Systers), E-3
(Santa-Cruz), E-1 (Santa-Cruz), H-10 (Santa-Cruz), 3C11 (Santa-Cruz), 3HI182S (Santa-
Cruz), C-14 (Santa-Cruz), 47233 (Novus Biologicais), NBP2-45508 (Novus Biologicals},

~3
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NBP2-52975 (Novus Biologicals), AF3267 (Novus Biologicals), NBP2-34487 (Novus
Biologicals), NBP1-85593 (Novus Biclogicals), and antigen-binding fragment thereof. In
certain embodiments, the anti-CD117 antibody comprises a heavy chain variable domain
(Vi) and a light chain variable domain (Vi) of an antibody selected from the group consisting
of PAS-14694, PAS-16458, PAS-16770, 18696-1-AF, HC341L.C14, ST(4-99, MAS5-44656,
EPR25707-134, AF1356, AF332, MAB332, AF3267, NBP2-45508, NBP2-52975, AF3267,
NBP2-34487, 34-8800, aund NBP1-85593. In certain embodiments, the anti-C117 antibody
comprises the heavy chain CDRy, CDR,, and CDR; and the light chain CDRy, CDR,, and
CDR;, determined under Kabat (see, Kabat ef o/, (1991) Sequences of Proteins of
Immunological Interest, NIH Publication No. 91-3242, Bethesda), Chothia (see, e.g., Choth,
(1987), J. MOL. BIOL. 196: 901-917), MacCallum (see, MacCallum R M ¢7 ¢/, (1996} J.
MOL. BIOL. 262:ia € & Lesk A M732-745), or any other CDR determination method
known in the art, of the Vi and V1. sequences of an antibody selected from the group
consisting of PAS-14694, PAS-16458, PAS-16770, 18696-1-AP, HC34L.L14, ST04-99,
MAS-44656, FPR25707-134, AF1356, AF332, MAB332, AF3267, NBP2-45508, NBP2-
S2975, AF3267, NBP2-34487, 34-8800, and NBP1-85593. In some embodiments, the anti-
CD117 antibody comprises the heavy chain CDRy, CDR», and CDRs and the light chain
CDR,y, CDRy, and CDRs of any one of the anti-CI3117 antibodies described herein, or others

anti-CD117 antibodies known in the art.

{6272} In some embodiments, the HSC targeting group (e.g., the antibady that binds to
CD103 and/or CD117) comprises an antibody Fe fragment. The most common
immunoglobulin isotype in humans is IgG, which is composed of two identical heavy chain
polypeptides and two identical light chain polypeptides. Disulfide bonds link both heavy
chain polypeptides to each other. In addition, a disulfide bond also links each Hight chain
polypeptide to a heavy chain polypeptide. Heavy chain polypeptides contain four distinct
domains including the variable heavy (VH), constant heavy 1 (CH1), constant heavy 2
(CHZ3, and constant beavy 3 (CH3} domains. Each light chain contains a variable light (VL)
and a variable heavy {VH) domain. The variable domains of the beavy and light chains
provide the antibody with antigen binding activity and are responsible for the diversity and
specificity of immunoglobulins. Importantly, the heavy chain constant domains, primarily
CH2 and CH3, are involved in non-antigen binding functions of antibodies, and constitute the
Fc region. The Fe region is capable of binding complement, which may trigger phagocytosis

or complement dependent cytotoxicity {CI3C). In addition, the Fe region can also bind to Fe
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receptors, which may trigger phagocytosis or antibody dependent celiular cytotoxicity
{ADCC). Moreover, the Fe region is known o improve the maintenance of the antibody

during circulation.

16273} In some embodiments, the HSC targeting group (e.g., the antibody that binds to
CD1035 and/or CD117) comprises an antibody or antigen-binding fragment thereof selected
from the group consisting of a Fab, F{ab™)2, Fab’-SH, Fv, and scFv fragment. In some
embodiments, the antibody is a human or humanized antibody. In some embodiments, the
HSC targeting group comprises a Fab or an immunoglobulin single variable domain, such as

a Nanchody.

{0274} In some embodiments, H8C targeting group comprises a Fab that does not
comprise a natural interchain disulfide bond. For example, in some embodiments, the Fab
comprises a heavy chain fragment that comprises a {2335 substitution, and/or a light chain
fragment that comprises a 2148 substitution, numbering according to Kabat. In some
embodiments, the HSC targeting group comprises a Fab that comprises one or more non-
native interchain disulfide bonds. In some embodiments, the interchain disulfide bonds are
between two non-native cysteine residues on the Light chain fragroent and heavy chaio
fragment, respectively. For example, in some embodiments, the Fab comprises a heavy chain
fragment that comprises F174C substitution, and/or a light chain fragment that comprises
S176C substitution, sumbering according to Kabat. In some embodiments, the Fab comprises
a heavy chain fragment that comprises F174C and C2338 substitutions, and/or a light chain
fragment that comprises S176C and C2145 substitutions, numbering according to Kabat. In
some embodiments, the HSC targeting group comprises a C-terminal cysieine residue. In
some embodiments, the HSC targeting group comprises a Fab that comprises a cysieine at
the C-terminus of the heavy or light chain fragment. In some embodiments, the Fab further
comprises one or more amino acids between the heavy chain of the Fab and the C-terminal
cysteine. For example, in some embodiments, the Fab comprises two or more amino acids
derived from an antibody hinge region {(e.¢., a partial hinge sequence) between the C-
terminus of the Fab and the C-terminal cysteine. In some embodiments, the Fab comprises a
heavy chain variable domain linked to an antibody CH1 domain and a light chain variable
domain linked to an antibody light chain constant domain, wherein the CH1 domain and the
fight chain constant domain are linked by one or more interchain disulfide bonds, and

wherein the HSC targeting group further comprises a single chain variable fragment {scFv)
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linked to the C-terminus of the light chain counstant domain by an amino acid linker. In some
embodiments, the Fab antibody i3 a DS Fab, a NoDS Fab, a bDS Fab, a bDS Fab-ScFv, as

demonstrated in FIG. 12,

16275] In some embodiments, the conjugate (e.g., a lipid-antibody conjugate) comprises a
Fab, wherein the Fab comprises a heavy chain and a light chain fragment. In some
embodiments, the heavy chain fragment comprises a heavy chain variable domain linked to
an antibody CH1 domain. In some embodiments, the heavy chain variable domain is an IgGl
VH. In some embodiments, the antibody CH1 domain is an IgG CHI domain. In some
embodiments, the light chain fragment comprises a light chain variable domain linked to an
antibody light chain constant domain. In some embodiments, the light chain variable domain
is a Kappa VL domain. In some embodiments, the antibody light chain constant domainis a
Kappa CL domain. In some embodiments, the CHI domain and the light chain constant

doraain are linked by one or more interchain disulfide bonds.

{0276} In some embodiments, the HSC targeting group (e.g., the antibody that binds to
CD105 and/or CD117) comprises an immunoglobulin single variable domain, such asa
Nanobody {e.g., a Vi) In some embodiments, the Nanobody comprises a cysteine at the C-

terminus.

{0277} An exemplary HSC targeting group {e.g., the antibody that binds to CD105 and/or
CD117) may comprise one or more amino sequences as described for the antibodies set forth
in Table B. In some embodiments, the HSC targeting group comprises the amino sequences
as described for Abl as set forth in Table B. In some embodiments, the HSC targeting group
comprises the amino sequences as described for Ab2 as set forth in Table B. In some
embodiments, the HSC targeting group comprises the amino sequences as described for Ab3

as set forth in Table B.

Table B, Exemplary HSC targeting antibodies,

Antibedy | Target | Sequence | SEQ Aming Acid Sequence
Name iID NG

Abl CDi17 |CDR-HI 11 FTFSNYAMS
CDR-H2 {2 LISGEGEITYYADEVRG
CDR-H3 {3 ARGPPTYHTNYYYMDV
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Antibody

Target

Sequence

SEQ

Name

IDRG

Aming Acid Sequence

4

RASQGISS

CDR-1.2

fn

CORL3

i

YH

ot

EVOLLESGGGLVOPGGS LRLSCAASGETESNY
AMBWVROAPGKGLEWVSAISGSGESTYYADRSY
RERETISRDNSENTLYLOMNSLRAEDTAVYYC
ARGPPTYHTINYYYMRDVWGKGTTVIVSS

VIVSS

F0

DIOMTOSPSSVSASVGDRVTITCRASQGISSW
LAWNYDOKPG AASSLOSGVPSRESG
e T ATYY COOTNSFRY

SGSGTDE

TPGGGETRVEILK

Heavy
chain

EVOLLESGG

WVQPGGEI LR CAASGETESNY
AMBWVRO JLEWVSAISGSGESTYYADSV
RERET RONSKNTLYLOMN EDTAVYYC
AKGPPTYH’INYYY@WJ G KG’l‘ VS

PSVEP. .L—\[‘Sh,[ib’l"'

&

G
KG
PEPV

SLSSVV

LPK

Light
chain

(%)
o]

DIOMTOSPISVSASVGDRVTITCRASQGISSW
LAWYQOKPCKAPKLLIYAASELOSCVEPIREFSG
SGSGTDFTLTISSLOPEDFATYYCQOQTNESFPY
TEGGGTKVETKRTVAAPSVEIFPPSDEQLKSG
TAS7”LLLNN‘ REAKVOWEVDNALQSGNSQ

VIEQDSKDSTYSLCSTLTLSKADYEKHKVY
““E /THOCLSSPVTKSENRGES

CB117

CDR-HI

FTESDADMD

CDR-H2

RTRNKAGSYTTEYAASVEG

CDR-H3

CDR-LL

CDR-L2

AASSLOS

CDR-L3

1P u,bL RLSCAASGETESDA
AVGRTRNKAGSYTTEYAA
SLRTEDTAVY
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Antibody | Target | Sequence | SEQ Aming Acid Sequence
Name 1D NG

YL 17 DIQMTQSPS‘“

SASVGDRVTI ’“’"RASQSISSY
KLLT {AASSLQSCXTSR F'SC
LSSLOPEDEATYYC QQSYIAFY

Heavy 18 VOPGGSLRLSCAASGETESDA
chain VGRTRMKAGSY TTEYAA
: GMMNSLKTEDTAVY
VTVSSASTKGPS
CFPERPVTV
“dﬂbbuJ]SGVFm Fﬁv]"SSGLYSL;SVV]V
PSS 0 : KVEPKSS
DRTHTCGGHOLELR
Light 39 DIQMY ASVGDRVIITCRASQSISSY

chain INWYQORPGKAPKLLIYAASSLOSGVPSRESG
SCEGTDEFTLTISSLOPEDEATYYCOQSY IAPY
TEGGGTRVEIKRTVAAPSVEIFPPSDEQLESG
TASVVCLLNNEYPREAKVOWKVDNALQSGNSO
TQ\?“EQD.;KDJTYSL’“S ;TL@:\ADYEHHKVY

Ab3 CD10s | CDR-HI 19 DAWMD

<

2 120 EIRSKASNHATYYARSVKG

CDR-H3 21 WRREFDS

CDR-L1 |22 RASSSVSYME

CDR-L2 123 ATSNLAS

CDR-L3 124 QOWSSNPLT

YH 25 a8 KLSCARSGETFSDA
D KGLEWVAEIRSKASNHATY VAR

B ¢SR[\])S SSVYLOMNSLRAEDTGIY
YCTRWRREFDSWCQGTTLTIVSS

VL 26 OIVLSQSPAILSASPGEKVIMTC RASSSVSYM
HWYQOKPGSSPKPWI YATENLASGUVPVRESEG
GEGTSYSLTIS RvEﬁMJhA”VYCQQWSSNPLT
FGAGTELELK

Heavy 77 VKLEESGGGLVQPGESMKLECARSGETEEDA
chain WMDTVE S SERGLE VAR IRSKASNEATYYAE

SVKGRETISRDDSKSSVYLOMNSLEAEDTGIY
YCTRWRREFFDEWCOQCTTLTV
LAPSEKSTSGGTAALGCLVEDY FI‘""\’T\,SJ'

SGALTESGVHTCPAVLOSSGLYSLSSVVIVESS
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Antibody | Target | Sequence | SEQ Aming Acid Sequence
Name 1D NG
1 rj'*‘( 1’“1’*'”1\1"\ BKPSNTRVDKKVEPKSSDRT
Light 40 OIVLSOSPAILSASPGERKVIMTCRASESVSYM
chain HWYQOKPGS WIYATSNLASGVPVRISGS
“:G'.‘S‘(“] TISRVEARDAATY "”‘QQWSSNPLT
i P <SGT
ARKVOWKVDN '“__L 08 3\ SOE
YEKHKVYA
mutAbl N/A CDR-H1 28
{non-
binding | CDR-H2 |29 ALSGRAAASTYYADSVKG
neg —— -
ctrl for | CDR-H3 30 AKGPPTYRAAYYYMDV
AbD)
CDR-L1 31 RASCARASHWLA
CDR-L2 32 AAASLOS
CDR-L3 |33 QUTARRPYT
VH 34 GGSLRLSCAASGFAAANY
SV SATSGRAAASTYYADSY
LSRDNE K\""‘IY]'_,” MNSLRARDTAVYYC
AKGPPTYAAAYYYWWM«K(J.”J VTVES
VL 35 DICMTQOSPSSVSASVEGDRVT ITCRASOAAASH
LAWY QORKPGKAPKLLI YABASLOSGVPSRISG
SGSGETDE SSLOPEDFATY Y COQTAAAPY
PEGGEGT
Heavy 36 L SGGELV) PGGSLRLSCAASGFARANY
chain AMSHV ROAPGKGLEWVSAL SGAAAS TYYADQV
KGRFTISRDNSK NSLE i
AKGPFTYAAAYYYMDW GRGTTY
PEVFPLAPSSKSTSGGTARLGCL vr\J"
TVSWNSGALTSGVHTCPAVLOSSGLY SLSSVY
TVPSSSLGTO CNVNHEKPSNTKVDKKVEPK
SSDKTHTCGGHHEEHAH
Jicht DIOMIOSPSSVSASVGDRY T LTCRASOAAASHE AWY QD
.-...-f;;-i =L
chain KPGEAPKLLIYABASLOSGVPARFSGSGSGTDFTLTES
SLOPEDFATYYCOOTAAAPY TFGGOTKVEIKRTVAAPS
VEIFPPSDEQOLKSGTASVVCLLNNFYPREAKVOWKVDN
ALOSGNSOESVTEODSKDSTYSLCSTLTLSKADYEKHK
VYACEVTHOGLSSPVIKSFNRGES
NA NA Constant 41 ASTKGPSVFPLAPSSKSTSGGETARLGCLVKDY
Domain FPEPVIVSHNSGALTSGVETCPAVLOSSGLY S
Heavy
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Antibody | Target | Sequence | SEQ Aming Acid Sequence
Name 1D NG

T I IR D Y € QYT TN I T e TR PN L] T T GO T 7T
LSSVVIVPSSSLGTOTY ICNVNHRKPSNTRKVDK

C

(eGl KV
CHD)

e NA | Cerminal |42 EPKSEDRTHTCGGHAHLHE
sequUence

NA NA Constant | 43 RTVAAPSVEIFPPSDEQLKSGTASVVCLLNNE
Bomain ¥ PREAKVQWR VNI SQESVIE
Light TYSLCSTLTLSKADY EKHKVYACE
Light Y SLCSTLTLSKADYEKHKVYACE
Chain pPve IRGES
{Kappa
CL)

{8278} In some embodiments, the HSC targeting group {e.g., the antibody that binds to
CD10S and/or CD117) comprises an amine acid spacer and/or linker. In some embodiments,
the spacer 18 between two domatuos of the antibody or antigen-binding fragmeut thereof. In
some embodiments, the spacer is between the Vun domain and the C-terminal cysteine. In
some embodiments, the spacer is between the antibody or antigen-binding fragment thereof
and the lipid. In some embodiments, the spacer is between the antigen-binding single variable
domain and the lipid. In some embodiments, the spacer is between the Vag and the liptd. In
some embodiments, the HSC targeting group comprises an amino actd spacer and/or linker
set forth in any one of the sequences in Table C. In some embodiments, the HSC targeting
group {e.g., antibody ) comprises an amino acid spacer and/or linker with the amino acid

sequence of AAA, or an amino acid sequence set forth in any one of SEQ 1D NOs: 45-60.

Table C: Spacer/Linker Sequences

Name SEQ ID NO | Aminoe acid seguence

3A spacer N/A AAA

SGS spacer 45 GGGES

TGS spacer 46 SGGSGGS

&GS spacer 47 GGOGESGES

9GS spacer 48 GGGGSGGES

10GS spacer 49 GGOGSGGGES

15GS spacer 50 GGGGSGGGEGSGGGES

18GS spacer 51 GGGGSGGEGGSGGEGGSGES
20GS spacer 52 GGOGSGGEGGEEGGHGSGHGES
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25GS spacer 53 GGGGSGGGGSGGGGSGGGGRGGGES

30GS spacer 54 GGGGSGGHGSGOGGSGGGGEGEGGSGGGES

35GS spacer o GGGGSGGGGESGOGESGGGGEEGGGGSGGGES

> GGOGGS

40GS spacer s GGGGSGGGGSGGGESGEGERGGGGSGGGES
GGGGSGGGES

Gl hinge 57 EPKSCDKTHTCPPCP

9GS8-G1 hinge 58 GGGGSGGGSEPKSCDKTHTCPPCP

Llama upper long 5 EPKTPKPQPAAA

hinge region

(33 hinge 6 ELKTPLGDTTHTCPRCPEPKSCDTPPPCPRCPE
PKSCDTPPPCPRCPEPKSCDTPPPCPRCP

{6279} BExamples of amino acid spacers include but are not limited to those set forth in
SEQ D NOs: 45-60 and the amino acid sequence AAA. Spacers of the present invention may
comprise at least 3, 5, 10, 15, 20, 25 or 30 amino acids in length. Spacers of the present
invention may comprise between 3 and 50, 5 and 45, 7 and 40, 10 and 35, 12 and 30, or 15
and 25 amino actds. In some embodiments, the spaceris 3,4, 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, or more amino acids in {ength.
The spacer of the fusion protein monomer described herein may be a flexible spacer or a rigid
spacer. The spacer of the HSC targeting group {e.g., the antibody that binds to CD10S and/or
CD117) described herein may be a short spacer or a long spacer. In some embodiments, the
amino acid spacer comprises an amino acid sequence as set forth in Table C comprising 1, 2,
3,4, or 5 amine acid substitutions, insertions, or deletions. In some embodiments, the amino
acid spacer comprises an amino acid sequence as set forth in Table C. Spacers described

herein can be used to link two or more amine acid domains together.

j0280] In some embodiments, the HSC targeting group {e.g., the antibody that binds o
CD103 and/or CD117) comprises one or more complimentary-determining regions (CDR)
sequences. IR sequences of conventional antibodies are highly variable regions of the
heavy and light chains in immunoglobulins antibodies that determine antigen specificity and
represent the focation where these molecules bind to their specific antigen. In some instances,

antigen-binding single variable domains (i.e., a V), only comprise one set of CDRs, located

0
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at the N-terminal portion of the structure. Pescribed herein are HSC targeting groups
comprising a polypeptide that comprises one or more CDR sequence that possess an amino
acid length between 4 and 30, 6 and 28, 8 and 26, 10 and 24, 12 and 22, 14 and 20, or 16 and
18 residues. In some embodiments, the CDR sequences are 4, 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, or 30 amino acids in length. In some
embodiments, the CDR sequences are between 4 and 20 amino acids in length. In some
embodiments, the CDR sequences are between 5 and 1S amino acids in length. In some
embodiments, the CDR sequences comprises an aming acid sequence set forth in Table B
comprising 1, 2, 3, 4, or 5 amino acid substitutions, insertions, or deletions. In some

embodiments, the CDR sequences comprises an amino acid sequence set forth in Table B,

6281} In some embodiments, the HSC targeting group {e.g., the antibody that binds o
CD103 and/or CD117) provided herein comprises a variable heavy domain comprising a
CDR-HI1, a CDR-H2, and a2 CDBR-H3 sequence, and a variable light domain comprising a
CDR-L1, a COR-L2, and a CDR-L3 sequence. In some embodiments, the H8C targeting
group that binds to a HSC surface antigen comprises a CDR-H1, a CDR-H2, a CDR-H3, a
CDR-L1, a CDR-L2, and a CDR-L3 sequence, each having an amino acid sequence set forth
in Table B, where one or more CDR sequence comprise 1, 2, 3, 4, or S amino acid
substitutions, insertions, or deletions. In some embodiments, the H8C targeting group that
binds to a HSC surface antigen comprises a CDR-H1 having the amino acid sequence set
forth in SEQ D NO: 1, a CDR-H2 having the amino acid sequence set forth in SEQ 1D NO:2,
a CDR-H3 having the amino acid sequence set forth in SEQ [D NO:3, a CDR-L1 having the
amino acid sequence set forth in SEQ 2 NOG:4, a CDR-L2 having the amine acid sequence
set forth in SEQ ID NG5, and a CDR-L3 having the amino acid sequence set forth in SEQ
1D NG:6, where one or more CDR sequence comprise 1, 2, 3, 4, or S amino acid
substitutions, insertions, or deletions. In some embodiments, the HSC targeting group that
binds to a HSC surface antigen comprises a CDR-H1 having the amino acid sequence set
forth in SEQ D NO:1, 3 CDR-H2 having the amine acid sequence set forth in SEQ ID NO:2,
a CDR-H3 baving the amino acid sequence set forth in SEQ ID NG:3, a CDR-L1 having the
aming acid sequence set forth in SEQ 1D NO4, a CDR-L2 having the amino acid sequence
set forth in SEQ ID NO:5, and a CDR-L3 having the amino acid sequence set forth in SEQ
D NG6.
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j6282) In some embodiments, the HSC targeting group that binds to a HSC surface
antigen comprises a CDR-HI having the amino acid sequence set forth in SEQ ID NO:10, a
CDR-HZ having the amino acid sequence set forth in SEQ ID NO:11, a CDR-H3 having the
amino acid sequence set forth in SEQ 1D NG: 12, a CDR-L1 having the amino acid sequence
set forth in SEQ 1D NG:13, a CDR-L2 having the amino acid sequence set forth in SEQ 1D
NGO 14, and a CDR-L3 having the amino acid sequence set forth in SEGQ ID NO: 15, where
one or more CDR sequence comprise 1, 2, 3, 4, or 5 amino acid substitutions, insertions, or
deletions. In some embodiments, the HSC targeting group that binds to a HSC surface
antigen comprises a CDR-H1 having the amino acid sequence set forth in SEQ ID NG:10, a
CDR-HZ having the amino acid sequence set forth in SEQ 1D N(O:11, a CDR-H3 having the
amino acid sequence set forth in SEQ ID NO:12, a CDR-L1 having the amino acid sequence
set forth in SEQ ID N(:13, a CDR-L2 having the amino acid sequence set forth in SEQ [D
NO:14, and a CDR-L3 having the amino acid sequence set forth in SEQ 1D NG:15.

102834 In some embodiments, the HSC targeting group that binds to a HSC surface
antigen comprises a CDR-HI1 baving the amino acid sequence set forth in SEQ ID NG9, a
CDR-H2 having the amino acid sequence set forth in SEQ 1D NO:20, a CDR-H3 having the
amino acid sequence set forth in SEQ 1D NO:21, a CDR-L1 having the amino aad sequence
set forth in SEQ ID NOG:22, a CDR-L2 having the amino acid sequence set forth in SEG ID
N©O:23, and a CDR-L3 having the amino acid sequence set forth in SEQ ID NG:24, where
one or more CDR sequence comprise 1, 2, 3, 4, or 5 amino acid substitutions, insertions, of
deletions. In some embodiments, the HSC targeting group that binds to a HSC surface
antigen comprises 3 CDR-HI having the amino acid sequence set forth in SEQ D NG:19, 2
CDR-H2 having the amino acid sequence set forth in SEQ ID NO:20, a CDR-H3 having the
amivo acid sequence set forth in SEQ ID NG:21, a CDR-L1 having the amino acid sequence
set forth in SEQ D NO:22,) a CDR-L2 having the amino acid sequence set forth in SEQ ID
NG:23, and a CDR-L3 having the amino acid sequence set forth in SEQ 1D NO:24.

[6284] In some embodiments, the HSC targeting group (e.g., the antibody that binds to
CD105 and/or CD117) provided herein comprises a variable heavy (VH) domain comprising
CDR-HI, CDR-H2, and CDR-H3 sequences, and a variable light (VL) domain comprising
CDR-L1, CDR-L2, and CDR-L3 sequences. In some embodiments, the H8C targeting group
that binds to a HSC surface antigen comprises a VH domain comprising CDR-H1, CDR-H2,
and CDR-H3 sequences, and a VL domain comprising CDR-L1, CDR-LZ, and CDR-L3

0
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sequences, where the VH and VL. domains have at least 85, 90, 95, 96, 97, 98, 99, or 99.5%
sequence identity with the amino acid sequences as described for Abi in Table B, In some
embodiments, the HSC targeting group that binds to a HSC surface antigen comprises a VH
domain comprising CDR-H1, CDR-H2, and CDR-H3 sequences, where the VH domain has
at feast 83, 90, 95, 96, 97, 98, 99, or 99 5% sequence identity with the amino acid sequence
set forth in SEQ D NO:7, and a VL domain comprising CDR-LT, CDR-L2, and CDR-L3
sequences, where the VL domain has at least 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence
identity with the amino acid sequence set forth in SEQ ID NO:8. In some embodiments, the
HSC targeting group that binds to a HSC surface antigen comprises a VH domain comprising
CDR-H1, CDR-HZ, and CIIR-H3 sequences, where the VH domain comprises the amino
acid sequence set forth in any one of SEQ ID NG:7, and a VL domain comprising CDR-L1,
CDR-L2, and CDR-L3 sequences, where the VL domain comprises the amino acid sequence

set forth in any one of SEQ 1D NO:8.

10285] In some embodiments, the HSC targeting group that binds to a HSC surface
antigen comprises a VH domain comprising CDR-H1, CDR-H2, and CDR-H3 sequences,
and a VL domain comprising CDR-L1, CDR-L2, and CDR-L3 sequences, where the VH and
V1. dorains have at feast 8S, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity with the
amino acid sequences as described for Ab2 in Table B. In some embodiments, the HSC
targeting group that binds to a HSC surface antigen comprises a VH domain comprising
CDR-H1, CDR-H2, and CDR-H3 sequences, where the VH domain has at least 85, 90, 95,
96, 97, 98, 99, or 99.5% sequence identity with the amino acid sequence set forth in SEQ ID
N{}16, and a VL domain comprising CDR-L1, CDR-L2Z, and CDR-L3 sequences, where the
VL domain has at feast 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity with the amino
actd sequence set forth o SEQ 1D NGO:17. In some embodiments, the HSC targeting group
that binds to a HSC surface antigen comprises a VH domain comprising CDR-H1, CDR-H2,
and CDR-H3 sequences, where the VH domain comprises the amino acid sequence set forth
in any one of SEQ 1D NO:16, and a VL domain comprising CDR-L1, CDR-L2, and CDR-L3
sequences, where the VL domain comprises the amino acid sequence set forth 1o any one of

SEQ ID N{(:17.

{6286} In some embodiments, the HSC targeting group that binds to a HSC surface
antigen comprises a VH domain comprising CDR-H1, CDR-H2, and CDR-H3 sequences,

and a VL domain comprising COR-L1, CDR-L2, and CDR-L3 sequences, where the VH and
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Y1 domains have at least 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity with the
amino acid sequences as described for Ab3 in Table B. In some embodiments, the HSC
targeting group that binds to a HSC surface antigen comprises a VH domain comprising
CDR-HI, CDR-H2, and CDR-H3 sequences, where the VH domain has at least 85, 90, 95,
96, 97, 98, 99, or 99.5% sequence identity with the aroino acid sequence set forth in SEQ ID
NO:25, and a VL domain comprising CDR-LT, CDR-L2) and CDR-L3 sequences, where the
VL domain has at least 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity with the amino
acid sequence set forth in SEQ 1D NO:26. In some embodiments, the HSC targeting group
that binds to a HSC surface antigen comprises a VH domain comprising CDR-HI, CDR-H2,
and CDR-H3 sequences, where the VH domain comprises the amino acid sequence set forth
in any one of SEQ ID NO:25, and a VL domain comprising CDR-L1, CDR-L2, and CDR-L3
sequences, where the VL domain comprises the amino acid sequence set forth in any one of

SEQ ID NO:26.

102874 In some embodiments, the HSC targeting group (e.&., the antibody that binds to
CD1035 and/or CT3117) provided herein coruprises a Fab, wherein the Fab comprises a
variable heavy (VH) domain comprising CDR-H1, CDR-H2, and CDR-H3 sequences, and a
variable light {VL) domain comprising CDR-L1, CBR-L2, and CDR-L3 sequences. In some
embodiments, the HSC targeting group that binds to a HSC surface antigen comprises a Fab,
where the VH and VL domains of the Fab have at feast 83, 90, 95, 96, 97, 98, 99, or 99.5%
sequence identity with the amino acid sequences listed for Abl as set forth in Table B. In
some embodiments, the HSC targeting group that binds to a HSC surface antigen comprises a
Fab, where the VH and VL domains of the Fab have at least 85, 90, 95, 96, 97, 98, 99, or

99 5% sequence identity with the amino acid sequences set forth in SEQ ID NOs: 7 and 8. In
sorne embodirnents, the HSC targeting group that binds to a HSC surface antigen comprises a
Fab, where the VH and VL domains of the Fab comprise the amino acid sequences set forth

in SEGQ 1D NOs: 7 and 8.

{0288} In some embodiments, the HSC targeting group that binds to a HSC surface
antigen comprises a Fab, wherein the VH and VL domains of the Fab have at least 5, 90, 95,
96, 97, 98, 99, or 99.5% sequence identity with the amino acid sequences listed for AbZ as set
forth in Table B. In some embodiments, the HSC targeting group that binds to a HSC surface
antigen comprises a Fab, where the VH and VL domains of the Fab have at least §5, 90, 95,

96, 97, 98, 99, or 99.5% sequence identity with the amino acid sequences set forth in SEQ ID
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NOs: 16 and 17. In some embodiments, the HSC targeting group that binds to a HSC surface
antigen comprises a Fab, where the VH and VL domains of the Fab comprise the amino acid

sequences set forth in SEQ 1D NOs: 16 and 17.

~

16289} In some embodiments, the HSC targeting group that binds to a HSC surface
antigen comprises a Fab, wherein the VH and VL domains of the Fab have at least 85, 90, 95,
96, 97, 98, 99, or 99.5% sequence identity with the amino acid sequences histed for Ab3 as set
forth in Table B. In some embodiments, the HSC targeting group that binds to a HSC surface
antigen comprises a Fab, where the VH and VL domains of the Fab have at least §5, 90, 95,
96, 97, 98, 99, or 99.5% sequence identity with the amino acid sequences set forth in SEQ ID
NOs: 25 and 26. In some embodiments, the HSC targeting group that binds to a HSC surface
antigen comprises a Fab, where the VH and VL domains of the Fab comprise the amino acid

sequences set forth in SEQ 1D NOs: 25 and 26,

{6290} In some embodiments, the HSC targeting group (e.g., the antibody that binds to
CDB105 and/or CD117) provided herein comprises a Fab, wherein the Fab comprises a heavy
chain domain and a light chain domain. In some embodiments, the HSC targeting group that
binds to a HSC surface antigen comprises a Fab, wheve the heavy chain and light chain
domains of the Fab have at least 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity with
the amino acid sequences listed for Ab1 as set forth in Table B. Tu sorve emobodiments, the
HSC targeting group that binds to a H8C surface antigen comprises a Fab, where the heavy
chain and light chain domains of the Fab have at least 85, 90, 95, 96, 97, 98 99, or 99.5%
sequence identity with the amino acid sequences set forth in SEQ 1D NOs: 9 and 38, In some
embodiments, the HSC targeting group that binds to a HSC surface antigen comprises a Fab,
where the heavy chain and light chain domains of the Fab comprise the amino acid sequences

set forth in SEQ ID NOs: 9 and 38,

102914 In some embodiments, the HSC targeting group that binds to a HSC surface
antigen comprises a Fab, wherein the heavy chain and light chain domains of the Fab have at
feast 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity with the amino acid sequences
tisted for AbZ as set forth in Table B. In some embodiments, the HSC targeting group that
binds to a HSC surface antigen comprises a Fab, where the heavy chain and light chain
domains of the Fab have at least 85, 90, 95, 96, 97, 98, 99, or 99.53% sequence identity with
the amino acid sequences set forth in SEQ D NOs: 18 and 39, In some embodiments, the

HSC targeting group that binds to a HSC surface antigen comprises a Fab, where the heavy
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chain and light chain domains of the Fab comprise the amino acid sequences set forth in SEQ

D NOs: 18 and 39.

10292} In some embodiments, the HSC targeting group that binds to a HSC surface
antigen comprises a Fab, where the heavy chain and light chain domains of the Fab have at
least 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity with the amino acid sequences
listed for Ab3 as set forth in Table B. In some embodiments, the HSC targeting group that
binds to a HSC surface antigen comprises a Fab, where the heavy chain and light chain
domains of the Fab have at least 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity with
the aminc acid sequences set forth in SEQ ID NOs: 27 and 40. In some embodiments, the
HSC targeting group that binds to a HSC surface antigen comprises a Fab, where the heavy
chain and light chain domains of the Fab comprise the amino acid sequences set forth in SEQ
D NGs: 27 and 40,

{06293} In some embodiments, the HSC targeting group (e.g., the antibody that binds to
CD105 and/or CD117) comprises two of more antigen-binding domains {e.g., two Vi
domains}. In some embodiments, the two or more antigen-binding domains are linked by an
amino acid linker. In some embodiments, the two or more Vyy domains are linked by an
amino acid linker. In some embodiments, the amino acid linker comprises one or more
glycine and/or serine residues (e.g., one or more repeats of the sequence GGGGS). In some
embodiments, the HSC targeting group comprises a first Van domain linked to an antibody
CH1 domain and a second Vur domain linked to an antibody light chain constant domain,
and wherein the antibody CH1 domain and the antibody light chain constant domain are
tinked by one or more disultide bonds (e.g., interchain disulfide bonds). In some
embodiments, the HSC targeting group {e.g., the antibody that binds to CI3105 and/or
CP117) comprises a Van domain linked to an antibody CH1 domain, and wherein the
antibody CHI domain is hinked to an antibody light chain constaut domain by one or more
disulfide bonds. In some embodiments, the CH1 domain comprises F174C and C2338
substitutions, and the light chain constant domain comprises 8176C and C2148 substitutions,
numbering according to Kabat. In some embodiments, the antibody is a ScFv, a Vun, a

2x ¥V, a Vau-CHUVempty VK, or a Vi l-CH1/Vap-2-Nb bDS, as demonstrated in FIG, 12

10294} In some embodiments, the HSC targeting group {e.g., the antibody that binds to
CI3105 and/or CD117) comprises a polypeptide that binds to a H8C surface antigen with a

high binding affinity. In some embodiments, the HSC targeting group binding affinity for the
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HSC surface antigen is measured as an equilibrium dissociation constant (Kp). In some
embodiments, the HSC targeting group binds to a HSC surface antigen with a binding affinity
of less than 500, 400, 300, 200, 100, or 1 oM. In some embodiments, the HSC targeting
group that binds to a HSC surface antigen comprises a Fab, where the VH and VL domains of
the Fab have at least 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity with the amino
acid sequences set forth in SEQ 1D NQOs: 7 and 8. In some embodiments, the HSC targeting
group that binds to a HSC surface antigen comprises a Fab, where the VH and VL. domains of
the Fab comprise the amino acid sequences set forth in SEQ D NOs: 7 and 8. In some
embodiments, the HSC targeting group that binds to a HSC surface antigen comprises a Fab,
where the VH and VL domains of the Fab have at feast &5, 90, 95, 96, 97, 98, 99, or 99.5%
sequence identity with the amino acid sequences set forth in SEQ ID NOs: 16and 17 In
some embodiments, the HSC targeting group that binds to a HSC surface antigen comprises a
Fab, where the VH and VL domains of the Fab comprise the amino acid sequences set forth
in SEQ ID NOs: 16 and 17, In some embodiments, the HSC targeting group that binds to a
HSC surface antigen comprises a Fab, where the VH and VL domains of the Fab have at least
8S, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity with the amino acid sequences set forth
in SEQ D NOs: 25 and 26. In some embodiments, the HSC targeting group that binds to a
HSC surface antigen comprises a Fab, where the VH and VL domains of the Fab comprise

the amino acid sequences set forth in SEQ I3 NOs: 25 and 26

j6295) In some embodiments, the HSC targeting group {e.g., the antibody that binds to
CD103 and/or CD117) provided herein targets a human HSC surface antigen, including, for
example, any of the HSC surface antigens described in this application. In some
embodiments, the HSC targeting group targets human CD105 and/or human CD117. In some

erabodiments, the HSC targeting group targets more than one human HSC surface antigen.

j0296] In some embodiments, the conjugate (e.g., a lipid-antibody conjugate} comprising
a HSC targeting group is capable of binding to a non-human HSC surface antigen. In some
embodiments, the conjugate (e g., a lipid-antibody conjugate) comprising a HSC targeting
group is capable of binding to a human HSC surface antigen. In some embodiments, the
conjugate {e.g., a lipid-antibody conjugate) comprising a HSC targeting group is capable of
binding to 3 buman HSC surface antigen described herein, for example, human CB105 and/or

human CD117.
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{6297} In some embodiments, the HSC targeting group (e.g., the antibody that binds to
CD1065 and/or CD117) comprises a polypeptide sequence as disclosed herein. In some
embodiments, the targeting moiety comprises all six CDRs of a polypeptide sequence (e.g.,
an antibody polypeptide sequence, e.g., a Fab polypeptide sequence) as disclosed herein. In
sorne embodirnents, the HSC targeting group comprises CDR1, CDR2, and CDR3 of an
immunoglobulin single variable domain (18YD) as disclosed herein. In further embodiments,
the HSC targeting group {e.g.. the antibody that binds to CD10S and/or CD117) binds to the
same epitope on the target molecule (e.g., CD105 and/or CD117} that a polypeptide sequence
as disclosed herein binds to. In further embodiments, the HSC targeting group {e.g., the
antibody that binds to CD105 and/or CD117) competes with a polypeptide sequence as

disclosed herein to bind to the same epitope on the target molecule.

{6298} In certain embodiments, the HSC targeting group (e.g., the antibody that binds to
CD103 and/or CD117) may be covalently coupled to a lipid via a polyethylene glycol (PEG)

containing linker.

02091 In other embodiments, the lipid used to create a conjugate (e.g., a lipid-antibody

conjugate) may be selected from distearoyl-phosphatidylethanolamine (BSPE):
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,and

N-palmitoyl-sphingosine (Cl16-ceramide)

{0300} The HSC targeting group {e.g., the antibody that binds to CD105 and/or CD117}
can be covalently coupled to a hipid either directly or via a linker, for example, a polyethviene
glycol (PEG) containing linker. In certain embodiments, the PEG is PEG 1000, PEG 2000,
PEG 3400, PEG 3000, PEG 3450, PEG 4000, or PEG 5000. In certain, embodiments, the
PEG ts PEG 2000

{0301} In some embodiments, the lipid-HSC targeting group conjugate {e.g., the lipid-
antibody conjugate)} is present in the NP in a range of 0.001-0.5 mole percent, 0.001-0.3
mole percent, 0.002-0.2 mole percent, 0.01-0.1 mole percent, 8.1-0.3 mole percent, or 0.1-0.2

mole percent.

{0302 In certain embodiments, the lipid-HSC targeting group conjugate {e.g., the lipid-

antibody conjugate) comprises DSPE, a PEG component and a targeting antibody. In certain
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embodiments, HSC targeting group conjugate is an antibody that binds to an HSC surface

antigen described herein, e.g., an antibody that binds to CD105 and/or CD117.

[6303] An exemplary lipid-HSC targeting group conjugate {e.g., the lipid-antibody
conjugate) comprises DSPE and PEG 2000, for example, as described in Nellis e af. (2005)
BIOTECHNOL. PROG. 21, 205-220. An exemplary conjugate comprises the structure of
Formula {(VII}, where the scFv represents an engineered antibody binding site that binds to a
target of interest. In certain embodiments, the engineered antibody binding site binds to any
of the targets described herein. In certain embodiments, the engineered antibody binding site
can be, for example, an engineered anti-CD 105 antibody or an engineered anti-CD117

antibody.

10304} An example of a compound of Formula (Vi) is as shown below:

D
i 0 - G
Q N / N %
s 451 e, 18
o 0 : o "7
HN
N Q%)
Gly~Qly—Gly~Gly~Gly—(scFv) 16

/ (Formula V).
it is contemplated that the scFv in Formmla (V1) may be replaced with an intact antibedy or an
antigen fragment thereof (2.g., a Fab).
6303} Another example of a compound of Forrula (VI) is as shown below

O
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ES

18 (VIID),

the productiﬁn of which is described in Nellis ¢r o/ (2005) supra, or U.S. Patent No. 7,022,336,
antigen fragment thereof (e.g., an (Fab'h fragmem) or an engineering antibody binding site

{e.g., an scFv).

{6306} Gther lipid-antibody conjugates are described, for example, in U8, Patent No.

7,022,336, where the targeting group {e.g., antibody or antigen-binding fragment thereot)

O
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may be replaced with a targeting group of interest, for example, a targeting group that binds

any HSC surface antigen described herein.

{6307} In certain embodiments, the lipid component of an exemplary conjugate of
Formula (I} or Formula (V1) can be any of the lipids described herein. In some embodiments,
the lipid component of a conjugate of Formula (1} or Formuia (V1) is based on an ionizable,
cationic lipid described herein, for example, an ionizable, cationie lipid of Formula (117},
Formuia (11}, Formula ({{a), Formula ({ib), Formula (1{fa), Formula (Iiib), Formula (1V), or
Formula (V), or a salt thereof For example, an exemplary ionizable, cationic tipid can be

selected from Table A, or a salt thereof.

{6308} In certain embodiments, the conjugate (e.g., lipid-antibody conjugate) based on a

lipid of the present disclosure may include:
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, where scHv represents an engineered antibody
binding site that binds a target (e.g., an HSC surface antigen) described herein, e g, CD105

and/or CD117.

16309} In certain embodiments, the LNP may further comprise free PEG-lipid so as to
reduce the amount of non-specific binding via the HSC targeting group (e.g., antibody that
binds to CP105 and/or CD2117). The free PEG-lipid can be the same or different from the
PEG-lipid included in the conjugate. In certain embodiments, the free PEG-lipid is selected
from the group cousisting of PEG-distearoyl-phosphatidylethanolamine (PEG-DSPE) or
PEG-dimyrstoyl-phosphatidylethanolamine (PEG-DMPE}, N-{(Methyipolyoxyethylene
oxycarbonyl)-1,2-dipalmitoyl-sn-glycero-3-phosphoethanolamine (DPPE-PEG) 1,2~
Dimyristoyl-rac-glycero-3-methylpolyoxyethyiene (PEG-DMG), 1,2-Dipalmitoyi-rac-
glveero-3-methyipolyoxyethylene (PEG-DPG), 1,2-Dioleoyi-rac-glycerol,

methoxypolyethylene Glycol (DOG-PEG) 1,2-Distearoyl-rac-glycero-3-
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methyipolyoxyethylene (PEG-DSG), N-palmitoyl-sphingosine-1-
{succinyl{methoxy{polyethylene glycol}] (PEG-ceramide), DSPE-PEG-cysieine, or a
derivative thereof, all with average PEG lengths between 2060-5000, with 2000, 3400, or
3000. A final composition may contain a mixture of two or more of these pegylated lipids. In
certain embodiments, the LNP composition comprises a mixture of PEG-lipids with
myristoyl and stearic acy! chains. In certain embodiments, the LNP composition comprises a

mixture of PEG- lipids with palmitoyl and stearoy! acyl chains.

j031¢ In certain embodiments, the derivative of the PEG-lipid has a methyoxy, hydroxyl

or a carboxylic acid end group at the PEG terminus.

{6311} The lipid-HSC targeting group conjugate {e.g., lipid-antibody conjugate) can be
incorporated into LNPs as described below, for example, in LNPs containing, for example, an
ionizable cationic lipid, a sterol, a neutral phospholipid and a PEG-lipid. It is contemplated
that, in certain embodiments, the LNPs containing the lipid-HSC targeting group can contain
an ionizable cationic lipid described herein or a cationic lipid described, for example, in U5,
Patent No. 10,221,127, 10,653,780 or U.S. Published application No. US2018/0085474,

J82016/0317676, luternational Publication No. W{(32009/086558, or Miao ef af. (2019)
NATURE BIOTECH 37:1174-1185, or Jayaraman ef a/. {2012) ANGEW CHEM INT. 51: 8520-
8533,

{6312} In some embodiments, the cationic lipid can be selected from an ionizable cationic
fipid set forth in Table A, or a salt thereof. Any variation or embodiment of R, R% R* R4,
2ZA 3A 1A1 1A2 1A3 2A1 A2 2A3 3A1 3A2 3A3 al aZ 3B 3B1 3R2 383
R% R4 RV RIS R RAY R RV, RO R R RY R R R RS R
RS RS2 RS RY RY R R RS RY RS RSV R R R or R provided herein can
be combined with every other variation or embodiment of R', R* R’ R R** R RIA
1A2 1A3 2A1 2A2 2A3 3A1 3A2 3A3 al 2 iB 381 2p2 383 H 2 3
RIA2 RIAT R2AL R2AZ R2AD RIAI R3A2 RIAT pal Re2 RIB RO RI2 RIBI R R2 RS,
R4 RS RS R R R R RO RO RSP RSY o R°V) as if each combination had been

individually and specifically described.

{8313} The LNPs can be formulated using the methods and other components described

below in the following sections.

j6314] In certain embodiments, the LNP or lipid blend can also include a lipid-HSC

targeting group conjugate {e.g., a lipid-antibody conjugate) as described herein.

O
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j6315) The lipid-HSC targeting group conjugate {e.g., the lipid-antibody conjugate)may
be present in the LNP or the lipid blend in a range of 0.001-0.5 mol percent, 0.001-0.1 mole
percent, 0.01-0.5 mole percent, 0.05-0.5 mole percent, 0.1-0.5 mole percent, 0.1-6.3 mole
percent, 0.1-0.2 mole percent, 0.2-0.3 mole percent, of about 0.01 mole percent, about 0.05
mole percent, about 0.1 mole percent, about 0.15 mole percent, about 0.2 mole percent, about
0.25 mole percent, about 0.3 mole percent, about 0.35 mole percent, about 0.4 mole percent,

about 0.45 mole percent, or about 0.5 mole percent.

{H Payloads

6316} The LNP compositions may comprise an agent, for example, a nucleic acid
molecule for delivery to a cell {e.g., a hematopoietic stem cell (HSC)) or tissue, for example,

a cell {e.g., an HSC) or tissue in a subject.

{0317} The LNP compositions of the present invention may include a nucleic acid, for
example, a DNA or RNA, such as an mRNA, (RNA, microRNA, siRNA, guide RNA
{eRNA), prime editing guide RNA {(pegRNA), circcRNA{circular RNA), nbozymes, decoy
RNA, dicer substrate siRNA, or donor template DNA or RNA. The LNP compositions of the
present invention may include single-stranded DNA (ssDNA), double-stranded DNA
{dsDNA), single-stranded RNA (ssRNA), and/or double-siranded RNA (dsRNA). It is
contemplated that nucleic acids can contain naturally occurring components, such as,
naturally oceurring bases, sugars or linkage groups {e.g., phosphodiester linkage groups) or
may contain non-naturally occurring components or modifications, {e.g., thioester linkage
groups). For example, the nucleic acid can be synthesized to contain base, sugar, linker
modifications known to those skilied in the art. Furthermore, the nucleic acids can be linear
or circular, or have any destred configuration. The LNP compositions can include multiple
nucleic acid molecules, for example, multiple RNA molecules, which can be the same or

different.

j6318] In certain embodiments, the payload is an mRNA. In certain embodiments, a
particular LNP composition may contain a number of mRNA molecules that can be the same
or different. In certain embodiments, one or more LNP compositions including one or more
different mRNAs way be combined, and/or simultaneously contacted, with a cefl. It is
contemplated that an mRINA may include one or more of a stem loop, a chain terminating

nucleoside, a poly A sequence, a polyadenylation signal, and/or a 5° cap structure. The mRNA
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may encode a site-directed nuclease, a chemical base editor, a prime editor, or an epigenome

editor as described herein.

0319} In some embodiments, the one or more nucleic acids of the payload comprise an
mRNA encoding a site-directed nuclease, a chemical base editor, a prime editor, or an
epigenome editor. In some embodiments, the one or more nucleic acids comprise an mRNA
encoding a site-directed nuclease. In some embodiments, the site~directed nuclease is a
CRISPR-associated (Cas) nuclease, a zine tinger nuclease (ZFN), a transcription activator-
fike effector nuclease (TALEN), or a megaTAL. In some embodiments, the site-directed
nuclease is a ZFN, TALEN, or megaT AL comprising an amino acid sequence that confers

binding to a target nucleotide sequence.

10320} In some embodiments, the one or more nucleic acids of the payload comprise an
mRNA encoding a CRISPR-associated (Cas) nuclease or a chemical base editor; and a guide
RNA (gRNA) comprising a nuclectide sequence that confers binding to a target nucleotide

Sequence.

6321} In some embodiments, the one or more nucleic acids of the payload comprise an
mRNA encoding a prime editor; and a prime editing guide RNA {pegRNA} comprising a

nucleotide sequence that confers binding to a target nucleotide sequence.

j6322] In some embodiments, the payload comprises a gRNA or pegRNA . In some
embodiments, the gRNA or pegRNA of the payload comprises a sequence having at least
80% 1dentity to at feast 15 consecutive nucleotides of the target nucleotide sequence. In some
embodiments, the gRNA or pegRNA of the payload comprises a sequence having at least
80%, 85%, 90%, 91%0, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity to at least 15
consecutive nucleotides of the target nucleotide sequence. In some embodiments, the gRNA
or pegRNA of the pavload comprises a sequence having at least 80% identity to at least 15,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 consecutive nucleotides of the

target nucleotide sequence.

8323} In some embodiments, the payload comprises a gRINA or pegRNA. In some
embodiments, the gRNA or pegRMNA of the payload comprises a sequence baving at Jeast
&0% identity to at least 15 consecutive nucleotides of the target nucleotide sequence. In some
embodiments, the one or more nucleic acids of the payioad further comprise a donor template

nucleic acid comprising a sequence having at least 80% identity to at least 15 consecutive
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nucleotides of the target nuclectide sequence. In some embodiments, the donor template
nucleic acid of the pavlicad comprises a sequence having at feast 80%, 8§5%, 90%, 21%, 92%,
93%;, 94%, 95%, 96%, 97%, 98%, or 99% identity to at least 15 consecutive nucleotides of
the target nucleotide sequence. In some embodiments, the donor template nucleic acid of the
pavioad comprises a sequence having at least 30% identity to atleast 15, 16, 17, 18, 19, 20,
21,22, 23,24, 25, 26,27, 28, 29, or 30 consecutive nucleotides of the target nuclectide

sequence.

{6324} In some embodiments, the target nucleotide sequence comprises at least 15, 16,
17,18, 19,20, 21, 22, 23, 24, 25, or more consecutive nucleotides and is located within a
coding region of a gene, an intronic region associated with a gene, an exon region associated
with a gene, a 57 untransiated region associated with a gene, or a 37 untranslated region
associated with a gene, wherein the gene is selected from the group consisting of gene
selected from the group consisting of HBE, HBGI, HBG2, HBAI HBAZ, HBD, BCLIIA,
BACH2 KEF] LRF, ADA, DCLREJC IL2RG, RAGE RAG2, JAK3, BTK, WAS, F8, F9, Fil,
Fig, PRIR, RPSIO, CYBA, CYBRB, NCFI, NCFIB, NCEIC NCF2, NCF4, ETANE, ABCDI,
ARSA, FXN, GBA, IDS, IDUA, TCIRG, AICDA, UNG, CD40, CD40LG, FOXP3, 14, 116,
LLI3, LLTR, PRET, FANCA, FANCB, FANCC, FANCDI/BRACA2, FANCD2, MPL, CCRS,
CXCR4, F5, F2, antithrombin III, and protein C. In some embodiments, the target nucleotide
sequence s within a regulatory region of a gene selected from the group consisting of HEE,
HBGI HBG2 HBAI HBAZ, HRD BCLIIA, BACH2, KIFI LRE, 4DA, DCLREIC, [LIRG,
RAGI, RAG2, JAK3, BTK, WAS, F& F9, Fi1 FI0, PKLR RPSI9 CYBA, CYBB, NCF1,
NCFIR, NCFIC, NCEF2, NCF2, FLANE, ABCDI, ARSA, XN, GBA, IDS, IDUA, TCIRG,
AICDA, UNG, CD40, CDY0LG, FOXPS, 114, 1110, 1113, JL7R, PRFI FANCA, FANCE,
FANCC, FANCDI/BRACA2, FANCD2, MPL, CCRS, CXCR4, I3, 2, antithrombin [, and
protein C. In some embodiments, the target nucleotide sequence is within an enhancer region
or a repressor region of a gene selected from the group consisting of B8, HBGI, HEG2,
HBAI HBA2, HRD, BCLIIA, BACH2, KLF{, LRE, ADA, DCLREIC, IL2RG, RAGI, RAG2,
JAK3 BIK, WAS, F8, 19, 11, 10, PKLR, RPS19, CYBA, CYBB, NCII, NCFIB, NCFIC,
NCF2, NCF4, FTANE, ABCDI, ARSA, FXN, GBA, IDS, IDUA, TCIRG, AICDA, UNG,
(D40, CDA0LG, FOXP3, 114, 1110, 1113, H7R, PRET FANCA, FANCRE, FANCC,
FANCDI/BRACA2, FANCD2, MPL., CCRS, CXCR4, 5, £2, antithrombin {1, and protein C.
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{6325} In some embodiments, the target nucleotide sequence is within the BCLIIA
erythroid enhancer In some embodiments, the target nucleotide sequence comprises a
polynuclectide sequence of the 8CL 714 erythroid enhancer. In some embodiments, the target
nucleotide sequence comprises a polynucleotide sequence in intron-2 of the BCLIIA gene. In
sorme embodiments, the target nucleotide sequence comprises a polynucleotide sequence
between about +54 kb and about +63 kb downstream {in the 37 direction) of the BUL /14
transcription start site {TSK). In certain embodiments, the target nucleotide sequence
comprises a polynucieotide sequence between about +54 kb and about +56 kb, a
polynucleotide between about +37 kb and about +5% kb, or a polynucleotide between about
+62 kb and about +63 kb downstream of the 5CL1 74 TSS, or any combination thereof. In
certain embodiments, the target nucleotide sequence comprises a polynucleotide sequence
between about +54 kb and about +56 kb downstream of the 8CL/7 /4 T8S. In certain
embodiments, the target nucleotide sequence comprises a polynuciectide sequence between
about +57 kb and about +59 kb downstream of the BCL7 /A TSS. In certain embodiments, the
target nucleotide sequence enhancer comprises a polynucleotide sequence between about +62
kb and about +63 kb dowustream of the BCL 774 TSS. In some embodinents, the target
nuclectide sequence comprises a polynucleotide sequence within a distance of about 100 bp,
200 bp, 300 bp, 400 bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp, 1.0kb, 1.1 kb, 1.2 kb, 1.3
kb, 1.4 kb, or 1.5 kb of the nucleotide position at +55 kb, +58 kb, or +62 kb downstream of
the BCLIIA TSS, or a combination thereof. In certain embodiments, the target nucleotide
sequence comprises a polynucleotide sequence within a distance of about 100 bp, 200 bp, 300
bp, 400 bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp, 1.0kb, 1.1 kb, 1.2 kb, 1.3 kb, 1.4 kb, or
1.5 kb of the nucleotide position at +55 kb downstream of the BCL774 TRS. In certain
embodiments, the target nucleotide sequence comprises a polynucleotide sequence within a
distance of about 1060 bp, 200 bp, 300 bp, 400 bp, 500 bp, 600 bp, 700 bp, BOO bp, 9060 bp, 1.0
kb, 1.1 kb, 1. 2kb, 1.3kb, 1.4 kb, or 1.5 kb of the nucleotide position at +38 kb downstream
of the BUL/IA TSS. In certain embodiments, the target nucleotide sequence comprises g
polynucleotide sequence within a distance of about 100 bp, 200 bp, 300 bp, 400 bp, 500 bp,
600 bp, 700 bp, 800 bp, 900 bp, 1.0kb, 1.1 kb, 1.2kb, 1.3kb, 1.4kb, or I S kb of the
nucleotide position at +62 kb downstream of the BCLI A TSS. In certain embodiments, the
target nucleotide sequence comprises the polynucleotide sequence of
GTGATAAAAGCAACTGTTAG (SEQ 1D NO: 62), or a vasiant thereof comprising up to 10

{eg,1,2,3,4,5 6,7 & 9, or 10} nucleotide substitutions.
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{6326} In some embodiments, the target nucleotide sequence comprises at least 15
consecutive nucleotides of the coding region of a gene selected from the group consisting of
HER HBGI, HBG2, HBAI, HBA2, HBD, BCLIIA, BACH2, KLEF] LRF, ADA4, DCLREIC,
JL2RG, RAGI, RAG2, JAK3, BIK, WAS, F8, Fo, Fil FI0 PKLR RPSI3 (CYBA, CYBB,
NCEFI, NCFIB, NCFIC, NCE2, NCF4, ELANE, ABCDI, ARSA, #FXN, GBA, [DS, {DUA,
TCIRG, AICDA, UNG, CD40, CDH0LG, FOXP3, 14, 1116 1113, IL7R, PRET, FANCA,
FANCB, FANCC, FANCDI/BRACA2, FANCD2 MPL, CCRS, CXCR4, F3, 2, antithrombin
1} and protein C. In some embodiments, the target nucleotide sequence comprises at feast 15
consecutive nucleotides of the 5” untranslated region or 37 untranslated region surrounding a
gene selected from the group consisting of HBB, HBGI, HBG2, HBAI, HBAZ, HBD,
BCLIIA, BACH2 KLET LRE, ADA, DCLREIC, IL2RG, RAGI, RAG2, JAK3, BTK, WAS,
F8F9 FIL FIO, PKILR, RPSI9, CYBA, CYRB, NCFI, NCFIB, NCFIC, NCF2, NCF4,
ELANE, ABCDI, ARSA, FXN, GBA, IDS, IDUA, TCIRG, AICDA, UNG, CD40, CDHOLG,
FOXP3, A4 100, 113, ILTR, PRET, FANCA, FANCE, FANCC, FANCIDI/BRACAZ,
FANCD2 MPL, CCR5, CXCR4, F5,_ F2, antithrombin IIf, and protein C. In some
embodiments, the target nucleotide sequence comprises at least 15 consecutive nucleotides of
an intronic region of exon region associated with a gene selected from the group consisting of
HBB, HBGI, HRG2, HRAI, HBA2, HBD, BCLIIA, BACH2, KIFI LRE, ADA, DCLREIC,
H2RG, RAGI, RAG2, JAKS, BTK, WAS, F8, 19, Fii, Fi0, PKLR, RPS19, CYBA, CYBE,
NCFI, NCFIB, NCFIC NCF2, NCF4, ELANE, ABCDI, ARS4, FXN, GBA, IDS, IDUA,
FCIRG, AICDA, UNG, CD40, CD40L.G, FOXP3 14, 1116 1113 IL7TR, PRFI, FANCA,
FANCB, FANCC, FANCDI/BRACA2, FANCD2, MPL, CCR3, CXCR4, F5, F2, antithrombin
Hi, and protein C. In some embodiments, the target nucleotide sequence comprises at least 15
consecutive nucleotides of a regulatory region associated with a gene selected from the group
cousisting of HBB, HBGI, HBG2, HBAI, HBA2, HBD, BCLIIA, BACH2, KiF1, LRIF, ADA,
DCLREIC, H2RG, RAGE, RAG2, JAK3, BIK, WAS, F8, F9, Fi1 FI10 PKLR RPSI9, CYBA,
CYBB, NCFI, NCFIB, NCFIC, NCF2, NCF4, ELANE, ABCDI, ARSA, FXN, GBA4, IDS,
IDUA, TCIRG, AICDA, UNG, CD40, CD40LG, FOXP3, 1E4, 1110, 1113, IL7R, PRF 1,
FANCA, FANCB, FANCC, FANCDI/BRACAZ, FANCD2, MPL, CCRS, CXCR4, IS, F2,
antithrombin 111, and protein C. In some embodiments, the target nucleotide sequence
comprises at least 15 consecutive nucleotides of an enhancer region associated with a gene
selected from the group consisting of B8, HBG I, HBG2, HBAI HBA2, HBD, BCLIIA,
BACH2 KLFI, LRF, ADA, DCLREIC, IL2RG, RAGI, R4G2, JAK3, BIK, WAS, F§ F9, Fi1,
10, PKLR, RPSI9, CYBA, CYBEB, NCFI, NCFIR, NCFIC, NCF2, NCF4, FIANE, ABCDI,
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ARSA, FXN, GRA, IDS, IDUA, TCIRG, AICDA, UNG, CD40, CD40LG, FOXP3, 14, 1110,
{013 IL7R PRET, FANCA, FANCB, FANCC, FANCDI/BRACTA2, FANCD2, MPL, CCRS,
CXCR4, F5, F2) antithrombin L, and protein C. In some embodiments, the target nucleotide
sequence comprises at least 15 consecutive nucleotides of a repressor region associated with
a gene selected from the group consisting of B8, HBGI, HBG2, HBAI HBA2, HBD,
BCLIIA, BACH2, KLF{, LRE, ADA, DCLREJC TL2RG, RAGI, RAG2, JAK3, BTK, WAS,
8 L9, 11, FIg, PKILR, RPS19, CYBA, CYRB, NCFI, NCFIB, NCFIC, NCF2, NCF4,
ELANE, ABCDI, ARSA, FXN, GBA, IDS, IDUA, TCIRG, AICDA, UNG, CD40, CDHOLG,
FOXP3 L4, ILI0, JLI3 IL7R, PRI, FANCA, FANCE, FANCC, FANCDI/BRACA2,
FANCD2, MPL, CCR3, CXCR4, F35, F2, antithrombin [11, and protein . 1n some
embodiments, the target nucleotide sequence comprises or is within the BCL1 14 ervthroid
enhancer. In certain embodiments, the target nucleotide sequence comprises or is within a
polynuciectide sequence in intron-2 of the #CL774 gene. In certain embodiments, the target
nucleotide sequence comprises or 18 within a polynucleotide sequence between about +54 kb
and about +63 kb downstream of the BULJ /A transcription start site (TS8). In certain
embodiments, the target nucleotide sequence comprises or is within a polynuclectide
sequence between about +54 kb and about +56 kb, a polynucleotide sequence between about
+57 kb and about +59 kb, or a polynucleotide sequence between about +62 kb and about +63
kb downstream of the #7174 TSS, or a combination thereof. In certain embodiments the
target nucleotide sequence comprises or is within a polynucleotide sequence within a distance
of about 100 bp, 200 bp, 300 bp, 400 bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp, 1.0kb, 1.1
kb, 1.2 kb, 13 kb, 1.4 kb, or 1.5 kb of the nucleotide position at +55 kb, +38 kb, or +62 kb
downstrearn of the BCLII4 TSS, or a combination thereof. In certain embodiments, the
target nucleotide sequence comprises the polynucleotide sequence of
GTGATAAAAGCAACTGTTAG (SEQ ID NO: 62), or a vanant thereof comprising up to 10

{e.g,1,2,3 4,5 6,7, 8,9 or 10) nuclectide substitutions.

{6327} In some embodiments, the pavicad comprises a gRNA or pegRNA having at {east
80% identity or complementarity to at least 15 consecutive nucleotides of a polynucleotide
comprising the BCLIIA erythroid enhancer. In some embodiments, the gRNA or pegRNA of
the payioad comprises a sequence having at least 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% identity or complementarity to at least 15 consecutive
nucleotides of a polynucleotide comprising the BCLIJA erythroid enhancer. In some

embodiments, the gRNA or pegRMNA of the payload comprises a sequence baving at Jeast
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&0% identity or complementarity to at least 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, or 30 consecutive nucleotides of a polynucleotide compnising the BCLI {4 erythroid
enbancer. In some embodiments, the gRNA or pegRNA of the payload comprises a sequence
having at least 80%, §5%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 8%, or 99%
identity or complementarity to at least 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, or 30 consecutive nucleotides of a polynucleotide comprising the 8CL {74 erythroid
enhancer. In some embodiments, the gRNA or pegRNA of the payload comprises a sequence
having at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identity or complementarity to at least 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, or 30 consecutive nucleotides of a polynucieotide comprising the 8CL 774 erythroid
enhancer. In certain embodiments, the gRNA or pegRNA of the payload comprises a
sequence having at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% identity or complementarity to at least 15, 16, 17, 18, 19, 20, 21, 22 23 24 25,26, 27,
28, 29, or 30 consecutive nucleotides of a polynucleotide sequence tu intron-2 of the BCLITA
gene. In certain embodiments, the gRNA or pegRNA of the payload comprises a sequence
having at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
identity or complementarity to at least 15, 16, 17, 18, 19, 20, 21, 22, 23,24, 25,26, 27, 28,
29, or 30 consecutive nucleotides of a polynucieotide sequence between about +54 kb and
about +03 kb downstream of the 8CLJ /4 transcription start site (T8S). In certain
embodiments, the gRNA or pegRNA of the payload comprises a sequence having at feast
0%, 85%, 00%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identity or
complementarity to at least 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30
consecutive nucleotides of a polynucleotide sequence between about +54 kb and about +56
kb, a polynuclectide sequence between about +57 kb and about +59 kb, or a polynuclectide
sequence between about +62 kb and about +63 kb downstream of the BCL {4 TSS, ot a
combination thereof In certain embodiments, the gRNA or pegRNA of the payload
comprises a sequence having at least 80%, 853%, 90%, 91%, 92%, 93%, 94%, 953%, 96%,
97%, 98%, or 99% identity or complementarity to at feast 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25 26,27, 28, 29, or 30 consecutive nucleotides of a polynucleotide sequence within a
distance of about 100 bp, 200 bp, 300 bp, 400 bp, 500 bp, 600 bp, 760 bp, 800 bp, 300 bp, 1.0
kb, 1.1 kb, 1 2kb, 13 kb, 1.4 kb, or 1.5 kb of the nucleotide position at +55 kb, +58 kb, or
+62 kb downstream of the BOCLIiA TSK. In certain embodiments, the gRNA comprises the
polynucleotide sequence of GTGATAAAAGCAACTGTTAG (SEQ ID NO: 62), or a variant

thereof comprisingup to 10{e.g., 1, 2,3, 4, 5,6, 7, 8, 9, or 10) nucleotide substitutions
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j6328] In certain embodiments, the LNP composition may include one or more cther
components including, but not limited to, one or more pharmaceutically acceptable

excipients, small hydrophobic molecules, therapeutic agents, carbohydrates, polymers,

permeability enhancing molecules, and surface altering agents.

83294 In some embodiments, the wi/wt ratio of the lipid compenent to the payioad (e.g.,
nucleic acid, e.g., mRNA) in the resulting LNP composition is from about 11 to about 30:1.
in certain embodiments, the wt/wt ratio of the lipid component to the payload (e.g., nucleic
acid, e.g., mRNA} in the resulting composition is from about 5.1 to about 50:1. In certain
embodiments, the wit/wt ratio is from about 5:1 to about 40:1. In certain embodiments, the
wt/wt ratio is from about 10:1 to about 40:1. In certain embodiments, the wi/wi ratio is from

about 151 to about 25:1.

j6330] In certain embodiments, the encapsulation efficiency of the payload {e.g., nucleic
acid, e.g., mRNA) in the lipid nanoparticles is at least 50%. In certain embodiments, the

encapsufation efficiency is at least 80%, at least 90% or, or greater than 90%.

(6331} A lipid composition may be designed for one or more specific applications or
targets. For example, an ENP composition may be designed to deliver nucleic acids {e.g., an
mRNA, a gRNA, and/or a donor template nucleic acid) to a particular cell, tissue, organ, or
system or group thereof in a mammal’s body. Physiochemical properties of LNP
compositions may be altered in order to increase selectivity for particular target site within a
subject. For instance, particle sizes may be adjusted based on the fenestration sizes of
different organs. The nucleic acids included in an LNP composition may also depend on the
desired delivery target or targets. For example, an mRNA, a gRNA, and/or a donor template
nucleic acid may be selected for a particular disease and/or for delivery to a particular cell,

tissue, organ, of system or group thereof {e.g., localized or specific delivery).

{0332} The amount of nucleic acids {e.g., an mRNA a gRNA, and/or a donor template
nucleic acid) in an LNP composition may depend on the size, sequence, and other
characteristics of the pucleic acids. The amnount of pucleic acids in an LNP may also depend
on the size, composition, desired target, and other characteristics of the LNP composition.
The refative amounts of nucleic acids and other elements (e.g., lipids) may also vary. The
amount nucleic acids in an LNP composition may, for example, be measured using

absorption spectroscopy {e.g., ultraviolet-visible spectroscopy).
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6333} In some embodimenis, the one or more nucleic acids {e.g., an mRNA, a gRNA,
and/or a donor template nucleic acid), lipids, and polymers and amounts thereof may be
selected to provide a specific N:P ratic {(the ratio of positively-chargeable lipid or polvimer
amine (N = nitrogen) groups to negatively-charged nucleic acid phosphate (P) groups). The
NP ratio of the composition refers to the molar ratio of nitrogen atoms in one or more lipids
to the number of phosphate groups in nucleic acid. In general, a lower N:P ratic is preferred.
A NP ratio may be dependent on a specific lipid and its pKa. In certain erobodiments, the
nucleic acids {e.g., an mRNA, a gRNA, and/or a donor template nucleic acid) and ENP
composition, and/or their relative amounts may be selected to provide an NP ratio from
about 1.1 to about 30:1, or from about 1:1 to about 20:1. In certain embodiments, the NP
ratio can be, for example, 1:1, 2:1, 311, 41, 5.1, 6:1, 7:1, or 8:1. In certain embodiments, the
NP ratio may be from about 2:1 to about 5:1. In certain embodiments, the N:P ratic may be
about 4:1. In other embodiments, the NP ratio is from about 4:1 to about 8:1. For example,
the N:P ratio way be about 4:1, about 4.5:1, about 4.6:1, about 4.7:1, about 4.8:1, about 4 9:1,
about 5.0:1, about 5.1:1, about 5.2:1, about 5.3:1, about 5.4:1, about 5.5:1, about 5.6:1, about

5.7:1, about 6.0:1, about 6.5:1, or about 7.0:1.

{0334} The amount of nucleic acids {e.g., an mRNA a gRNA, and/or a donor template
nucleic acid) in a lipid nanoparticle composition may depend on the size, sequence, and other
characteristics of the nucleic acids. The amount of nucleic acids in a lipid nanoparticle
composition may also depend on the size, composition, desired target, and other
characteristics of the nanoparticle composition. The relative amounts of nucleic acids and
other elements (e.g., hipids) may also vary. In some embodiments, the wt/wt ratic of the lipid
component to a nucleic acid {e.g., an mRNA, a gRNA, and/or a donor template nucleic acid)
in a lipid nanoparticle composition may be from about S:1 to about 5011, such as 511, 6:1, 721,
1,91, 1001, 101 12081300, 1400, 151, 1o 1708 181, 19:1, 2001, 2501, 3011, 3511, 40:1,
4S:1, and 50:1. For example, the wt/wt ratio of the lipid component to an mRNA may be
from about 10:1 to about 40:1. The amount of nucleic acid in a nanoparticle composition
may, for example, be measured using absorption spectroscopy (e.g., ultraviolet-visible

Spectroscopy ).

[6335] The efficiency of encapsulation of a nucleic acids {e.g., an mRNA, a gRNA,
and/or a donor template nucleic acid) describes the amount of the nucleic acid that is

encapsulated or otherwise associated with a lipid composition after preparation, relative to
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the initial amount provided. The encapsulation efficiency is desirably high (e.g., close to
100%;). The encapsulation efficiency may be measured, for example, by comparing the
amount of nucleic acid in a solution containing the LNP composition before and after
breaking up the LNP composition with one or more organic solvents or detergents.
Fluorescence may be used to measure the amount of free nucleic acids in a solution. For the
LNP compositions of the invention, the encapsulation efficiency of a nucleic acid may be at
feast 50%, for example 50%, 55%, 60%, 65%, 70%, 75%, 80%, BS%, 90%, 91 %, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100%. In certain embodiments, the encapsulation

efficiency may be at least 80%.
i RNA Payload

{6336} In certain embodiments, the RNA payload comprises an mRNA, a guide RNA
(gRNA), a prime editing guide RNA (pegRNA), a CRISPR-RNA {crRNA), a trans-activating
CRISPR RNA {(tractRNA), a tRNA, a microRNA, and/or an siRNA.

{8337} In certain embodiments, the lipid nanoparticle corpositions are optimized for the
delivery of RNA, e.g., an mRNA for translation within the targeted cell {e.g., HSC) and/or a
gRNA or pegRNA for complexing with a site-divected nuclease {e.g., CRISPR-associated
{Cas) nuclease) within the targeted cell {e.g., HSC). An mRNA may be a naturally or non-
naturally occurring mRNA. An mRNA, gRNA or pegRNA may include one or more

modified nucleobases, nucleosides, or nucleotides.

[63338] The nuclecbases may be selected from the non-limiting group consisting of
adenine, guanine, uracil, cytosine, 7-methylguanine, S-methylcytosineg, 5-
hydroxymethyleytosine, thymine, pseudouracil, dihydrouracil, Nl-methylpseudouract],

hypoxanthine, and xanthine. In some embodiments, nucleobase is Ni-methylpsendouracil.

18339} A nucleoside of an RNA {e.g., an mRNA or gRNA} is a compound including a
sugar molecule {e.g., a 5-carbon or 6-carbon sugar, such as pentose, ribose, arabinose, xylose,
glucose, galactose, or a deoxy derivative thereot) in combination with a nuclechase. A
nucleoside may be a canonical nucleoside {e.g, adenosine, guanosing, cylidine, uridine, 5-
methyiuridine, deoxyadenosine, deoxyguanosine, deoxycytiding, deoxyuriding, and

thynudine) or an analog thereof and may include one or more substitutions or modifications.

18340} A nucleotide of an RNA {e.g., an mRNA or gRNA) is a compound containing a

nucleoside and a phosphate group or alternative group {e.g., boranophosphate, thiophosphate,
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selenophosphate, phosphonate, alkyl group, amidate, and glycerol}. A nucleotide may be a
canonical nucleotide {e.g., adenosine, guanosine, cytidine, uridine, 5-methyluridine,
deoxyadenosine, deoxyguanosine, deoxycytidine, deoxyuriding, and thymidine
monophosphates) or an analog thereof and may include one or more substitutions or
modifications including but not limited to alkyl, aryl, halo, oxo, hydroxyl, alkyloxy, and/or
thio substitutions; one or more fused or open rings; oxidation; and/or reduction of the
nucleobase, sugar, and/or phosphate or alternative component. A nucleotide may include one
or more phosphate or alternative groups. For example, a nuclectide may include a nucleoside
and a triphosphate group. A “nucleoside triphosphate” {e g., guanosine triphosphate,
adenosine triphosphate, cytidine triphosphate, and uridine triphosphate) may refer to the
canonical nucleoside triphosphate or an analog or derivative thereof and may include one or

more subsiitutions or modifications as described herein.

0341} An RNA (e.g., an mRNA or gRNA) may include any numaber of base pairs,
including tens, hundreds, or thousands of base pairs. Any number (e.g., all, some, or none} of
nuclecbases, nucleosides, or nucleotides may be an analog of a canonical species, substifuied,
modified, or otherwise non-naturally occurring. In certain embodiments, all of a particular
nucieobase type may be modified. For example, all cytosine in an RNA {e.g., an mRNA or
gRNA) may be S-methylcytosine. In certain embodiments, one or more or all uridine bases
may be Ni-methylpsendouridines. An mRNA may include a 57 untranslated region, a 37

untransiated region, and/or a coding or translating sequence.

6342} In certain embodiments, an mRNA may include a 57 cap structure, a chain

terminating nucleotide, a stem loop, a polyA sequence, and/or a polyadenylation signal.

{6343} A cap structure or cap species is a compound including two nucleoside moieties

3 men b 1 - P I S ” ¥ 3 - -

joined by a linker and may be selected from a naturally occurring cap, a non-naturally
occurring cap or a cap analog. A cap species may include one or more modified nucleosides
and/or linker moieties. For example, a natural mRNA cap may include a guanine nucleotide
and a guanine (G} miclectide methylated at the 7 position joined by a triphosphate linkage at
their 57 positions, e.g., m7G(S ppp{57)G, commonly written as o7GpppG. A cap species
may also be an anti-reverse cap analog. A non-limiting list of possible cap species includes

e OX

m7GpppG, m7Gpppm7G, m737dGpppG, m7Gpppm7G, m73 dGeppG, and m27 02’ GppppG.
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{6344) Alternatively or in addition, an mRNA may include a chain terminating
rucleoside. For example, a chain terminating nucleoside may include those nucleosides
deoxygenated at the 27 and/or 37 positions of their sugar group. Such species may include 3°-
deoxyadenosine (cordycepin}, 3’ -deoxyunidine, 3’-deoxycyiosine, 3 -deoxyguanosine, 3~
deoxythymine, and 27,3 -dideoxynucleosides, such as 27,3 -dideoxyadenosine, 27,37~

dideoxyuridine, 273 -dideoxycytesine, 27,3 -dideoxyguanosine, and 2’3 ~dideoxythymine.

[6345) Alternatively or in addition, an mRNA may include a stem loop, such as a histone
stem loop. A stem loop may inclade 1, 2,3, 4, 5, 6, 7, 8, or more nucleotide base pairs. For
example, a stem loop may include 4, 5, 6, 7, or 8 nucleotide base pairs. A stem loop may be
tocated in any region of an mRNA. For example, a stem loop may be located in, before, or
after an untranslated region {8 57 untranslated region or a 37 untranslated region), a coding

region, or a poly A sequence or tail.

{6346} Alternatively or in addition, an mRNA may include a poly A sequence and/or
polyadenylation signal. A polyvA sequence may be comprised entirely or mostly of adenine
nucleotides or analogs or derivatives thereof. A polyA sequence may be a tail located

adjacent to a 37 untranslated region of an mRNA.

j0347] An mRNA may encode any polypeptide of interest, wncluding any naturally or
non-naturally occurring or otherwise modified polypeptide. A polypeptide encoded by an
mRNA may be of any size and may have any secondary structure or activity. In some
embodiments, a polypeptide encoded by an mRNA may have a therapeutic effect when
expressed in a cell. In some embodiments, the mBNA may encode an antibody, enzyme,
growth factor, hormong, cviokine, viral protein {e.g., a viral capsid protein), antigen, vaccine,
or receptor. In some embodiments, the mRNA may encode one or more polypeptides capable
of editing a genomwic sequence within the target cells (e.g., within HSCs). Accordingly,
some embodiments, the mRNA encodes one or more polypeptides that function as part of a
gene editing system. In certain embodiments, the mRNA encodes a site-directed nuclease, a
chemical base editor, a prime editor, or an epigenome editor. In certain embodiments, the
LNP comprises an mRNA encoding a CRISPR-associated (Cas) nuclease or a base editor and
further comprises a gRNA. In other embodiments, the LNP comprises an mRNA encoding a

prime editor and further comprises a prime editor and further comprises pegRNA.
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{0348] In certain embodiments, a gRNA or pegRNA may comprise one or more
chemically modified nucleotides or nucleosides, resulting in increased stability of the gRNA,
and increased efficiency and decreased off-target editing of an RNA-guided gene editing
system {e.g., a Cas nuclease/gRNA system, a base editor/gRNA system, or a prime
editor/pegRNA system). For example, a gRNA may include one or more nucleotides with a
2’-ribose substitution, for example, a 2"-C-methy! substitution or a 2°-flucro substitution.
Additionally, a gRNA may include one or more linkage modifications, such as a
phosphorothioate modification, a phosphonocacetate modification, or a thiophosphonoacetate
modification. Typically, linkage modifications and 2’ -ribose substitutions are combined, for
example, 2’-C-methy] substitutions and phosphorothioate linkages, or 2’-O-methyl
substitutions and thiophosphonoacetate linkages. In certain embodiments, the gRNA
comprises both 2°-O-methyl substitutions and phosphorothioate linkages. In some instances,
a gRINA may additionally or alternatively include modifications that create intramolecular
Hinkages within the sugar moiety of the nucleotide, for example, locked nucleic acids (LINAs)
and bridged nucleic acids (BNAs) with linkages between the 27 oxygen and the 47 carbon of
ribose. LNAs and BNAs may be incorpotated, for example, in the 20 nucleotide guide
sequence of a gRNA. A gRNA may also inchude one or more DNA nucleotides. Such
modifications can be incorporated at any nucleotide or linkage within the gRNA, for
example, at the 57 terminal residue(s) or the 37 terminal residue(s} of the gRNA. A gRNA
may comprise a modification described herein at one, two, three, four, five, ten or more §°

terminal nucleotides and/or 37 terminal nucleotides of a gRNA.

{6349} Additional modifications of RNAs, including mRNAs and gRNAs, are known in
the art and are described, for example, in Chen et al. (“Recent advances in chemical
modifications of guide RNA, mRNA and donor template for CRISPR-mediated genome
editing.” ddvanced Dirug Delivery Reviews 168 (2021): 246-258) and in Qui et al. (“Lipid
nanoparticle-mediated codelivery of Cas9 mRNA and single-guide RNA achieves liver-
specific in vivo genome editing of Angptl3” Proc Natl Acad Sci, 2021,
118(10):¢2020401118).

[3359] In addition to the lipids present in the LNP or in the lipid blend, the LNP
compostiions may further comprise a payioad, for example, a payload described herein. In
some embodiments, the payload is a nucleic acid, for example, DNA or RNA, for example,

an mRNA, transfer RNA (tRNA}, a microRNA, or small interfering RNA (siRNA). In certain
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embodiments, the payload is an mRNA, for example, an mRNA encoding a site-directed

nuclease, a chemical base editor, a prime editor, or an epigenome editor as described herein.

10351} In certain embodiments, the number of the nucleotides in the nucleic acid is from

about 400 to about 6000,

{g} Physical Properties of Lipid Nanoparticles

j03521 The characteristics of an LNP composition may depend on the components, their
absolute or relative amounts, contained in a lipid nanoparticle (LNP) composition.
Characteristics may also vary depending on the method and conditions of preparation of the

LNP composition.

[6353] Physiochemical properties of LNP compositions may be altered in order to
increase selectivity for particular target site within a subject. For instance, particle sizes may
be adjusted based on the fenestration sizes of different organs. The mRNA RNA {e.g, mRNA
and/or gRNA} included v an LNP corposition may also depend on the desired delivery
target or targets. For example, an mRNA and/or gRNA may be selected for a particular
disease and/or for delivery to a particular cell, tissue, organ, or system or group thereof {e.g.,

focalized or specific delivery).

j0354] The amount of RNA {e.g., mRNA and/or gRNA) mRNA in an LNP composition
may depend on the size, sequence, and other characteristics of the mRNA. The amount of
RNA {e.g., mRNA and/or gRNA) mRNA in an LNP may also depend on the size,
composition, desired target, and other characteristics of the LNP composition. The relative
amounts of RNA {e.g., mRNA and/or gRNA) mRNA and other elements (e.g., lipids) may
also vary. The amount of RNA (e.g., mRNA and/or gRNA)Y mRNA in an LNP composition
may, for example, be measured using absorption spectroscopy {e.g., ultraviolet-visible

Spectroscopy ).

j0355] In some embodiments, the one or more mRNAg, lipids, and polymers and
amounts thereof may be selected to provide a specific NP ratio (the ratio of positively-
chargeable lipid or polymer amine (N = nitrogen) groups to negatively-charged nucleic acid
phosphate (P) groups). The N:P ratio of the composition refers to the molar ratio of nitrogen
ators iu one or more lipids to the number of phosphate groups 1o an mBRNA. In general, a

fower NP ratio is preferred. A N:P ratio may be dependent on a specific lipid and its pKa. In
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certain embodiments, the mRNA and LNP composition, and/or their relative amounts may be
selected to provide an NP ratio from about 1:1 to about 30:1, or from about 1:1 to about
20:1. In certain embodiments, the NUP ratio can be, forexample, 1.1, 2:1, 3:1, 4:1, 511, 6.1,
7:1, or 8:1. In certain embodiments, the N:P ratio may be from about 2:1 to about 5:1. In
certain embodiments, the N:P ratio may be about 4:1. In other embodiments, the NP ratio is
from about 4:1 to about 8:1. For example, the N:P ratio may be about 4:1, about 4.5:1, about
4.6:1, about 4.7:1, about 4.8:1, about 4.9:1, aboui 5.0:1, about .11, about 5.2:1, about 5.3:1,

about 5.4:1, about 5.5:1, about 5.6:1, about 5.7:1, about 6.0:1, about 6.5:1, or about 7.0:1.

6356} LNP compositions may be characterized by a variety of methods. For example,
microscopy {(e.g., transmission electron microscopy or scanning electron microscopy ) may be
used fo examine the morphology and size distribution of an NP composition. Dyvnamic light
scattering or potentiometry {e.g., potentiometric titrations) may be used to measure zeta
potentials. Dynamic light scatiering may also be utilized to determive particle sizes.
Instruments such as the Zetasizer Nano 28 (Malvern Instruments Ltd, Malvern,
Worcestershire, UK) may also be used to measure multiple characteristics of an LNP
composition, such as particle size, polydispersity index, and zeta potential. RNA
encapsulfated efficiency 1s deterimined by a combination of methods relying on RNA binding
dyes (ribogreen, cybergreen to determine dye accessible RNA fraction} and LNP de-

formulation followed by HPLC analysis for total RNA content.

10357} In some embodiments, the LNP may have a mean diameter in the range of 1-250
nm, 1-200 am, 1-150 nm, 1-100 nm, 50-250 nm, 50-200 amy, 56-150 nm, 50-100 om, 75-250
nm, 75-200 nm, 75-150 nm, 75-100 nm, 100-250 nom, 100-200 nm, 100-150 nm. In certain
embodiments, the LNP compositions may have a mean diameter of about Inm, about 10 nm,
about 20 nm, about 30 num, about 40 nm, about 50 nm, about 60 nm, about 70 nm, about 80
nm, about 90 nm, about 100 nim, about 110 om, about 120 nm, about 130 om, about 140 nm,
about 150 nm, about 160 nm, about 170 nm, about 180 nm, about 190 nm, or about 200 nm.

In some embodiments, the LNP has a mean diameter of about 160 nm.

{0358} Alternatively or in addition, the LNP compositions may have a polydispersity
index in a range from 0.05-1, 0.05-0.75, 0.05-0.5, 0.05-0.4, 0.05-0.3, 0.05-0.2, 0.08-1, ©.08-
0.75, 0.08-0.5, 0.08-04, 0.08-03,008-02 0.1-1, 0.1-075,0.1-0.5,0.1-04,0.1-03 0. 1-0.2.
In certain embodiments, the polydispersity index is in the range of 0.1-0.25, 0.1-0.2, 0.1-0.19,

0.1-0.18, 0.1-0.17, 0.1-0.16, 0r 0.1-0.15.
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{6359] Alternatively or in addition, the LNP compositions may have a zeta potential of
about -30 mV to about V30 mV. In certain embodiments, the LNP composition has a zeta
poteatial of about -10 mV to about +20 mV. The zeta potential may vary as a function of pH.
As aresult, in certain embodiments, the LNP compositions may have a zeta potential of about
0wV to about + 30 mV or about +10 1wV to + 30 mV or about + 20 oV to about + 30 mV at
pH 5.5 or pH 5, and/or a zeta potential of about -30 mV to about + 5 mV or about - 20 mV to

about + 15mV at pH 7 4.

{0360} In some embodiments, the LNP provided herein comprises an ionizable cationie
lipid and one or more of a sterol, a neuiral phospholipid, a PEG-lipid, and a lipid-HSC
targeting group conjugate {e.g., lipid-antibody conjugate). In some embodiments, the NP
comprises Lipid 15, a HSC targeting group that binds to a HSC surface antigen comprising a
VH domain comprising CDR-HI, CDR-H2, and CDR-H3 sequences, where the VH domain
has at least 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity with the amino acid
sequence set forth in SEQ 1D NO:7, and a VL domain comprising CDR-L1, CDR-L2) and
CI¥R-13 sequences, where the VL domain has at least 85, 90, 95, 96, 97, 98, 99, or 99.5%
sequence identity with the amino acid sequence set forth in SEQ ID NO:8, and a pavload
comprising one or more nucleic acids encoding components of a gene editing system
targeting a locus {or loci) wherein gene editing results in increased HbF for the treatment of
sickle cell disease or beta-thalessemia. In some embodiments, the target nucleotide sequence
is within the 8CY.7 /4 erythroid enhancer. In certain embodiments, the target nuclectide
sequence 18 within a polynucleotide sequence in intron-2 of the BULJ /A gene. In certain
embodiments, the target nucleotide sequence is within a polynucleotide sequence between
about +54 kb and about +63 kb downstream of the BCLJ /4 transcription start site {TSS). In
certain embodiments, the target nucleotide sequence 1s within a polynucieotide sequence
between about +54 kb and about +36 kb, a polynucleotide sequence between about +37 kb
and about +39 kb, or a polynucleotide sequence between about +62 kb and about +63 kb
downstream of the 8CL1 74 TSS, or a combination thereof In certain embodiments the target
nucleotide sequence is within a polynucleotide sequence within a distance of about 100 bp,
200 bp, 300 bp, 400 bp, 500 bp, 600 bp, 700 bp, 800 bp, 300 bp, 1.0kb, 1.1 kb, 1.2 kb, 1.3
kb, 1.4 kb, or 1.5 kb of the nucleotide position at +55 kb, +38 kb, or +62 kb downstream of
the BCLIIATSS, or a combination thereof. In certain embodiments, the target nucleotide
sequence comprises the polynucleotide sequence of GTGATAAAAGCAACTGTTAG (SEQ

3 NO: 62), or a variant thereof comprisingup to 10 {e.g., 1,2, 3,4, 5,6, 7,8, 9, or 10}
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nucleotide substitutions. In some embodiments, the LNP comprises Lipid 15, a HSC targeting
group that binds to a HSC surface antigen comprising a VH domain comprising CDR-H1,
CDR-HZ, and CDR-H3 sequences, where the VH domain comprises the amino acid sequence
set forth in SEQ ID NG:7, and a VL domain comprising CDR-L1, CDR-L2, and CDR-L3
sequences, where the VL domain comprises the amino acid sequence set forth in SEQ ID
NO8, and a paylead comprising one or more nucleic acids encoding components of a gene
editing system targeting a locus {or loct) wherein gene editing results in increased HbF for
the treatment of sickle cell disease or beta-thalessemia. In some embediments, the target
nuclectide sequence is within the BCL 774 erythroid enhancer. In certain embodiments, the
target nucleotide sequence is within a polynucleotide sequence in intron-2 of the BC/L/ 14
gene. In certain embodiments, the target nucleotide sequence is within a polynucleotide
sequence between about +354 kb and about +63 kb downstream of the BCLZ 74 transcription
start site {TSS). In certain embodiments, the target nucleotide sequence is within a
polynucleotide sequence between about +34 kb and about +56 kb, a polynucleotide sequence
between about +57 kb and about +59 kb, or a polynucleotide sequence between about +62 kb
and about +63 kb dowustream of the BCL7IA TSS, or a combination thereof, In certain
embodiments the target nucleotide sequence is within a polynucleotide sequence within a
distance of about 100 bp, 200 bp, 300 bp, 400 bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp, 1.0
kb, 1.1 kb, 12 kb, 1.3 kb, 1.4 kb, or 1.5 kb of the nucleotide position at +55 kb, +58 kb, or
+62 kb downstream of the BCL7JA TSS, or a combination thereof. In certain embodiments,
the target nuclectide sequence comprises the polynuclectide sequence of
GTGATAAAAGCAACTGTTAG (SEQ ID NO: 62), or a variant thereof comprising up to 10

-

{e.g.,1,2,3,4,5,6,7 8,9, or 10) nucleotide substitutions. In some embodiments, the
exemplary NP provided herein is delivered to a subject with disease for /7 vive gene editing
and treatment of the disease. In some embodiments, the exemplary LNP provided herein is
delivered to a subject with sickle cell disease or beta-thalessemia for én vivo gene editing and
treatment of the subject. In some embodiments, use of the exemplary LNFP provided herein
for treatment of sickle cell disease in a subject is safe and effective. In some embodiments,
use of the exemplary LNP provided herein for treatment of beta-thalessemia in a subject is

safe and effective.

[EER METHOD OF PRODUCING LIPID NANOPARTICLES

{8361} In some embodiments, the LNPs are produced by using either rapid mixing by an

orbital vortexer or by microfluidic nuxing. Orbital vortexer mixing is accomplished by rapid
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addition of lipids solution in ethanol to the aqueous solution of a nucleic acid of interest
followed immediately by vortexing at 2,500 rpm. In some embodiments, the LNPs are
produced using a microfluidic mixing step. In some embodiments, microftuidic mixing is
achieved mixing the agueous and organic streams at a controlled flow rates in a microfluidic
channel using, e.g., a NanoAssemblr device and microfluidic chips featuring optimized
mixing chamber geometry {Precision Naneosystems, Vancouver, BC). In some embodiments,
the LNPs are produced using a microfluidic mixing step to rapidly mix the ethanolic lpid
solution and aqueous nucleic acid solution, resulting in encapsulation of the nucleic acid in
the solid lipid nanoparticles. The nanoparticle suspension is then buffer exchanged into an all
aqueous buffer using membrane filtration device of choice for ethancel removal and

nanoparticle maturation.

{6362} In certain embodiments, the resulting LNP compositions comprise a lipid blend
coutaining, for exaraple, from about 40 mole percent to about 60 mole percent of one or more
tonizable cationic lipids described herein, from about 35 mole percent to about 50 mole
percent of one or more sterols, from about 5 mole percent to about 15 mole percent of one or
more neutral lipids, and from about 0.5 mole percent to about 5 mole percent of one or more

PEG-lipids.

A\ FORMULATION AND MODE OF DELIVERY

{0343} LNP compositions of the invention may be formulated in whole or in part as a
pharmaceutical composition. The pharmaceutical compositions may further include one or
more pharmaceutically acceptable excipients or accessory ingredients such as those described
herein. General guidelines for the formulation and manufacture of pharmaceutical
compositions and agents are available, for example, in Remington’s (2006) supra.
Conventional excipients and accessory ingredients may be used in any pharmaceutical
composition of the invention, except insofar as any conventional excipient or accessory
ingredient may be incompatible with one or more components of an LNP composition of the
invention. An excipient or accessory ingredient may be incompatibie with a component of an
LNP composition if its combination with the component may result in any undesirable

biological effect or otherwise deleterious effect.

103644 In some embodiments, one or more excipients or accessory ingredients may make
up greater than 50% of the total mass or volume of a pharmaceutical composition including
an LNF composition of the invention. For example, the one or more excipients or accessory
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ingredients may make up 30%, 40%, 50%, 60%, 70%, 80%, 90%, or more of a
pharmaceutical composition. [n certain embodiments, the excipient is approved for use in
humans and for veterinary use, for exampie, by United States Food and Drug Administration.
In certain embodiments, the excipient is pharmaceutical grade. In certain embodiments, an
excipient meets the standards of the United States Pharmacopoeia {USP}, the European

Pharmacopoeia (EP), the British Pharmacopoeia, and/or the International Pharmacopoeia.

{0365} Relative amounts of the one or more lipids or LNPs, one or more
pharmaceutically acceptable excipients, and/or any additional ingredients in a pharmaceutical
composition will vary, depending upon the identity, size, and/or condition of the subject

treated and further depending upon the route by which the composition is to be administered.

10366} Lipid compositions and/or pharmaceutical compositions including one or more
LNP compositions may be administered to any subject, including a human patient that may
benefit from a therapeutic effect provided by the delivery of a nucleic acid, e.g., an RNA
{e.g., mRNA, gRNA, tRNA or siRNA) to one or more particular cells, tissues, organs, or
systems or groups thereof, such as the renal system. Although the descriptions provided
herein of LNP compositions and pharmaceutical compositions tucluding LNP compositions
are principally directed to compositions which are suitable for administration to humans, it
will be understood by the skilled artisan that such compositions are generally suitable for
administration to any other mammal. Modification of compositions suitable for
administration to humans in order to render the compositions suitable for administration fo

various animals is understood.

{6367} A pharmaceutical composition in accordance with the present disclosure may be
prepared, packaged, and/or sold in bulk, as a single unit dose, and/or as a plurality of single
unit doses. As used herein, a “unit dose” is a discrete amount of the pharmaceutical

composition comprising a predetermined amount of the active ingredient {e.g , the payioad}.

0368} Pharmaceutical compositions of the invention may be prepared in a variety of
forms suitable for a variety of routes and methods of adrotnistration. For example,
pharmaceutical compositions of the invention may be prepared in liquid dosage forms (e g,
emulsions, microemulsions, nanoemulsions, solutions, suspensions, syrups, and elixirs),
injectable forms, solid dosage forms (e.g., capsules, tablets, pills, powders, and granules},

dosage forms for topical and/or transdermal administration {e.g , ointments, pastes, creams,
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fotions, gels, powders, sclutions, sprays, inhalants, and patches), suspensions, powders, and

gther forms.

[0369] Liquid dosage forms for oral and parenteral administration include, but are not
limited to, pharmaceuticaily acceptable emulsions, microemulsions, nanoemulsions,
solutions, suspensions, syrups, and/or elixirs. In addition to active ingredients, liquid dosage
forms may comprise inert diluents commonly used in the art such as, for example, water or
cther solvents, solubilizing agents and emulsifiers such as ethyl alcohol, isopropy! alcohol,
ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glyeol, 1,3-
butylene glycol, dimethylformamide, cils (in particular, cottonseed, groundnut, com, germ,
olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and
fatty acid esters of sorbitan, and mixtures thereof. Besides inert diluents, oral compositions
can include adjuvants such as wetting agents, emulsifying and suspending agents,

sweetentog, flavoring, and/or perfuming ageuts.

{03761 Injectable preparations, for example, sterile injectable aquecus or oleaginous
suspensions may be formulated according to the known art using suitable dispersing agents,
wetting agents, and/or suspending agents. Sterile injectable preparations may be sterile
injectable solutions, suspensions, and/or emuisions in nontoxic parenterally acceptable
difuents and/or solvents, for example, as a solution in 1,3-butanediol. Among the acceptable
vehicles and solvents that may be employed are water, Ringer’s solution, U.S P, and isotonic
sodium chleride solution. Sterile, fixed oils are conventionally employed as a solvent or
suspending medium. For this purpose any bland fixed oil can be employed including
synthetic mono- or diglycenides. Fatty acids such as oleic acid can be used in the preparation

of injectables.

{6371} Injectable formulations can be sterilized, for example, by filtration through a
bacterial-retaining filter, and/or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in sterile water or other sterile injectable

medium prior to use.

{a) Other Components

{6372} In addition, it is contemplated that the pharmaceutical compositions may include

one or more components in addition to those described herein.
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j6373) The pharmaceutical compositions may also include one or more permeability
enhancer molecules, carbohydrates, polymers, therapeutic agents, surface altering agents, or
other components. A permeability enhancer molecule may be a molecule described, for
example, in U.S. patent application publication No. 2005/0222064. Carbohydrates may
include simple sugars {e.g., glucose) and polysaccharides (e.g., glycogen and derivatives and

analogs thereof).

[6374] The pharmaceutical compositions may also contain a surface altering agent,
including for example, anionic proteius {(e.g., bovine serur albumin), surfactants (e.g.,
cationic surfaciants such as dimethyldiociadecyl-ammonium bromide), sugars or sugar
derivatives {e.g., cyclodextrin}, polymers {e.g., heparin, polyethylene glycol, and poloxamer),
mucolytic agents {e.g., acetylcysteine, mugwort, bromelain, papain, clerodendrum,
bromhexine, carbocisteine, eprazinone, mesna, ambroxol, sobrerol, domiodol, letosteine,

3, and

s

stepronin, tiopronin, gelsolin, thymosin P4, dornase alfa, nelienexine, and erdosteine
Dnases {e.g., thDNase}. A surface altering agent may be disposed within and/or upon the

surface of a composition described herein.

[8375] In addition to these components, a pharmaceutical composition containing an LNP
composttion of the invention may include any substance useful in pharmaceutical
compositions. For example, the pharmaceutical composition may include oue or more
pharmaceutically acceptable excipients or accessory ingredients such as, but not limited to,
one or more solvents, dispersion media, diluents, dispersion aids, suspension aids, granulating
aids, disintegrants, fillers, glidants, liquid vehicles, binders, surface active agents, isotenic
agents, thickening or emulsifying agents, buffering agents, lubricating agents, oils,
preservatives, and other species. Excipients such as waxes, butters, coloring agents, coating
agents, flavorings, and perfuming agents may also be included. Pharmaceutically acceptable

excipients are well known in the art {see, e.g., Remington’s {2006) supra).

[8376] Dispersing agents may be selected from the non-limiting list consisting of potato
starch, corn starch, tapioca starch, sodium starch glycolate, clays, alginic acid, guar gum,
citrus pulp, agar, bentonite, cellulose and wood products, natural sponge, cation-exchange
resins, calcium carbonate, silicates, sodium carbonate, cross-linked poly(vinyl-pysrolidone)
{crospovidone), sodium carboxymethyl starch (sodium starch glycolate), carboxymethyl
cellulose, cross-linked sodium carboxymethyl cellulose {croscarmellose}, methylcellulose,

pregelatinized starch (starch 1500}, microcrystalline starch, water insoluble starch, calcium
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carboxymethyl cellulose, magnesium aluminum silicate (VEEGUM®), sodium lauryl sulfate,

quaternary ammonium compounds, and/or combinations thereof.

0377} Surface active agents and/or emulsifiers may inchude, but are not limited to,
natural emulsifiers {e.g., acacia, agar, alginic acid, sodium alginate, tragacanth, chondsux,
cholesterol, xanthan, pectin, gelatin, egg volk, casein, wool fat, cholesterol, wax, and
fecithin}, collotdal clays (e.g., bentonite [aluminum siticate] and VEEGUM® [magnesium
aluminum silicate]}, long chain amino acid derivatives, high molecular weight alcohols (e g,
stearyl alcohol, cetyl alcohol, oleyl alcohol, triacetin monostearate, ethylene glycol distearate,
glyceryl monosiearate, and propylene giveol monostearate, polyvinyl alcohol}, carbomers
(e.g., carboxy polymethylene, polyacrylic acid, acrylic acid polymer, and carboxyvinyl
polvmer), carrageenan, cellulosic derivatives (e.g., carboxymethylceliulose sodium,
powdered cellulose, hydroxymethyl cellulose, hydroxypropyl cellulose, hydroxypropyl
methylcellolose, methylcellulose), sorbitan fatiy acid esters (e.g., polyoxyethylene sorbitan
monclaurate [TWEEN®20], polyoxyethylene sorbitan [TWEEN® 60}, polyoxyethyiene
sorbitan monooleate [TWEEN®E(], sorbitan monopalmitate [SPAN®40], sorbitan
mongstearate | SPAN®GO], sorbitan tristearate [SPAN®GS], glyceryl monooleate, sorbitan
monooleate [SPAN®SO]), polyoxyethylene esters {e.g., polyoxyethylene monostearate
[MYRI® 45], polyoxyethylene hydrogenated castor ail, polyethoxylated castor ail,
polyoxvmethylene stearate, and SOLUTOL®), sucrose fatty acid esters, polyethylene glyeol
fatty acid esters {e.g., CREMOPHOR®), polyoxyethylene ethers, {e.g., polyoxyethylene
fauryl ether [BRE® 301}, poly{vinyl-pyrrolidone), diethylene glycol monolaurate,
triethanolamine oleate, sodium oleate, potassium cleate, ethyl oleate, oleic acid, ethyl laurate,
sodium fauryl sulfate, PLURONIC®F 68, POLOXAMER® 188, cetrimonium bromide,
cetylpyridinium chlotide, benzatkonium chloride, docusate sodium, and/or combinations

thereof.

{6378} Examples of preservatives may include, but are not limited to, antioxidants,
chelating agents, antimicrobial preservatives, antifungal preservatives, alcohol preservatives,
acidic preservatives, and/or other preservatives. Examples of antioxidants include, but are not
Himited to, alpha tocopherol, ascorbic acid, acorbyl palmitate, butylated hydroxyanisole,
butvlated hydroxytoluene, monothioglycerol, potassium metabisulfite, propionic acid, propy!
gallate, sodium ascorbate, sodium bisulfite, sodium metabisulfite, and/or sodium sulfite.

Examples of chelating agents include ethylenediamineteiraacetic acid (EDTA), citric acid
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monchydrate, disodium edetate, dipotassium edetate, edetic acid, fumaric acid, malic acid,
phosphoric acid, sodium edetate, tartaric acid, and/or trisodium edetate. Examples of
antimicrobial preservatives include, but are not Himited to, benzalkontum chloride,
benzethonium chioride, benzyl alcohol, bronopol, cetrimide, cetylpyridinium chloride,
chlorhexidine, chlorobutanol, chlorocresol, chloroxylenol, eresol, ethyl alcohol, glycerin,
hexetidine, imidurea, phenol, phenoxyethano!, phenylethyl alcohol, phenylmercuric nitrate,
propylene glycol, and/or thimerosal. Examples of antifungal preservatives include, but are vot
limited to, butyl paraben, methyl paraben, ethyl paraben, propyl paraben, benzoic acid,
hydroxybenzoic acid, potassium benzoate, potassium sorbate, sodium benzoate, sodium
propionate, and/or sorbic acid. Examples of alcohol preservatives include, but are not limited
to, ethanol, polyethylene glyeol, benzyl alcohol, phenol, phenolic compounds, bisphenol,
chlorobutanol, hydroxybenzoate, and/or phenylethy! alcohol. Examples of acidic
preservatives include, but are not limited to, vitamin A, vitamin C, vitamin E, beta-carotene,
citric acid, acetic acid, debydroascorbic acid, ascorbic acid, sorbic acid, and/or phytic acid.
Other preservatives include, but are not limited to, tocopherai, tocopherol acetate, deteroxime
mesylate, cetrimide, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT),
ethylenediamine, sodium lauryl sulfate (SLS), sodium lauryl ether sulfate (SLES), sodium

bisulfite, sodium metabisulfite, potassium sulfite, potassium metabisulfite,

16379 Examples of butfering agenis inchude, but are not limited to, citrate buffer
solutions, acetate buffer solutions, phosphate buffer solutions, ammonium chloride, calcium
carbonate, calcium chloride, calcium citrate, calciur glubionate, calcium gluceptate, calcium
ghuconate, d-gluconic acid, calcium glycerophosphate, calcium factate, calcium lactobionate,
propanoic acid, calcium levulinate, pentanaic acid, dibasic calcium phosphate, phosphoric
actd, tribasic calcium phosphate, calciom hydroxide phosphate, potassium acetate, potassium
chloride, potassium gluconate, potassium mixtures, dibasic potassium phosphate, monobasic
potassium phosphate, potassium phosphate mixtures, sodium acetate, sodium bicarbonate,
sodium chloride, sodium citrate, sodium lactate, dibasic sodium phosphate, monobasic
sodium phosphate, sodiom phosphate mixtures, tromethamine, amino-sulfonate buffers (e g,
HEPES), magnesium hydroxide, aluminum hydroxide, alginic acid, pyrogen-free water,

isotonic saline, Ringer’s solution, ethyl alcohol, and/or combinations thereof.

{6380} In certain embodiments, the lipid nanoparticle compositions and formulations

thereof are adapted for administration intravenously, intramuscularly, intradermally,
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subcutaneously, intracsseous infusion, intra-arterially, intra-tumor, or by inhalation. In certain
embodiments, a dose of about 0.001 mg/kg to about 10 mg/kg is admintstered to a subject.
Compositions in accordance with the present disclosure may be formulated in dosage unit
form for ease of administration and uniformity of dosage. It will be understood, however, that
the total daily usage of a composition of the present disclosure will be decided by an

attending physician within the scope of sound medical judgment.

6381 The specific therapeutically effective, prophylactically effective, or otherwise
appropriate dose level (o g., for imaging) for any particular patient will depend upon a variety
of factors including the severity and identify of a disease being treated, if any, the one or
more nucleic acids {e. g, mRNAs, gRNAs, and/or donor template nucleic acids) employed;
the specific composition employed; the age, body weight, general health, sex, and diet of the
patient; the time of administration, route of administration, and rate of excretion of the
specific pharmaceutical composition employed; the duration of the treatment; drugs used tn
combination or coincidental with the specific pharmaceutical composition employed; and like

factors well known in the medical arts.

Vi METHODS OF DELIVERING NUCLEIC ACIDS TO HEMATOPOIETIC RTEM CELLS

j0382] The present disclosure provides methods of delivering a payioad to a target cell or
tissue, for example, a target cell or tissue in a subject, and LNPs or pharmaceutical
compositions containing the LNPs for use in such methods. Any disclosure herein of a

method of, e.g., delivering a nucleic acid to a cell or e g, expressing a polypeptide of interest

3
feil

in a cell should be interpreted also as a disclosure of an LNP or pharrvaceutical composition

comprising said LNP for use in such methods.

j6383) In some aspects, provided herein is a method of delivering nucleic acids to
hematopoietic stem cells (HSC). In certain embodiments, the of the method comprises
producing a polypeptide of interest {e.g., a protein of interest, e.g., a stte-directed nuclease, a
chemical base editor, a pritne editor, or an epigenome editor) in a mammalian HSC, and
LNPs or pharmaceutical compositions containing the LINPs for use in such methods. Methods
of producing polypeptides in HSCs involve contacting one or more HSCs with an LNP
composition comprising an mRNA of interest {e. g., an mRNA encoding a site-directed
nuclease, a chemical base editor, a prime editor, or an epigenome editor and, optionally, a
gRNA or a pegRNA). Upon contacting the HSC with the LNP composition, the mRNA may
be taken up and translated in the cell to produce the polypeptide of interest.
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{6384) In general, the step of contacting a mammalian HSC with an LNP composition
including an mRNA encoding a polypeptide of interest may be performed in vivo, ex vive, or
ir vitro. The amount of an LNP composition contacted with a cell, and/or the amount of
nucleic acid {e.z., mRNA) therein, may depend on the type of HSC or tissue being contacted,
the means of administration, the physiochemical characteristics of the LNP composition and
the mRNA (e.g, size, charge, and chemical composition} therein, and other factors. In
general, an effective amount of the LNP composition will allow for efficient polypeptide
production in the HSC. Metrics for efficiency may include polypeptide translation (indicated

by polypeptide expression), level of mRNA degradation, and immune response indicators.

[6385] The step of contacting an LNP composition including an mRNA with a cell may
involve or cause transfection where the LNP composition may fuse with the membrane of
cell to permit the delivery of the mRNA into the cell. Upon introduction into the eytoplasm of
the cell, the mRNA is then translated into a protein or peptide via the protein synthesis

machinery within the cytoplasm of the cell.

0386} The present disclosure provides methods of delivering a nucleic acid {e.g., an
mRNA) to a mammalian HSC or tissue, for example, a mammalian HSC or tissue in a
subject. Delivery of an nucleic acid {e.g., an mRNA) to such a cell or tissue involves
administering an LNP composition including the nucleic acid (e.g., an mRNAMo a subject,
for example, by injection, e.g., via intramuscular injection or intravascular delivery into the
subject. After administration, the LNP can target and/or contact a HSC. Upon contacting the
HSC with the LNP composition, a transtatable mRNA may be translated in the cell to

produce a polvpeptide of interest {e.g., a polypeptide of a gene editing system).

{6387} In certain embodiments, an LNP composition of the invention may target a
particular type ot class of cells, e.g., HSCs. This targeting may be facilitated using the lipids
described herein to form LNPs, which may also include a targeting group for targeting cells
of interest. In certain, embodiments, specific delivery may result in a greater than 2 fold, §
fold, 10 fold, 15 fold, or 20 fold increase in the amount of nucleic acid {e.g., mRNA) to the
targeted destination (e.g., HSCs that express at high levels certain surface antigens {e.g.,
CDB105 and/or CD117) which bind to the antibody-lipid conjugate of the LINPs) as compared
to another destinations {e.g., cells that either do not express or only express at low levels said

surface antigens).
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{0388] In some embodiments, no more than 1%, no more than 2%, no more than 3%, no
more than 4%, no more than 5%, no more than 6%, no more than 7%, no more than 8%, no
more than 9%, no more than 10%, no more than 15%, no more than 20%, no more than 25%,

o

no more than 30%, no more than 35%, no more than 40%, no more than 45%, or no more
than 50% of cells that are not meant to be the destination of the delivery are transfected by
the LNP. In some embodiments, the cells that are not meant to be the destination of the
delivery are any cells except hematopoietic stem cells. In some embodiments, no more than
1%6, no more than 2%, no more than 3%, no more than 4%, no more than 5%, no more than
6%, no more than 7%, no more than 8%%, no more than 9%, no more than 10%, no more than
13%, no more than 20%, no more than 25%, no more than 30%, no more than 35%, no more
than 40%, no more than 45%, or no more than 50% of non-HSC cells that are not meant to be
the destination of the delivery are transfected by the LNP. In some embodiments, the cells
that are not meant to be the destination of the delivery are cells not targeted by the method. In
some embodiments, the cells that are not meant to be the destination of the delivery are

subject’s cells not targeted by the method.

[6389] In some embodiments, the half-life of the nucleic acid delivered by the LNP
described herein to the HSC or a polypeptide encoded by the nucleic acid delivered by the
LNP and expressed in the HSC is at least 1%, at least 5%%, at least 10%, at least 15%, at least
20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least
60%, at least 70%, at least 80%, at least 90%, at feast 100%, at least 1.5 times, at least 2
times, at least 3 times, at least 4 times, at least 5 times, or at least 10 times longer than the
half-life of the nucleic acid delivered by a reference LINP to the HSCs or a polypeptide

encoded by the nucleic acid delivered by the reference NP and expressed in the HSC.

83901 In some embodiments, the composition of the LNP ditfers from the composition
of the reference LNP in the type of jonizable cationic lipid, relative amount of tonizable
cationic lipid, length of the lipid anchor in PEG lipid, back bone or head group of the PEG
tipid, relative amount of PEG lipid, or type of HSC targeting group {(e.g., type of antibody
that binds to CD105 and/or CD117), or any combination thereof. In some embodiments, the
composition of the LNP differs from the composition of the reference LNP only in the type of
ionizable cationic lipid. In some embodiments, the composition of the LNP differs from the
composition of the reference LNP only in the amount of PEG lipid. In some embodiments,

the reference LINP comprises cationic Lipid Diin-KC3-DMA, but otherwise is the same as a
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tested I.NP. In some embodiments, the reference LNP comprises cationic Lipid Dlin-KC2-
DMA, but otherwise is the same as a tested LNP. In some embodiments, the reference LNP
comprises cationic Lipid ALC-031S, but otherwise is the same as a tested LNP. In some
embodiments, the reference LNF comprises cationic Lipid SM-102, but otherwise is the same

as a tested LNP. In some embodiments, PEG lipid is a free PEG lipid.

j6391} In some embodiments, at feast 1%, at least 5%, at least 10%, at least 15%, at least
20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 30%, at least
55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, or at least 95% or more of the HSCs are transfecied by the LNP. Embodiments, at least
196, at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least
35%, at least 40%, at least 45%, at least 50%, at feast 55%, at least 60%, at least 65%, at least
T0%, at least 75%, at least 80%, at least 85%, at least 90%, or at least 95% or more of the
HSCs that are meant to be the destination of the delivery are transfected by the LNP. In some
embodiments, the HSCs are a subject’s HSCs. In some embodiments, the HSCs are HSCs
targeted by the method {e.g., a subpopulation of HSCs targeted by the method). In some
embodiments, the HSCs are a subject’s HSCs targeted by the method (e.g., a subpopulation

of the subject’s HRCs targeted by the method).

{6392} In some embodiments, the expression level of the nucleic acid delivered by the
LINP is at least at least 1%, at least 5%, at least 10%, at least 15%, at least 20%, at least 25%,
at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 60%, at least 70%,
at least 80%, at least 90%, at least 1.5 times, at least 2 fimes, at least 3 times, at least 4 times,
at least S times, at least 6 times, at least 7 times, at least 8 times, at least 9 times, at least 10
times, at least 15 times, or at feast 20 times higher than the expression level of the nucleic
acid in the same HSCs delivered by a reference LINP. In some embodiments, the expression
level 18 measured and compared with a roethod described herein. In some embodiments, the
expression level is measured by the ratio of HSCs {e.g., transfected HSCs) expressing the
encoded polypeptide. In some embodiments, the expression level is measured with FACS. In
some embodiments, the expression level is measured by the average amount of the encoded
polypeptide expressed in the HSCs. In some embodiments, the expression level is measured
as mean fluorescence intensity. In some embodiments, the expression level is measured by

the amount of the encoded polypeptide or other materials secreted by the HSCs.
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j¢393) I another aspect, provided herein are methods of targeting the delivery of a
nucleic acid to a hematopotetic stem cell (HSC) of a subject. In some embodiments, the
method comprises contacting the HSC with a lipid nanoparticle (LNP}. In some
embodiments, the LNP comprises an ionizable cationic lipid. In some embodiments, the LNP
comprises a conjugate comprising the compound of the following formula: [Lipid} —
[optional linker] ~ [HSC targeting group]. In certain embodiments, the LNP comprises a
fipid-antibody conjugate comprising the compound of the following formula: [Lipid] -
[optional linker] — [antibody] wherein the antibody binds to CD105 and/or CD117. In some
embodiments, the antibody that binds to CD117 comprises the amino acid sequences of Abl
as described in Table B. In some embodiments, the antibody that binds to C2117 comprises
the amino acid sequences of Ab2 as described in Table B. In some embodiments, the
antibody that binds to CD105 comprises the amino acid sequences of Ab3 as described in
Table B. In some embodiments, the antibody that binds to CD117 is Abl. In some
embodiments, the antibody that binds to CD117 1s Ab2. In some embodiments, the antibody
that binds to CD105 1s Ab3. In some embodiments, the LNP comprises a sterol or other
structural fipid. In some embodiments, the LNP comprises a neutral phospholipid. In some
embodiments, the LNP comprises a free Polyethylene glycol (PEG) lipid. In some
embodiments, the LNP comprises one or more nucleie acid. In some embodiments, the LNP
comprises one or more nucigic acid encoding a gene editing system targeting a locus {or loct)
wherein gene editing results in increased HbF for the treatment of a disease {(e.g., sickle cell

disease and beta-thalessemia),

{6394} In some embodiments, an aspect of the disclosure relates toan LNPora
pharmaceutical composition containing thereof, as disclosed herein, for use in a method of
targeting the delivery of a nucleic acid to a hematopoietic stem cell (HSC) of a subject. Such
a method may be for the treatment of a disease as disclosed hereafter. In some embodiments,
a method as disclosed herein can comprise contacting ix vifro or ex vive the HSC of a subject
with 3 lipid nanoparticle (LNP}. In a preferred embodiment, a method as disclosed herein can
comprise contacting i vivo the HSC of a subject with a lipid nanoparticle (LNP). Io some

embodiments, the LNP is an LNP as described herein in the present disclosure.

[6395] In some embodiments, the LNP provides at least one of the following benefits:

{1} increased specificity of targeted delivery to HSCs compared to a reference LNP;
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{11} increased half-life of the nucleic acid or a polvpeptide encoded by the nucleic acid in the

HSC compared to a reference LN,
{111} increased transfection rate compared to a reference LNP; and

(iv) a low level of dye accessible nucleic acid (e.g., mRNA and/or gRNA; <15%) and high
nucleic acid {e.g., mRNA and/or gRINA) encapsulation efficiencies, wherein at least 80%
nucleic acid {e.g., mRNA and/or gRNA) was recovered iu final formulation relative to the total

aucleic acid (e.g., mRNA and/or gRNA} used in LNP batch preparation.

{6396} In some aspect, provided are methods of expressing a polypeptide of interest in a
targeted HSC of a subject. In some embodiments, the method comprises contacting the HSC
with a lipid nanoparticle (LNP). In some embodiments, the LNP comprises an ionizable
cationic lipid. In some embodiments, the LNP comprises a conjugate comprising the
following structure: [Lipid] ~ [optional linker] - [HSC targeting group]. In certain
embodiments, the LNP comprises a lipid-antibody conjugate comprising the compound of the
following formula: [Lipid] — [optional linker] — [antibody], wherein the antibody binds to
CD105 and/or CD117. In some embodiments, the antibody that binds to CD117 comprises
the amino acid sequences of Abl as described in Table B. In some embodiments, the
antibody that binds to CD117 comprises the amino acid sequences of AbZ as described in
Table B. In some embodiments, the antibody that binds to CID105 comprises the amino acid
sequences of Ab3 as described in Table B. In some embodiments, the antibody that binds to
CD117 is Abl. In some embodiments, the antibody that binds to CD117 is Ab2. In some
embodiments, the antibody that binds to {105 is Ab3. In some embodiments, the LNP
comprises a sterol or other structural lipid. In some embodiments, the LNP comprises a
neutral phospholipid. In some embodiments, the LNP comprises a free Polyethylene glycol
(PEG) lipid. In some embodiments, the LNFP comprises a nucleic acid encoding the
polypeptide. In some embodiments, an aspect of the disclosure relates to an INP or a
pharmaceutical composition containing thereof, as disclosed herein, for use in a method of
expressing a polypeptide of interest in a targeted HSC of a subject. Such a method may be for
the treatment of a disease as disclosed hereafter. In some embodiments, a method as disclosed
herein can comprise contacting in vitro or ex vivo the HSC of a subject with a lipid
nanoparticle (LNP). In a preferred embodiment, a method as disclosed herein can comprise

contacting i# vivo the HSC of a subject with a lipid nanoparticle (LNP).

{6387} In some embodiments, the LNP provides at least one of the following benefits:
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{1} increased expression level in the HSC compared to a reference LNP;
(it} increased specificity of expression in the HSC compared to a reference LNP;

{111} increased half-life of the nucleic acid or a polypeptide encoded by the nucleic acid in the

HSC compared to a reference LNP,
(iv) increased {ransfection rate compared to a reference LNP; and

(v) a low level of dye accessible nucleic acid {e.g., mRNA and/or gRNA; <15%) and high
nuclete acid {e.g, mRNA and/or gRNA} encapsulation efficiencies, wherein at least 80%
nucleic acid {e.g, mRINA and/or gRINA) was recovered in final formulation relative to the total
nucleic acid (e.g., mRNA and/or gRNA) used in LNP batch preparation. LNPs disclosed in the

present disclosure and as claimed are suitable for the methods described above.

{0398} In some embodiments, the LNP delivered in the methods provided herein
comprises Lipid 15, a HSC targeting group that binds to a HSC surface antigen comprising a
YH dormain comprising CDR-H1, CDR-H2, and CDR-H3 sequences, where the VH domaiv
has at least 85, 90, 95, 96, 97, 98, 99, or 99 5% sequence identity with the amino acid
sequence set forth in SEQ ID NG:7, and a VL domain comprising CDR-L1, CDR-L2, and
CDR-L3 sequences, where the VL domain has at least 85, 90, 95, 96, 97, 98, 99, or 99.5%
sequence wdentity with the amino acid sequence set forth in SEQ D NGB, and a payioad
comprising one or more nucleic acids encoding components of a gene editing system
targeting a locus {or loci) wherein gene editing results in increased HbF for the treatment of
sickle cell disease or beta-thalessemia. In some embodiments, the target nucigotide sequence
is within The BCLI A erythroid enhancer. In certain embodiments, the target nucleotide
sequence is within a polvoucleotide sequence in tntron-2 of the BCL 1 /4 gene. In certain
embodiments, the target nucleotide sequence is within a polynucleotide sequence between
about +54 kb and about +63 kb downstream of the BCL 774 transcription start site {TS8). In
certain embodiments, the target nuclectide sequence is within a polynuclectide sequence
between about +54 kb and about +56 kb, a polynucleotide sequence between about +37 kb
and about +59 kb, or a polynucleotide sequence between about +62 kb and about +63 kb
dowustream of the BCLITA TS, or a combination thereof In certain embodiments the target
nuclectide sequence is within a polynucleotide sequence within a distance of about 100 bp,
200 bp, 300 bp, 400 bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp, 1.0kb, 1.1 kb, 1.2 kb, 1.3
kb, 1.4 kb, or 1.5 kb of the nucleotide position at +55 kb, +58 kb, or +62 kb downstream of

the BCLIIA TSS, or a combination thereof. In certain embodiments, the target nucleotide
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sequence comprises the polynuclectide sequence of GTGATAAAAGCAACTGTTAG (SEQ
1D NO: 62), or a variant thereof comprising up to 10 {e.g., 1,2,3,4,5,6,7, 8,9, or 10}
nucieotide substituttions. In some embodiments, the LNP delivered in the methods provided
herein comprises Lipid 15, a HSC targeting group that binds to a HSC surface antigen
comprising a VH domain comprising CDR-HI, CDR-H2, and CDR-H3 sequences, where the
YH domain comprises the amino acid sequence set forth in SEQ ID NO.7, and 2 VL domain
comprising CDR-L1, CDR-L2, and CDR-L3 sequences, where the VL. domain comprises the
amino acid sequence set forth in SEQ 1D NG:§, and a payload comprising one or more
nucleic acids encoding components of a gene editing system targeting a tocus {or loci)
wherein gene editing results in increased Hb¥ for the treatment of sickle cell disease or beta-
thalessemia. In some embodiments, the target nucleotide sequence is within the BCLI /A4
erythroid enhancer. In certain embodiments, the target nuclectide sequence is within a
polynuciectide sequence in intron-2 of the #CL774 gene. In certain embodiments, the target
nucleotide sequence is within a polynucleotide sequence between about +54 kb and about
+63 kb downstream of the BCL{ /A transcription start site {TSS8). In certain embodiments, the
target vucleotide sequence 1s within a polynucleotide sequence between about +54 kb and
about +56 kb, a polynucleotide sequence between about +37 kb and about +59 kb, or a
polynucleotide sequence between about +62 kb and about +63 kb downstream of the 8CLII4
TSS, or a combination thergof. In certain embodiments the target nucleotide sequence is
within a polynucleotide sequence within a distance of about 100 bp, 200 bp, 300 bp, 400 bp,
500 bp, 600 bp, 700 bp, 800 bp, 900 bp, 1.0 kb, 1.1 kb, 1.2 kb, 1.3 kb, 1.4 kb, or 1.5 kb of the
nucleotide position at +55 kb, +58 kb, or +62 kb downstream of the BCLIJA TSS ora
combination thereof. In certain embodiments, the target nucleotide sequence comprises the
polynucieotide sequence of GTGATAAAAGCAACTGTTAG (SEQ D NO: 62), or a variant
thereof comprisingup to 10{e.g., 1,2, 3, 4,5, 6,7, 8, 9, or 10} nucleotide substitutions. In
some embodiments, delivery of the exemplary LNP provided herein is used to edit HSC cells
in vitro, ex vivo, and in vivo. In some embodiments, the exemplary LNP provided herein is
used fo edit HSC cells in vivo. . In some embodiments, the exemplary LNP provided herein is
delivered to a subject with disease for in vive gene editing and treatment of the disease. In
some embodiments, the exemplary LNP provided herein ts delivered to a subject with sickle
cell disease or beta-thalessemia for i vivo gene editing and treatment of the subject. In some
embodiments, use of the exemplary LNP provided herein for treatment of sickle cell disease
in a subject is safe and effective. In some embodiments, use of the exemplary LNP provided
herein for treatment of beta-thalessemia in a subject is safe and effective.
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Vii. METHODS OF GENE EDITING IN HEMATOPOIETIC STEM CELLS

6399] The present disclosure provides methods of delivering a payload encoding a gene
editing system {e.g., a site~directed nuclease and, optionally, a guide RNA) to a target cell or
tissue, for example, a target cell or tissue in a subject, and LNPs or pharmaceutical
compositions containing the LNPs for use in such methods. The present disclosure further
provides methods of genetically modifving hematopoietic stem cells (HSCs), both in vitro
and i vive in a subject. Any disclosure herein of a method of, e.g., treating a disease or, e.g.,
delivering a nucleic acid to a cell e.g., expressing a gene editing system in a cell or, e.g.,
genetically modifying a cell should be interpreted also as a disclosure of an LNP or

pharmaceutical composition comprising said LNP for use in such methods.

{a} Gene Editing Systems and Methods

{6409} In some embodiments, the LNPs disclosed herein may comprise one or more
nuclete acids encoding components of gene editing systems. Gene editing systems are
designed to specifically recognize a target nuclete acid sequence in a DNA molecule and
thereby induce a modification in the DNA molecule. The modification may comprise a
modification in the nucleotide sequence of the DNA molecule, or may comprise a chemical
modification of one or more nucleotides in the DNA molecule {e.g., methylation). Gene
editing systems useful in the methods disclosed herein include, for example, site-directed

nuciease gene editing systems, chemical base editors, prime editors, and epigenome editors.

{8401} In patticular embodiments, the methods disclosed herein utilize LNPs comprising
one or more nucleic acids encoding components of site-directed nuclease gene editing
systems, e.g., an mRNA encoding a site-directed nuclease. Site-directed nucleases may
generate one or more single-stranded DNA nicks or double-stranded DINA breaks (DSB)in a
target nucleotide sequence. In some instances, a DSB can be achieved in a DNA molecule
comprising the target nucleotide sequence by the use of two nucleases generating single~
stranded nicks (nickases). Each nickase can cleave one strand of the DNA| and the use of two
or more nickases can create a DSB (e.g, a staggered DSB) in a farget nucleotide sequence. In
preferred embodiments, the site-directed nucleases are used in combination with a donor
template nucleic acid, which s infroduced into the target nuclectide sequence at the site of

the DINA DSB via homologous recombination.
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{6402} In some embodiments, the LNPs disclosed herein may comprise an mRNA
enceding a site-directed nuclease. In the methods disclosed herein, site-directed nucleases
may generate one or more single-stranded DNA nicks or double-stranded DNA breaks (DSB)
in a target nucleotide sequence. In some instances, a DSB can be achieved in a DNA
molecule comprising the target nucleotide sequence by the use of two nucleases generating
single-stranded nicks (nickases}. Each nickase can cleave one strand of the DNA | and the use
of two or more nickases can create a DSB {e.g., a staggered DSB) in a target nucleotide
sequence. In preferred embodiments, the site-directed nucleases are used in combination with
a donor template nucleic acid, which is introduced into the target nucleotide sequence at the

site of the DNA DSB via homologous recombination,

{6403} Site-directed nucleases may comprise one or more DNA binding domains and one
or more DNA cleavage domains (e.g., one or more endonuclease and/or exonuclease
domains), and optionally, one or more polypeptide Hinkers. The site-directed nuclease may be
designed and/or modified from a naturally occurring site-directed nuclease or from a
previously engineered site-directed nuclease. Engineered site-directed nucleases may further
comprise one or more additional functional domains, e.g., an end-processing enzymatic
domain of an end-processing enzyme that exhibits 3-5" exonuclease {e.g., Trex2), 5-3
alkaline exonuclease, 5-3' exonuclease, 5' flap endonuclease, helicase, or template-

independent DNA polymerase activity.

8404} The LNPs described herein may comprise an mRNA encoding any known site-
directed nuclease including, for example, clustered regularly-inierspaced short palindromic
repeats (CRISPR)-associated (Cas) nucleases, zinc finger nucleases (ZFNs), transcription
activator-like effector nucleases (TALENs), megaTALs, and homing endonucleases
{meganucleases). In some instances, a site-directed nuclease is an RNA guided nuclease and
requires an RNA sequence to target the nuciease to a target site {e.g., CRISPR/Cas).In other
instances, site-directed nucleases comprise one or more heterologous DNA-binding and
cleavage domains {e.g, ZFNs, TALENs, megaTALs). In yet other instances, the DNA-
binding domain of a naturally-occurring nuclease may be altered to bind to a selected target
site (e.g., a meganuclease that has been engineered to bind to site different than the cognate

binding site}.
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i. CRISPR/Cas Gene Editing Systems

[8405] In some embodiments, the site-directed nuclease is a Cas

nuclease. CRISPR {Chustered Regularly Interspaced Short Palindromic Repeats)/Cas
{CRISPR Associated) nuclease systems can be introduced into a cell and engineered to bind
to, and to introduce single-stranded nicks or double-~strand breaks (DSBs), into & target
nuclectide sequence. CRISPR/Cas gene editing systems are based on a natural bacterial
systern that has been utilized for mammalian genome engineering. CRISPR-Cas systems are
known in the art and described in, for example, Jinek, (“A programmable dual-RNA-guided
DNA endonuclease in adaptive bactenial immunity.” Science 337 6096 (2012): 816-821};
Jinek (“RNA-programmed genome editing in human cells.” £fife 2 (2013): e00471);, Mali
(“RNA-guided human genome engineering via Cas®.” Science 339.6121 (2013): 823-820);
(31 (“Repurposing CRISPR as an RNA-guided platform for sequence-specific control of gene
expression.” Ceff 152.5 (2013): 1173-1183); Ran ("Genome engineering using the CRISPR-
Cas9 system.” Nature protocols 8 11 (2013): 2281-2308);, Zetsche (“Cpfl 15 a single RNA-
guided endonuclease of a class 2 CRISPR-Cas system.” Cell 163.3 (2015): 759-771.).

0406} In some embodiments, the LNP comprises an mRNA encoding a Cas nuclease and
one or more RMNAs that confer binding of the Cas nuclease to the target nucleotide sequence,
for example, a transactivating cRNA (tracrRNA) and a CRISPR RNA (crRNA}, or, more
commonly, guide RNA (gRNA, also referred to as a single guide RNA (sgRNAY), in which

crRNA and tracrRNA are engineered into one RNA molecule.

0407} In some instances, the Cas nuclease is engineered as a double-stranded DNA
endonuciease, a nickase, or a catalytically dead Cas (dCas), and forms a target complex with
a gRNA or crRNA/MracrRNA for site specific DNA recognition at the target nucleotide
sequence. gRNAs and cRNAs comprise a protospacer sequence that shares
homology/complementarity with the protospacer target sequence of the target nucleotide
sequence. The protospacer confers binding of the Cas/gRNA complex to the target nuclectide
sequence. The protospacer target sequence abuts a short protospacer adjacent motif (PAM),
which plays a role in recruiting a Cas/RNA complex to the target site. Different types of Cas
nucleases recognize different specific PAM motifs. A CRISPR/Cas system can be used to
target and cleave target nucleotide sequence flanked by particular 3' PAM sequences specific

to the particular Cas nuclease of the CRISPR/Cas system. PAMs for specific Cas nucleases
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are known in the art and may be also identified using bioinformatics or experimental methods
described in the art, including, for example, in Esvelt (“Orthogonal Cas9 proteins for RNA-

guided gene regulation and editing” Nature methods 10.11 (2013} 1116-1121).

0408} In certain embodiments, the Cas nuclease may comprise one or more heterologous
DNA binding domains, which may increase the DNA cleavage efficiency and specificity at
the target nucleotide sequence. A Cas nuclease may optionally comprise one or roore Hinkers
and/or additional functional domains, e.g., an end-processing enzymatic domain of an end-
processing enzyme that exhibits 3-3" exonuclease, 5-3' alkaline exomuclease, 3-5" exovuclease
{e.g., Trex2}, 5' flap endonuclease, helicase or template-independent DNA polymerases
activity. In some embodiments, a Cas nuclease can be introduced into a hematopoietic stem
cell (HSC) with an end-processing enzyme that exhibits 5-3" exonuclease, 5-3" alkaling

4
3

exonuclease, 3-5" exonuclease (e.g., Trex2), ' flap endonuclease, helicase or template-
independent DNA polymerases activity. The Cas nuclease and 3' processing enzyme may be
introduced separately, e g, inn different vectors or separate nucleic acids, or together, e.g., as a

fusion protein, or in a polycistronic construct separated by a viral self-cleaving peptide or an

IRES element.
{6409} In various embodiments, the Cas nuclease is Cas® or Cpfl.

{6410} A Cas9 nuclease suitable for use in particular embediments may be obtained, for
example, from bacterial specics including, but not limited to: Enrerocaccus faecium,
Enterococcus italicus, Listeric innocua, Listeria monocytogenes, Listeria seeligeri, Listeria
tvanovii, Streptococcus agalactiae, Streptococcus anginasus, Streptococcus bovis,
Strepiococcus dvsgalactiae, Streptococcus equinus, Sireptococcus galfolyticus, Strepiococcus
macacae, Streplococcus mutans, Streptococcus psendoporcinus, Streptococcus pyogenes,
Strepiococcus thermophilus, Strepiococcus gordonii, Strepiococcus infaniarius,
Strepiococcus macedonicus, Streplococcus mitis, Strepiococcus pasteurianus, Streprococcus
suis, Streptococcus vestibuloris, Streptococcus sanguinis, Strepiococcus downed, Neisseria
bacilliformis, Neisseria cinerea, Neisseria flavescens, Neisseria lactamica, Neisseria
meningitidis, Neisseria subflava, Lactobaciilus brevis, Lactobactilus buchneri, Lactobaciilus
casei, Lactobaciilus paracasei, Laciobacillus fermenum, Laciobacilius gasseri,
Lactobacitlus jensenty, Lactobacillus johnsonii, Lactobacillus rhamnosus, Lactobacillus
ruminis, Lactobacilius salivarius, Lactobacillus sanfranciscensis, Corynebacterium accolens,

Corynebacterium diphtherice, Corynebacterium matruchotii, Campylobacter jejuni,
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Clostridium perfringens, Treponema vincentii, Treponema phagedenis, and Treponema
denticofa. In some instances, the nucleotide encoding the Cas9 nuclease comprises a portion

of the Cas? nuclease sequence from any one of the bacterial species described herein.

0411} Likewise, a Cpfl nuclease suitable for use in particular embodiments may be
obtained from bacterial species including, but not limited

to: Francisella spp., Acidaminococcus spp., Prevotella spp., Lachnospiracese spp., among
others. In some instances, the nucleotide encoding the Cpfl nuclease comprises a portion of

the Cas9 nuclease sequence from any one of the bacterial species described herein.

{0412} Conserved regions of Cas9 erthologs include a central HNH endonuclease domain
and a split RuvC/Rnase H domain. Cpfl orthologs possess a RuvC/Ruoase H domain but no
discernable HNH domain. The HNH and RuvC-like domains are each responsible for
cleaving one strand of the double-stranded DNA target sequence. The HNH domain of the
CasY nuclease cleaves the PINA strand complementary to the tractRNA:crRNA or sgRNA.
The Ruv(C-like domain of the Cas® nuclease cleaves the DNA strand that is sot-
complementary to the tracrRINA:crRNA or sgRNA. Cpfl is predicted to act as a dimer
wherein each RuvC-like domain of Cpfl cleaves either the complementary or non-
complementary strand of the target site. In particular embodiments, a Cas9 nuclease variant
{e.g., Cas9 nickase) is contemplated comprising one or more amino acids additious, deletions,
mutations, or substitutions in the HNH or Ruv{-like endonuclease domains that decreases or

eliminates the nuclease activity of the variant domain.

18413} In some embodiments, the methods described herein comprising modifying Cas9
nuclease activity. In some embodiments, Cas9 nuclease activity is decreased or eliminated.
{Hustrative examples of Cas® HINH mutations that decrease or eliminate the nuclease activity
in the domain include, but are not limited to: S. pyogenes (DIOAY, S. thermophilis (DSA), T.
denticola (D13A); and N. meningitidis (D16A). Hlustrative examples of Cas® RuvC-like
domain mutations that decrease or eliminate the nuclease activity in the domain include, but
are niot limited to: 8. pyogenes (D83%A, HS40A, or N8O3A); §. thermophilis (DS98A,
H399A, or N622AY, 1 denticola (DBTRA, HETOA or N9OZAY, and N. meningitidis (DSRTA,
H588A, or N611A). In some instances, the methods described herein comprise decreasing the
Cas? nuclease activity and/or efficiency towards a biological target. In some tnstances, the
methods described herein comprise decreasing the Cas® nuclease activity and/or efficiency

towards a disease target.
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{6d 4] Similarly, Cas9 equivalents, variants, homologs, orthologs, or paralogs, whether
naturally occurring or non-naturally occurring {e.g., engineered or recombinant), and a Cas9
equivalent from any Class 2 CRISPR system {e.g., Type I and V}, including Cas12a (Cpfly,
Casi2e (CasX), CasiZbl (C2el}, Casl2b2, and Cas12¢ {C203}), are suitable for use in
particular embodiments of the current disclosure. Further Cas-equivalents are described in
Makarova et al., “(C2c2 s a single-component programmable RINA-guided RNA-targeting
CRISPR effector,” Science 2016; 353(6299) and Makarova et al , “Classification and
Nomenclature of CRISPR-Cas Systems: Where from Here?,” The CRISPR Journal, Vol. 1.
No. 5, 2018

0415} CasX {Casl2e) i3 a Cas9 equivalent that reportedly has the same function as Cas?
but which evolved through convergent evolution. Thus, the CasX {Cas12e} protein described
in Liu et al, “CasX enzymes comprises a distinet family of RNA-guided genome editors,”
Nature, 2019, Vol. 566: 218-223, is conteroplated to be used with the gene editing system
described herein. In addition, any variant or modification of CasX {Cas12e) is conceivable

and within the scope of the present disclosure.

{8416} o various other embodiments, the Cas nuclease described herein {e.g., a Cas9, a
Cas12a {Cpf1}, a Casl2e (CasX), a Casi2d (CasY), a Casi2bl (C2c1), 2 Cas12¢ (C2c3), 2
Cas12g, a Casi2h, a Casl4, or a variant thereof) are suitable for use in particular

embodimenis of the current disclosure.
ii. Homing Endenucleases/Meganucleases

0417} In various embodiments, a plurality of homing endonucleases or meganucleases
are introduced into a cell and engineered to bind to, and to introduce single-stranded nicks or
double-strand breaks {D3SBs) in a plurality of genome target sites including, but not limited to
genes encoding proteins associated with specific disease (e g., sickle cell disease). In some
embodiments, homing endonucleases or meganucleases are suitable for use in particular
embodiments of the current disclosure. In addition, any variant or modification of
endonucieases or meganucleases are conceivable and within the scope of the present
disclosure. “Homing endonuclease” and “meganuclease” are used interchangeably and refer
to naturally-occurring nucleases or engineered meganucleases that recognize 12-45 base-pair
cleavage sites and are commonly grouped into five families based on sequence and structure

motifs: LAGLIDADG (SEQ ID NO: 61), GIY-YIG, HNH, His-Cys box, and PD-(D/E)XK.
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{6418} Engineered Hes do not exist in nature and can be obtained by recombinant DNA
technology or by random mutagenesis. Engineered Hes may be obtained by making one or
more amingo acid alterations, e.g., mutating, substituting, adding, or deleting one or more
amino acids, in a naturally occurring HE or previously engineered HE. In particular
erabodiments, an engineered HE comprises one or more amino acid alterations to the DNA

recognition interface.

{0419} Engineered Hes contemplated in particular embodiments may further comprise
one or more linkers and/or additional functional domaius, e.g., an end-processing enzymatic
domain of an end-processing enzyme that exhibits 5-3' exonuclease, 5-3' alkaline
exonuclease, 3-5" exonuclease {e.g., Trex2), 5" flap endonuclease, helicase or template-
independent DNA polymerases activity. In particular embodiments, engineered Hes are
introduced into a T cell with an end-processing enzyme that exhibits 5-3' exonuclease, 5-3'
alkaline exonuclease, 3-S' exonuclease {e.g., Trex2), 5 flap endonuclease, helicase or
template-independent DNA polymerases activity. The HE and 3’ processing enzyme may be
introduced separately, e.g., in different vectors or separate mRNAs, or together, e, as a
fusion protein, or in a polycistronic construct separated by a viral seif-cleaving peptide or an

IRES element.

[0420] A “DNA recogunition interface” refers to the HE amino acid residues that interact
with nucleic acid target bases as well as those restdues that are adjacent. For each HE, the
DNA recognition interface comprises an extensive network of side chain-to-side chain and
side chain-to-IXNA contacts, most of which is necessarily unique to recognize a particular
nucleic acid target sequence. Thus, the amino acid sequence of the DNA recognition interface
corresponding to a particular nucleic acid sequence varies significantly and is a feature of any
natural or engineered HE. By way of non-limiting example, an engineered HE contemplated
in particular erobodiments may be derived by constructing libraries of HE variants tn which
one or more amino acid residues localized in the DNA recognition interface of the natural HE
{or a previously engineered HE) are varied. The libraries may be screened for target cleavage
activity against each predicted TCRa locus target sites using cleavage assays {see e.g., Jarjour

et al., 2009. Nuc. Acids Res. 37(20): 6871-6880).

0421} LAGLIDADG (SEQ ID NO: 61) homing endonucleases (LHEs) are the most well
studied family of meganucleases, are primarily encoded in archaea and in crgansgllar DNA in

green algae and fungi, and display the highest overall DNA recognition specificity. LHEs
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comprise one of two LAGLIDADG (SEQ 1 NO: 61) catalytic motifs per protein chain and
function as homodimers or single chain monomers, respectively. Structural studies of
LAGLIDADG (SEQ 1D NO: 61) proteins identified a highly conserved core structure
(Stoddard 2003}, characterized by an afBoPfu fold, with the LAGLIDADG (SEQ ID NO:

61) motif belonging to the first helix of this fold. The highly efficient and specific cleavage of
LHE s represent a protein scaffold to derive novel, highly specific endonucieases. However,
engiveering LHESs to bind and cleave a nou-natural or non-canonical target site requires
selection of the appropriate LHE scaffold, examination of the target locus, selection of
putative target sites, and extensive alteration of the LHE to alter its DNA contact points and

cleavage specificity, at up to two-thirds of the base-pair positions in a target site.

j6422] Hlustrative examples of LHEs from which engineered LHEs may be designed
include, but are not limited to I-AabMI, I-AaeMl, I-Anil) I-ApaMl I-Caplll, I-CaplV, I-
CkaMi, I-CpaMl, I-CpaMil, I-CpaMill, I-CpaMIV, I-0paMV, I-CpaV, I-CraM|, I-EjeMl, -
GpeMl, I-Gpil, -GzeMI, I-GzeMI, 1-GzeM L, FHjeMI Lol Lol FLaWE EMpeM §-
Myvebl, I-Nerll, I-Nerl, -NerME, -OheMl, 1-Onul, 1-GsoMi, -CsoMIi, F-0soMITl, I-
OsoMIV, PanMi, I-PanMIL -PanMIH, I-PrnoMl, I-ScuMli, -SmaMi, 1-8scMi, and -
Vdil41L

{0423} Other tllustrative examples of LHEs from which engineered LHEs may be

designed include, but are not Hmited to I-Crel and 1-Scel.

{0424} In one embodiment, the engingered LHE is selected from the group consisting of:

-CpaMl, -HjeMl, 1-Onul, I-PanMl, and SmaML
{0425} In one embodiment, the engineered LHE s I-Onul.

{0426} In one embodiment, engineered I-Onul LHES targeting the human TCRa gene
were generated from a natural -Onul. In a preferred embodiment, engineered -Onul LHES

targeting the human TCRa gene were generated from a previcusly engineered 1-Onul.

{0427} In a particular embodiment, the engineered [-Onul LHE comprises one or more
amino acid substitutions in the DNA recoguoition interface. Jo particular embodiments, the I-
Onul LHE comprises at feast 70%, at least 71%, at least 72%, at least 73%, at feast 74%, at
feast 75%, at least 76%, at least 77%, at least 78%, at least 79%, at least 80%, at least 81%%, at

feast 2%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at

136



WO 2024/163905 PCT/US2024/014265

feast 89%0, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
feast 96%, at least 97%, at least 98%%, or at least 99% sequence 1dentity with the DNA
recognition interface of I-Onul (Taekuchi et al. 2011, Proc Nawl dcad Sci 17.5.4 2011 Aug. 9,

108(32): 13077-13082) or an engineered variant of I-Onul

0428} In one embodiment, the I-Onul LHE comprises at least 70%, more preferably at
feast 80%, more preferably at least 85%, more preferably at least 90%, more preferably at
feast 95%, more preferably at least 97%, more preferably at least 99% sequence identity with
the DNA recognition interface of I-Onul (Tackuchi et al. 2011, Proc Nadl Acad Sci

8542011 Aug. 9; 108(32): 13077-13082) or an engineered variant of I-Onul.

{04291 In a particular embodiment, an engineered -Onul LHE comprises one or more
amino acid substitutions or modifications in the DNA recognition interface, particularly in

the subdomains situated from positions 24-50, 68 to 82, 180 t0 203 and 223 t0 240 of I-Cnul.

{8439} In one embodiment, an engineered I-Onul LHE comprises one or more amivo acid
substitutions or moditications at additional positions situated anywhere within the eatire I-
Onul sequence. The residues which may be substituted and/or modified include but are not
limited to amino acids that contact the nucleic acid target or that interact with the nucleic acid
backbone or with the nucleotide bases, directly or via a water molecule. In one nou-limiting
example an engineered -Onul LHE contemplated herein comprises one or more substitutions
and/or modifications, preferably at least S, preferably at least 10, preferably at least 15, more
preferably at least 20, even more preferably at least 25 in at least one position selected from
the position group consisting of positions: 19, 24, 26, 28 30, 32, 34, 35, 36, 37, 38, 40, 42,
44,46, 48, 68,70, 72, 75,76 77, 78, 80, B2, 168, 180, 182, 184, 1&6, 188, 189, 190, 191, 192,
193, 195, 197, 199, 201, 203, 223, 225, 227, 220, 231, 232, 234, 236, 238, 240 of I-Onul.

i, MegaTALs

{0431} In various embodiments, a plurality of megaTALs are introduced ivto a cell and
engineered to bind and introduce DSBs in a plurality of genome target sites including. In
some embodiments, megaTALs are suitable for use in particular embodiments of the current
disclosure. In addition, any variant or modification of megat ALs are conceivable and within
the scope of the present disclosure. A “megaTAL” refers to an engineered nuclease
comprising an engineered TALE DNA binding domain and an engineered meganuciease, and

optionally comprise one or more linkers and/or additional tunctional domains, e.g., an end-
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processing enzymatic domain of an end-processing enzyme that exhibits 5-3' exonuclease, S-
3" alkaline exonuclease, 3-5' exonuclease {e.g., Trex2), 5’ flap endonuclease, helicase or
template-independent DNA polymerases activity. In particular embodiments, a megaTAL can
be introduced into a T cell with an end-processing enzyme that exhibits 5-3' exonuclease, 5-3'
alkaline exonuclease, 3-5" exonuclease {e.g., Trex2), S' flap endonuclease, helicase or
template-independent DNA polymerases activity. The megaTAL and 3’ processing enzyme
may be infroduced separately, e.g., in different vectors or separate mRNAs, or together, e.g.,
as a fusion protein, or in a polycistronic construct separated by a viral self-cleaving peptide or

an IRES element.

(0432} A “TALE DNA binding domain” is the DNA binding portion of transcription
activator-like effectors (TALE or TAL-effectors), which mimics plant transcriptional
activators to mantpulate the plant transcriptome (see e.g, Kay et al., 2007. Science 318:648-
651). TALE DNA binding dowains contemplated in particular embodiments are engineered
de novo or from naturally occurring TALEs, e.g., AveBs3 from Xanthomonas

campesiris pv. Vesicatoria, Xanthomonas gardneri, Xanthomonas transtucens, Xanthomonas
axonopodis, Xanthomonas perforans, Xemthomonas alfalfa, Xemmhomonas citri, Xanthomonas
envesicatoria, and Xanthomonas oryvzae and brgl1 and bpx 17 fror Ralstonia solonacearum.
Hlustrative examples of TALE proteins for deriving and designing DNA binding domains are
disclosed in U.S. Pat. No. 9,017,967, and references cited therein, all of which are

incorporated herein by reference in their entireties.

0433} In particular embodiments, a megaTAL comprises a TALE DNA binding domain
comprising one or more repeat units that are involved in binding of the TALE DNA binding
domain to iis corresponding target DNA sequence. A single “repeat unit” {also referred to as
a “repeat”} is typically 33-35 amino acids in length. Each TALE DNA binding domain repeat
unit inchudes 1 or 2 DNA-binding residues making up the Repeat Variable Di-Residue
{RVD), typically at positions 12 and/or 13 of the repeat. The natural (canonical} code for
DNA recognition of these TALE DNA binding domains has been determined such that an
HD sequence at positions 12 and 13 leads to a binding to cytosine I, NG binds to T, Nl to A,
NN binds to G or A, and NG binds to T. In certain embodiments, non-canonical {atypical)

RVDs are contemplated.

j6434) Hlustrative examples of non-canonical RVDs suitable for use in particular

megaTALs conternplated in particular embodiments include, but are not limited to HH, KH,
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NH, NK, NQ, RH, RN, S8, NN, SN, KN for recognition of guanine (G}; NI, KI, R1, HI, 81
for recognition of adenine (A); NG, HG, KG, RG for recognition of thymine (T); RD, 5D,
HID, NI, KD, YG for recognition of evtosine (C);, KV, HN for recognition of A or (3; and
H* HA, KA N¥* NA, NC, NS, RA, 8% for recognition of A or T or G or C, wherein (*)
means that the amino acid at position 13 is absent. Additional tlustrative examples of RVDs
suitable for use in particular megaTALs contemplated in particular embodiments further
include those disclosed in U8, Pat. No. 8,614,092, which is incorporated herein by reference

in its entirety.

10435} In particular embodiments, a megaTAL conternplated herein comprises a TALE
DNA binding domain comprising 3 to 30 repeat units. In certain embodiments,

amegaTAL comprises 3,4, 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, or 30 TALE DNA binding domain repeat units. In a preferred
embodiment, a megaT AL coutemplated herein corprises a TALE DNA binding dowain
comprising 5-16 repeat units, more preferably 7-15 repeat units, more preferably 9-12 patenis

are not obvious repeat units, and more preferably 9, 10, or 11 repeat units.

{04306} In particular embodiments, a wegaTAL contemplated herein comprises a TALE
DNA binding domain comprising 3 to 30 repeat units and an additional single truncated
TALE repeat unit comprising 20 amino acids located at the C-terminus of a set of TALE
repeat units, t.e., an additional C-terminal half~-TALE DNA binding domain repeat unit
(amino acids —20 to —1 of the C-cap disclosed elsewhere herein, infra). Thus, in particular

embodiments, a megaTAL contemplated herein comprises a TALE DNA binding domain

85,95, 105, 115,125,135, 145,155,165, 175, 185,195,205, 215,
225,235,245 255,265,275 285 295 or 30.5 TALE DNA binding domain repeat
uniis. Io a preferred embodiment, a megaTAL contemplated herein comprises a TALE DNA

-

binding domain comprising 5.5-13.5 repeat units, more preferably 7.5-12.5 repeat units, more

preferably 9.5-11.5 repeat units, and more preferably 9.5, 10.5, or 11.5 repeat units.

{0437} In particular emobodiments, a megaTAL comprises an “N-terminal domain (NTDY
polypeptide, one or more TALE repeat domains/units, a “C-terminal domain (CTDY”

polypeptide, and an engineered meganuclease.
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j¢438] As used herein, the term “N-terminal domain (NTDY polypeptide refers to the
sequence that flanks the N-terminal portion or fragment of a naturally occurring TALE DNA
binding domain. The NTD sequence, if present, may be of any length as long as the TALE
DNA binding domain repeat units retain the ability to bind DNA. In particular embodiments,
the NTD polypeptide comwprises at feast 120 to at least 140 or roore amino acids N-terminal to
the TALE DNA binding domain (0 is amino acid 1 of the most N-terminal repeat unit). In
particular embodiments, the NTE polypeptide comprises at least about 120, 121, 122, 123,
124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, or at least
140 arnino acids N-terminal to the TALE DNA binding domain. In one embodiment,

a megaTAL contemplated herein comprises an N'TD polypeptide of at least about amino
acids +1 to +122 to at least about +1 to +137 of & Xanhomonas TALE protein (0 15 amino
acid 1 of the most N-terminal repeat unit). In particular embodiments, the NTD polypeptide
comprises at least about 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135,
136, or 137 amuno acids N-terminal to the TALE DNA binding domain of

a Xanthomonas TALE protein. In one embodiment, a megaTAL contemplated herein
comprises an NTD polypeptide of at least amivo acids +1 to +121 of a Radstonia TALE
protein (0 1s amine acid 1 of the most N-terminal repeat unit). In particular embodiments, the
NTB polypeptide comprises at least about 121, 122, 123, 124, 125, 126, 127, 128, 129, 130,
131, 132, 133, 134, 135, 136, or 137 amino acids N-terminal to the TALE DNA binding

domain of a Ralsionia TALE protein.

{6439} As used herein, the term “C-terminal domain (CTDY” polypeptide refers to the
sequence that flanks the C-terminal portion or fragment of a naturally occurring TALE DNA
binding domain. The CTD sequence, if present, may be of any length as long as the TALE
DNA binding domaiu repeat units retain the ability to bind DNA. In particular embodiments,
the CTD polypeptide comprises at least 20 to at least 85 or more amino acids C-terminal to
the last full repeat of the TALE DNA binding domain (the first 20 amino acids are the half-
repeat unit C~terminal to the last C-terminal full repeat unit). In particular embodiments, the
CTD polypeptide comprises at feast about 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33,34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82,
83, 84, or at least &5 amino actds C-terminal to the last full repeat of the TALE DNA binding
domain. In one embodiment, a megaTAL contemplated herein comprises a CTD polypeptide

of at {east about amino acids ~20 to —1 of a Xanthomonas TALE protein (20 18 amino acid |
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of a halt-repeat unit C-terminal to the last C-terminal full repeat unit). In particular
embodiments, the CTD polypeptide comprises at least about 20, 19, 18, 17, 16, 15, 14, 13,
12,11, 10,9,8,7,6, 5,4, 3, 2, or | amino acids C-terminal fo the last full repeat of the TALE
DNA binding domain of a Xamthomonas TALE protein. In one ernbodiment,

a megaT AL coutemplated herein conaprises a CTD polypeptide of at least about amino acids
—20 to —1 of a Ralstonia TALE protein (—20 is amino acid 1 of a half-repeat unit C-terminal
to the last C-terminal full repeat unit). In particular embodiments, the CTD polypeptide
comprises at least about 20, 19, 18, 17, 16, 15,14, 13,12, 11, 10,9,8,7,6, 5,4, 3,2, or |
amino acids C-terminal to the last full repeat of the TALE DNA binding domain of

a Rafstonic TALE protein.

6440} In particular embodiments, a3 megaTAL contemplated herein, comprises a fusion
polypeptide comprising a TALE DNA binding domain engineered to bind a target sequence,
a meganuclease engineered to bind and cleave a target sequence, and optionally an NTD
and/or CTD polypeptide, optionally joined to each other with one or more linker polypeptides
contemplated elsewhere herein. Without wishing to be bound by any particular theory, it is
contemplated that a megaTAL comprising TALE DNA binding domain, and optionally an
NTD and/or CTD polypeptide 1s fused to a linker polypeptide which is further fused to an
engineered meganuclease. Thus, the TALE DNA binding domain binds a DNA target
sequence that is within about 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 nucleotides away
from the target sequence bound by the DNA binding domain of the meganuclease. In this
way, the megaTALs contemplated herein, increase the specificity and efficiency of genome

editing,

{0441} In particular embodiments, a megaTAL conterplated herein, comprises one or
more TALE DNA binding repeat units and an engineered LHE selected from the group
consisting of: I-AabMI, I-FAaeMl, F-Anil, I-ApaMI, [-Caplil, I-CaplV, I-CkaMi, I-CpaMi, I-
CpaMiL, I-CpaMUl, -CpaMiV, -CpaMV, I-CpaV, I-CraMl, I-Crel, [-Scel, I-EjeM], I-
GpeM|, Gpil, I-GzeMl, I-GzeM, [-GzeMIL, FHjeMI, Ll I-Lul, FLaWE, FMpeMi, I-
MveMl, I-Nerll, I-Nerd, I-NerMi, 1-CheMI, 1-Onul) -0OsoMl, -0OsoMIL -OsoMI I-
OsoMIV, I-PanMIl, [-PanMIL, I-PanMIL, I-PonoMI, I-ScuM, I-SmaMI, I-SscMi, and I-
Ydil41l, or preferably I-CpaMl, I-HieMIL, I-Onul, I-PanM], and SmaM], or more preferably
-Onul.
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6442} In particular embodiments, a megaTAL contemplated herein, comprises an NTD,
one or more TALE DNA binding repeat units, a CTD, and an engineered LHE selected from
the group consisting of: [~AabMI, I-AaeMI, L-Anid, B-ApaMi, I-Capll], I-CaplV, [-CkaM], -
CpaMi, I-CpaMI, I-CpaMIll, F-CpaMIV, I-CpaMV, I-CpaV, I-CraM], I-Crel, I-Scel, I-
EjeML -GpeMi, 1-Gpil, 1-GzeML, I-GzeMI, -GzeMU, I-HjebME, Lo, Lo, FLoWL |-
MpeM, -MveMi, I-Nerll, I-Nerl, I-NerMi, I-OheMl, -Onul, I-OsoMI, I-OsoMI, 1=
OsoMIH, I-OsoMIV, I-PanMIi, I-PanMI, [-PanMIH, I-PnoMI, [-ScuM], I-Smabl, I-SscMi,
and [-Vdil411, or preferably -CpaMl, i-HjeM], I-Onul, I-PanMl, and SmaMl, or more
preferably [-Onul

0443} In particular embodiments, a megaTAL contemplated herein, comprises an NTD,
about 9.5 to about 11.5 TALE DNA binding repeat units, and an engineered -Onul LHE
selected from the group consisting oft I-AabMI, I-AaeM], I-Anil, I-ApaMI, I-Caplii, I-
CaplV, I-CkabMl, I-CpaMl, I-CpabMll, -CpaMill, I-CpaMIV, I-CpaMV, I-CpaV, ICrabM], -
Crel, I-Scel, [-EjeMI, I-GpeMU, I-Gpil, 1-GzeM|, 1-GzeMIL, -GzeMIH| I-HjeM1, Ll I-
L], I-Lar WL I-MpeMd, -MveME, I-Norll, BNerl, -NerM, I-CheMd, FOnud, I-0soM], I-
OsoMiIl, 1-OsoMITl, -OsoMIV, I-PanMl, -PanMIl, I-PanMI I-PanoME I-ScuMI, 1-SmaMi,
I-SecMi, and I-Vdi14 1], or preferably I-CpaMi, I-HjeMI, [-Ooul, I-PanMI, and SmaM], or

more preferably -Onul.

{0444} In particular embodiments, a megaTAL conteruplated herein, comprises an NTD
of about 122 amino acids to 137 amino acids, about 9.5, about 10.5, or about 11.5 binding
repeat units, a CTD of about 20 amino acids to about 85 amino acids, and an engineered I-
Onul LHE selected from the group consisting of: I-AabME -AaeMI -Anii, I-ApaML, I-
Caplll, I-CaplV, I-CkaM], [-CpaM]I, I-CpaMl], I-CpaMHI, I-CpaMlV, I-CpaMV, I-CpaV, I-
CraMl, -Crel, I-Scel, I-EjeME 1-GpeMlL, -Gpil, 1-GzeMl, -GzeMH, I-GzeMIlL I-HjeMl, I-
Laell, I-Ltrl, LarWE E-MpeMI, BMyveMI, I-Nerll, I-Nerl, I-NerMI, -CheMI, F-Onul, I-
OsoMI, [-OsoMIE, 1-OsoMIL, 1-OsoMIEV | I-BanMI, I-PanMIi, F-PanMET, B-PnoMIE I-ScuMl,
I-SmaMi, I-SscM, and I-Vdi 141}, or preferably I-CpaMI, I-HjeM], I-Onul, I-PanM]l, and

SmaMi, or more preferably I-Onul

{0445} MegaTals are further described in, e.g., Boisse™ ("megaTALs: a rare-cleaving
nuclease architecture for therapeutic genome engineeri”g," Nucleic Acids Research, 2013,

42(4).2591-2601).
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iv, Talens
0446} In various embodiments, a plurality of transcription activator-like effector
nucleases {TALENg) are introduced into a cell and engineered to bind to, and to introduce
single-stranded nicks or double-strand breaks (DSBs) in a plurality of genome target sites. In
some embodiments, TALENSs are suitable for use in particular embodiments of the current
disclosure. In addition, any variant or modification of TALENSs are conceivable and within
the scope of the present disclosure. A “TALEN” refers to an engincered nuclease comprising
an engineered TALE DNA binding domain contemplated elsewhere herein and an
endonuciease domain {or endonuclease half-domain thereof), and optionally comprise one or
more linkers and/or additional functional domains, e.g., an end-processing enzymatic domain
of an end-processing enzyme that exhibits 5-3' exonuclease, 5-3" alkaline exonuclease, 3-5
exonuclease {(e.g., Trex2), 5" flap endonuclease, helicase or template-independent DNA
polymerases activity. In particular embodiments, a TALEN can be introduced into a T cell
with an end-processing enzyme that exhibits 5-3" exonuclease, 3-37 alkaline exonuclease, 3-8
exonuclease (e.g., Trex2}, 5’ flap endonuclease, helicase or template-independent DNA
polymerases activity. The TALEN and 3’ processing enzyroe may be introduced separately,
e.g., in different vectors or separate mRNAGs, or together, e.g, as a fusion protein, orina

polycistronic construct separated by a viral self-cleaving peptide or an IRES element.

{6447} In one embodirment, targeted double~stranded cleavage is achieved with two
TALENs, each comprising am endonuciease half-domain can be used to reconsiitute a
catalytically active cleavage domain. In another embodiment, targeted double-stranded
cleavage is achieved using a single polypeptide comprising a TALE DNA binding domain

and two endonuclease half-domains.

j0448] TALENs contemplated in particular embodiments comprise an NTD, a TALE
DNA binding domain comprising about 3 to 30 repeat units, e.g, about 3, 4,5, 6,7, 8,9, 10,
11, 12,13, 14, 15, 16, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 repeat units, and

an endonuclease domain or half-domain.

104491 TALENSs contemplated in particular embodiments comprise an NTD, a TALE
DINA binding domain comprising about 3.5 to 30.5 repeat units, e.g., about 3.5, 4.5, 5.5, 6.5,

75,85 95 105 115, 12,5, 13.5, 145, 158.5, 165, 17.5, 185,195,205, 215, 22.5, 23.5,
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24.5,255,265,275,28.5,29.5, or 30.5 repeat units, a CTD, and an endonuclease domain or

half-domain.

[6450] TALENs contemplated in particular embodiments comprise an NTD of about 121
amino acids to about 137 amino acids as disclosed elsewhere herein, a TALE DNA binding
domain comprising about 9.5 to about 11.5 repeat units (i.e., about 9.5, about 10.5, or about
11.5 repeat units), a CTD of about 20 amino acids to about 85 amino acids, and an

endonuclease domain or half domain.

{0451} In particular embodiments, a TALEN comprises an endonuclease domain of a
type restriction endonuclease. Restriction endonucleases (restriction enzymes) are present in
many species and are capable of sequence-specific binding to DNA (at a recognition site),
and cleaving DNA at or near the site of binding. Certain restriction enzymes {e.g., Type-1I8)
cleave DNA at sites removed from the recognition site and have separable binding and
endonuclease domains. In one embodiment, TALENs comiprise the endonuclease domain {or
endomuciease half-domain) from at feast one Type-IIS restriction enzyme and one or more

TALE DNA-binding domains contemplated elsewhere herein.

0452} Hlustrative examples of Type-lS restriction endonuclease domains suitable for
use in TALENs contemplated in particular embodiments include endonuclease domains of
the at least 1633 Type-lIS restriction endonucleases disclosed at “rebase neb.com/cgi-

bin/sublist?8.”

[0453] Additional illustrative examples of Type-1IS restriction endonuclease domains
suitable for use in TALENSs contemplated in particular embodiments include those of
endonucleases selected from the group consisting oft Aar |, Ace Ifi, Aci I, Alo §, Alw26 [
Bae L, Bbr7 L Bbv |, Bbv IL, BbwC E Bee [ BeeB3 1 BeeA L Beef I Beg [ BaiV L BA L Bin
LBmgl BpulOL BsaX 1 Bsb 1 BscA L BscGE BseR L BseY £ Bsi [, Bsm [, BsmA §
BamF L Bap24 L BspG L BspM L BspNC L Ber L BsrBL BaD L BatFS L Bir [, Bis L, Cdi 1
CieP |, Drd 1, Earl, Eci 1, Eco31 [ Eco37 1, Eco57TM 1, Esp3 I, Fau I, Fin §, Fok §, Gdi [1
Gsu L, Hga L Hind 1L, Hph I Ksp632 1, Mbo 11, Mly I, Mme I, Mol L, Pf11108, 1 Ple 1, Ppi |
Psr i, RleA L, Sap |, SfaN [, Sim §, SspD5 1, Sthi132 § Sts I, TspDT I, TspGW I, Tth111 §,
UbaP I Bsal and BsmB L

10454} In one embodiment, 2 TALEN contemplated herein comprises an endonuclease

domain of the Fok I Type-HS restriction endonuclease.
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j¢455] In one embodiment, a TALEN contemplated herein comprises a TALE DNA
binding domain and an endonuciease half-domain from at least one Type-1IS restriction
endonmuciease to enhance cleavage specificity, optionally wherein the endonuciease half-
domain comprises one or more amino acid substitutions or modifications that minimize or

prevent homodimerization.

j0456] Hustrative examples of cleavage half-domains suitable for use in particular
embodiments contemplated in particular embodiments include those disclosed in U.S. Patent
Publication Nos. 20050064474, 20000188987, 20080131962, 20090311787, 20090305346,
20110014616, and 20110201055, each of which are incorporated by reference herein in its

entirety.

10457} TALENSs are further described in e.g., Christia” ("Targeting DNA Double-Strand
Breaks with TAL Effector Nucleas”s,” Genetics. Oct. 2010;186(2).757-61).

. Zinc Finger Nucleases

0458} In various embodiments, a plurality of zinc finger nucleases (ZFNs) are
introduced into a cell and engineered to bind to, and to introduce single~-stranded nicks or
double-strand breaks (DSBs) in a plurality of genome target sites. In some embodiments,
ZFNs are suitable for use in particular erabodiments of the current disclosure. In addition, any
variant or modification of ZFNs are conceivable and within the scope of the present
disclosure. A “FZFN” refers to an engineered nuclease comprising one or

more zine finger DNA binding domains and an endonuclease domain {or endonuclease half-
domain thereot), and optionally comprise one or more linkers and/or additional functional
domains, e.g., an end-processing enzymatic domain of an end-processing enzyre that
exhibits 53-3' exonuclease, 5-3' alkaline exonuclease, 3-5' exonuclease {e.g., Trex2}, 5" flap
endonuclease, helicase or template-independent DNA polymerases activity. In particular
embodiments, a ZFN can be introduced into a T cell with an end-processing enzyme that
exhibits 5-3" exonuclease, 5-3" alkaline exonuclease, 3-53' exonuclease (e g, Trex2), 5’ flap
endonuclease, helicase or template-independent DNA polymerases activity. The ZFN and 3’
processing enzyme may be introduced separately, e.g., in different vectors or separate
mRNAs, or together, e g, as a fusion protein, or in a polycistronic construct separated by a

viral self-cleaving peptide or an IRES element.
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j6459) In one embodiment, targeted double-stranded cleavags is achieved using two
ZFNs, each comprising an endonuclease half-domain can be used to reconstitute a
catalytically active cleavage domain. In another embodiment, targeted double-stranded
cleavage is achieved with a single polypeptide comprising one or more zing finger DNA

binding domatns and two endonuclease half~-domains.

j0460] In one embodiment, a ZNF comprises a TALE DNA binding domain
contemplated elsewhere herein, a zinc finger DNA binding domain, and an endonuclease

dorain (or endonuclease half-domain) conternplated elsewhere heretn.

{0461} In one embodiment, a ZNF comprises a zine finger DNA binding domain, and a

meganuclease contemplated elsewhere herein.

{0462} In particular embodiments, the ZFN comprises a zinger finger DNA binding
domain that has one, two, three, four, five, six, seven, or eight or more zinger finger motifs
and an endonuciease domain (or endonuclease half-domain). Typically, a

single zine finger motif is about 30 amino acids in length. Zinc fingers motifs include both
canonical oMy zing fingers, and non-canonical zinc fingers such as, for example,

CsH zine fingers and Ca zinc fingers.

10463} Zinc finger binding domains can be engineered to bind any DNA sequence.
Candidate ziunc finger DNA binding domains for a given 3 bp DNA target sequence have
been identified and moduiar assembly strategies have been devised for linking a phurality of
the domains into a multi-finger peptide targeted to the corresponding composite DNA target
sequence. Other suitable methods known in the art can also be used to design and construct
nucleic acids encoding zine finger DNA binding domains, e.g., phage display, random
mutagenesis, combinatorial libraries, coroputer/rational design, affinity selection, PCR,
cloning from cDNA or genomic libraries, synthetic construction and the like. (See, g, U.S.
Pat. No. 5,786,538, Wu et al,, PNAS 92:344-348 {1995); Jarmieson et

al., Biochemisiry 33:5689-5695 (1994}); Rebar & Pabo, Science 203:671-673 (1994), Choo &
Klug, PNAS 91:11163-11167 (1994); Choo & Klug, FN45 01 11168-11172 (1994},
Desjarlais & Berg, PNAS 90:2256-2260 (1993); Desjarlais & Berg, PNAS 89:7345-.7349
{1992); Pomerantz et al, Science 267:93-96 (1995), Pomerantz et al., PNAY 92:9752-9756
(1993); Liu et al | PNAS 94:5525-5530 (1997}, Gricsman & Pabo, Science 275:657-661
(1997), Desjarlais & Berg, PNAS 91:11-99-11103 (1994)).
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j¢464) Individual zinc finger motifs bind to a three or four nucleotide sequence. The
fength of a sequence to which a zine finger binding domain is engineered to bind (e.g., a
target sequence) will determine the number of zinc finger motifs in an

engineered zinc finger binding domain. For example, for ZFNs in which

the zinc finger motifs do not bind to overlapping subsites, a six-mucleotide target sequence is
bound by a two-finger binding domain; a nine-nucleotide target sequence is bound by a three-
finger binding domain, ete. In particular embodiments, DNA binding sites for

individual zinc fingers motifs in a target site need not be contiguous, but can be separated by
one or several nucleotides, depending on the length and nature of the linker sequences

between the zine finger motifs in a mulii-finger binding domain.

j¢465] In particular embodiments, ZNFs contemplated herein comprise,

a zinc finger DNA binding domain comprising two, three, four, five, six, seven or eight or
more zine finger motifs, and an endonuctease domain or half-domain from at least one Type-
1S restriction enzyme and one or more TALE DNA-binding domains contemplated

elsewhere herein.

{8466} o particular embodiments, ZNFs contemplated herein comprise,

a zinc finger DNA binding domain comprising three, four, five, six, seven or eight or

more zing finger motifs, and an endonuctease domain or half-domain from at least one Type-
1IN restriction enzyme selected from the group consisting of. Aar |, Ace I, Aci |, Alo |
Alw26 1, Baec I, Bbr7 L, Bbv [, Bbv II, BbwC I, Bec §, BeeS3 1L BeeA § Beef |, Beg L BaV L
BAL Binl Bmgl, BpulO L BsaX I, Bsb [, BscA §, BscG 1, BseR I, BseY I, Bai [, Bam |,
BsmA I BsmF [ Bsp24 1, BspG 1, BspM 1§, BspNC I, Bsr I, BerB I BsrD §, BstFS [, Bir 1
Bits LCdi L, CieP I, Drd 1], Earl, Eci © Eco31 I, EcoS57 [ EcoSTM L, Esp3 L Fau |, Fin I, Fok
LGl Gsu l, Hga I, Hind I, Hph 1, Ksp632 |, Mbo 1, Miy [, Mime I, Mnl I, Pf11108, [ Ple
LPpiIPor L RicA L Sap I, SfaN T St I, SspDS 1, Sthi32 | Sts §, TspDT I, TspGW 1,
Tthiil }, UbaP I Bsal and BsmB L

{04671 In particular embodiments, ZNFs contemplated herein comprise,
a zine finger DNA binding domain comprising three, four, five, six, seven ot eight or
more zinc finger motifs, and an endonuclease domain or half-domain from the Fok I Type-HS

restriction endonuclease.
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6468} In one embodiment, a ZFN contemplated herein comprises a zinc finger DNA
binding domain and an endonuciease half-domain from at least one Type-1IS restriction
endonmuciease to enhance cleavage specificity, optionally wherein the endonuclease half-
domain comprises one or more amino acid substitutions or modifications that minimize or

prevent homodimerization.

{h in Vitro Gene Editing in Hematopoietic Stem Celis

6469 In certain embodiments, the LNP compositions described herein may be used to
deliver one or more nucleic acids encoding a gene editing system targeting a locus {or loci)
within a cell. For example, an mRNA included in an LNP composition may encode a
polypeptide and produce the gene editing upon contacting and/or entry {e.g., transfection}
into a cell. In certain embodiments, an mRNA included in an LNP composition of the
invention may encode a polypeptide that may improve the function or health of a cell by
targeting the nucleotide sequence of one or more targets of a dysfunctional protein or desired

target described herein.

[0470] Provided herein is a method of genetically modifying a hematopoietic stem cell
(HSC) in vitre in a cell, the method comprising adiinistering to the cell the LNP of any one
of the preceding embodiments. In some embodiment, the method comprises contact the cell
with an LNP comprising a lipid-antibody conjugate, an ionizable cationic lipid, and one or
more nucleic acids disposed therein. In some embodiments, the one or more nuclete acids
disposed therein comprise an mRNA encoding a site-directed nuciease, a chemical base

editor, a prime editor, or an epigenome editor.

[8471] In some embodiments, the LNP compositions described herein target specific cell-
surface markers of hematopoietic stem cells (HSCs). In some embodiment, the LNP
comprises a HSC targeting group {e.g., an antibody or lipid-antibody conjugate) that
specifically targets a HSC surface antigen. In some embodiments, the LNP comprises an
antibody or antigen-binding fragment thereof that targets CD10S and/or CD117. In some
embodiments, the LNP comprises an antibody or antigen-binding fragment thereof that
targets CD117. In some embodiments, the LNP comprises an antibody or antigen-binding

fragment thereof that targets CD1035.

{0472} In some embodiments, the one or more nucleic acids disposed therein encode a

gene editing system targeting the nuclectide sequence of one or more targets described
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herein. In some embodiments, the one or more nucleic acids disposed therein comprise an
mRNA encoding a gene editing system targeting the nucleotide sequence of one or more
targets described herein. In some embodiments, the target is a locus {or loci) within the cell
associated with protein dysfunction in the cell and/or disease in a subject. In some
erabodiments, the LNP of any one of the preceding embodiments targeting a locus {or loci)
within the cell results in increased HbF. In some embodiments, use of the LNP of any one of
the preceding embodiments to increase HbF in a cell way be to the treat sickle cell disease or

beta-thalessemia in a subject.

10473} In some embodiments, the method comprises treating HSCs with the LNPs
described herein, wherein the RNA concentration remains constant. In some embodimetns,
the RNA concentration delivered by the LINPs is between about 0.1 and 10 pg/mL. In some
embodiments, the RNA concentration delivered by the LNPs is between about 0.5 and 8
ug/mkb, 0.6 and 7 ug/ml., 0.7 and 6 pg/ml., 0.8 and 5 pg/ml, 0.9 and 4 pg/ml. or 1 avd 3
ug/mb. In some embodiments, the RINA concentration delivered by the LNPsis0.1,02, 0.3,
04,05,06,07,08,09 1,2,3,4,5,6,7,8,9, 10, or more ug/ml.. In some embodiments,

the RNA concentration delivered by the LNPs is T pg/mb.

{0474} In some embodiments, the method comprises incubating the HSCs with the LNPs
described herein, wherein the HSCs are incubated with the LNPs for at least 4 hours. In some
embodiments, the HSCs are incubated with the LNPs for between about 4 to 96 hours. In
some embodiments, the HSCs are incubated with the LNPs for between about 6 to 90 hours,
& 10 80 hours, 10 to 70 hours, 12 10 60 hours, 18 to 50 hours, 24 to 48 hours, or 3010 36

hours.

{c} In Vive Gene Editing in Hematopoietic Stem Cells

{6475} In certain embodiments, the LNP compositions described herein may be used to
deliver therapeutic or prophvlactic agenis 1o a subject. For example, an mRNA included in an
LNP composition may encode a polypeptide and produce the therapeutic or prophylactic
polypeptide upon contacting and/or eniry {(e.g., transfection) into a cell. In certain
embodiments, an mRNA included 1n an LNP composition of the invention may encode a
polypeptide that may improve the health of a subject by targeting the nucleotide sequence of

one or more targets of the diseases described herein.

149



WO 2024/163905 PCT/US2024/014265

{6476} Provided herein is a method of genetically modifyving a hematopoietic stem cell
{(HSC) in vivo in a subject, the method comprising administering to the subject the LNP of
any one of the preceding embodiments. In some embodiment, the method comprises
administering to the subject an LNP comprising a lipid-antibody conjugate, an ionizable
cationic lipid, and one or more vucleic acids disposed therein. In some embodiments, the one
or more nucleic acids disposed therein comprise an mRNA enceding a site-directed nuclease,

a chemical base editor, a prime editor, or an epigenome editor,

{6477} In some aspects, the method of genetically moditying a hematopoietic stem cell
(HSC) in vivo in a subject further comprises administering to the subject an HSC
mobilization agent. In some embodiments, the method comprises administering the LNP is to
the subject intravenously. In some embodiments, the HSC mobilization agent is administered
to the subject before, during, or before and during administration of the LNP. In some
embodiments, the HSC mobilization agent is administered to the subject before
administration of the LNP. In some embodiments, the HSC mobilization agent is
administered to the subject during administration of the LNP. In some embodiments, the HSC
mobilization agent is administered to the subject before and during administration of the
LNP. In some embodiments, the HSC mobilization agent comprises plerixafor, granulocyte
colony stimulating factor (G-CSF), granulocyte-macrophage colony stimulating factor (GM-
CSF), or any combination thereof In some ermbodiments, the HSC mobilization agent

comprises plerixafor and G-CSF.

64738} Also provided herein is a method of treating a disease in a subject in need thereof.
In some embodiments, the method comprises administering to the subject the LNP of any one
of the preceding embodiments. In some erbodirnent, the method corprises administering to
the subject an LINP comprising a lipid-antibody conjugate, an ionizable cationic lipid, and
one or more nucleic acids disposed therein. In some embodiments, the one or more nucleie
actds disposed therein comprise an mRNA encoding a site-directed nuclease, a chemical base

editor, a prime editor, or an epigenome editor.

{0479} In some aspects, the method of treating a disease further comprises administering
to the subject an HSC mobilization agent. In some embodiments, the method comprises
administering the LNP 1s to the subject intravenously. In some embodiments, the HSC
mobilization agent is administered to the subject before, during, or before and during

administration of the LNP. In some embodiments, the HSC mobilization agent is
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administered to the subject before administration of the ENP. In some embodiments, the HSC
mobilization agent is administered to the subject during administration of the LNP. In some
embodiments, the HSC mobilization agent is administered to the subject before and during
administration of the LNP. In some embodiments, the HSC mobilization agent comprises
plerixafor, granulocyte colony stimulating factor {G-CSF), granulocyie-macrophage colony
stimulating factor (GM-CSF), or any combination thereof. In some embodiments, the HSC

mobilization ageot comprises plerixafor and G-CSF.

[0480] In some aspects, provided are methods of modulating cellular function of a target
hematopoietic stem cell (HSC) of a subject. In some embodiments, the method comprises
administering to the subject a lipid nanoparticle (LNP). In some embodiments, the LNP
comprises an ionizable cationic lipid. In some embodiments, the LNP comprises a conjugate
comprising the following structure: [Lipid] — [optional linker] — [antibody]. In some
embodiments, the LNP corprises a sterol or other siructural lipid. In some embodiments, the
LNP comprises a neutral phospholipid. In some embodiments, the LINF comprises a free
Polyethylene glycol (PEG) lipid. In some ervbodirnents, the LNP comprises a nucleic acid
enceding a polypeptide for modulating the cellular function of the HSC. In some
embodiments, an aspect of the disclosure relates to an LNP or a pharmaceutical composition
containing thereof, as disclosed herein, for use in a method of modulating cellular function of
a targeted HSC cell of a subiect. Such a method may be for the treatment of a disease as
disclosed hereafter. In some embodiments, a method as disclosed herein can comprise

contacting in vitro or ex vivo the HSC cell of a subject with a lipid nanoparticle (LNP).

{0481} In some embodiments, the LNP provided herein 1s used in method of editing a
HSC in vivo, wherein the LNP comprises Lipid 15, a HSC targeting group that binds to a
HSC surface antigen comprising a VH domain comprising CDR-H1, CDR-H2, and CDR-H3
sequences, where the VH domain bas at least 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence
identity with the amino acid sequence set forth in SEQ 1D NO:7, and a VL domain
comprising CDR-L1, CDR-L2, and CDR-L3 sequences, where the VL domain has at least
85, 90, 95, 96, 97, 98, 09, or 99.5% sequence identity with the amino acid sequence set forth
in SEQ ID NO:8, and a payload comprising one or more nucleic acids encoding components
of a gene editing system targeting a locus {or loct) wherein gene editing resulis in increased
HbF for the treatment of sickle cell disease or beta-thalessemia. In some embodiments, the

target nucleotide sequence is within the BCLJ 14 erythroid enhancer. In certain embodiments,



WO 2024/163905 PCT/US2024/014265

the target nuclectide sequence is within a polynuclectide sequence in intron-2 of the 8CL7 14
gene, In certain embodiments, the target nucleotide sequence ts within a polynucleotide
sequence between about +54 kb and about +63 kb downstream of the BCLI {4 transcription
start site (TSS). In certain embodiments, the target nucleotide sequence is within a
polynucleotide sequence between about +54 kb and about +56 kb, a polynucleotide sequence
between about +57 kb and about +59 kb, or a polynucleotide sequence between about +62 kb
and about +63 kb downstream of the BCLIIA TS, or a combination thereof In certain
embodiments the target nucleotide sequence is within a polynucleotide sequence within a
distance of about 100 bp, 200 bp, 300 bp, 400 bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp, 1.0
kb, 1.1 kb, 1.2 kb, 1.3 kb, 1.4 kb, or 1.5 kb of the nucleotide position at +55 kb, +58 kb, or
+62 kb downstream of the BCL/ /A TSS, or a combination thereof. In certain embodiments,
the target nucleotide sequence comprises the polynuclectide sequence of
GTGATAAAAGCAACTGTTAG (SEQ 1D NO: 62), or a variant thereof comprising up to 10
{e.g. 1,23, 4,5 6,7 8 9, or 10) nucleotide substitutions. In some embodiments, the LNP
provided herein is used in method of editing a HSC in vivo, wherein the LNP comprise Lipid
15, a HSC targeting group that binds to a HSC surface antigen coroprising a VH domain
comprising CDR-H1, CDR-HZ, and CDR-H3 sequences, where the VH domain comprises
the amino acid sequence set forth in SEQ ID NG:7, and a VL. domain comprising CDR-L1,
CDR-L2, and CDR-L3 sequences, where the VL domain comprises the amino acid sequence
set forth in SEQ ID NO:8, and a payload comprising one or more nucleic acids encoding
components of a gene editing system targeting a locus (or loci} wherein gene editing results
in increased HbF for the treatment of sickle cell disease or beta-thalessemia. In some
embodiments, the target nucleotide sequence is within the BCL114 erythroid enhancer. In
certain embodiments, the target nuclecotide sequence is within a polynucleotide sequence in
intron-2 of the BCLI {4 gene. In certain embodiments, the target nucleotide sequence 18
within a polvnuclectide sequence between about +54 kb and about +63 kb downstream of the
BCLIi4 wranscription start site {TSS). In certain embodiments, the target nuclectide sequence
is within a polynuclectide sequence between about +54 kb and about +56 kb, a
polynucleotide sequence between about +57 kb and about +39 kb, or a polynucleotide
sequence between about +62 kb and about +63 kb downstream of the BCLI {4 TSS, or a
combination thereof. In certain embodiments the target nucleotide sequence is within a
polynucieotide sequence within a distance of about 100 bp, 200 bp, 300 bp, 400 bp, 500 bp,
600 bp, 700 bp, 800 bp, 900 bp, 1.0kb, 1.1 kb, 1 2kb, 1.3 kb, 1 4kb, or 1.5 kb of the
nucleotide position at +55 kb, +58 kb, or +62 kb downstream of the BCLFI4 TSS, ora
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combination thereof. In certain embodiments, the target nucleotide sequence comprises the
polynucieotide sequence of GTGATAAAAGCAACTGTTAG (SEQ ID NO: 62), or a variant
thereof comprisingup to 10{e.g., 1,2,3,4, 5, 6,7, 8, 9, or 10) nucleotide substitutions. In
some embodiments, the exemplary LNP provided herein is used to edit HSC cells in vivo. In
sotne embodiments, the exemplary LNP provided heretn is delivered to a subject with disease
for in vive gene editing and treatment of the disease. In some embodiments, the exemplary
LNP provided herein is delivered to a subject with sickle cell disease or beta-thalessemia for
in vivo gene editing and treatment of the subject. In some embodiments, use of the exemplary
LNP provided herein for treatment of sickle cell disease in a subject is safe and effective. In
some embodiments, use of the exemplary LNP provided herein for treatment of beta-

thalessemia in a subject is safe and effective.

[6432] The therapeutic and/or prophylactic compositions described herein may be
administered to a subject using any reasonable amount and any route of administration
effective for preventing, treating, diagnosing, or imaging a disease and/or any other purpose.
The specific amount administered to a given subject may vary depending on the species, age,
and general condition of the subject, the purpose of the administration, the particular
composition, the mode of admimstration, and the like. Compositions in accordance with the
present disclosure may be formulated in dosage unit form for ease of administration and
uniformity of dosage. It will be understood, however, that the total daily usage of a
composition of the present disclosure will be decided by an attending physician within the

scope of sound medical judgment.

[6483] A LNP composition including one or more mRNAs may be administered by a
variety of routes, for example, orally, intravenously, intramuscularly, intra-arterially,
mtramedullary, intrathecally, subcutanecusly, intraventricularly, trans- or intra-dermally,
intradermally, rectally, intravaginally, intraperitoneally, topically, mucosally, nasally,
intratumorally. In certain embodiments, an LNP composition may be administered
intravenousiy, intramuscularly, intradermally, intra-arterially, intratumorally, or
subcutaneously. However, the present disclosure encompasses the delivery of LNP
compositions of the invention by any appropriate route taking into consideration likely
advances in the sciences of drug delivery. In general, the most appropriate route of
administration will depend upon a variety of factors including the nature of the LNP

composition including one or more mRNAs (e.g., its stability in various bodily environments
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such as the bloodstream and gastrointestinal tract), the condition of the patient (e.g., whether

the patient is able to tolerate particular routes of adsinistration}, ete.

{6484} LNP compositions including one or more mRNAs may be used in combination
with one or more other therapeutic, prophylactic, diagnostic, or imaging agents. “v "in

combination wih," it is not intended to imply that the agents must be administered at the
same time and/or formulated for delivery together, although these methods of delivery are
within the scope of the present disclosure. For example, one or more LNP compositions
including one or more different mRNAs may be administered in combination. Compositions
can be administered concurrently with, prior to, or subsequent to, ong or more other desired
therapeutics or medical procedures. In general, each agent will be administered at a dose
and/or on a time schedule determined for that agent. In some embodiments, the present
disclosure encompasses the delivery of compositions of the invention, or imaging, diagnostic,
or prophylactic compositions thereof in combination with agents that improve their
bioavailability, reduce and/or modify their metabolism, inhibit their excretion, and/or modify

their distribution within the body.

{0485} I will further be appreciated that therapeutically, prophylactically, diagnostically,
or imaging active agents utilized in combination may be administered together in a single
composition or adroinistered separately in different compositions. In general, it is expected
that agents utilized in combination will be utilized at levels that do not exceed the levels at
which they are utilized individually. In some embodiments, the levels utilized in combination

may be lower than those utilized individually.

6486} The particular combination of therapies (therapeutics or procedures) to employ in
a combination regimen will take into account compatibility of the desired therapeutics and/or
procedures and the desired therapeutic effect to be achieved. It will also be appreciated that
the therapies employed may achieve a desired effect for the same disease (for example, a
composition useful for treating cancer way be administered concurrently with a
chemotherapeutic agent}, or they may achieve different effects {e.g., control of any adverse

effects).

VI METHODS OF TREATING DSEASES ASSGCIATED WITH HEMATOPOIRTIC STEM CRLLS

{0487} The present disclosure provides methods of treating a disease 1o a subject by

delivering a payload encoding one or more nucleic acids {e.g., a gene editing system, e.g., a
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site~directed nuclease and, optionally, a guide RNA) to HSCs in vivo in a subject, thereby
treating the disease. In some embodiments, delivery of a payload comprising one or more
nucleic acids encoding a site~directed nucigase to HSCs iz vivo in a subject may result in the
modification of a biological target. In some embodiments, the methods provided herein
include the delivery of a payload further comprising a guide RNA. In some embodiments, the
delivery of a payload may result in the silencing of a biological target. The biclogical target
may be associated with a disease to be treated by the methods described herein. Any
disclosure herein of a method of treating a disease should be interpreted also as a disclosure

of an LNP or pharmaceutical composition comprising said LNP for use in such methods.

j0488] In some aspects, provided are method of treating, ameliorating, or preventing a
sympton: of a disease in a subject in need thereof In some embodiments, the method
comprises administering to the subject a lipid nanoparticle (LNP) provided herein. LNP
compositions of the invention may be useful for treating a disease characterized by missing ot
aberrant protein or pelypeptide activity in HSCs or cells differentiated from HSCs {e.g.,
monocytes, neutrophils, platelets, red blood cells, and immune cells such as natural killer
{INK) cells, B-cells, T-cells, and the like). Upoen delivery of one or more nucleic acids
encoding a gene editing system to HSCs of the subject, expression of the gene editing system
may induce a genetic modification in the HSCs, thereby reducing or eliminating an issue
caused by the absence of or aberrant activity caused by the polypeptide. The genetic
modification may modify the gene encoding the missing or aberrant protein, for example, to
correct a mutation in a protein-coding sequence of the gene, or to modify a regulatory
sequence associated with the gene to increase expression of the native functional protein. In
some instances, the genetic modification may replace a gene encoding the missing or aberrant
protein, for example, by iuserting a transgene encoding a gene encoding the native protein.
Any gene editing system known in the art or described herein may be used in the methods of

treatment described herein.

{0489} Diseases characterized by dysfunctional or aberrant protein or polypeptide activity
for which a composition of the invention may be administered include, but are not limited to,
a blood disease, hemoglobinopathy, a primary immune deficiency (PID), a congenital
cytopenia, a hemophilia, a thrombophilia, an inborn ervor of metabolism, or a neuropathy. In
some embodiments, the blood disease is a a-hemoglobinopathy, a B-hemoglobinopathy (e g.,

B-thalassemia), or sickle cell disease. In some embodiments, the PID may comprise, for

155



WO 2024/163905 PCT/US2024/014265

example, a severe combined immunodeficiency (SCID), Wiskott-Aldrich syndrome, chronic
granulomatous disease, immunodysregulation polyendocrinopathy enteropathay X-linked
(IPEX), a hyper IgM syndrome, or X-linked agammaglobulinemia. In some embodiments,
the SCID is Artemis-SCID (ART-SCID), recombination activating gene SCID (RAG-SCID),
¥X-tinked SCID (X-SCID), adenosine deaminase-deficient SCID, interleukin 7 receptor
deficiency SCIDY, or JAK3 SCID. In some embodiments, the congenital cytopenia is Fanconia
anemia, Shwachman-Diamond syndrome, Blackfan-Diamond anemia, dyskeratosis
congenita, congenital amegakaryocytic thrombocytopenia, or reticular dysgenesis. In some
embodiments, the hemophilia is hemophilia A, hemophilia B, or hemophilia C. In some
embodiments, the thrombophilia is amegakaryocytic thrombocytopenia or factor X
deficiency. In some embodiments, the inborn error of metabolism is phenylketoneuria,
medium-chain acyl-CoA dehvdrogenase (MCAD) deficiency, a lysosomal storage disease, a
glycogen storage disorder, a peroxisomal disorder, Fabry disease, Gaucher disease, Hurler
syndrome, Hunter syndrome, Wolman disease, or pyruvate kinase deficiency. In some
embodiments, the peroxisomal disorder is X-linked adrenoleukodystrophy. In some
embodiments, the lysosomal storage disease is metachromatic leukodystrophy,
mucopolysaccharidosis 1, or mucopolysaccharidosis I 1n some embediments, the neuropathy

is Friedrich’s ataxia. In some embodiments, the viral disease is HIV/AIDS.

10450} Multiple diseases may be characterized by missing (or substantially diminished
such that proper protein function does not occur) protein activity. Such proteins may not be
present, or they may be essentially non-functional. In some embodiments, the payload
delivered by the targeted lipid nanoparticle to HSCs comprises a site-directed nuclease
resulting in the treatment of human disease. For example, B-hemoglobinopathies such as
Sickle cell disease and B-thalassemia are caused by wutations in the B-globin (HB8) gene
resulting in lower than normal adult HbA hemoglobin (a heterotetramer made up of two o~
globin and two B-globin subuniis), and/or the production of abnormal hemoglobin {e.g., HbS,
a heterotetramer of two g-globin and two aberrant B~globin subunits). An alternative form of
hemoglobin ts fetal hervoglobin (HbF), a heterotetrarner made up of two g-globin and two y-
globin subunits. Throughout post-natal life, the expression of the #8G {(HBG and HBG2)
genes, which encodes y-globin, is suppressed by the silencing factors B-cell lvmphoma 11A
(BCL11A), Kruppel-like factor 1 (KLF1) and ZBTB7A. Without wishing to be bound by
theory, genetic modifications that disrupt or sifence the CLI 14 gene in HS8Cs may result in

the development of erythrocytes which express the HBG T and/or HBG2 genes encoding y-
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globin and produce HbF, thereby restoring hemoglobin function in cells which may otherwise
have expressed aberrant B-globin and/or insufficient amounts of normal §-globin. For
example, disruption of one or more of the BCLI {4 intronic ervihroid-specific enhancer
sequences present in intron-2 of the BCLI 1A gene (referred to heretn to as “the BCL114
ervthroid enbancer”) may result in decreased expression and activity of BLC11A protein and
thus increased expression of HbF in red blood cells. The term “BCL{ /A erythroid enhancer”
refers to a polynucleotide comprising one or more of the BCL114 erythroid enhancer
sequences in intron-2, the intronic region between exon 2 and exon 3 of the SCL/ 14 gene.
BCLI14 erythroid enhancer sequences include, for example, the nucleotide sequences at
distances of about +55 kilobases (kb) through about +62 kb {e.g., at about +55 kb, about +58
kb, and/or about +62 kb) nuclectides downstream (in the 37 direction) of the #CL114
transcription start site. 8CL7 14 erythroid enhancer sequences are further described, for
example, in Bauer et al. (201“. "An erythroid enhancer of BCL11A subject to genetic
variation determines fetal hemoglobin lev”L” Science 342.6155: 253-257), Lettre and Bauer
{201, "Fetal haemoglobin in sickle-cell disease: from genetic epidemiology to new
therapeutic strategi”’s." The Lancer 387.10037: 1554-2564), and Antoniavt et al. (201,
"Concise review: epigenetic regulation of hematopoiesis: biolegical insights and therapeutic

applications. " Stem cells iranslational medicine 6.12. 2106-2114).

j04%1] The BCL11A erythroid enhancer includes polynucleotide sequences in intron-2 of
the BCL11A gene. For example, in some embodiments, the BCL11A erythroid enhancer
comprises a polynucleotide sequence between about +54 kb and about +63 kb downstream
(in the 3’ direction) of the BCL 714 transcription start site {T8S). In certatn embodiments, the
BCE 114 ervthroid enhancer comprises a polynuclectide sequence between about +54 kb and
about +56 kb, a polymucleotide between about +57 kb and about +59 kb, or a polynucleotide
between about +62 kb and about +63 kb downstream of the BCL/ /A TSS, or any
combination thereof. In certain embodiments, the BCL11A erythroid enhancer comprises a
polynuciectide sequence between about +54 kb and about +56 kb downstream of the 8C7. /14
TSS. In certain embodiments, the BCT 774 erythroid enhancer coraprises a polynucleotide
sequence between about +57 kb and about +59 kb downstream of the 8CL 774 TSS. In
certain embodiments, the BCL 774 ervthroid enhancer comprises a polynucleotide sequence
between about +62 kb and about +63 kb downstream of the 8C7L774 TSS. In some
embodiments, the BUL7 14 ervthroid enhancer comprises a polynuclectide sequence within a

distance of about 100 bp, 200 bp, 300 bp, 400 bp, 500 bp, 600 bp, 704 bp, 800 bp, 900 bp, 1.0
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kb, 1.1 kb, 1.2kb, 1.3 kb, 1.4 kb, or 1.5 kb of the nucleotide position at +55 kb, +58 kb, or
+62 kb downstream of the BCL/JA TSS, or a combination thereof. In certain embodiments,
the 8CL 714 erythroid enbancer comprises a polynuciectide sequence within a distance of
about 100 bp, 200 bp, 300 bp, 400 bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp, 1.0 kb, 1.1 kb,
1.2kb, 1.3 kb, 1.4 kb, or 1.5 kb of the nucleotide position at +55 kb downstream of the
BCLIIA TSS. In certain embodiments, the BUL/ /A erythroid enhancer comprises a
polynucleotide sequence within a distance of about 100 bp, 200 bp, 300 bp, 400 bp, 500 bp,
600 bp, 700 bp, 800 bp, 900 bp, 1.0kb, 1.1 kb, 1.2 kb, 1.3 kb, 1.4 kb, or 1.5 kb of the
nucleotide position at +58 kb downstream of the BCLIIA4 TS8S. In certain embodiments, the
BCL1IA ervihroid enhancer comprises a polynucleotide sequence within a distance of about
100 bp, 200 bp, 300 bp, 400 bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp, 1.0kb, 1.1 kb, 1.2
kb, 1.3 kb, 1.4 kb, or 1.5 kb of the nucleotide position at +62 kb downstream of the #1714
T8S. In certain embodiments, the 8CL /14 erythroid enhancer comprises the polynuciectide
sequence of GTGATAAAAGCAACTGTTAG (SEQ 1D NO: 62), or a variant thereof

comprisingup to 10 (e.g., 1, 2,3, 4,5, 6,7, 8, 9, or 10) nuclestide substitutions.

{0492} In some embodiments, delivery of targeted lipid nanoparticles to HSCs thereby
results in targeted editing of the 8CL 174 erythroid enhancer {e.g., editing of a polynucleotide
sequence in iniron-2 of the BCL1 1A gene, e.g., deletion, insertion, or substitution of one or
more polvnucleotides between about +54 kb and about +63 kb downstream of the BULJ /A
transcription start site (T88), e.g., deletion, insertion, or substitution of one or more
polynucleotides between about +54 kb and about +36 kb, a polynucleotide between about
+57 kb and about +59 kb, or a polynuclectide between about +62 kb and about +63 kb
downstream of the BCL /74 TSS, or a combination thereof) for the treatment of B-
hemoglobinopathies. In certain embodiments, delivery of targeted lipid nanoparticles to
HSCs thereby results in targeted editing of one or more 8CL {14 erythroid enhancer
nucleotide sequences in intron-2 of the BCLII4 gene (e.g., deletion, insertion, or substitution
of one or more polynucleotides between about +54 kb and about +63 kb downstream of the
BCLIIA4 transcription start site (TSS), e.g., deletion, insertion, or substitution of one or more
polynucleotides between about +54 kb and about +56 kb, a polynuclieotide between about
+57 kb and about +59 kb, or a polvnucleotide between about +62 kb and about +63 kb
downstream of the 8C{.774 TKS, or a combination thereof), resulting in decreased expression
of the BULZ i4 gene (e.g., areduction in BCLI114 mBRNA and/or protein) and/or a reduction

in fetal hemoglobin,
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4493} The present disclosure provides a method for treating such diseases in a subject by
administering an LNP compoesition comprising an ionizable cationic lipid, a conjugate
comprising the following structure: [Lipid] — {opticnal linker] - [HSC targeting group], and
one or more nucleic acids encoding a gene editing system {e.g., an mRNA encoding a site-
directed nuclease, a chemical base editor, a prime editor, or an epigenome editor and,
optionally, a gRINA or pegRNA), wherein the gene editing system is configured to target a

target modify a target nucleotide sequence associated with the particular disease to be treated.

16494} The therapeutic and/or prophylactic compositions described herein may be
administered to a subject using any reasonable amount and any route of administration
effective for preventing, treating, diagnosing, or imaging a disease and/or any other purpose.
The specific amount administered to a given subject may vary depending on the species, age,
and general condition of the subject, the purpose of the administration, the particular
composition, the mode of administration, and the like. Coropositions in accordance with the
present disclosure may be formulated in dosage unit form for ease of administration and
uniformity of dosage. It will be understood, however, that the total daily usage of a
composition of the present disclosure will be decided by an attending physician within the

scope of sound medical judgment.

[0495] A LNP composition including one or more nucleic acids may be administered by
a variety of routes, for example, intravenously, intraossecusly (into bone marrow), orally,
intramuscularddy, intra-arterially, trans- or intra-dermally, intradermally, rectally,
intraperitoneally, or mucosally. In some embodiments, an LNP composition may be
administered intravenously, intraossecusly, or intra-arterially. In certain embodiments, an
LNP composition may be administered intravenously or intra-arterially during or after the
administration of an HSC mobilization agent {e.g., plerixafor and/or G-CSF). However, the
present discliosure encompasses the delivery of LNP compositions of the invention by any
appropriate route taking into consideration likely advances in the sciences of drug delivery. In
general, the most appropriate route of administration will depend upon a variety of factors
including the nature of the LNP composition, the disease to be treated, the condition of the

patient {e.g., whether the patient is able to tolerate particular routes of administration), etc.

10496} LNP compositions including one or more mRNAs may be used in combination
with one or more other therapeutic, prophylactic, diagnostic, or imaging agents. “y "in

combination wi”h," it is not intended to iraply that the agents must be administered at the
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same time and/or formulated for delivery together, although these methods of delivery are
within the scope of the present disclosure. For example, one or more LNP compositions
including one ot more different ;s RNAs may be administered in combination. Compositions
can be administered concurrently with, prior to, or subsequent to, one or more other desired
therapeutics or medical procedures. Tu general, each agent will be administered at a dose
and/or on a time schedule determined for that agent. In some embodiments, the present
disclosure encompasses the delivery of compositions of the invention, or imaging, diagnostic,
or prophylactic compositions thereof in combination with agents that improve their
binavailability, reduce and/or modify their metabolism, inhibit their excretion, and/or modify

their distribution within the body.

{6497} ftwill further be appreciated that therapeutically, prophylactically, diagnostically,
or imaging active agents utilized in combination may be administered together in a single
composition or adroinistered separately o different comapositions. o general, it is expected
that agents utilized in combination will be utilized at levels that do not exceed the levels at
which they are utilized individually. In some embodiments, the levels utilized in combination

may be lower than those utilized individually.

{0498} The particular combination of therapies (therapeutics or procedures) to employ in
a cornbination regimen will take into account compatibility of the desired therapeutics and/or
procedures and the desired therapeutic effect 10 be achieved. It wiil also be appreciated that
the therapies emploved may achieve a desired effect for the same disease or they may achieve

different effects {e.g., control of any adverse effects).

{6499} In some aspect, provided are methods of treating, ameliorating, or preventing a
symptom of a disease in a subject in need thereof. In some embodiments, the method
comprises administering to the subject a lipid navoparticle (LNP) for delivering a nucleic
acid into an hematopoietic stem cell (HSC) i vive in the subject. In some embodiments, the
LNP comprises an ionizable catiovic lipid. In some embodiments, the LNP comprises a
conjugate comprising the following structure: [Lipid] — [optional linker] — [HSC targeting
group]. In certain embodiments, the LNP comprises a lipid-antibody conjugate comprising
the following structure: [Lipid] - [optional linker] - [antibody |, wherein the antibody binds to
CD105 and/or CD117. In some embodiments, the antibody that binds to CD117 is Abl. In
some embodiments, the antibody that binds to CD117 is Ab2. In some embodiments, the

antibody that binds to CD105 is Ab3. In some embodiments, the LNP comprises a sterol or
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other structural lipid. In some embodiments, the LNP comprises a neutral phospholipid. In
some embodiments, the LNP comprises a free Polyethylene glycol (PEG) lipid. In some
embodiments, the LNP comprises one or more nucleic acids encoding a gene editing system.
In certain embodiments, the one or more nucleic acids comprise an mRNA encoding a site-
directed nuclease, a chemical base editor, a prime editor, or an epigenome editor and,
optionally, a gRINA or pegRNA. In one embodiment, the one or more nucleic acids comprise

an mRNA encoding a Cas vuclease and a guide RNA.

[0500] In some embodiments, the gene editing system induces a genetic modification in
one or more genes within the HSC, thereby treating the disease. In some embodiments, an
aspect of the disclosure relates to an LNP or a pharmaceutical composition containing
thereof, as disclosed herein, for use in 2 method of treating, ameliorating, or preventing a
symptom of a disease in a subject in need thereof. A disease may be as disclosed herein. In
some embodiments, a method as disclosed berein can comwprise contacting an HSC in vivo in

a subject with an LINP described herein.

j0501] In some embodiments, the LNP provides at feast one of the following benefits:

(i} increased specificity of delivery of the nucleic acid into the HSC compared to a reference

LNP;
{11} increased transfection rate compared to a reference LNP;

(i1} the LNP can be administered at a lower dose compared to a reference LNP to reach the
same treatment efficacy;

(iv) a low level of dye accessible mRNA (<15%) and high RNA encapsulation efficiencies,
wherein at least 80% mRNA was recovered in final formulation relative to the total RNA used
in LNP batch preparation; and

{v} reduction of the occurrence and/or the severity of a symptom of the disease in the subject.

j0502] The LNPs provided herein are usefid for the treatment of any disease associated
with hematopoietic stem celis (HSCs), or for which HSC replacement therapy may serve as a
viable treatment method. In some embodiments, the disease 1s a blood disease. In cerfain
embodiments, the disease is a hemoglobinopathy, a primary immune deficiency (PID), a
congenital cytopenia, a bemophilia, a thrombophilia, an inborn error of metabolism, or a

neuropathy.
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j6503) In some embodiments, provided herein is a method of treating an ¢-
hemoglobinopathy or a f-hemoglobinopathy. In some embodiments, provided hereinis a
method of treating 3 a-hemoglobinopathy. In some embodiments, provided hereinis a
method of treating a -hemoglobinopathy. In certain embodiments, the B-hemoglobinopathy
is a PB-thalassenua. In certain erobodiments, the B-hemoglobinopathy s sickle cell disease. o
some embodiments, administration of the LNFPs results in one or more of: a) insertion of an
HBB transgene, or a fragment thereof, into at least one HSC of the subject; b) increased
expression of B-globin in the subject; b) an increased amount of a2pB2 adult hemoglobin
(HbA) in the subject; ¢) insertion of an HBG1 transgene, or a fragment thereof, into at least
one HSC of the subject; d) insertion of an HBG2 transgene, or a fragment thereof, into at
feast one HSC of the subject; e) increased expression of y~-globin in the subject; ) an
increased amount of 02y2 fetal hemoglobin (HbF) in the subject; g) disruption of the HBA
gene, the HBA2 gene, or a combination thereof in at least one HSC of the subject; h)
decreased expression of a-globin in the subject; and 1) a decreased amount of u4d a-globin
heterotetramers the subject. In some embediments, the method comprises administration of
an LNP described herein to the subject, wherein the LNP comprises one or more nucleic
acids encoding a gene editing system configured to induce a genetic modification in a target
nucleotide sequence in the HSC. In some embodiments, the LNP comprises an mRNA
encoding a Cas nuclease and a gRNA comprising a nucleotide sequence that confers binding
to a target nucleotide sequence {e.g., a gRNA comprising a nucleotide sequence having at
least B0%, at least 90%, at least 95%, or 100% identity to at least 15, at least 10, at least 17, at
teast 18, at least 19, or at feast 20 consecutive nucleotides of the target nucleotide sequence).
In certain embodiments whereiu the disease is B-thalassemia or sickle cell disease, the target
nucleotide sequence comprises at least 15, at least 16, at least 17, at least 18, at least 19, or at
feast 20 consecutive nucleotides and is located within the coding region of the gene, the
intronic region associated with the gene, the exon region associated with the gene, the 57
untranslated region associated with the gene, or the 37 untranslated region associated with the
gene, wherein the gene is the HBB gene, the H8G{ gene, the #BG2 gene, the HBA7 gene, the
HBA2 gene, the HBD gene, the BOLIIA gene, the BACH?2 gene, the KLF1 gene, or the LRI
gene. In certain embodiments wherein the disease is B-thalassemia or sickle cell disease, the
target nucleotide sequence comprises at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20 consecutive nucleotides and is located within the regulatory region of the
gene, wherein the gene is the HHB gene, the HB(:/ gene, the HBG2 gene, the HBA/ gene, the
HBA2 gene, the HBD gene, the BCLT 14 gene, the BACH?2 gene, the KLFT gene, or the LRE
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gene. In certain embodiments wherein the disease is B-thalassemia or sickle cell diszase, the
target nucleotide sequence comprises at least 15, at least 16, at least 17, at least 18, at least
19, or at least 20 consecutive nucleotides and is located within the enhancer region of the
gene or within the repressor region of the gene, wherein the gene is the HEFS gene, the HEGT
gene, the HBG2 gene, the HBA T gene, the HBA42 geue, the HBD gene, the BCLI14 geve, the
BACH?2 gene, the KLF'{ gene, or the LRI gene. In certain embodiments wherein the disease is
B-thalassemia or sickle cell disease, the target nucleotide sequence comprises at least 15, at
least 16, at least 17, at least 18, at least 19, or at least 20 consecutive nucleotides within the
BCLI14 gene. In certain embodiments wherein the disease is B-thalassemia or sickle cell
disease, the target nucleotide sequence comprises at least 15, at least 16, at least 17, at least
18, at least 19, or at least 20 consecutive nucleotides and 1s located within a polynucleotide
sequence in iniron-2 of the BCLIJ4 gene. In certain embodiments, the target nucleotide
sequence comprises at least 15, at least 16, at least 17, at least 18, at least 19, or at least 20
consecutive nucleotides and 1s focated within a polynucleotide sequence between about +54
kb and about +63 kb downstream of the BCI {74 transcription start site (TS8). In certain
embodiments, the target nucleotide sequence comprises at least 15, at least 16, at least 17, at
feast 18, atleast 19, or at least 20 consecutive nucleotides and is located within a
polynucleotide sequence between about +354 kb and about +56 kb, a polynucleotide sequence
between about +57 kb and about +59 kb, or a polynucleotide sequence between about +62 kb
and about +63 kb downstream of the BULJJ/A TSS, or a combination thereof. In certain
embodiments the target nucleotide sequence comprises at least 15, at least 16, at least 17, at
least 18, at least 19, or at least 20 consecutive nucleotides and is located within a
polynucleotide sequence within a distance of about 100 bp, 200 bp, 300 bp, 400 bp, 500 bp,
600 bp, 700 bp, 800 bp, 900 bp, 1.0kb, 1.1 kb, 1. 2kb, 1.3 kb, 1.4kb, or 1.5 kb of the
nucleotide position at +55 kb, +38 kb, or +62 kb downstream of the BCLI{4 TSS, ora
combination thereof. In certain embodiments wherein the disease is B-thalassemia or sickle
cell disease, the target nucleotide sequence comprises at feast 15, at least 16, at feast 17, at
feast 18, at least 19, or all 20 consecutive nucleotides located within the polynuclectide
sequence of GTCGATAAAAGCAACTGTTAG (SEQ ID NG: 62), or a variant thereof
comprisingup to 10{e.g., 1,2, 3,4, 5,6, 7, & 9, or 10} nuclectide substitutions. In some

embodiments, provided herein is a method of treating sickle cell disease.

18504 In some embodiments, provided herein is a method of treating a disease, where

the disease is a PID. In some embodiments, the P is a severe combined iromunodeficiency
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{SCID), Wiskott-Aldrich syndrome, chronic granulomatous disease, immunodysregulation
polyendocrinopathy enteropathay X-linked (IPEX), a hyper IgM syndrome, or X-linked
agammaglobulinemia. In some embodiments, the PID is a SCID. In some embodiments, the
SCID is Artemis-SCID (ART-SCID), recombination activating gene SCID (RAG-SCID), X-
Hinked SCID (X-5CID), adenosine deaminase-deficient SCHD, interleukin 7 receptor
deficiency SCID}, or JAK3 SCID. In some embodiments, the SCID is ART-SCID, and
wherein administration of the LNP results in insertion of a DCLREIC transgene, or a
fragment thereof, into at least one HSC of the subiect; increased expression of functional
Artemis protein in the subject; or a combination thereof In some embodiments, the SCID i3
RAG-SCID, and wherein administration of the LNP results in insertion of 3 RAG transgene
or a RAG2 trangene, or a fragment thereof, into at least one HSC of the subject; increased
expression of functional RAGT protein or RAG2 protein in the subject; or a combination
thereof. In some embodiments, the SCID is X-SCID, and wherein administration of the LNP
results in nsertion of an /1L.2RG transgene, or a fragment thereof, 1o at Jeast one HSC of the
subject; increased expression of functional IL2RG protein in the subject; or a combination
thereof In some embodiments, the PID is Wiskoti~-Aldrich syndrome. In some embodiments,
the PH» 1s Wiskott-Aldrich syndrome, and wherein administration of the LNP results in
insertion of a WAS transgeve, or a fragment thereof, into at least one HSC of the subject,
increased expression of functional WASP protein expression in the subject; or a combination
thereof In some embodiments, the PID 1s chronic granulomatous disease. In some
embodiments, the PID is X-linked chronic granulomatous disease. In some embodiments, the
PID is chronte gramulomatous disease, and wherein administration of the LNP results in one
or more of (3} insertion of a CY8A transgene, a CYBR transgene, an NCFT transgene, NCF2
transgene, or an NCF4 transgene, or a fragment thereof, into at least one HSC of the subject;
(it} introduction of a point 676C>T pointe mutation in the CYBE gene of at least one HSC in
the subject; (iii) increased expression of tunctional CYBA protein, CYBB protein, NCF1
protein, NCF2 protein, or NCF4 protein in the subject; and (v} an increased amount of
functional NADPH oxidase enzyme complex in the subject. In some embodiments, the PID is
PEX. In some embodiments, the PID is IPEX| and wherein administration of the LNP results
in insertion of an FOXP3 wransgene, or a fragment thereof, into at least one HSC of the
subject; increased expression of functional FOXP3 protetn in the subject; or a combination
thereof. In some embodiments, the PID is hyper igM syndrome. In some embodiments, the
PID s hyper IgM syndrome, and wherein administration of the LNP results in one or more of
(i} insertion of a AICDA4 transgene, a UNG transgene, an CIH40 transgene, or a CD40LG
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transgene, or a fragment thereof, into at least one HSC of the subject; (i1} increased
expression of functional AICDA protein, UNG protein, CD40 protein, or CD4OLG protein in
the subject; (1i1) a decreased amount of IgM antibodies in the subject; and {(iv) an increased

amount of IgG, IgA, or IgE antibodies in the subject.

0505} In some embodiments, provided herein is a method of treating a disease, where
the disease is a congenital cytopenia. In some embodiments, the congenital cytopeniais
Fanconia anermia, Shwachman-Diamond syndrome, Blackfan-Diamond anemia, dyskeratosis
congenita, congenital amegakaryocytic throrobocytopenia, or reticular dysgenesis. In some
embodiments, the congenital cytopenia is Fanconia anemia, and wherein administration of
the LNP results in insertion of one or more FANC genes, or a fragment thereof, into at least
one HSC in the subject; increased expression of one or more functional FANC proteins tn the
subject; or a combination thereof. In some embodiments, the congenital cytopenia is
Fanconia anemia, and wherein administration of the LNP insertion of a FANC4 transgene, or
a fragment thereof, into at feast one HSC of the subject; increased expression of functional

FANCA in the subject; or a combination thereof.

{0506} In some embodiments, provided herein is a method of treating a disease, where
the disease is a hemophilia. In some embodiments, the hemophilia is hemophilia A,
hemophilia B, or bemophilia C. In some embodiments, the disease is a hemophilia, and
wherein administration of the LNP results in (i} insertion of a #8 transgene, a F'9 transgene,
or an F'77, or a fragment thereof, into at least one HSC of the subject; (it} increased
expression of functional factor VI protein, factor IX protein, or factor X1 protein in the

subiect; and (ii1) increased blood clotting in the subject.

[6507] In some embodiments, provided herein is a method of treating a disease, where
the disease is a thrombophilia. In some embodiments, the thrombophilia is amegakaryocytic
thrombocytopenia or factor X deficiency. In some embodiments, the diseaseis a
thrombophilia, and wherein administration of the LNP results in one or more of (i) insertion
of a /5 transgene, a /2 transgene, a transgene encoding antithrombin I, a transgene
encoding protein C, or a transgene encoding protein S, or a fragment thereof, into at least one
HSC of the subject; (ii) increased expression of functional factor V protein, factor H protein,
antithrombin I protein, protein C, or protein S in the subject; and (ii1) reduced blood clotting

in the subject.
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{6508] In some embodiments, provided herein is a method of treating a disease, where
the disease is an inborn error of metabolism. In some embodiments, the inborn error of
metabolism is phenylketoneuria, medium-chain acyl-CoA dehydrogenase (MCAD)
deficiency, a lysosomal storage disease, a glycogen storage disorder, a peroxisomal disorder,
Fabry disease, Gaucher disease, Hurler syndrome, Hunter syndrome, Wolman disease, or
pyruvate kinase deficiency. In some embodiments, the peroxisomal disorder is X-linked
adrencleukodysirophy. In some embodiments, the lysosomal storage disease is

metachromatic leukodystrophy, mucopolysaccharidosis I, or mucopolysaccharidosis I

16509 In some embodiments, provided herein is a method of treating a disease, where

the disease is a neuropathy. In some embodiments, the neuropathy is Friedrich’s ataxia.

10519} In some embodiments, provided herein is a method of treating a disease, where
the disease is a viral disease. In some embodiments, the viral disease is HIV/AHDS. In some
embodiments, the viral disease is HIV/AIDS, and wherein administration of the LNP

prevents infection by HIV, progression of HIV/AIDS, or a combination thereof.
{6511} L NPs deacribed in the present disclosure are suitable for the methods described.

[6512] In some embodiments, the methods of treatment provided herein comprises
delivering an LNP comprising Lipid 15, a HSC targeting group that binds to a HSC surface
antigen comprising a VH domain coroprising CDR-H1, CDR-H2, and CDR-H3 sequences,
where the VH domain has at least 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence ideniity with
the amino acid sequence set forth in SEQ ID NO.7, and a VL domain comprising CDR-L1,
CDR-LZ, and CDR-L3 sequences, where the VL domain has at least &5, 90, 95, 96, 97, 9§,
99, or 99.5% sequence identity with the amino acid sequence set forth in SEQ ID NO:§, and a
pavioad comprising one or more nucleic acids encoding components of a gene editing system
targeting a locus {or loci) wherein gene editing results in increased HbF for the treatment of
sickle cell disease or beta-thalessemia. In some emwbodiments, the target nucleotide sequence
is within the BCL7 /A erythroid enhancer. In certain embodiments, the target nucleotide
sequence is within a polynucleotide sequence in intron-2 of the BCLZ714 gene. In certain
embodiments, the target nucleotide sequence is within a polynuclectide sequence between
about +34 kb and about +63 kb downstream of the 8CL {14 transcription start site {TSS). In
certain embodiments, the target nuclectide sequence is within a polynuclectide sequence

between about +54 kb and about +56 kb, a polvnucleotide sequence between about +57 kb
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and about +59 kb, or a polynucleotide sequence between about +62 kb and about +63 kb
downstream of the BCL7IA TSS, or a combination thereof. In certain embodiments the target
nucleotide sequence is within a polynucleotide sequence within a distance of about 100 bp,
200 bp, 300 bp, 400 bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp, 1.0kb, 1.1 kb, 1.2 kb, 1.3
kb, 1.4 kb, or 1.5 kb of the nucleotide position at +55 kb, +58 kb, or +62 kb downstream of
the BCLI /A TSS, or a combination thereof In certain embodiments, the target nucleotide
sequence comprises the polynucleotide sequence of GTGATAAAAGCAACTGTTAG (SEQ
1D NO: 623, or a variant thereof comprisingup to 10{e.g, 1,2,3,4,5,6,7,8,9, or 10)
nucleotide substitutions. In some embodiments, the methods of treatment provided herein
comprises delivering an LNP comprising Lipid 15, a HSC targeting group that binds to a
HSC surface antigen comprising a VH domain comprising CDR-H1, CDR-HZ, and CDR-H3
sequences, where the VH domain comprises the amino acid sequence set forth in SEQ ID
NG:7, and a VL domain comprising CDR-L1, CDR-L2, and CDR-L3 sequences, where the
VL domain comprises the amino acid sequence set forth in SEQ ID NO:8, and a payload
comprising one or more nucleic acids encoding components of a gene editing system
targeting a locus {or loci) wherein gene editing results in tncreased HbF for the treatment of
sickle cell disease or beta-thalessemia. In some embodiments, the target nuclectide sequence
is within the 8C{ 774 erythroid enhancer. In certain embodiments, the target nucleotide
sequence is within a polvoucleotide sequence in intron-2 of the BCL /4 gene. In certain
embodiments, the target nucleotide sequence is within a polynucleotide sequence between
about +54 kb and about +63 kb downstream of the SCL 7 /4 transcription start site {TS8). In
certain embodiments, the target nucleotide sequence is within a polynucleotide sequence
between about +54 kb and about +56 kb, a polynucleotide sequence between about +37 kb
and about +59 kb, or a polynucleotide sequence between about +62 kb and about +63 kb
dowustream of the BCLITA TS, or a combination thereof To certain embodiments the target
nucleotide sequence is within a polynucleotide sequence within a distance of about 100 bp,
200 bp, 300 bp, 400 bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp, 1.0kb, 1.1kb, 1.2 kb, 1.3
kb, 1.4 kb, or 1.5 kb of the nucleotide position at +55 kb, +58 kb, or +62 kb downstream of
the BCLIIA TSS, or a combination thereof. In certain embodiments, the target nucleotide
sequence comprises the polynucleotide sequence of GTGATAAAAGCAACTGTTAG (REQ
ID NO: 62), or a variant thereof comprisingupto 10{e.g, 1,2, 3,4, 5,6, 7,8, 9, or 10}
nucleotide substitutions. In some embodiments, delivery of the exemplary LNP provided
herein is used to edit HSC cells in vive and treat disease in a subject, wherein the disease is
sickle cell disease or beta-thalessemia. In some embodiments, the gene editing of the
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BCL1IA ervihroid enhancer by delivery of the exemplary LNP provided herein results in the
treatment of sickle cell disease in a subject. In some aspects, the method of treating a disease
further comprises administering to the subject an HSC mobilization agent, wherein the HSC
mobilization agent comprises plerixafor and G-CSF. In some embodiments, use of the
exemplary LNP provided herein for treatment of sickle cell disease in a subject is safe and
effective. In some embodiments, use of the exemplary LNP provided herein for treatment of

beta-thalessemia in a subject 13 safe and effective,

ix. KiTs FOR Usy 1N MEDBICAL APPLICATIONS

[8513] Another aspect of the invention provides a kit for treating a disease. The kit may
comprise ofte or more of: an ionizable cationic lipid, a lipid-HSC targeting group or
conjugate thereof {e.g., a lipid-antibody conjugate, e.g., wherein the antibody binds to CD105
and/or CD117}, a lipid naneparticle composition comprising an ionizable cationic lipid and/or
a liptd-HSC targeting group or conjugate thereof {e.g., a lipid-antibody conjugate, e.g.,
wherein the antibody binds to CD1035 and/or CD117} with or without an encapsulated
pavioad (e.g., a nucleic acid, e.g., an mBRNA encoding a site-directed nuclease, a chemical
base editor, a prime editor, or an epigenome editor and, optionally, a gRNA or pegRNA), and

instructions for treating a medical disease described herein {e.g., sickle cell disease).

EXAMPLES

{6514} The presently disclosed subject matter will be better understood by reference to
the following Examples, which are provided as exemplary of the invention, and not by way

of limitation.

Example 1; Preparation of lonjzable Cationic Lipids

[0515] This Example describes the synthesis of various cationic lipids

General scheme for the synthesis of Lipids 1 through Lipid 25

iog



WO 2024/163905 PCT/US2024/014265

{6516] General scheme for the synthesis of Lipids 1 through Lipid 25 is provided in

Scheme 1 below. Corresponding R and R for each lipid is provided in Tables 1 to 3 below.
o

"\*/A” -~ . o F
o R-COLH / R-COCH o) HaN ?‘f N RECO.H / RACOCH - /LN/\,«\N,
' ' I — i |
{ [ I
OH OH OYO 0.0 G‘Y & 0\;”0 o g\gj o
13-10 Y Y & R 1 i
131113 1a 138/ 138a

Scheme 1. Synthesis of fipids 1 through 16 using acylation and reductive amination

Synthesis of intermediates 13-11 and 13-11a

10517} Intermediate 13-11 {Scheme 2) was synthesized by acylation of dihydroxyacetone
{13-10) with linoleic acid. Dihydroxyacetone (22 mmol, 2g, 1 eq.} was reacted with linoleic
acid 1-5 (88 mmwl, 15.4g, 2.5 eq.) using EDCI (55 mmol, 10.5g, 2.5 eq.) activation in 50 L

DCM, in the presence of DIPEA (55 mmol, 9.6 wml, 2.5 eq.), DMAP (4.4 mmol, 340 mg, 0.2

eq.) at room temperature yielding 11.1g (79%) crude product. Purified product was obtained

by columu chromatography and characterized by proton NMR spectroscopy (FIG. 2).

o o
2 Linoleic acid = o G/U\N\/\/\
) -
S H
OH  GH | : ]
13-4 ‘\1
\ 1311

Scheme 2. Symthesis of Intermediate 13-11 using EDCT mediated O-acviation of linoleic acid
with dilivdroxvacetone

0518} Intermediates 13-11a {Scheme 3} was synthesized by acylation of
dihydroxyacetone {13-10) with oleoyl chloride. Dihydroxyacetone (44.4 mmol, 4g, 1 eq.) was
reacted with oleoyl chloride 1-6a (111 mmol, 36.7 mL, 2.5 eq.) in the presence of Pyridine
{1333 mmol, 11 mL, 3 eq.), DMAP (133 mmol, 1.63 g, 0.3 eq.) in 80 mL DCM, at room
temperature yvielding 14.9g (54%) crude product. Crude product was purified by column

chromatography and characterized by proton NMR spectroscopy (FIG. 3A).
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Scheme 3. Synthesis of Imermediate 13-11a by O-acylation of oleoy! chioride with
dihvdroxyacetone

Synthesis of intermediates 13-8a and 13-11b

[6519] Intermediates 13-0a and 13-11b were synthesized by reductive amination of

intermediates 13-11 and 13-11a respectively

10520} Intermediate 13-0 was produced by reductive amination {scheme 4) of
intermediate 13-11 (13.1 mmol, 8.1 g, 1.0 eq} using N1,N1-dimethyipropane-1,3-diamine 15-
3 (26 mmol, 3.2 mL, 2.0 eq.) in DCM {1¢ mL) using acetic acid {26.0 mmol, 1.50 mL, 2 eq.)
and sodium borohydride triacetate (432 mmol, 3.3 g, 1.2 eq.) yielding 3.1g (32%) crude
product. Column purification resulted in pure product (Proton NMR Spectrum and LC-CAD
chromatogram shown in FIG. 4A and FIG. 4B, respectively}.

o o s

% il
Jf\\/’\.f‘“\/’\vfﬁ\ﬁ Q"‘\/\\/\/ P —~ AN \\/“\,J\g GJL\/’\V/\\/‘\/’
P 3 C N SN /[A : \1
y \ﬁ/ i 7 -

N o !

. ST N J ' | 7

13-4

X

Scheme 4. Synthesis of intermediate {3-0 by veductive amination of intermediate 13-11 with
Ni,Ni-dimeihyipropane-1, 3-diamine

{6521} Intermediate 13-11b was produced by reductive amination {scheme S) of
intermediate 13-112 {242 mmol, 149 g, 1.0 eq) using N1 Ni-dimethylpropane-1,3-diamine
15-3 (48 4 mmol, 6.05 mL, 2.0 eq.) in BCM (60 ml.) using acetic acid (484 mynol, 28 mL, 2
eq.} and sodium borohydride triacetate (29.1 mmol, 6.05 g, 1.2 eq.) vielding 6g (35%) crude
product. Column purification resulted in purified product (Proton NMR. Spectrum and L.C-

ELSD chromatogram shown in FIG. 3B and FIG. 3C, respectively).
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Scheme 3. Synithesis of intermediate 13-115 by reductive amination of interimediate 13-11a
with NI Ni-dimethylpropane-{, 3-dicmine

Table 1. R (O-acyl) an’ R’ (N-acyl) groups of lipids 1 through 8

Lipid # | R ({O-acyl groups) R' (N-acyl group)
Lipid 1 CsHﬁf“mmwm\CSgg\ /\/\\/\[:
Lipid2 | ey T esfin

S T T

- . — ——— el
Lipid 3 S T NGt~

Lipid 4
—— /\\
CanmCaHm ~

Lipid 5 | ogi ™"

] . . PN N
Lipid 6 gy Cghyg ™

Llpld 7 (;5;-111""1:3\\,/‘:\36@:;\ .

> . e ————y ————rr o’\\
Lipid 8 C;‘;HnmﬂsHﬁ b /\\,/\\)\\
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Table 2. R {(8-acyl) an’ R’ (N-acyl) groups of Lipids © through 16

Lipid # R (G-acyl groups) R’ {(N-acyl group)

Lipid 9 Cghyy flﬂv—ﬁ“““\cs"%‘;’g -

\/\{E/O\C/\/\

Lipid 10 Setn T

\/\E/O\C/\/
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Table 3. R {(O-acyl) and R’ (N-acyl) groups of Lipids 17 through 2§

Lipid # R (O-acyl groups) R' {(N-acyl group)
Lipid 17 \/\/ij\ o ~ o
S | P
Lipid 18 /\/\j\ o . o
D/U\\//\//\/\//“~ \/\\1])/ C/\A
Lipid 19 ix/v . 0
. ¢/\E‘/ \C/\/\
Lipid 20 \MO\WQ::/\/ \/\Tro
O O
Lipid 21 o £A/\ . o
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Lipid 22 o /(/\/\/\/ - o
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Lipid 24 o “ o
Lipid 25 o /\H/Q\Cf\/\
O/J!\\/W\\ O




WO 2024/163905

Table 4. Expected and observed mass {(m/z) of named Ionizable lipids

PCT/US2024/014265

Entry Compound code Expected mass {g/mol) | Observed mass (m/z)
1 Lipd 1 §54.75 853.7,856.7,8577
(M+1, M+2, M+3)
2 Lapid 2 240.73 8417 8427 8437
(M1, M+2, M+3)
3 Lipid 3 840.73 8417 8427 8437
(M1, M+2, MA3)
4 Lipid 4 84339 843.7, 846.7, 847.7 (M,
M+1, M+2)
5 Lipid 5 (5) tsomer 82733 %27.7,828.7, 829.7 (M,
M+1, M+2)
6 Lipid 6 868.76 8697, 8707, 8717
(M+1, M+2, M+3)
7 Lipid 7 §68.76 869.7,870.7, 8717
(M1, M+2, M+3)
8 Lipid & %3475 1557, 8567, 8577
{(M+1, M+2, M+3}
9 Lipid @ 940.78 9417, 9427, 9437
{(M+1, M+2, M+3)
10 Lipid 10 (8) isomer 91275 913.7,914.7, 91537
(M+1, M+2, M+3)
11 Lipid 11 (8) isomer 970.76 971.7,972.7,9737
(M1, M+2, M+3)
12 Lapid 12 99951 9990, 1001, 1002
(M+1, M+2, M+3)
13 Lipid 13 084 77 985.7, 986.7, 987 6
(M1, M42, M+3)
15 Lipid 13 944 82 9451, 9461, 947 1
(M+1, M+2, M+3)
16 Lipid 16 916.78 9172,9182, 9192
(M+1, M+2, M+3)
17 Lipid 19 892.78 893.7, 8047 8957
(M1, M+2, M+3)
18 Lipid 20 1064 .86 10631, 10661,
1067 1, 10681 (M+1,
M2, M+3, M+4)
19 Lipid 31 85475 855.1,856.1, 837 %
(M1, M42, M+3)
20 Lipid 32 85475 8553.7,856.7, 8577
(M+1, M+2, M+3)
21 Lipid 33 840.73 %417, 8427, 8437
{(M+1, M+2, M+3)
22 Lipid 34 868.76 869.7, 8707, 8717
(M+1, M+2, M+3)
23 Lipad 35 §84.76

Synthesis of Hipids 1 through 24 by N-acylation of intermediates 13-8 or 13-11b
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{65221  N-acylation of intermediates 13-0 and 13-11b with compounds R’COxH or
R’COCH (R structures shown in Table 1 to Table 3 yielded lipids 1 through 24 as described

in examples below.

Synthesis of Lipids 1, 3, 4, §, 6 and 7 by N-acylation of intermediate 13-0 using the

corresponding acid chlorides
Synthesis of Lipid 1

18523) Lipid 1 was synthesized as provided in scheme 6 below and as follows. Starting
material, 131-1 (0.75 mmol, 130 mg, 1.0 eq) was converted to the acid chloride (Step 1) using
oxalyl chloride (3.7 mmol, 320 1, 5 eq,) and DMF { 10 ul, catalytic) in 6 mL of benzene.
Product {143 mg, 98%) showed only one spot on TLC (as methyl ester) and was used without
further purification for acylation {(step 2) of intermediate 13-0. Intermediate 13-0 (0.35 mmol,
250 mg, 1.0 eq.) was acylated with crude acid chloride, 131-1 (0.75 mumol, 143 mg, 1.7 eq)
using TEA (240 pL, 5 eq, 1.8 mmol) and DMAP {10 mg, catalytic amount). Crude product
was purified by coluran chromatography (2X) vielding 124 mg (76%) of pure Lipid 1 (399%
purity by LC-ELSIY} and characterized by proton NMR and Mass Spectrometry (see FI1G.
5A-1 for Lipid 1 NMR spectrum, and Table 4 for product mass).

O
(¢} L\/\/ Gi)L\(CE I/’.
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STEP-1
1384 © a2
8.9 g 2 9
P A N 0O TN L N N AN
- Ci . (D3N] gt
NH . 0 136-2 N Ao
, Kf /ﬁ A 0 s
AN N STEP-2 ~ N /r
13-8 Lipid 1

Scheme 6. Synthesis of Lipid 1
Synthesis of Lipid 3

[0524] Lipid 3 was synthesized as provided in scheme 7 below and as follows. Starting
material, 13-13 (8.3 mmol, 1.30 g, 1.0 eq) was converted to the acid chloride, 13-13a (Step 1)
using oxalyl chloride (2.8 mmol, 2.4 ml, 5 eq.) and DMF (100 pl, catalytic) in 60 mL of
benzene. Product {1.44 g, 98%) showed only one spot on TLC {as methy! ester} and was used

without further purification for acylation (step 2) of intermediate 13-0. Intermediate 13-0 (5 4
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mmol, 3.78 g, 1.0 eq.) was acylated with crude acid chloride, 13-13a{144 g, 1.5eq, 8.1
mmol} using TEA (3.76 mL, 5 eq, 27 mmol) and DMAP (50 mg, cat, catalytic arnount) in
benzene (100 mL). Crude product was purified by column chromatography (2X) vielding 2.1
g (46.3%) of pure Lipid 3 (>99% purity by LC-ELSD) and characterized by proton NMR and
Mass Spectrometry (see FIG. 8B-1 for Lipid 3 NMR spectrum, FIG. §B-2 for Lipid 3 LC-

MS, and Table 4 for product mass).
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- P NN N
ﬁ»‘\z 0 )D o] J\\’ NN o e O'JL\/“\/\/\ -
| N T - N
N j '] 13-13a 4 ]
\ fN NN
3 ’ - ©
1 J STEP2 R4
430 Lipid 3

Scheme 7. Synthesis of Lipid 3
Synthesis of Lipid 4

{85251 Lipid 4 was synthesized as provided in scheme 7 below and as follows. Starting
material, 13-18 {0.95 mmol, 150 mg, 1 eq.} was converted to the acid chloride, 13-18" {Step
1} using oxalyl chloride {3.23 mowol, 227 yl, 3.4 eq.y and DMF (10 ul, catalyticy in 6 mL of
benzene. Product showed only one spot on TLC (as methyl ester) and was used without
further purification for acylation (step 2) of intermediate 13-11b. Interrediate 13-11b (0.63
mmol, 444 mg, 1.0 eq.) was acylated with crude acid chloride, 13-18” {167 mg, 1.5 eg, 0.95
mmol) using TEA (445 ul, 5.0 eg, 3.2 mmol} and DMAP (10 mg, catalytic amount) in
benzene {10 mL}. Crude product was purified by column chromatography {SX} yielding 140
mg {26%) of pure Lipid 4 (97% purity by LC-ELSD) and characterized by proton NMR and
Mass Spectrometry (see FIG. 5C-1 for Lipid 4 NMR spectrum, FEG. 3C-2 for Lipid 4 LC-
MS, and Table 4 for product mass).
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Scheme 8. Synthesis of Lipid 4
Synthesiz of Lipid § and its (8} isomer

{06526} The (S) isomer of lipid 5 was svnthesized as provided in scheme 9-1 below and as
follows. Starting material, Ethyl hexenoic acid 13m-1 (110 mg, 1.0 eg, 0.75 mmol) was
converted to the acid chloride, 13m-2 (Step 1) using oxalyl chloride (320 ul, 1.0 eg, 3.7
mmol} and DMF (20 pl, catalytic) under reflux for 2 hours in 3 mL of benzene. Product
showed only one spot on TLC (as methy! ester) and was used without further purification for
acylation {step 2) of intermediate 13-0. Intermediate 13-0 (250 mg, 1.0 eg, 0.35 mumol) was
acylated with crude acid chioride, 13m-2 (120 mg, 1.8 eq, 0.75 mmol) using TEA (240 pl,
5.0 eq, 1.8 mmol) and DMAP (10 mg, catalytic amount) in 10 mlL benzeue, overnight at
room temperature. Crude product was purified by column chromatography (2X) yielding 95
mg (32 %) of pure Lipid 5 (299% purity by LC-ELSD) and characterized by proton NMR.
and Mass Spectrometry {see FIG. SD-1 for Lipid 5 NMR spectrum, FIG, SB-2 for Lipid 5
LC-MS, and Table 4 for product

mass}.
o
CE,/”\{(:;
HO 4 S * R sy g
I STEP-1 &
13m-1 13m-2
o o o o
;r\/\/\/\,)ko DM o (N Mﬂ QA\/\/\/\/i
&)
l Krfj J \P)«/ { m J
(N o 13m-2 I g
C e f J
R P STEP-2 A .
13-0 Lipid § (8) isomer
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Scheme 9-1. Synthesis of Lipid 5 (8} isomer

j0527] Lipid 5 as a racemic mixture was synthesized similarly as provided in scheme 9-2
below.
o
o C! /(/
)\/\/ ..................;,,_ Ci \\r e -
0 STEP-1 &
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N STEP-2 N N
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Scheme 9-2. Synthesis of Lipid 5
Synthesis of Lipid 6

[0528) Lipid 6 was synthesized as provided in scheme 10 below and as follows. Starting
material, 2-ethvinonanoic acid 13-14 (132mg, 0.17 mmol, | eq.) was converted to the acid
chioride, 13-14 {(Step 1) using oxaly! chloride (207 ul, 3.4 eq, 2.4 mmol) and DMF (10 ul,
catalytic quantity) in 6 mL of benzene. Product showed only one spot on TLC (as methyl
ester) and was used without further purification for acylation (step 2) of intermediate 13-0.
Intermediate 13-0 {(0.47 mamol, 330 mg, 1 eq.} was acylated with crude acid chloride, 13-14
{145 mg, 1.5 eg, 0.7 mmol} using TEA (327 uL, 5.0 eq, 2.4 mmol) and DMAP (10 mg,
catalytic amount) in 10 L benzene. Crude product was purified by column chromatography
(2X) yielding 75 mg (18 %} of pure Lipid 6 (>99% purity by LC-ELSD} and characterized by
proton NMR and Mass Spectrometry {see FIG. SE-1 for Lipid 6 NMR spectrum, FIG. SE-2
for Lipid 6 LC-MS, and Table 4 for product mass).
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Scheme 10. Synthesis of Lipid 6
Synthesis of Lipid 7

[6529] Lipid 7 was synthesized as provided in scheme 11 below and as follows. Starting
material, heptanoic acid, 13-15 (23.1 mmol, 3.0 g, 1 eq.) was alkylated (step 1) with n-butyl
bromide, 13-16 (2.5 mL, 1.0 eq, 23.1 mmol) and 2.5 M n-butyl lithium in hexane (200 mL,
2.2 eq, 51 mmol} using diisopropylamine (7.2 mL, 2.2 eq, 51 mmol} in HMPA (4 4 mL) and
30wl THF. 1.5 g (35%) of 2-butyl heptanoic acid, 13-17, was isolated from reaction mixture
by flash chromatography. Intermediate 13-17 (360 mg, 0.94 mmol, 1 eq.) was converted to
the acid chlornide, 13-17" (Step 2) using oxalvl chloride (6.6 ramol, 568 pl, 3.4 eq.) and DMF
(5 ul, catalytic) in 3 mL of benzene. Product showed only one spot on TLC (as methy! ester)
and was used without further purification for acylation (step 3} of intermediate 13-0.
Intermediate 13-0 (.04 mmol, 450 mg, 1 eq.} was acvlated with crude acid chloride, 13-17
{395 mg, 3.0 eq, 1.94 mmol), TEA (446 L, 5.0 eq, 3.2 mmol), DMAP (10 mg) in 10 mbL of
benzene. Crude product was purified by column chromatography (2X) vielding 228 mg (41
%) of pure Lipid 7 (>99% purity by LC-ELSD) and characterized by proton NMR and Mass
Spectrometry {see FEG. 3F-1 for Lipid 7 NMR spectrum, FIG, 8F-2 for Lipid 7 LC-MS, and

Table 4 for product mass}.
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Scheme 1. Synthesis of Lipid 7

Synthesis of Lipids 2, 8, 9 and 10 by N-acylation of infermediate 13-0 using

carbodiimide activation of the corresponding carbonylic acids

[8530] Lipid 2 was synthesized as provided in scheme 12 below and as follows.
Intermediate 13-0 {¢.14 mmol, 320 mg, 1.0 eq.) was acylated with nonanoic acid 13-12 (1.15

mmol, 198 ul, 2.5 eq.), EDCI{1.15 mmol, 221 mg, 2.5 eq.}, DIPEA (1.15 mmol, 198 4L, 2.5
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eq.), and DMAP (0.05 mmel, 6.4 mg, 0.1 eq. ) in § mL BCM. Crude product was purified by
column chromatography (3X} vielding 107 mg (%) of pure Lipid 2 (99% purity by LC-
ELSD) and characterized by proton NMR and Mass Spectrometry {(see FIG. 5G-1 for Liptd 2

NMR spectrum, FIG. 8G-2 for Lipid 2 LC-MS, and Table 4 for product mass).
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Scheme 12, Synthesis of Lipid 2
Synthesis of Lipid 8

0531} Lipid 8 was synthesized as provided in scheme 13 below and as follows. Alkene,
13-48 was accessed via the HWE reaction (step 1) of octan-3-one, 13-46 {2g, 15.6 mmol}
with ethyl 2-(diethoxyphosphoryijacetate, 13-47 (7.0 g, 2.0 eg, 31.2 mmol), 2M NaHMDS in
THF (136 mL, 2.0 eq, 31.2 mmol)}, and 9 ml THF solvent. Reaction workup yielded 2.38¢g
(77%) of 13-48 confirmed by NMR, product mass and single TLC spot. Alkene, 13-48 (5.1
mmol, 1 g, 1 eq.) was hydrogenated (step 2) using P&/C (50 mg) in 8 mL ethyl acetate
vielding intermediate 13-48 {958 mg, 77%). Ester hydrolysis (step 3} of 13-49 (5.1 mmol,
412 mg) using THF/MeOH/TM LiOH (3.0/2.0/3.0 mL) yielded carboxylic acid intermediate
13-50 (336 mg, 95%}). Intermediate 13-0 {0.33 mmol, 234 mg) was acylated with 13-30 (0.66
mmol, 115 mg, 2.0 eq.} using EDCI(0.66 mmol, 102 rug, 2.0 eq.), DIPEA (.66 mmol, 114
ul, 2.0 eq. 3, DMAP (033 mmol, 41 mg, 1.0 eq.}, in 2 mL DCM yielding 77 mg (27 %) of
pure Lipid 8 (>99% purity by LC-ELSD) and characterized by proton NMR and Mass
Spectrometry (see FEG. SH-1 for Lipid 8 NMR spectrum, FIG, 5H-2 for Lipid 8 LC-MS,

and Table 4 for product mass).
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Scheme 13. Synthests of Lipid 8
Synthesis of Lipid 8

10532} Lipid 9 was synthesized as provided in scheme 14 below and as follows. Starting
material, decan-4-ol, 13-29 (32.0 mmol, 5.0 g, 1.0 eq.) was acylated with succinic acid, 13-30
(6.3 g 2.0 eq, 63.0) using DMAP (3.55 g,1.0 eq, 32.0 mumol} and pyridine (5.0 mby in 5 mL
THF . Crude product was purified by column chromatography {(1X) to obtain 426 g (81%) of
pure acid intermediate 13-31. Intermediate 13-0 (2.1 mmol, 1.5 g, 1 eq.) was acylated with
13-31¢2.13 romot , 0.554 g, 1.1 eq), using DIPEA (745 pL, 4.26 mmol, 2.5 eq), EDCI 820
mg, 426 mmol, 2.5 eq ), and DMAP (480 mg , 0.43 mmol, 0.25 eq), in S0 mL DCM. Crude
product was purified by column chromatography (3X) yielding 1.4 g (73 %) of pure Lipid 9
(>99% purity by LC-ELSD) and characterized by proton NMR and Mass Spectrometry {see
FIG. 511 for Lipid 9 NMR spectrum, FIG. 31-2 for Lipid 9 LC-MS, and Table 4 for product

mass}.
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Scheme 14, Synthesis of Lipid 9
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Synthesis of Lipid 19 and its {8} isomer

j0533] The (8) isomer of lipid 10 was synthesized as provided in scheme 15-1 below and
as follows. Starting material, Octan-3-ol, 13-46 (2.0 g, 1.0 eq, 15.3 mmol) was acylated with
succinic acid, 13-30 (3.1 g, 2.0 eq, 30.6 mmolj using DMAP (1.72 g, 1.0 eq, 15.3 mmol) and
pyridine (2.0 mi) in 2 mL THF and 6 mbL DCM. Crude product was purified by column
chromatography (1X} to obtain 1.1 g (31%) of pure acid intermediate 13-47. Intermediate 13-
0 (250 mg, 1.0 eq, 0.36 mmol) was acylated with 13-47 (123 mg, 1.5 eq, 0.53 mmal), using
EDCI (207 mg, 3.0 eq, 1.80 ramol), BIPEA (188 uL, 3.0 eq, 1.8 rumol) and DMAP (15 .0 mg,
3.0 eq, 0.018 mmol), in S mb DCM. Crude product was pusified by column chromatography
(2X) yielding 261 mg (54%) of pure Lipid 10 (299% purity by LC-ELSD)} and characterized
by proton NMR and Mass Spectrometry {see FIG, 8J-1 for Liptd 10 NMR spectrum, FIG,
54-2 for Lipid 10 LC-MS, and Table 4 for product mass).
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Scheme 15-1. Synthesis of Lipid 10 (§) isomer

{0534] Lipid 10 as a racemic mixture was synthesized similarly as provided in scheme
15-2 below. Starting material, octan-3-ol, 13-46 (2.0 g, 1.0 eq, 15.3 mmol) was acvlated with
succinic actd, 13-30 (3.1 g, 2.0 eq, 30.6 mmol) using DMAP (1.72 g, 1.0 eq, 15.3 mmol) and
pyridine (2.0 miy in 2 mL THF and 6 mL DCM to obtain intermediate 13-47. Crude product
was purified by column chromatography (1X) to obtain 1.1 g (31%) of pure acid intermediate
13-47.13-0 {250 mg, 1.0 eq, 0.36 mmol) was acylated with 13-38 {123 mg, 1.5 eq, 0.53
mumol} using DIPEA (188 pl, 3.0 eqg, 1.8 mmol), EDCIE (207 mg. 3.0 eg, 1.80 mmol), and
DMAP (15.0 mg, 3.0 eq, 0.018 mmal), in 5 mL DOM. Crude product was purified by column
chromatography (2X) yielding 261 mg {54%) of pure Lipid 10 (399% purity by LC-ELSD)
and characterized by proton NMR and Mass Spectrometry (see FIG., 83-1 for Lipid 10 NMR
spectrum, FEG, 8J-2 for Lipid 10 LC-MS, and Table 4 for product mass).
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Scheme 13-2. Synthesis of Lipid 10

Syathesis of Lipid 11 by N-acylation of intermediate 13-0 using the corresponding acid

chioride
Syathesis of Lipid 11 and its (8} isomer

16533} The (S) isomer of lipid 5 was synthesized as provided in scheme 16-1 below and
as follows. Starting material, benzyl alcohel, 13-39° (18.5 mmol, 2g) was used to acylate
compound 13-39 (48 g 1.5 eq, 27.8 momol) using EDCI (5.4 g, 1.5 eq, 27.8 mmol), DIPEA
{(46mkb, 1.5 eq, 27.8 mmol)}, and DMAP (463 mg , 0.2 eq, 3.7 mmol} yielding 3.6g (74%) of
column purified intermediate 13-40 {product confirmed by mass spectrometry and proton
NMR). Intermediate, 13-40 (684 mg, 2.6 mmol, 1 eq.} was deprotected in acetic acid to
obtain intermediate, 13-41 (-~-600mg, guantitative and product structure was confirmed by
mass spectrometry and proton NMR). Additional quantity of intermediate 13-41 was
generated and 1.68 g, 7.5 mmol of 13-41 was selectively protected at the hyvdroxyl group
using TBSCL (1.7 g, 11.25 mmol, 1.5 eq), TEA (5.3 mL, 5.0 eq, 37.5 mmol}, and DMAP (92
mg, 0.75 mmol, 0.1 eq), in 20 mL DCM yielding protected intermediate 13-41a {~25 g,
quantitative) (product mass was confirmed by mass spectrometry and proton NMR).
Intermediate 13-41a (1.61 g, 4.76 mmol) was esterified with n-hexy! alcohol 13-34 (2.94 mL,
23.8 mmol, 5.0 eq)using EDCI(2.76 g, 14.2 mmol, 3.0 eq), DIPEA (1.6 rul., 2.0 eg, 9.52
mmol), and DMAP (580 mg, 4.76 mmol, 1.0 eq) in 11.0 mL of DCM to obtain 13-41b (0.95
g, 48%). Additional quantity of 13-41b was generated and total of 136 g (3.2 mumol) was
deprotected using HF-pyridine (5.8 mL, 80.6 mmol, 25 eq.) in 30 mL THF to obtain
intermediate 13-41c (837 mg, 84%). Intermediate 13-41c (456 mg, 1 48 mamol) was acylated
with n-butanoy! chloride, 13-42 (760 ul., 7.4 mmol, 5.0 eq) in 4.0 mL pyridine (4.0 mL}
yielding compound 13-44 (505 mg, 90%). Intermediate 13-44 (505 mg, 1.34 mmol) was

deprotected using PA/C (30 mg) tn 3.0 ml ethvl acetate vielding compound 13-45 (370 mg,
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96%;). Compound 13-45 (188 mg, 0.65 mmol) was converted to the acid chloride
intermediate using oxalyl chloride (190 ug, 3.4 eq, 2.2 mmol) and DMF (10 L, catalytic
quantity), in 3 mi. Benzene. Product showed only one spot on TLC (as methy! ester) and was
used without further purification for acylation (step 9) of intermediate 13-0. Intermediate 13-
0 (152 mg, 0.22 mmol, 1 eq.) was acylated with crude acid chloride, 13-457 (200 mg, 3.0 eq,
0.65 mmol), THA (152 uL, 50 eq, 1.1 mmol), DMAP (10 mg} in 5 mL of benzene to obtain
Lipid 11. Crude product was purified by column chromatography to vield 77 mg (37%) of
pure Lipid 11 (>99% purity by LC-ELSD} and characterized by proton NMR and Mass
Spectrometry (see FEG. SK-1 for Liptd 11 NMR spectrum, FIG. SK-2 for Lipid 11 LC-MS,

and Table 4 for product mass).
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Lipid 11 (8} isomer

Scheme 16, Synthesis of Lipid 11 (5} isomer

0536} Lipid 11 as a racemic mixture was synthesized similarly as provided in scheme

16-2 below,
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Scheme 16-2. Synthesis of Lipid 11
Synthesis of Lipid 12

{8537} Lipid 12 was syuthesized as provided in scheme 34 below and as follows. Starting
material, 14-3 (3g, 1.0 eq, 22.37 mmol) was selectively protected tn trfluoroacetic anhydride
{1127g, 2.4 eq, 53.69 mmol) and Benzyl alcohol (15 ml.) at room temperature, overnight
vielding intermediate 14-4. Crude product was purified by column chromatography (1X) to
obtain 4.7 g (96%) purified 14-4. Subsequent acylation of 14-4 (1.0 eq , 4.44 mmol} with n-
butanol, 13-34 (4 55 ¢, 10.0 eq, 44.60 mmol) using EDCI{(1.71 g, 2 eq, 8.92 mmol} and
DMAP (1.089 g, 2 eq, 8.92 mmol)in 10 mL DCM at RT, overnight yielded 14-5. Crude
product was purified by column chromatography (1X) to obtain 800 mg (58%) purified 14-5.
Acylation of the free hydroxyl of 14-5 (800 mg, 1.0 eq, 2.59 mmol) with hexanoyl chloride
(1.39¢g,4.0eq, 1037 mmol) using TEA (1.31 g, 5 eq, 12.97 mmol) and DMAP (10 mg,
catalylic amount) in 10 mL toluene at room temperature, overnight vielded intermediate 14-7,
Purification of crude product by column chromatography {(1X} vielded 470 mg (46%)
purified 14-7. Intermediate 14-7 (470 mg, 1 eq,, 3.4 mmol) vielded 340 mg (93%) of free
acid 14-8. Crude 14-8 (56 mg. 1 eq., .18 mmol) was converted to the corresponding
chloride, 17-8' using Oxalyl Chloride (50 pb, 3.4 eq, 0.60 mmol) and DMF (0.2 ul,
Catalytic amount) in 1 rol. Toluene at room temperature, overnight to afford 56 mg of crude
chloride 17-8". N-acylation of 13-0 (42 mg, 1 eq., 0.059 mmol) with 1’-8' (56 0 mg, 3.0 eq,
0.17 mmol) using TEA ( 39.0 uL, 5.0 eg, 0.29 mmol) and BMAP (10 mg, Catalytic amount)
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in 3 ml Toluene yielded Lipid 12. Crude product was purified by column chromatography
{1X} to obtain pure Lipid 12 (23 mg, 39 %) (599% purity by LC-ELSD) and characterized by
proton NMR and Mass Spectrometry (see FIG. SL-1 for Lipid 12 NMR spectrum, FIG. 5L-2
for Lipid 12 LC-ELSD chromatogram, and Table 4 for product mass).
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Scheme 34. Synthests of Lipid 12

Synthesis of Lipids 13 by N-acylation of intermediate 13-0 carbodiimide activation of

the corresponding carboxylic acid
Synthesis of Lipid 13

{6538} Lipid 13 was synthesized as provided 1o scheme 17 below and as follows. Starting
material 13-32 (4.8 g, 2.0 eq, 25.0 mmol} was esterified with 1-Butanol (1.13 mL, 1 eg, 12.4
mmol) using EDCI{(4 8 g, 2 eq, 25.0 mmol}, DIPEA (435 mL, 2 eq, 25.0 mmol}, and DMAP
(280 mg, 0.2 eq, 2.5 mmol) in 20 mbL DCM to obtain intermediate 13-33. Crude product was
purified by column chromatography to obtain 2.78 g (44%%6) of pure interruediate 13-33.
Intermediate 13-36 was accessed by acylation of n-hexanol (2 g, 1.0 eq, 19.6 mmol} with 2-
bromoacetyl bromide, 13-35 (5.05 g, 1.3 eq, 25.0 mmol) using NaHCGO: (3.95 g 2.4 ¢q, 470
mmol} in 50 ml acetonitrile. Crude product was purified by column chromatography (1X) to

obtain 4.32 g (97 %) of pure intermediate 13-36.
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Scheme 7. Synthesis of Lipid 13

{6539} Intermediate 13-37 was accessed by in situ generation of the nucleophilic
carbanion of 13-33 (125 ¢, 1.0 eq., 5.0 mmol} using NaH (200 mg, 1.0 eq, 5.0 mmol)in 8
ml DMF and displacement reaction with intermediate 13-36 (1.1 g, 1.0 eg, 5.0 mmol}. Crude
product was purified by column chromatography (2X) to 1.15g (58%) of pure intermediate
13-37 Free acid intermediate 13-38 was obtained by deprotection (Pd/C, 230 mg catalyst and
hydrogen gas in methanol} of intermediate 13-37 (.15 g, 1.0 eq, 2.9 mmol}. Crude product
was purified by column chromatography (4X) to obtain §8 mg (9% of pure intermediate 13-~
38 Intermediate 13-0 (105 mg, 1.0 eg, 0.04 mmol) was acylated with 13-38 (2.13 mmol,
0.554 g, 1.1 eq), using DIPEA (78 pl, 3.0 eq, 0.45 mmol), EDCI{(87 mg, 3.0 eq, 0.45 mmol},
and DMAP (5 mg, 0.3 eq, 0.04 mmol), in 2 mb DCM. Crude product was purified by column
chromatography (3X) vielding 41 mg (27%} of pure Lipid 13 (399% purity by LC-ELSD)
and characterized by proton NMR and Mass Spectrometry (see ¥I1G., 5M-1 for Lipid 13
WMR spectrum, FIG. 5M-2 for Lipid 13 LC-MS, and Table 4 for product mass).

Syuthesis of Lipid 18 by N-acylation of intermediate 13-112a using the corresponding

acid chioride

Synthesis of Lipid 15

{6540} Lipid 15 was synthesized as provided in scheme 18 below and as follows. Starting

material, decan-4-ol, 13-29 (10.0 g, 63 .0 mmol) was acylated with succinic acid, 13-30 (12,6
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g, 126 mmol, 2.0 eq} using DMAP (7.7 g, 63 mmol, 1 eq) and pyridine (5.0 ml) in 5 mL THF
and 15 mL DCM to obtain intermediate 13-31. Crude product was purified by column
chromatography (3X} to obtain 89 g (55%;) of pure acid intermediate 13-31. Intermediate 13-
31 {(1.26 g, 4.9 mmol) was converted to the acid chloride intermediate 13-31 using oxalyl
chloride (1.43 mi., 3.4 eq, 16.66 mmol) and DMF (50 uL, catalytic quantity), in S mL
Benzene. Product showed only one spot on TLC {(as methyi ester) and was used without
further purification for acylation {step 3) of intermediate 13-11b. Interroediate 13-11b (275
mg, 0.39 mmol) was acylated with crude acid chloride, 13-317 {324 mg, 3.0 eq, 1.17 mmol),
TEA (270 yL, 5.0 eq, 1.95 mmol), DMAP (20 mg, catalvtic quantity) in 10 mL of benzene
to obtain Lipid 15. Crude product was purified by column chromatography (2X) to yield 230
mg g {(64%) of pure Lipid 15 (99% purity by LC-ELSD) and characterized by proton NMR
and Mass Spectrometry {see FIG. SN-1 for Lipid 15 NMR spectrum, FIG, 5N-2 for Lipid 15
LC-MS, and Table 4 for product mass).
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Scheme 18, Synthesis of Lipid 15
Synthesis of Lipid 16

6541} Lipid 16 was synthesized as provided in scheme 19 below and as follows. Starting
material, octan-3-0l, 13-48 rac (3 g, 23 mmol) was acylated with succinic acid, 13-30 (46.08
mmol, 4.61g, 2.0 eq) using DMAP {23.04 mmol, 2.8 g, 1.0 eq,} and pyridine (8.0 mi}in S mL
THF and 1S mil. DCM to obtatn intetmediate 13-31. Crude product was purified by column
chromatography (1X} to obtain 3.4 g (64%) of pure acid intermediate 13-47 rac. Intermediate
13-47 rac (300 mg, 0.42 mmol} was converted to the acid chloride intermediate 13-47" rac
using oxalyl chloride (0.38 mL, 4.4 mmol, 3.4 eq.} and DMF (2 pb, catalytic quantity).
Product showed ouly one spot on TLC (as methyl ester) and was used without further

purification for acylation (step 3) of intermediate 13-11b. Intermediate 13-11b (270 mg, 0.38

188



WO 2024/163905 PCT/US2024/014265

mmol} was acylated with crude acid chioride, 13-47" rac (0.42 mmol, 300 mg, 3.0 eq.), TEA
{260 ul, 5.0 eq, 1.9 mmol), DMAP (20 mg, catalytic gquantity) in § mL of toluene to obtain
Lipid 16. Crude product was purified by column chromatography (1X} to yield 165 mg
(47%) of pure Lipid 16 (99% purity by LC-ELSD) and characterized by proton NMR and
Mass Spectrometry (see FIG. 50-1 for Lipid 16 NMR spectrum, FIG, 50-2 for Lipid 16 LC-

MS, and Table 4 for product mass).
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Schemel9. Synthesis of Lipid 16
Synthesis of Lipid 17

[0542] Lipid 17 was synthesized as provided in scheme 20 below. Octanediotc acid, 13-
51{5.0g 2.0eq, 28.5 mmol} was mono-acylated with decane-3-ol, 13-29 (2.75 mL, 1.0 eq,
14.3 mmol) using EDCI (329 g, 1.2 eq, 17.2 ramol), BMAP (160 mg, .12 eq, 1.72 mmol)
and TEA (3.96 mL, 5.0 eq, 71.5 mmol} in 5¢ mL of DCM/DMF (1:1 v/v} (50 mL) at room
temperature overnight to obtain free acid 13-53. Crude product was purified by column
chromatography {(1X) to obtain 1.06g (28%j) of purified 13-53. Acid 13-53 (1.06 g, 2 eq, 3.7
mmol} was reacted with dihvdroxyacetone (152 mg, 1.0 eq, 1.7 mmol} using EDCI (816 mg,
2.5 eq, 425 mmol}, DMAP (50 mg, 0.25 eq, 0.43 mmol) and DIPEA (740 pl., 25eq, 4.3
mmol}in 15 mL DCM at room temperature overnight to obtain ketone 13-54. Crude product
was purified by column chromatography (13X} to obtain 890 mg (69%) of purified 13-54.
Reductive amination of 13-54 (890 mg, 1.0 eq, 1.3 mmol} with amine, 15-3 (327 ul, 2.0 eq,
2.6 mmol) using acetic acid {150 pl., 2.0 eq, 2.6 munol) and sodium borobydride triacetate,
Na{OAckBH (331 mg, 1.2 eq, 1.5 mmol) in 20 mL DCM (20 mi} at room temperature for 3
hours vielded intermediate 13-55. Crude product was purified by column chromatography

{1 X} 1o obtain purified 13-55 (470 mg, 47%). N-acylation of intermediate 13-55 using acid

13-31 and reaction conditions reported for N-acylation of Lipid 15 synthesis resulted in Lipid
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Scheme 206. Synithesis of Lipid 17
Synthesiy of Lipid 18 and its isomer

{6543} An isomer of lipid 18 was synthesized as provided in scheme 21-1 below. Lipid
18 was synthesis using methods analogous to those reported for Lipid 17 by replacing decan-

3-ol with octane-2-ol in the Step 1.
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{0544} Lipid 18 as a racemic mixture was synthesized as provided o scheme 21-2 below.
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Scheme 21-2. Synthesis of Lipid 18
Synthesis of Lipid 19

[6545) Lipid 19 was synthesized as provided in scheme 22 below and as follows. Starting

material dibydroxyacetone (422 mg, 4.7 mmol) was acylated with compound 13-56 3.0 g,
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2.5 eq, 11.71 mmol} using EDCE(2.24 g, 2.5 eq, 11.71 mmol), DIPEA 2.0 mL, 2.5 eq, 11.71
mmol), and DMAP (115 mg, 0.2 eg, 0.94 mmol) in 10 mL DCM vielding 2.1 g (79%) of
intermediate 13-57. Reductive amination of 13-57 (2.1 g, 1.0 eq, 3.7 mmol) with amine 15-3
(925 ul, 2.0 eq, 7.4 mmol} using acetic acid {430 pL, 2.0 eq, 7.4 mmol), Na(OAC)IBH (923
mg, 1.2 eq, 4.44 mmol} in 10.0 mL DCM yielding 1.55 g (65%) of intermediate 13-58.
Intermediate 13-31 was produced as described in the synthesis of Lipid 9 and Lipid 15
earlier. N-acylation of intermediate 13-58 (484 mg, 1.0 eg, 0.74 mmol) with 13-31 (380 mg,
2.0 eq, 1.48 mmol) using EDCE (291 mg, 2.0 eq, 1.48 mmol), DIPEA (247 ul, 2.0 eq, 1.48
mmol}, and DMAP (45 mg, 0.5 eq, 0.37 mmol) in 4.0 mL DCM at room temperature,

overnight vielded 423 mg (63%) of pure lipid 19 (>99% purity).

{0546} See FIG, 8P-1 for Lipid 19 NMR spectrum, FIG. 8P-2 for Lipid 19 reverse phase
LC-ELSD chromatogram, and Table 4 for product mass.
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Scheme 22. Synthesis of Lipid 19
Syanthesis of Lipid 26

{8547} Lipid 20 was syothesized as provided in scheme 23 below and as follows.
Monoprotected succinic acid, 13-59 (2.0 g, 1.0 eq, 9.65 mmol) was reduced to the
corresponding alcoho] using Borane-dimethy! sulfide (6.2 mi., 7.0 eq, 67.0 mmol) at 0-5 °C,
1 hr followed by room temperature reaction overnight. Crude product was purified by column
chromatography (2X) yielding 1.3 g {(71%) of pure compound 13-60. Intermediate 13-60 (1.3

g, 1.3 eq, 6.7 mmol} was used to acylate acid 13-36 (1.51 mL, 1.0 eq, 5.0 mmol} using EDCI
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{1.63 g,1.7 eq, 8.5 mmol}, BIPEA (148 mL, 1.7 eq, 8.5 mmol) and DMAP (98 mg, 0.17 eq,
0.85 mmol} in 10.0 mL DCM at room temperature overnight. Crude product was purified by
column chromatography (1X) yielding 1.88 g (65%) of pure intermediate 13-61. Subsequent
deprotection by hydrogenation on Pd/C/Hydrogen gas (400 mg) in methanol yielded 1.42 g of
free acid 13-62 (99%) of crude product. Crude 13-62 (132 g, 2.2 eg, 4.2 mmol) was used to
acylate dihydroxyacetone, 13-10 (172 mg, 1.0 eq, 1.9 mmol), EDCYI (958 mg, 2.6 eq, 5.0
mmol), DIPEA (870 uL, 2.6 eq, 5.0 mmol), and DMAP (56 mg, 0.26 eq, 0.5 mmol) in 10.0
mbL DCM at room temperature, overnight to obtain ketone 13-63. Crude product was purified
by column chromatography to obtain 120 mg (3.8%) of pure 13-63. Reductive amination of
13-63 (120 mg, 1.0 eq, 0.16 mmol} with amine 15.-3 (42 ul, 2.0 eq, 0.32 mmol) using acetic
acid (18 uL, 2.0 eq, 7.8 mmol) and Na(OAc)BH (41 mg, 1.2 eq, 0.19 mmol) in 3 mL DCM
at room temperature of 3 hours yiglded intermediate 13-64. Crude product was purified by
column chromatography (1X) to obtain 23 mg (17%) of purified intermediate 13-064. N-
acyiation of 13-64 (23 mg, 1.0 eq, 0.028 mmol) with acid 13-31 (8.7 mg, 1.2 eq, .034 mmol}
using EDCI{6.4 mg, 1.2 eq, 0.034 mmol}, DIPEA (5.8 L, 1.2 eq, 0.034 mmol) and DMAP
{1 mg, cat) in 1.5 mL DCM at room temperature overnight yielded Lipid 20. Crude product

was purified by column chromatography (1 X} to obtain 21 mg (70%) of pure lipid 20 (99%).

{05481 See FIG. 5G-1 for Lipid 20 NMR spectrum, FIG, 5Q-2 for Lipid 20 reverse
phase LC-ELSD chromatogram, and Table 4 for product mass.
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Scheme 23. Synthesis of Lipid 20
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Synthesis of Lipid 21 and its isomer

{0549} An isomer of lipid 21 was synthesized as provided in scheme 24-1 below. Briefly,
alcohol 13-78 was accessed by nucleophilic addition to aldehyde 13-77 using dicthyl zine
(Step 1) and subsequently used in the ring opening addition to cyclic anhydride 13-52 to
access intermediate 13-79. O-acylation of dihydroxyacetone with intermediate 13-79 using
conditions described in Lipid 17 synthesis vielded ketone 13-80. Reductive amination of 13-
&0 with amine 15-3 using conditions described in the Lipid 17 synthesis vielded intermediate
13-81. Subsequent N-acylation of interrediate 13-81 with acid 13-31 using conditions

analogous to those used for Lipid 9 synthesis afforded Lipid 21
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Scheme 24-1. Synthesis of Lipid 21 isomer

j0550] Lipid 21 as a racemic mixture was synthesized as provided in scheme 24-2 below.
Briefly, Lipid 21 (racemate) was accessed using methods analogous to those described for

Lipid 21 isomer except using ethyi Hthium for accessing the racemic alcohol in Step 1.
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Synthesis of Lipid 22 and its isomer
{05851} An isomer of lipid 22 was synthesized as provided in scheme 25-1 below. Briefly,

alcohol 13-78 (accessed as described for Lipid 21 synthesis above) was used in the ring
opening addition to evclic anhydride 13-737 to access intermediate 13-82. Q-acvlation of
dihydroxyacetone with intermediate 13-82 using conditions described in Lipid 17 synthesis
yielded ketone 13-83. Reductive amination of 13-83 with amine 15-3 using conditions
described in the Lipid 17 synthesis vielded intermediate 13-84. Subsequent N-acylation of
intermediate 13-84 with acid 13-31 using conditions analogous to those used for Lipid ©

synthesis afforded Lipid 22 isomer.
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Scheme 25-1. Synithesis of Lipid 22 isomer
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j6552) Lipid 22 as a racemic mixture was synthesized as provided in scheme 25-2 below,
Lipid 22 was accessed using methods described for Lipid 22 isomer above by replacing

alcohol tsomer 13-78 with racemic alcohol 13-78 rac.
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Scheme 25-2. Synthesis of Lipid 22
Synthesis of Lipid 23

10553] Limd 23 was synthesized as provided in scheme 26 below. Briefly, O-acylation of
dihydroxyacetone with acid 13-31 using conditions described in Lipid 9 synthesis yielded
ketone 13-70. Reductive amination of 13-70 with amine 15-3 using conditions described in
the Lipid 9 synthesis yvielded intermediate 13-71. Subsequent N-acylation of intermediate 13-
71 with acid 13-31 using conditions analogous to those used for Lipid 9 synthesis atforded
Lipid 23.
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Scheme 26. Svnthesis of Lipid 23
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Synthesis of Lipid 24

LIRREY! Lipid 24 was synthesized as provided in scheme 27 below. Briefly, acid 13-34
was accessed by O-acylation of mono-protected di-acid 13-72 with alcohol 13-29 and
subsequent deprotection of intermediate 13-73 to yield acid, 13-74. O-acylation of
dihydroxyacetone with intermediate 13-74 using conditions described in Lipid 17 synthesis
vielded ketone 13-75. Reductive amination of 13-75 with amine 15-3 using conditions
described in the Lipid 17 synthesis vielded intermediate 13-76. Subsequent N-acvlation of
totermediate 13-76 with acid 13-31 using condiiions analogous to those used for Lipid 9

synthesis afforded Lipid 24.
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Scheme 27. Synthesis of Lipid 24

Synthesis of Lipid 25

[0855) Lipid 25 was synthesized as provided in scheme 28 below. Briefly, ring opening
addition of alcohol 13-29 to cyclic anhydride 13-52° yielded acid intermediate 13-85. -
acylation of dihydroxyacetone with intermediate 13-85 using conditions described in Lipid
17 synthesis yielded ketone 13-86. Reductive amination of 13-86 with amine 15-3 using
conditions described in the Lipid 17 synthesis yielded intermediate 13-87. Subsequent N-
acylation of intermediate 13-87 with acid 13-31 using conditions analogous to those used for

Lipid 9 synthesis afforded Lipid 25
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Scheme 28. Synthesis of Lipid 25
Synthesis of Lipid 31

{0556] 2 Lipid 31 was synthesized as provided in scheme 29 below and as follows.
Starting material 15-1 {68 mmol, 10 g, 1 eq.) was treated with p-toluene sulfony] chloride (70
mmol, 13.3 g, 1.03 eq.) using Pyridine (80 mmol, 10.1 mi, 1.2 eq.) in 150 mL DCM to obtain
protected intermediate 15-2. Crude product was recrystallized in ethyl acetate and hexane
vielding 20.4 g (99%) of pure intermediate 15.2. Intermediate 15-4 was accessed by reaction
of 15-2 (16.5 mmol, S g, 1.2 eq.) and diamine 15-3 (33 mmol, 335 g 2 eq yin 40 mL
dioxane under reflux conditions. Crude product was purified by column chromatography to
obtain 3.5 g (91%) of pure intermediate 15-4. N-acylation of 15-4 (108 mg, 0.268 mmoi)
using nonanoic acid 13-12 (0.67 mmol, 106 mg, 2.5 eq) using EDCI{0.67 rowol, 128 mg, 2.5
eq.} and DIEA {0.67 mmol, 86 mg, 2.5 eq) and DMAP (3 mg} in 10 mL DCM yielded amine
15-5. Crude product was purified by coluron chromatography to obtain 113 mg (65%) of
purified diamine 15-5. Diol intermediate 15-6 was accessed by deprotection of 15-5 (113 mg)
in 4 mL of 1M HCI and THF (1:3 v/v) at room temperature for 8 hours in quantitative yield
{102 mg). Intermediate 15-6 (0.3 mmol, 100 mg, 1 eq) was acylated with linoleic acid 1-5
{0.9 mmol, 250 mg, 3 eq) using EDCI (0.9 mmol, 172 mg, 3 eq), DIPEA (0.9 mmol, 116 mg)
and DMAP (10 mg, catalytic quantity) to obtain Lipid 31. Crude product was purified by
column chromatography vielding 120 mg (46%) of pure Lipid 31 (>99% purity by LC-
ELSD) and characterized by proton NMR and Mass Spectrometry (see FiG. SR-1 for Lipid
31 NMR spectrum, FIG, SR-2 for Lipid 31 LC-MS, and Table 4 for product mass).
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Scheme 29. Svnithesis of Lipid 31
Synthesiy of Lipid 32

[8357} Lipid 32 was synthesized as provided in scheme 30 below and as follows.
Intermediate 15-4 was produced as described for Lipid 31 above {steps 1 and 2, Scheme 30}
N-acylation of 15-4 (434 mmol, 1 g, 1.0 eq) using 2-cthy! heptanoic acid 13-13 (10.85
mmol, 1.71 g, 2.5 eq) using EDCI (10.85 mmol, 2.07 g, 2.5 eq), DIEA (10.85 mmol, 1.40 g,
2.5 eqy and PMAP (10 mg) in 100 mbL DCM yielded amine 15-7. Crude product was purified
by column chromatography to obtain 724 mg (52%;) of purified diamine 15-7. Diol
intermediate 15-8 was accessed by deprotection of 15-7 (714 mg)in 3 mL of IMHCl and 7
mi THF at room temperature for 1 hour in quantitative yield. Intermediate 15-8 (1.9 mmol,
630 mg, 1 eq) was acylated with linoleic acid 1-5 (6.49 mmol, 1.82 g, , 3.4 eq) using EDCI
(6.49 mmol, 1.23 g, 3.4 eq), DIPEA (6.49 mmol, 830 mg, 3.4 eq) and DMAP (20 mg,
catalytic quantity} to obtain Lipid 32. Crude product was purified by column chromatography
{(4X) yielding 27 mg of pure fraction (>98% purity by LC-ELSD) of Lipid 32 and
characterized by proton NMR and Mass Spectrometry (see FEG. 858-1 for Lipid 32 NMR
spectrumn, FEG. 88-2 for Lipid 32 LC-MS, and Table 4 for product mass).
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Scheme 30. Synthesis of Lipid 32
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{6558) Lipid 33 was synthesized as provided in scheme 31 below and as follows. Starting
material 15-1 (34.3 mmol, Sg, | eq.) was tosylated using p-toluene sulfonyl chioride, TsCl
(652 g, 1 eq, 343 mmol) using THA (19.01 ml., 4 eq, 137 mmol) and DMAP (30 mg) in 200
mL DCM. Crude product was purified by column chromatography (1X) to obtain 102 g
{98%) of reactive intermediate 15-2. Nucleophilic displacement of 15-2 (10.0 mmol, 23 g, 1
eq.} with diamine 15-9 (924 mmol, 1.0 mL, 1.2 eq.)in 10 mL dioxane {10 mL) yielded 1.6 g
{97%) of compound 15-10. Nucleophilic displacement reaction was repeated using additional
15-2 (8.3 mmol, 2.5 ¢, 1 eq.) and diamine 15-9 (9.9 mmol, 1.1 mL, 1.2 eq.} in 50 mL dioxane
for an additional quantity of cormpound 15-10. Crude products from the two reactions were
purified by column chromatography to obtain a total of 1.7 g (~50%}) pure 15-10. N-acylation
of 15-10 (4.05 mmol, 875 mg, | eq.} with nonanoic acid 13-12 (7.1 mmol, 1.24 mE, 1 8 eq.)
using EBCI (1.4 g, 1.8 eq, 7.1 mmol), DIPEA (1.3 mL, 1.8 eq, 7.1 mmol) and DMAP (S0
mg, 0.2 eq, 0.81 mmol) in 8 mL DCM yielded intermediate 15-11. Crude product was
purified by column chromatography {2X) to obtain 230 mg (16%) of pure intermediate 15-11.
Deprotection of 15-11 {(0.64 mmol, 230 mg, 1 eq.} in 5 mL of 4M HCI in dioxane yielded
iutermediate 15-12. Crude product was purified by coluwn chromatography (1X) to obtain 74
mg {37%) of pure intermediate 15-12. Intermediate 15-12 (0.24 mmol, 74 mg, 1 eq.} was
acylated with linoleic acid 1-5 {169 mg, 2.5 eq, 0.58 mumol) using EDCI (120 mg, 2.5 eq,
0.58 mmol}), BIPEA (102 ul, 2.5 eq, 0.58 mmol} and DMAP (6 mg, 0.2 eq, 0.048 mmol}in 5
ml DCM to obtain Lipid 33. Crude product was purified by column chromatography (2X) to
obtain 64 mg {32%) of pure Lipid 33 (>99% purity by LC-ELSD} and characterized by
proton NMR and Mass Spectrometry {see FIG. $T-1 for Lipid 33 NMR spectrum, FIG. 5T-2
for Liptd 33 LC-MS, and Table 4 for product mass).
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Synthesis of Lipid 34

[0559] Lipid 34 was synthesized as provided in scheme 32 below and as follows.
Intermediate 15-2 was accessed as described for Lipid 33, Nucleophilic displacement of 15-2
(3.3 mmol, 1 g, T eq.) with diamine 15-13 (3.9 mmol, 0.46 mL., 1.2 eq.} in 6 mL dioxane (10
mb} yielded 520 mg (64%) of compound 15-14. Reaction was repeated to access an
additional 400 mg of pure compound 15-14. N-acylation of 15-14 (2.6 mmol, 620 mg, 1 eq.)
with nonanoic acid 13-12 (5.3 mmool, 915 pl, 2.0 eq.} using EDCI (5.3 mmol, 1.06 g, 2.0
eq.), DIPEA (923 ul, 2.0 eq, 5.3 mmol) and DMAP (58 mg, 0.2 eg, 0.05 mmol)in 10 mL
DCM yielded intermediate 15-15. Crude product was purified by column chromatography
(2X} to obtain 355 mg (35%) of pure intermediate 15-15. Deprotection of 15-15 (1.03 mmol,
355 mg, 1 eq.}in 7 mL of 4M HCI in dioxane yielded intermediate 15-16. Crude product was
purified by column chromatography (2X) to obtain 40 mg (13%) of pure intermediate 15-16.
Intermediate 15-16 (0.116 mmol, 40 mg, 1 eq.) was acylated with linolete acid 1-5 (81 mg,
2.5 eq, 0.29 mmol) using EDCI (85 mg, 2.5 eq, 0.29 mmol), DIPEA (32 ul, 2.5eq, 0.29
mmol) and DMAP (2 mg, 0.2 eq, 0.05 mumol} in 10 ol DCM to obtain Lipid 34. Crude
product was purified by column chromatography (2X} to obtain 73 mg {73%) of pure Lipid
34 (>99% purity by LC-ELSD) and characterized by proton NMR and Mass Spectrometry
(see FIG. 8U-1 for Lipid 34 NMR spectrum, FiG. SU-2 for Lipid 34 LC-MS, and Table 4

for product mass).
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Scheme 32. Synthesis of Lipid 34
Synthesis of Lipid 35

10560} Lipid 35 was synthesized as provided in scheme 35 below.
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Synthesis of Lipid 36
j0361] Lipid 36 was synthesized as provided in scheme 36 below.
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Example 2: Preparation of LNPs By Microfluidic Mixing Using Exemplary Ionizable

Lipids

[6562] Exemplary LNPs were produced using cationic Lipid 9 and cationic Lipid 15 as

synthesized in Example 1.

{6563} LNPs encapsulating an mRNA payload were prepared by mixing an aqueous
mRNA solution and an ethanolic lipid blend solution (containing ionizable lipid, DSPC,
DPG-PEG and Cholesterol at lipid ratios shown in Table §) using an in-line microfluidic
mixing process. The mRNA (eGFP encoding mRNA, Trilink Biotechnologies, California,
US) stock solution was diluted in pH 4 acetate butfer {vielding a 133 pg/ml solution of
mRNAYin 21.7 mM pH 4 acetate buffer. The lipid components were dissolved in anhydrous

ethanol at the relative ratios set forth in Table § below.

Table 5. Ratios of lipid components in LNPs,

Lipid Sourge Ratio of Lipid te | Concentration in | Theoretical LNP
mRNA (nmof Lipid Solution Lipid
lipid/100 pg {mM}) Composition
mRNA} {mol®)
fonizable Cationic { - 1,500 6 492
Lipid
Cholesterol Dishman 1,200 4.8 394
Netherlands

DSPC Avanti Polar 300 1.2 98
Lipids. Alabama,
Us.

DPG-PEG(2000) | NOF America, 46 0.18 1.3
New York, US.

DHICIR(53-DS Invitrogen, i3 0.007 0.06
Massachusetts, US

{6564}

The mRNA and lipid solutions were mixed using a NanoAssemblr Ignite

microfividic mixing device {part no. NINGO01) and NxGen mixing cartridge {part no.

NINO0O2) from Precision Nanosystems Inc. (British Columbia, CA). Briefly, the mRNA and

lipid solutions were each loaded into separate polypropylene syringes. A mixing cartridge

was inserted into the NanoAssembir fgnite, and the syringes were directed mounted into the

tuer ports of the mixing cartridge. The two solutions were then mixed at a 3:1 v/v ratio of
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mRNA solution to lipid sclution at a total flow rate of 9 mL/min using the NancAssemblr
Ignite. The resulting suspension was held at room temperature for a minimum of 5 minutes

betfore proceeding to ethanol removal and butfer exchange.

{6565] Following mixing, ethanol removal and buffer exchange was performed on the
resulting LNP suspension using a discontinuous diafiliration process. A centrifugal
ultrafiltration device with 100,000 kDa MWCQ regenerated cellulose membrane {Amicon
Uhltra-15, MilliporeSigma, Massachusetts, US) was sanitized with 70% ethanol solution and
then washed twice with HBS exchange buffer (25 mM pH 7.4 HEPES buffer with 150 mM
Na(Cl}. The L.NP suspension was then loaded into the device and centrifuged at 500 RCF until
the volume was reduced by half volume. The suspension was then diluted with exchange
buffer (25 mM pH 7.4 HEPES buffer) to bring the suspension back to the original volume.
This process of two-fold concentration and two-fold dilution was repeated five additional
times for a total of six discontinuous diafiltration steps. The LNP suspeunsion was theo
exchanged into MBS (25 mM pH 6.5 MES buffer with 150 mL NaCl) by diluting ten-fold
with MBS and centrifuging at 500 RCF until the volume was reduced by one tenth. This ten-
fold dilution with MBS and ten-fold concentration step was repeated one more time. The
retentate containing the LNPs 1o MBS was recovered from the centnifugal ultrafiltration

device and stored at 4°C unuil further use.

Example 3: Characterization of LNPs

105661 This Example describes the characterization of LINPs {e.g., LNPs comprising an
ionizable cationic lipid, where the lonizable cationic lipid is KC3 or Lipid 15) produced

according to methods described in Example 2.

6567} Samples of the LNPs produced in Example 2 were characterized to determing the
average hydrodynamic diameter, zeta potential, and mRNA content (total and dye-accessible
mRNA}. The hydrodynamic diameter was determined by dynamic light scattering (DLS}
using a Zetasizer model ZEN3600 (Malvern Pananalvtical, UK). The zeta potential was
measured in 5 mM pH 5.5 MES buffer and 5 mM pH 7.4 HEPES buffer by laser Doppler

electrophoresis using the Zetasizer.

{6568} RNA content of the nanoparticles is measured using Thermo Fisher Quant-iT
RiboGreen RNA Assay Kit. Dye accessible RNA, which includes both un-encapsulated RNA

and accessible RINA at the LNP surface, is measured by diluting the nanoparticles to
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approximately 1 pg/mb mRNA using HEPES buffered saline, and then adding Quant<iT
reagent to the mixture. Total RNA content is measured by distupting a nanoparticle
suspeasion by dilution of the stock LNP batch (typically at > 40 ug/mL RNA) in 0.5% Triton
solution in HEPES buffered saline to obtain a 1 ug/mL RNA solution (final nominal
concentration based ou formulation input values) and subsequent heating at 60 °C for 30
minutes followed by addition of Quant-It reagent. RNA is quantified by measuring
fluorescence at 485/535 nm, and coucentration is determined relative to a contemporaneously

run RNA standard curve.

Example 4, Preparation of conjugates to enable hematopeietic stem cell (HSC)

targeting

j0569] This Example describes a method for the production of lipid-HSC targeting group
conjugates for incorporation into HSC-targeting LNPs (e.g., LNPs comprising an ionizable

cationic lipid, where the ionizable cationic lipid is KC3 or Lipid 15).

{6570} Fabs and full-length antibodies that bind to HSC-specific targets {CI3117, CD10S,
and C34) were conjugated to DSPE-PEG{Zk)}-maleimide via covalent coupling between the
maleimide group and a C-terminal cysteine in the heavy chain (HC). The protein (3-4
mg/mL), after buffer exchange into oxvgen free, pH 7 phosphate buffer, was reduced in 6.2
mM TCEP in oxygen free pH 7 phosphate buffer for 1.5 hour at room temperature. The
reduced protein was isolated using a 40 kDa SEC column to remove TCEP and buffer

exchanged into fresh oxygen free pH 7 phosphate buffer.

j0s871} The conjugation reaction was initiated by addition of a 10 mg/mL micellar
suspension of DSPE-PEG-maleimide (Avaunti Polar Lipids, Alabama, US) and 30 mg/mL
DISPE-PEG-OCH: (Avanti Polar Lipids, Alabama, U.S) (1:1 to 1.3 weight ratio is used
depending on protein) in oxygen free pH 57 citrate buffer (1 mM Ciirate). Protein solution
was concentrated to-3 - 4 mg/mkL using a 10 kDa Regenerated Cellulose Membrane and
subsequently buffer exchanged in oxygen free pH 7 phosphate buffer using a 40 kDa Size
Exclusion Column. The conjugation reaction was carried out using 2 — 4 mg/mL protein and
a 3.5 molar excess of maleimide at 37°C for 2 hours followed by incubation at room

temperature for an additional -2 - 16 hours.

{6572} The production of the resulting conjugate was monitored by HPLC and the

reaction quenched in 1.5 mM cysteine. The resuiting conjugate (DSPE-PEGZ2k)-anti-hSP34
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Fab) was isolated using a 100 kDa Millipore Regenerated Cellulose membrane filtration
using pH 7.4 HEPES buffer saline (25 mM HEPES, 150 mM NaCl) buffer and stored at 4°C
prior to use. After quenching, the final micelle composition cousists of a mixture of DSPE-
PEG-Fab, DSPE-PEG-maleimide(cysteine terminated), and DSPE-PEG-OCH:. The ratio of
the three components was DSPE-PEG-Fab: DSPE-PEG-maleimide(cysieine terminated):
DSPE-PEG-OCH: = 1: 2.45: 3.45 -10.35 (by mole}).

Example §: Preparation of LNPs Containing HSC Targeting Groups

{6573} This Example describes an exemplary method for the incorporation of an HSC
targeting group lipid conjugate into a preformed LNP (e.g., an LNP comprising av ionizable

cationic lipid, wherein the ionizable cationic lipid is KC3 or Lipid 15).

18574} LNPs from Example 2 and HSC targeting group conjugates prepared using
methods described in Example 4 were combined in an Eppendorf tube. The tubes were
vortexed for 10 seconds at 2,500 rpm. The Eppendorf tubes were placed in the ThermoMixer
at 60 °C at 300 rpr for 1 hour. Resulting targeted LNP suspension was subsequently stored
at 4°C until use or alternatively stored frozen after reconstitution into sucrose medium at final
sucrose concentration of 9.6 wt % by dilution using the appropriate volume of a 50 wt %
sucrose stock sobution (in HEPES buffer saling; 25 mM HEPES, 1506 mM NaCl}) and stored

frozen at -80°C.

Example 6: Preparation of LNFs By Microfluidic In-line Mixing and Tangential Flow

Filtration Using an Exemplary Ionizable Lipid

{85751 This example describes preparation of LNPs (e.g., LNPs comprising an iounizable
cationic lipid, wherein the ionizable cationic lipid 1s KC3 or Lipid 15} using scalable unit
operations, namely in-line microfluidic mixing followed by tangential flow filtration {TFF)

for ethanol removal and butfer exchange.

{0576} Using the mixing process in Example 2, an L.NP mixture was produced totaling 12
ml at an RNA concentration of 300 pg/ml. Ethanol removal and buffer exchange was

subsequently performed using tangential flow filtration (TFF).

105774 Following mixing, ethanol removal and buffer exchange were performed on the
resulting LINP suspension using a hollow fiber TFF module (Repligen, US P/N C02-E300-05-

N} Briefty, the TFF module was rinsed with DI water and pumped dry before use. LNPs
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were then added to the reservoir, and the exchange buffer (25 mM pH 7.4 HEPES buffer with
150 mM NaCly was used as the diafiltration buffer. The TFF module was primed, and
diafiltrations (I2Vs} were then initiated by ramping up the peristaltic punp to target flow rate
and adjusting Retentate valve until target transmembrane pressure (TMP) is reached. A flow
rate of 35 mb/min and a TMP of 3.5 psi were the target operating parameters for the system
once diafiltration was initiated. Throughout the diafiltration process, the TMP was kept
constant by adjusting the retentate valve. Permeate flow rate was monitored and did not
decrease significantly over time. 8ix diafiltrations were performed, with samples set aside at
the end of each diafiltration to later track the buffer exchange process. Final ethanol content
was < (.1%, as measured by refractive index measurements on DV samples, and pH
measurements confirmed the butfer exchange into the exchange buffer. Upon the completion
of six diafiltrations, the pump was stopped, and a concentration of the resulting LNP

suspension was subsequently performed.

{0578} The concentration of the LINP suspension was performed using the same TFF
module that was used during the buffer exchange process. TMP and flow rate (post pump
ramp up} during the buffer exchange process were maintained and the suspension was
allowed to concentrate by stopping the addition of diafiltration buffer retentate reservoir. The
resulting LNP suspension was collected and filtered with a 0.2 um syringe filter. The

suspension was sampled for analytical purposes and then stored at 4°C until further use.

10579 Using the LNP characterization process in Example 3, LNP batch was
characterized to determine the average hydrodynamic diameter and mRNA content (total and
dye-accessible). The microfluidic mixing process with ethanol removal and buffer exchange
by TFF results in sub-100 nyu particles exhibiting narrow polydispersity and good mRNA

encapsulation (<20% dye accessible RNA).

Example 7: Method for determination of the LNP Apparent pKa using the Toluidinyi-

naphthalene Sulfonate {TNS} fluorescent probe

6580 This example describes the fluorescent dye-based method used for measurement
of the apparent pK, of the hipid nanoparticles (e g, LNPs comprising an ionizable cationic
fipid, wherein the jonizable cationic lipid i3 KC3 or Lipid 15). Apparent pK. determives the
nanoparticle surface charge under physiclogical pH conditions, typically a pK. value in the
endosomal pH range {6 — 7.4} results in LNPs that are neutral or slightly charged at plasma or
the extraceilular space (pH 7.4} and become strongly positive under acidic endosomal
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environments. This positive surface charge drives fusion of the LNP surface with negatively
charged endosomal membranes resulting in destabilization and rupture of the endosomal
compartment and LNP escape into the cytosolic compartment, a critical step in cytosolic

delivery of mRNA and protein expression via engagement of the cells ribosomal machinery.

05881} The apparent pK, of LNPs is determined by 6-(p-Toluidino)-2-
naphthalenesulfonic acid (TNS) fluorescence measurement in agueous buffers covering a
range of pH values (pH-4 - pH 10). TNS dye is non-fluorescent when free in solution, but
fluoresces strongly when associated with a positively charged lipid nanoparticle. At pH
values below the pK., of the nanopasticle, positive LINP surface charge results in dye
recruitment at the particle interface resulting in TNS fluorescence. At pH values above the
LNP pK., the LNP surface charge is neutralized and TNS dye dissociates away from the
particle interface resulting in loss of fluorescence signal. The apparent pK., of the LNP is
reported as the pH at which the fluorescence is at 50% of its maxiroumn, as determined using a

four-point logistic curve fit.

Example 8: General Formulation and Physiochemical Characterization Methodology

for mRNA Encapsulating LNPs Based on Lipids §-8, 8-15 and 31-34

j0582] Lipid nanopartictes (LNPs} {e.g., LNPs comprising an ionizable cationic lipid,
wherein the ionizable cationic lipid is KC3 or Lipid 15) bearing a nucleic acid were
formulated by a wicrofluidic mixing process using lipid and solvent compositions described
in Example 2 and 6 above and buffer exchanged into pH 7.4 HEPES buffer saline (resulting
in ethanol removal and pH adjustment) using either centrifugal ultrafiltration wembrane filter
devices or a tangential flow filtration (TFF) process; and characterized by Dynamic Light
Scattering (DLS) for hydrodynamic size {diameter, nm), polydispersity (PDI) and charge at
accessible RNA) and total mRNA content (ug/mL RNA 1 LNP suspension} were determined
using methods described in Example 3. The formulated LNPs were subsequently buffer
exchanged into pH 6.5 MES butfer saline and the size distribution was re-characterized by
DLS prior to mixing with the desired quantity of targeting antibody conjugate (see Example
5} and incubated at 37°C for 4 hours to facilitate antibody insertion (using process described
in Example 3) resulting in final antibody targeted LNPs. The obtained targeted LNPs were
sterile filtered and characterized by DLS (size (nm) and PDI} using methods described in

Example 3.
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Example 9: Preparation of LNPs By Vortex Mixing Using Exemplary lonizable Lipids

j6583) This examples provides an additional exerplary method for producing ENPs
using exemplary ionizable cationic lipids (e.g., those synthesized in Example 1 or

commercially available cationic lipids, such as KC3 or Lipid 15).

[0584] LNPs were created with an encapsulated mRNA payload and lipid blend by vortex
mixing an aquecus mRNA solution and an ethanolic lipid solution. The mRNA (2 9.1 w/w
mix of mRNA encoding eGFP and eGFP mRNA labeled with Cy3, Trilink Biotechnologies,
California, US) was mixed with pH 4 acetate buffer to provide a final aqueous mRNA
solution containing 133 ug/mL mRNA and 21.7 mM acetate buffer. The lipid components

were dissolved in anhydrous ethanol at the relative ratics.

HIRERY Briefly, the mRMNA solution (375 pl} was transferred into a conical bottom
centrifuge tube, and the lipid solution (125 pL) was rapidly added into the tube containing the
MRNA solution (3.1 v/v ratio of mRNA solution to liptd solution). The tube containing the
mixture was immediately capped and vortexed for 15 s at 2,500 rpm, followed by incubation
at room temperature for not less than 5 min before proceeding to ethanol removal and buffer

exchange.

105861 Following mixing, ethanol removal and buffer exchange was performed on the
resulting LINP suspension using a Sephadex G-25 resin packed SEC column (PD MiniTrap
(3-25, Cytiva, Massachusetts, 1.8)), by gravity flow. Briefly, the SEC column was rinsed five
times with 2.5 mL of exchange buffer (25 mM pH 7.4 HEPES buffer with 150 mM NaCl)
before then loading 425 ul. of LNP suspension. Ounce the LNP suspension fully moved into
the resin bed, a 75 uL stacker volume of exchange buffer was applied to the column to
achieve the specified target load volume of the column and maximize recovery, according to
manufacturer specifications. After the stacker fully moved into the resin bed, the SEC
column was transferred to a new centrifuge tube, and the LNP suspension was eluted by
adding 1.0 mL of exchange buffer to the column. Eluate containing the LNPs in the

exchange buffer was recovered and stored at 4°C uutil further use.
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EXaMPLE 10: CONSTRUCTION AND SCREENING OF Far-CoNnyucarted LNPs ror HSC

TRANSFECTION

{6587} In this Example, lipid nanoparticies {LNPs) (e.g., LNPs comprising an ionizable
cationic lipid, wherein the ionizable cationic lipid is KC3 or Lipid 15} were formulated,
conjugated with 23 different hemopoietic stem cell (HSC)-targeting Fabs and full-length
antibodies, and screened for transfection of HSCs. Three of the LNP-Fab conjugates

successfully transfected primary HSCs.

HEC Thaw and Growth Methods

[6588] HSC media was made using SFEM If media from StemCell™ Technologies as the
base media. The SFEM I media was supplemented with the CD34+ expaunsion supplement to
make the final HSC media formulation. Cryovials of 10 million primary human HSCs
{(isolated from a leukopak of G-CSF and Plerixaflor mobilized patients) were thawed using
HSC media. After thawing, 1 mbL of media was added dropwise to the vial and the entire
volurne was transferred to a 15 mL covteal tube. 8 wmi. of additional media was added to the
cell suspension and the total number of cells was counted using an NC-202™ automated cell
counter. The cells were spun down and resuspended at a concentration of 1 million cells per 1
mL of media. The cells were cultured in the appropriate flask for 3 days. On day 3 of culture,
the cells were again counted on the NC-2027™ Fresh HSC media was added to the cell
culture to return the concentration of HS8Cs to 1 milion cells per 1 mbL of media. On day 4 of

culture, the HSCs were collected for transfection using the LNPs.

In Vitro LNFP Treatment Methods

{0589} On the day of LNP treatment, the HSCs were collected and resuspended in fresh
HSC media at a concentration of 75,000 cells per 100 uL. 30,000 cells in 40 ul. is seeded into
individual wells of a round bottom 96 well plate. The LNPs are added to the cells at the
indicated dose. After adding the TNPs, HSC media was added to the wells to bring the total

volume of the cultures to 100 pl.

05901 On the day of LINP treatment, the HSCs were also stained for CD34 and CD117
(T334 18 a ubiquitous HSC marker and CD117 is a marker of long-termy HSCs) to determine
the purity of the culture after HSC expansion. After staining, the cells were analyzed by flow

cytometry and CD34+Cd117+ cells were quantified.
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LNP Formulation and Conjugation

{0591} LNPs were formulated as described in Example 2 using commercially available
DLin-KC3-DMA (KC3) ionizable cationic lipid, with the exception that the LNPs were left
in HBS by omitting the exchange into MBS described in Example 2. KC3 LNPs were first
formulated with GFP mRNA to identify an antibody that could successfully transtect HSCs
with eRNA. GFP mRNA was procured from TriLink BioSciences and modified with N-1-
methyl pseudo uridine. The resuiting LNPs were characterized as described inn Example 3,

and the results are given in Table 6 below.

Table 6. LNP characierization resulis,

Lot Number DLS Z- DLSPDI | Zeta Zeta Dye-
Avg, Potential at | Potential at | Accessible
Diameter pHS.3 pH74 mRNA {%)
{nm} {mVY} {(mV}

EXP22002243-NOIH | 87 0.12 193 38 9.9

j05921 Using the methods described in Examples 4 and 5, KC3 LNPs encapsulating GFP
mRNA were conjugated with 23 Fabs and commercially-obtained full-length antibody
combinations over 3 Fab/antibody densities that target specific cell-surface markers of HSCs,
including CD34, CD10S and CD117 (Table 7). For conjugation with fuli-length antibedies,
the LNPs were fused with a streptavidin moiety, and the conjugated full-size antibodies were
tagged with biotin. Specifically, lysine groups on the streptavidin were reacted with Traut’s
reagent to covalently attach thiol groups. The thiolated streptavidin was then conjugated to
DSPE-PEG(Zk}-maleimide via covalent coupling between the maleimide group and the thiol
groups attached to the streptavidin. The streptavidin-fused lipid was then reacted with the
biotinylated antibody. Finally, the lipid-streptavidin-antibody conjugate was inserted into the
LNP by incubation at 60 °C for 1 hour. The LNPs also incorporated a fluorescent lipid dye,
 P-Dioctadecyl-3,7,3° 3" -Tetramethylindocarbocyanine-S, 5’ -Disulfonic Acid {BiIC{18)5-
DS). The GFP mRNA was used to measure transfection, as the mRNA must enter the cell and
escape the endosome 1o be transcribed into protein, aliowing for flucrescence. The
DHC(18)5-DS was used as a measure of LNP targeting because the cells will have Dil
fluorescence so long as the LNPs are capable of binding to the HSCs. Therefore, GFP

expression provided a measure of LNP transfection while Dil positive events were

21



WO 2024/163905 PCT/US2024/014265

representative of Fabs that target HSCs. HSCs were treated with the LNPs at a constant RNA
concentration of 1 pg/ml. The HSCs were incubated with the LNPs for 24 and 72 hours,

after which the GFP fluorescence and Iil fluorescence were measured using flow cytometry.

Table 7. HRC-Targeting antibodies tested in sereen.

SodaliyiConjugate Fab Density
Fab anti-HuCD 105 Ab3 Fab bDS S
Fab anti-HuCD 108 Ab3 Fab bDS 15
Hab anti-HuCD 105 muRH105 VH2/VL2 Fab bDS 5
Fab anti-HuCD105 muRH105 VH2/VL2 Fab bDS 15
Mixture of anti-HuCD 105 Ab3 Fab bDS and anti- <
Fab HuCD 105 muRHI05 VH2/VL2 Fab bDS i
Mixture of anti-HuCD105 Ab3 Fab bDS and anti- s
Fab HuCD 105 muRH105 VH2Z/VL2 Fab bDS ”
Fab anti-HuCD 117 Ab2 Fab bDS &
Fab anti-HuCD 117 Ab2 Fab bDS 15
Hab anti-HuCD117 Ab2 Fab bDS 45
Hab anti-HuCD117 AbS5 Fab bDS 5
Fab anti-HuCD117 Ab55 Fab bDS 15
Fab anti-HuCD 117 AbS5 Fab bDS 45
Fab anti-HuCD 117 Abl Fab bDS 3
Fab anti-HuCD 117 Abl Fab bDS 15
Fab anti-HoCD 117 Abl Fab bDS 45
Fab anti-HuCD 117 CK6 Fab bDS S5
Fab anti-HuCD 117 CK6 Fab bDS 15
Hab anti-HuCD 117 CK6 Fab bDS 45
Fab anti-HuCD 117 hSR-1 Fab bDS S
Hab anti-HuCD117 hSR-1 Fab bDS 15
Fab anti-HuCD117 hSR-1 Fab bDS 45
Fab anti-HuCD 17 6LUN1T Fab bDS 5
Fab anti-HuCD 117 6LUN1T Fab bDS
Fab anti-HuCD 117 6LUNT Fab bDS 453
i Biotin anti-HuCD34 (Clone 581) 5
g Biotin anti-HuCD34 (Clone 581) 15
1z Biotin anti-HuCD34 (Clone 581) 45
11 Biotin anti-HuCD34 (Clone QBEND/10}) S
it Biotin anti-BuCD34 (Clone GBEND/10) 15
ig Biotin anti-HuCID34 (Clone QBEND/10) 45
e Biotin anti-HuCD34 (Clone 4H11) S
iy Biotin anti-HuCD34 (Clone 4H11) iS5
g Biotin anti-HuCD34 (Clone 4H1 1) 45
i Biotin anti-HuCD105 (Clone 43A3) 5
g Biotin anti-HuCD105 (Clone 43A3) 15
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MeodalityiConjugate Fab Density
i Biotin anti-HuC D105 (Clone 43A3) 45
i Biotin anti-HuC D105 (Clone 166707) 5
11 Biotin anti-HuC D105 {Clone 166707) 15
11 Biotin anti-HuCD 105 (Clone 166707) 45
g Biotin anti-HuCD105 (Clone MEM-229} S
1z Biotin anti-HuCD 105 (Clone MEM-229) 15
ig Biotuy anti-HuCI 05 (Clone MEM-229) 45
fg Biotin anti-HuCD117 (Clone 104D2) 5
ig Biotin anti-HuCD 117 (Clone 104D2) 15
i Biotin anti-HuCD117 (Clone 104D2) 45
o Biotin anti-HuCD117 (Clone A3COEZ) 3
o Biotin anti-HuC D117 {Clone A3(6E2) 135
g Biotin anti-HuCD117 (Clone A3C6E2) 45
g Biotin anti-HuCD117 (Clone OTI3F9) S
1 Biotin anti-HuCD 117 (Clone OTI3FY) 15
1 Biotin anti-HuCD 117 (Clone OTI3FS) 45
g Biotin anti-HuCD117 (Clone BA7.3C.9) S
o Biotin anti-HuCD 117 (Clone BA7.3C.9) 15
o Biotin anti-HuCD 117 (Clone BA7.3C.9) 45
To Biotin anti-HuCD117 (Clone B-K15) 5
i Biotin anti-HuCD 117 (Clone B-K15) iS5
o Biotin anti-HuCD117 (Clone B-K 15} 45
Results

16593} Multiple Fab-LNP and antibody-LNP combinations targeted HSCs (FIGS. 6A-
61}, as indicated by positive Dil fluorescence. However, only three Fab-LNPs, i} anti-
HuCP117 Ab1 Fab DS, i) anti-HuCD 117 Ab2 Fab bDS, and tii} anti-HuCD105 Ab3 Fab
bDS, successfully transfected primary HSCs with mRNA, as shown by GFP and Dil
fluorescence (FIGS. TA-7D). A single anti-CD117 clone had the highest transfection
efficiency (Ab1) (¥IG. 8).

EXAMPLE 11: GENETIC MODIFICATION OF HSCs Using LNP-FAB CONJUGATE
105944 In this Example, HSC-targeting ENP-Fab conjugates encapsulating a CRISPR-

Cas editing system were used to genetically modify the CD45 gene of HSCs. The induction

of double-strand breaks in the CID45 genes and knockout of CD45 expression were observed.

j6595] LNP formulations {e.g., LNPs comprising an ionizable cationic lipid, wherein the

iontzable cationic lipid 1s KO3 or Lipid 15) conjugated with or without Ab1 were used to
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encapsulate Cas9 mRNA with a gRNA specific for (145 (a surrogate HSC cell surface
marker that can be reliably measured by flow cytometry). Cas® mRNA was obtatned from
Trilink Biosciences, and gRNA was cbtained from Integrated DNA Techunologies (10T}
LNPs were formulated and conjugated to Abl using the methods described in Examples 2
and 4-5. The ratio of Cas® mRNA to gRNA within the LNPs was 1:1. To optimize the gRNA
for LNP-based CRISPR editing, a chemical modification pattern incorporating
phosphorothicate bonds and 27-O-methyl substitutions was used with the encapsulated Cas9
mRNA. Primary human HSCs were treated with these LINPs at a dose range of 100 t0 800ng

of total RNA for 7 days using the methods described in Example 1.

[0596] On day 7 post transfection, the HSCs were stained with fluorescent antibodies
against 45, CD34, and CD117. The fluorescence of each protein was quantified using
flow cytometry. CD34 and CD117 were used to define HSC populations. CD4S fluorescence
was used to define knockout of CI34S. Through incorporation of the above strategies to
enable LINP targeting and CRISPR-mRNA editing, CD45 protein was reduced in primary
human HSCs seven days after targeted LNP dosing in vifro. Results for KC3 are shown in

FIGS. 9A-9B, and results for Lipid 15 are shown in FIGS. 10A-108.

{6597} Additionally, on Day 7 post transfection, the HSCs were collected for next-
genetation-sequencing (NGS) to quantify the indel rate at the genomic locus targeted by Cas®
and the CD45 oRNA using targeted amplicon sequencing. For amplicon sequencing, primers
were designed to span a 300 base pair region surrounding the on-target cut site of the CD45
gRINA used. Following amplification, the 300 base pair sequences were quantified using an
fHumina MiSeq. The CRISPR-LNP treatment produced significant indels at the target locus,

further corroborating the reduction in CD45 protein that we observed (FI1G. 11).

EXAaMPLE §2: DISRUPTION OF THE BCLI1a ERVTHROID ENHANCER IV HSCs

059§} LNPs {(e.g., LNPs comprising an ionizable cationic lipid, wherein the ionizable
cationic lipid is KC3 or Lipid 15) encapsulating a gRNA against BCL11a and Cas® mRNA
are formulated and conjugated with Ab1 and mutAbl using the methods described in

Examples 2 and 4-5. The LNPs are used to treat primary human HSCs in vitro. MutAbl is g

the CDR {oops of

non-targeting Fab derived from Ab1 with mutations in alanine in eac

;o oamQ ahaTun i Yo R ol
ody, as shown in Table 8 below.
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Table 8. Ab! and mutAbl CDR sequences.

Antibody Abl mutAbl

CDR-H1 FIFSNYAMS FAAANYAMS
(SEQ IDNO: 1) {(SEQ 1D NO: 28)

CDR-H2 AISGEGGSTYYADSVKG | AISGAAASTYYADSVKG
(SEQ D NG: 23 {(SEQ B NG: 29

CDR-H3 AKGPPTYHINYYYMDY | AKGPPTYAAAYYYMDV
(SEGQ D NG 3) {SEQ ID NO: 30)

CDR-L1 RASQGISSWLA RASQAAASWLA
{(SEG ID NGO 4) (SEQIDNO: 31

CDR-L2 AASSLOS AAASLQS
(SEQ ID NO: 5) {(SEQ ID NQO: 32

CDOR-L3 GOTNSEFPYT QOTAAAPYT
(SEQ IDNO: 6) {(SEQ 1D NO: 33)

[6599] The HSCs are collected at 3 and 7 days after treatment, where they were then

assayed for gene editing using targeted amplicon sequencing.
EXAMPLE 13: FURTHER IV VITRO TARGETING AND GENETIC MODIFICATION OF HSCs

13.1: Screening Optimization of Fab Conjugate Density on LNP For HSC Transfection

{6600} In a further experiment to characterize the Ab-conjugated LNPs, lipid
nanoparticles (LNPs) were formulated with mCherry mRNA ustog Lipid 15 and exchanged
directly into MBS using the methods described in Example 2. mCherry mRNA was produced
by in vitro transcription using methods described in US Patent No. 10,143,758 (Example 7),
modified with N-1-methyl pseudo uridine. Conjugates of Fabs Abl, Ab2, and MutAb1 were
prepared as in Example 4. Fab conjugates were then inserted into the formulated LNPs at 10

the modification that the insertion was performed at 37°C for 4 hours,

j8681] The LNPs were screened for levels of mCherry transfection in HS8Cs using
method as described in Example 11. Specifically, HSCs were treated with a 100 ug mRINA/
well dose with 30,000 cells per well and media was added to the wells to bring the total
volure to 100 k.. HSCs were then incubated with LNPs for 6 hours, after which the culture
media containing LNPs was replaced with fresh media. After 24 hours, the HSCs were

stained with fluorescent antibodies against CD34 and CD117. Cells were gated for CD34+
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and CD117+ staining, and the percent of CD34+CD117+mCherry+ cells was determined.
The optimal range of Fab density was found to be about 3-9 g of Ab/mol of lipid to
maximize HSC targeting and cell transfection. The results for a selection of Ab densities are

shown in FIG, 13, which highlights the optimal range of Fab density (3-9 g of Ab/mol of

lipid).

PCT/US2024/014265

Table 9, HSC-Targeting antibody densities tested in the sptimization.

Fab Density (g Fab / mol

Modality Wonjugate fipid)
Parent LNP{None G
Fab anii-HuCD1117 Ab1 Fab bDS 1
Hab anti-HuCD 1117 Ab1 Fab bDS 3
Fab anti-HuCD 1117 Abl Fab bDS 6
Fab anti-HuCD31117 Ab1 Fab bDS S
Fab anti-HuCD1117 Abl Fab bDS 12
Fab anti-HuCD 1117 Ab1 Fab bDS 15
Fab anti-HuCD1117 Ab1 Fab bDS 18
fab anti-HuCID1117 Ab1 Fab bDS 21
Fab anti-HuCD1117 Ab1 Fab bDS 27
Fab anti-HuCD1117 Ab2 Fab bDS 1
Hab anti-HuCD 1117 Ab2 Fab bDS 3
Fab anti-HuCD1117 Ab2 Fab bDS 6
Fab anti-HuCD 1117 Ab2 Fab bDS S
Hab anti-HuCI 1117 Ab2 Fab bDS 12
Fab anti-HuCD1117 Ab2 Fab bDS 15
Fab anti-HuCD 1117 Ab2 Fab bDS 18
Hab anti-HuCID1117 Ab2 Fab bDS 21
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odaliy Conjugat Fab ity G Fab
Fab anti-HuCD 1117 Ab2 Fab bDS 27
Fab anii-HuCD1117 MutAbl Fab bDS i
Fab anti-HuCD 1117 MutAbl Fab bDS 3
Fab anti-HuCD 1117 MutAbl Fab bDS 6
Fab anti-HuCD1117 MutAbl Fab bDS S
Hab anti-HuCD 1117 MutAbl Fab bDS iZ2
Fab anti-HuCD 1117 MutAbl Fab bDS 15
Fab anti-HuCD1117 MutAbl Fab bDS 1R
Hab anti-HuCD 1117 MutAbl Fab bDS 21
Fab anti-HuCD 117 MutAbl Fab bDS 27

13.2: In vifro editing of primary HSCs at the BZM locus

10602} Next, primary HSCs were cultured s vifro and treated with LNPs formulated with
Lipid 15 and encapsulating a Cas nuclease mRNA and a gRNA specific for the beta-2-
microglobulin locus (B2M). The LNPs were coated with either Ab1 or non-binding mutAbl.
Gene editing effect was quantified for B2M protein knockout using flow cytometry targeting
B2M protein expression. As shown in FIGS, 14A-14C, the B2ZM locus was successfully
edited in HSCs in vifro using the LNPs conjugated with Ab1, while the LNPs conjugated

with mutAb! did not result in editing

ExanvpLr 14: v Vivo GENETIC MopIFicATION oF HS(Cs

14.1: In vivo transfection of long-term hematopoietic stem cells using targeted LNP

{0603} LNPs (e.g., LNPs comprising an ionizable cationic lipid, wherein the ionizable
cationic lipid 18 KC3 or Lipid 15) are conjugated with Abl and mutAb1 using the methods
described in Examples 1 and 2. NSG mice are engrafted with primary human HSCs to

establish a murine model whereby targeting human HSCs with targeted LNPs #2 vive can be
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observed. In an initial experiment, LNPs encapsulating mCherry or eGFP mRNA are
formulated. The LNPs are then intravenously injected into the mice via the tail vein. At 24
and 48 hours, the mice are euthanized and the bone marrow of the mice is collected and
analyzed by flow cytometry to assay either mCherry or eGFP fluorescence in the HSC

population.

i4.1.1: In vivo ransfection of long-term hewmutopoietic stem cells using targeted LINP

carrying mCherry mRNA

Materials and Methods

{0604]  Adice. The analysis of human (D34 hematopoietic stem cell-engrafted NSG™
mice was by routine methods. Experiments were conducted with mice over 12 weeks post-
transplantation. LNPs were administered at Img/kg (total nucleotide measured from mCherry
mRNA) for all conditions via tail vein injection as a bolus. Mice were treated with targeted
LNP coated with Abl Fab, de-targeted LNP coated with the non-binding mutAbl Fab or by
the parental LNP without Fab (uncoated/naked). Mice were euthanized 24h post-treatment

™

and virous tissues were collected to be analyzed. Treated Hu-CD34 -NSG'™ ruice were

controlled by untreated Hu-CD34-NSG™ mice.

10605] Flow cytomenry Analysis. Bone marrow cells were obtained by flushing tibias and
fernurs of euthanized mice with cold PBS containing 5% fetal bovine serum (FBS) and 2 mM
EDTA (FACS Buffer). Cells were harvested in cold FACS Butfer, stained with monoclonal
antibodies against human CD45 {(clone 2D1, Cat# 368542 from Biolegend™), mouse CD45,
human CD34 (clone 561, Cat# 343614 from Biolegend™) and human CD2117 (clone 10402,
Cat# 313206 from Biolegend™) for 20min at room temperature, then analyzed by flow
cytometry on a NovoCyte Penteon {(Agilent). Both anti-mouse and anti-human CD4S
antibodies were used to identify the human cells from the bone marrow to clearly
differentiate the human and mouse HSCs in the roixed populations of bone marrow cells.

Cells were analyzed based on mCherry positivity.

{0606} EFISA ~30mg of frozen liver tissues from the mice were homogenized in 300 yb
RIPA buffer + Ix HALT proteinase inhibitor cocktail (PI) {cat# 78441) using a Tissuelyser
{{Jiagen) in cold room (Program P1: 30 frequency, Smin, 4°C) and then spun down at

12000rpm at 4°C for Smin. mCherry ELISA (Cat# ab221829 from Abcam) was performed
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based on manufacturer recommendations. Product absorbances were measured using a

SpectraMax Plus plate reader at 450 nm (Molecular Devices, San Jose, CA.

10607} Statistics. Statistical analyses were performed using GraphPad Prism 9.0 software.
A two-tailed Student’s r-test was used for individual comparisons if they were normally

distributed
Results

0608} The results of this analysis indicated that engineered antibody-targeted LNPs can
recognize, bind, and transfect LT-HSCs (CD1177} to deliver mRNA into the cytosol (FIGS,
15A-158). In addition, the transfection efficiency was evaluated as 30% with Lipid 15 LNP
coated with the Ab1 Fab, 5% with LNP coated with the untargeted mutAbl Fab, and 16%
with uncoated LNP from multiple experiments (FIGS, 15A-15C). Simtlar transfection
efficiencies, 25% and 3% were measured with KC3 LNPs coated with Abl Fab and mutAbl
Fab respectively (FIG. 188). Moreover, Fab coated Lipid 15 NP have a lower tropism to
tiver cells than naked Lipid 15 LNP as 91% less mCherry signal was measured by ELISA
after protein extraction from 2 different liver lobes of multiple treated animals (FIG. 1SE).
Finally, we measured 3 time less signal from liver cells treated by KC3 vs Lipid 15 LNPs
(FIGS., 15E-15F).

14.1.2: Further in vivo transfection of long-term hematopoietic stem cells using targeted

ENP carrying mCherry mBNA

{0609] In vivo transfection of human HSCs in human CD34+ HSC-engrafted mice (=12}
was further evaluated in a second experiment. Female Hu-CD34+ NSG™ mice (Jax
faboratory;, Hu-CD34+ NSG™ mice, NOD Cg-Prkdescid H2rgtm1Wil, Stock No. 005557}
were treated with Lipid 15 ENPs coated with Ab1 to transfect human HSCs in the bone
marrow environment. The LNPs were prepared with about 50% Lipid 15, about 40%
cholesterol, about 10% DSPC, and about 1.5% PEG (DPG-PEG comprising PEG at a
molecular weight of 2,000 Da). Lipid 15 LNPs were thawed at room teroperature, mixed
smoothly by inversion, and then were diluted in saline solution before dosing at 1.0 mg/kg
by intravenous injection {IV}) as a single bolus injection. 24 hours after treatment, whole bone
marrow, liver, spleen, lung, and ovary tissues were collected and analyzed by flow cytometry,

ELISA, or HC, using mCherry reporter.
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j66 10} Bone marrow cells collected, from tibia and femur, were resuspended as a single
cell suspension in DPBS complemented with 10% of fetal bovine serum (FBS). Cells were
stained with hCD45, clone 2D1 (Biolegend™ ), hCD117, clone 10402 {from Biolegend™);
hCD34, clone 561 (Biolegend™) and analyzed by flow cytometry to assess transfection
efficiency. As shown in FIG. 16, an average of about 20% of CD¥34+/CD117+ human HSCs
were positive for mCherry fluorescence, demonstrating 7 vive transfection of human LT-

HSCs by the Lipid 15 LNPs coated with Abl.

0611} Liver, spleen and lung tissues were homogenized for protein extraction {using
RIPA tuffer complemented with 1x HALT™ proteinase inhibitor cocktail { Thermo Fisher
cat# 784411) and analyzed by ELISA (ab221829 mCherry SimpleStep ELISA® Kit, from
Abcam). Ovary tissues were embedded, sectioned, and analyzed by immunohistochemistry
{IHC) using M 11217 Ab (from Abcam). THC tissues were analyzed and graded blindly by a

certified pathologist. The results of the off-target tissue analysis are shown in Table 10

Table 18, Detection of mCherry protein in off-target tissues.

Tissue mCherry Protein | Detection Method
Liver 34 ng/mg

Spleen 260 ng/mg ELISA
Lung 3.5 ng/mg

Ovary No signal IHC

14.2: In vive editing of HSCs using LNPs encapsulating gRNA and Cas nuclease mRNA

{6612} Next, LNPs encapsulating gRNA (e.g., gRNA targeting the BCL11a ervthroid
enhancer) and mRNA encoding a Cas nuclease {e.g., Cas9) are formulated and injected into
NSG mice engrafted with primary human HSCs. At 7 days post-injection the mice are
euthanized and the bone marrow coliected. gDNA is isolated from the bone marrow cells and

NGS-amplicon sequencing is performed on the samples to calculate in vivo gene editing.
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14.3: {n vive transfection of long-term hematopoietic stem cells using targeted LNP in

nop-human primates (NHPs)

[6613] LNPs encapsulating mCherry mRNA were formulated and used o treat non-

human primates (NHPs), specifically Mauritius origin cynomolgus macadques.

j6614] First, the ability of human HSC-targeting LNPs to target cynomolgus macague
HSCs was validated i vifre. Lipid 15 LNPs coated with Ab1 and encapsulating mCherry
mRNA were used to treat HSCs isolated from cynomolgus macaques. Cynomolgus macaque
HSC media was made using IMDM media from ThermoFisher™ Technologies as the base
media. The IMDM media was supplemented with 10% FBS (Gibco™), rhSCF 100 ng/mL
{PeproTech™), thrombopuoietin 100 ng/mL (PeproTech™), rhuFli3-1 100 ng/mbL
(PeproTech™)) interfeukin-3 100 ng/mL (PeproTech™), interleukin-6 100 ng/ml
{PeproTech™), G-CSF 100 ng/mL (PeproTech™) to make the final HSC media formulation.
Bone marrow cells were resuspended as a single cell suspension and mixed in red blood cell
(RBC) lysis buffer (00-4333-57 from Invitrogen) to eliminate erythrocytes. The cells were
spun down and resuspended at a concentration of 1 million cells per 1 mbL of media. The cells
were cultured 1o the appropriate flask for 3 days. On day 3 of culture, the cells were again
courrted on the NC-202™ Fresh HSC media was added to the cell culture to return the
concentration of HSCs to 1 million cells per 1 mbL of media. On day 8 of culture, the HSCs
were collected for transfection using the LNPs and analyzed the foliowing day. The samples
were analyzed using flow cytometry for mCherry expression to measure LT-HSC
transfection. Cynomolgus macaque LT-HSCs were identified using the C34 and CD117
markers. As shown in FIG. 17, about 65% of cynomolgus macaque HSCs were transtected
with mCherry mRNA 1o cynomolgus macaques treated with Lipid 15 LNPs coated with Abl,

confirming that Lipid 15 LNPs coated with Abl can target cynomolgus macague LT-HSCs.

{0615} Next, i vive transfection of LT-HSCs in NPHs was evaluated. Male and female
Mauritius origin cynomolgus macaques were infused with different dosing regimens of Lipid
15 LNPs or KC3 LNPs, each coated with Abl and encapsulating mCherry mRNA 1o transfect
HSCs in the bone marrow environment. The LNPs were prepared with about 40%
cholesterol, about 10% DSPC, about 1.5% PEG (BPG-PEG comprising PEG at a molecular
weight of 2,000 Da) and about 50% Lipid 15 (for Lipid 15 LNPs) or about 50% K3 lipid
{for KC3 L.NPs). . NHPs were pretreated with 2 mg/kg of diphenhydramine, intramuscularly,

30 min prior to the LNP infusion. Liptd 15 LNPs and KC3 LNPs were thawed at room
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temperature, mixed smoothly by inversion, and then were diluted in saline solution before
dosing at by intravenous injection {(IV) as a single slow infusion (vig pump at 5 mL/Kg) over
a 1 hour duration. Lipid 15 LNPs were dosed at 0.5 mg/kg and 0.2 mg/kg, and KC3 LNPs
were dosed at 1.0 mg/kg, 0.5 mg/kg, and 0.2 mg/ke. 24 hours after the NHPs were injected
with the LNPs, whole bone marrow samples were collected 24h post ireatment by aspiration

from the iliac crest. The design of the study is shown in Table 11.

Table 11. Design of study evaluating #7 vive transfection of LT-HSCs in Mauritius origin

cyunornolgus roacaques.

PCT/US2024/014265

Ne. , Dose
Study mBNA/LNP Treatment ; Route
of macaques {mg/kg)
23-01A 12 mCherry mRNA Lipid 0.5 v
1S Ab1
2 mCherry mRNA Lipid | 0.2 1V
15 Abl
1 untreated NA NA
23-01B mCherry mRNA KC3
1 1.0 v
Abl
m{Cherry mRNA KC3
1 0.5 v
Abl
2 mCherry mRNA KC3 02 v
Abl
1 untreated NA NA
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6616} Flow cytometry was used 1o assay the bone marrow aspirates for NHP HSCs that
have mCherry fluorescence. Bone marrow cells were resuspended as a single cell suspension
and mixed in red blood cell (RBC) lysis buffer (00-4333-57 from Invitrogen) to eliminate
eryvthrocytes. Cells were washed, resuspended in Dulbecco's phosphate-buffered saline
{DPBS) complemented with 10% of fetal bovine serurn (FBS), stained with anti-CI334 (clone
561, Cat# 343614 from Biolegend™) and anti-CD117 {clone 104D2, Cat# 3132006 from
Biolegend) antibodies, and analyzed by flow cytometry to assess transfection efficiency. An
exemplary flow cytometry results illustrating the flow cytometry gating strategy to identify

cynomolgus macaque LT-HSCs 1s shown in FIG. 18

6617} FIGS. 19A-19B show the average percentage of HSCs that are mCherry positive
from cynomolgus macaques treated with Lipid 15 LNPs (FIG. 194) or KC3 LNPs (FIG.
19B) coated with the Ab1 Fab encapsulating mCherry mRNA Positive HSCs were
transfected in vivo in a dose~-dependent manner by both LNPs tested. This confirms that the

human targeted HSC LNPs can efficiently transfect cynomolgus macaque LT-HSCs in vivo.

EXAMPLE 15%: PREPARATION OF FAR CONJUGATES TO ENABLE IN VIVO HEMATOPOCIETIC

STEM CELL {(HSC) TARGETING

j0618] This Example describes a method for the production of Lipid-HS8C targeting group
conjugates for incorporation into HSC-targeting LNPs (e.g., LNPs comprising an ionizable

cationic lipid, where the touizable cationic lipid 1s KC3 or Lipid 15}

{6619} Fabs that bind to HSC-specific targets (CD117, CD10S) were conjugated to
DSPE-PEG(2k)-maleimide via covalent coupling between the maleimide group and a C-
terminal cysteine o the heavy chain (HC), following nitial reduction of the roixture of Fab’
and (Fab")2. The protein was reconstituted with molecular biclogy grade water at 10 mg/mL.
in phosphate buftered saline (10 mM phosphate, 140 mM NaCl pH 7.4} and further diluted to
5 mg/mL in reduction buffer containing final concentration of 50 mM phosphate, 10 mM
citrate, 75 mM NaCl, 5 mM EDTA pH 6.0 with 20 mM L-cysteine reducing agent and
incubated for T br at 25°C with agitation under an Argon atmosphere. The reduced protein
was immediately buffer exchanged to 99.9% into conjugation buffer 5 mM citrate, 140 mM
NaCl, 1 oM EDTA pH 6.0 with a 10 kDa molecular-weight cutoff regenerated cellulose
membrane in 24-well polypropylene filtration plate at room temperature using automated
ultrafiltration/diafiliration buffer exchange (Unchained Labs, California, U.8 ) equipped with
HEPA air filtration system. The free sulthydryl content after reduction and buffer exchange
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was measured to be <1.1 per Fab molecule after reduction and buffer exchange using Ell’an's
Reagent (7, 5'-dithio-bis-[2-nitrobenzoic acid]) according to manufacturer’s protocol (Thermo

Fisher Scientific Peirce Biotechnology, Hlinois, 1.8}

16620} As soon as possible within 1 hr after buffer exchange the conjugation reaction was
initiated by addition of a micellar suspension with 12 mg/mbL DSPE-PEG-OCH3 {(NOF
Arerica, New York, U.S) and 8 mg/rl. DSPE-PEG-maleimide (NOF America, New York,
1.8,y in molecular biology grade water. The conjugation reaction was carried out with a final
councentration of 3.8 mg/mk Fab and av 8 25 wolar excess of maleimide at for 4 hr at 25°C
with agitation under Argon atmosphere. The production of the resulting conjugate was
monitored by HPLC and SDS-PAGE. The reaction was quenched in 1.0 mM L-cysteine at
room temperature for 10 mia and stored at 4°C for 12 - 16 hr. The resulting crude conjugate
reaction containing DSPE-PEG(2k)-anti-hCD 117 Fab was simultaneously purified from free
Fab and buffer exchanged t0 99.9% into 10 mM citrate, 10 % (w/v) sucrose pH 7.0 with a
100 kDa molecular-weight cutoff regenerated cellulose membrane in 24-well polypropylene
filtration plate at room temperature using automated ultrafiliration/diafiliration buffer
exchange {{inchained Labs, California, U.S.) equipped with HEPA air filtration system.
Purity of the final conjugate from was assessed by HPLC and by SDS-PAGE. After
quenching, the final micelle composition consists of a mixture of DSPE-PE(G-Fab, DSPE-

PEG-maleimide{cysteine terminated), and DSPE-PEG-OCH3.
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CLAIMS
What is claimed is:

1. Alipid nanoparticle (LNP) for targeted delivery of one or more nucleic acids into a

hematopotetic stem cell (HSC), wherein the LNP comprises:
{a) alipid-antibody conjugate comprising the compound of Formula (I):
[Lipid] - [optional linker] — fantibody] (1},
wherein the antibody binds to CD10S and/or CD117;
(b) an tonizable cationic lipid comprising:

i. acompound of Formula {II'y.

O O
R! R? /J\\
RiAt RaAJL\O/ \T/ ~g R2A R2A3
R;ﬂ/ R \KRM

R1A3 R2AT
N O
REB
RSA RﬁAS
R3A2
R3A1 (ﬂ’\,
or a salt thereof, wherein:
R!, R?, and R? are each independently a bond or Cy.3 alkylene;

R'* R* and R** are each independently a bond or Ci.10 alkylene;

RIAL RIAZ RIA RIAI R2A2 R2A3 R3AL RIA g R3A% are each
independently H, C1.20 alkyl, Cro alkenyl, {CH2)o-16C{OORY  or -
(CH2)o-100C{OR¥,

R*! and R™ are each independently Cy.z0 atkyl or Cizo alkenyl;

2
RBBE RBM
\N/

R3Big R

R {5 C1 alkylene; and
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R and R*™ are each independently H or Cy.¢ alky! optionally substituted
with one or more substituents each independently selected from the
group consisting of -OH and -O-(Cr.¢ alkyly, or

ii.  a compound having the following structure:

or a salt thereof’ and

(¢} one or more nucleic acids disposed in the LNP.
2. The LNP of claim 1, wherein the LNP comprises two lipid-antibody conjugates
comprising the compound of Formula (I}, wherein the first lipid-antibody conjugate

and the second lipid-antibody conjugate are the same or different.

3. The LNP of claim 1 or claim 2, wherein the antibody comprises an antibody heavy

chain variable region (VH) and an antibody light chain variable region (VL), wherein:
{(a) the antibody binds to CD117, and wherein

(1) the VH comprises a CIMR-H1 comprising the amino acid sequence of
FTFSNYAMS (SEQ ID NO: 1), a CDR-H2 comprising the amino acid
sequence of AISGSGGSTYYADSVKG (SEQ ID NO: 2), and a CDR-H3
comprising the amino acid sequence of AKGPPTYHTNYYYMDV (SEQ D
NG: 3), and
(11} the VL comprises CDR-L1 comprising the amino acid sequence of
RASQGISSWLA (SEG ID NO: 4), a CDR-L2 comprising the amino acid
sequence of AASSLQS (SEQ IDNG: §), and a CDR-L3 comprising the
amino acid sequence of QQTNSFPYT (SEQ ID NO: 6);

{(b) the antibody binds to CD117, and wherein
(1) the VH comprises a CDR-H1 comprising the amino acid sequence of
FIFSDADMD (SEQ ID NO: 10), a CDR-H2 comprising the amino acid
sequence of RTRNKAGSYTTEYAASVEG (SEQ ID NG 11), and a CDR-
H3 comprising the amino acid sequence of AREPKYWIDFDL (SEQ ID NO:
12}, and
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(i) the VL comprises CDR-L1 comprising the amino acid sequence of
RASGSISSYLN (SEQ ID NO: 13), a CDR-L2 comprising the amino acid
sequence of AASSLOS (SEQ D NO: 14}, and a CDR-L3 comprising the
amino acid sequence of QQSYIAPYT (SEQ ID NO: 15); or

{c} the antibody binds to CD0S, and wherein

(1) the VH comprises a CDR-H1 comprising the amino acid sequence of
DAWMD (SEQ ID NO: 19}, a CDR-HZ comprising the amino acid sequence
of EIRSKASNHATYYAESVKG (SEQ ID NO: 203, and a CDR-H3
comprising the amino acid sequence of WRRFFDS (SEQ 1D NG 21), and

{1} the VL comprises CDR-L1 comprising the amino acid sequence of
RASSSVSYMH (SEQ 1D NO: 22), a CDR-L2 comprising the amino acid
sequence of ATSNLAS (SEG ID NO: 23), and a CDR-L3 comprising the
amino acid sequence of QOQWSSNPLT (SEQ ID NO: 24).

4. The LNP of any one of claims 1-3, wherein the antibody binds to CP2117 and
comprises an antibody heavy chain variable region (VH) and an antibody light chain

variable region {VL}, wherein

(3} the VH comprises 3 CDR-H1 comprising the amino acid sequence of
FTFSNYAMS (SEQ ID NO: 1), a CDR-H2 comprising the amino acid
sequence of AISGRGGSTYYADSVKG (SEQ 1D NG: 2), and s CBR-H3
comprising the amino acid sequence of AKGPPTYRHTNYYYMDV (SEGQ (D
NG: 3), and

(b the VL comprises CDR-L.1 comprising the amino acid sequence of
RASQGISSWLA (SEG 1D NO: 43, a CDR-L2 comprising the amino acid
sequence of AASSLQS (SEQ D NO: 5), and a CDR-L3 comprising the
amino acid sequence of QQTNSFPYT (SEQ 1D NG: 6).

5. The LNP of any one of claims 1-3, wherein the antibody binds to CD117 and
comprises an antibody heavy chain variable region (VH) and an antibody light chain
variable region (VL), wherein

{(a) the VH comprises a CDR-HI comprising the amino acid sequence of

FTFSDADMD (SEQ ID NO: 103, a CDR-H2 comprising the amino acid

sequence of RTRNKAGSYTTEYAASVKG (SEQ IDNG: 11), and a CDR-
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H3 comprising the amino acid sequence of AREPKYWIDFDL (SEQ I3 NO:
12}, and

(b} the VL comprises CDR-L1 comprising the amino acid sequence of
RASQSISSYLN (SEQ D NG: 13), a CDR-L2 comprising the amino acid
sequence of AASSLOS (SEQ ID NO: 14), and a CDR-L3 comprising the
amino acid sequence of QUSYIAPYT (SEQ ID NG 15)

6. The LNP of any one of claims 1-3, wherein the antibody binds to CD 105 and
comprises an antibody heavy chain variable region (VH) and an antibody light chain
variable region (VL}, wherein

(a) the VH comprises a CDR-H1 comprising the amino acid sequence of
DAWMD (SEQ ID NO: 19), a CDR-H2 comprising the amino acid sequence
of EIRSKASNHATYYAESVKG (SEQ ID NO: 20), and a CDR-H3
comprising the amino actd sequence of WRRFFDS (SEQ 1D NO: 21}, and
(b} the VL comprises CDR-L1 comprising the amino acid sequence of
RASSSYSYMH (SEGQ ID NO: 22), a CDR-L2 comprising the amino acid
sequence of ATSNLAS (8EQ 1D NO: 23), and a CDR-L3 comprising the
amino acid sequence of QQWSSNPLT (SEQ 1D NO: 24).
7. The LNP of any one of claims 1-6, wherein the antibody comprises an antibody heavy
chain variable region (VH) and an antibody light chain variable region (VL) wherein
(a) the antibody binds to CD117, and wherein the VH comprises the amino acid
sequence of SEQ ID NO: 7 and the VL comprises the amino acid sequence of
SEQ ID NO: 8;
{(b) the antibody binds to CD117, and wherein the VH comprises the amino acid
sequence of SEQ 1D NO: 16 and the VL comprises the amino acid sequence of
SEQID NGO 17, or
(c} the antibody binds to CD 03, and wherein the VH comprises the amino acid
sequence of SEQ ID NO: 25 and the VL comprises the amivo acid sequence of
SEQ IDNO: 26.
8. The LNP of any one of claims 1-3, wherein the antibody binds to CD117 and

comprises an antibody heavy chain variable region (VH) and an antibody light chain
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10.

L

12.

13.

14.

variable region {VL}, wherein the VH comprises the amino acid sequence of SEQ ID

NO: 7 and the VL comprises the amino acid sequence of SEQ ID NG: 8.

The LNP of any one of claims 1-3, wherein the antibody binds to CD117 and
comprises an antibody heavy chain variable region (VH) and an antibody light chain
variable region {VL), wherein the VH comprises the amino acid sequence of SEQ IR

N{: 16 and the VL comprises the amino acid sequence of SEQ 1D NQO: 17,

The LNP of any one of claims 1-3, wherein the antibody binds to CD105 and
comprises an antibody heavy chain variable region (VH) and an antibody light chain
variable region (VL.), wherein the VH comprises the amino acid sequence of SEQ [D

NG: 25 and the VL comprises the amino acid sequence of SEQ ID NO: 26

The LNP of any one of claims 1-10, wherein the antibody comprises a Fab, F(ab")2,

Fab’-SH, Fv, scFv fragment, or immunoglobulin single variable domain.
The LNP of any one of claims 1-11, wherein the antibody comprises a Fab.

The LNP of clairo 12, wherein the Fab comprises a heavy chain domain and a light

chain domain, and wherein

(a) the heavy chain and light chain domains of the Fab comprise the amino acid
sequences set forth in SEQ 1D NOs: 9 and 38, or have at least 85, 90, 95, 96, 97, 98,
99, or 99.5% sequence identity with the amino acid sequences set forth in SEQ ID

NQs: 9 and 38,

{b) the heavy chain and light chain domaing of the Fab comprise the amino acid
sequences set forth in SEQ HD NOGs: 18 and 39, or have at least 85, 90, 95, 96, 97, 98,
99, or 99.5% sequence identity with the amino acid sequences set forth in SEQ 1D
NOs: 18 and 39; or

{c} the heavy chain and light chain domains of the Fab comprise the amino acid
sequences set forth in SEQ D NQGs: 27 and 40, or have at least 83, 90, 95, 96, 97, 98,

99, or 99.5% sequence identity with the amino acid sequences set forth in SEQ 1D

NQOs: 27 and 40,

The INP of claim 12, wherein the Fab comprises a heavy chain domain and a light
chain domain, and wherein the heavy chain and light chain domains of the Fab

comprise the amino acid sequences set forth in SEQ ID NOs: 9 and 38, or have at
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L

16.

19.

20.

21

least 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity with the aming acid

sequences set forth in SEQ ID NOs: 9 and 38,

. The LNP of claim 12, wherein the Fab comprises a heavy chain domain and alight

chain domain, and wherein the heavy chain and light chain domains of the Fab
comprise the amino acid sequences set forth in SEQ ID NOs: 18 and 39, or have at
least 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity with the amino acid

sequences set forth in SEQ D NOs: 18 and 39,

The LNP of claire 12, wherein the Fab comprises a beavy chatn domain and a light
chain domain, and wherein the heavy chain and light chain domains of the Fab
comprise the amino acid sequences set forth in SEQ ID NOs: 27 and 40, or have at
least 85, 90, 95, 96, 97, 98, 99, or 99.5% sequence identity with the amino acid

sequences set forth in SEQ D NOs: 27 and 40.

. The LNP of any one of claims 12-16, wherein the Fab comprises a heavy chain

domain and a light chain domain and wherein the heavy chain domain, the hight chain

domain, or both comprise a cysteine residue at the C-terminus.

. The LNP of any one of claims 1-17, wherein the antibody comprises an Fo domain.

The ILNP of any one of claims 11-18, wherein the Fab lacks the native interchain

disulfide bond at the C-terminus.

The LNP of any one of claims 11-19, wherein the Fab 15 engineered to replace one or
both cysteines on the native constant light chain and the native constant heavy chain
that form the native interchain disulfide with a non-cysteine amino acid, therefor to
remove the native interchain disulfide bond in the Fab,

The LNP of any one of claims 11-20, wherein the Fab comprises a heavy chain
fragment that comprises C2338 substitution, and a light chain fragment that comprises

2148 substitution, numbering according to Kabat.

. The LNP of any one of claims 11-21, wherein the Fab has a non-natural interchain

disulfide bond.

. The LNP of any one of claims 11-22, wherein the Fab has an engineered, buried

interchain disuifide bond.
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24. The LNP of any one of claims 11-23, wherein the Fab comprises F174C substitution
in the heavy chain fragment, and S176C substitution in the light chain fragment,

aumbering according to Kabat,

25. The LNP of any one of claims 11-24, wherein the Fab comprises a cysteine at the C-
terminus of the heavy or light chain fragment.

26. The LNP of any one of claims 11-25, wherein the Fab further comprises one or more
amino acids between the heavy chain fragment of the Fab and the C-terminal cysteine.

27. The LNP of any one of claims 1-26, wherein the antibody comprises an
immunoglobulin single variable (ISV) domain.

28 The LNP of claim 27, wherein the 1SV domain is a Nanobody® ISV domain,

29. The LNP of claim 27 or 28, wherein the immunoglobulin single variable domain
comprises a cysteine at the C-terminus.

30. The LNP of any one of clatins 27-29, wherein the astibody coraprises two or mote
VHH domains.

31 The LNP of any one of claims 27-30, wherein the immunoglobulin single variable
domain comprises a VHH domain and further comprises a spacer comprising one or
more amine acids between the VHH domain and the C-terminal cysteine.

32. The LNP of any one of claims 27-31, wherein the two or more VHH domaius are

linked by an amino acid spacer.

[9N]
(43

3. The LNP of any one of claims 27-32, wherein the antibody comprises a first VHH
domain Hinked to an antibody CHT domain and a second VHH domain linked to an

antibody light chain constant domain

34. The LNP of any one of claims 27-33, wherein the antibody CH1 domain and the

antibody light chain constant domaiu are Hoked by one or more disuifide bouds.

35. The LNP of any one of claims 27-34, wherein the CH1 domain comprises F174C and
C2338 substitutions, and the light chain constant domatn comprises S176C and
2148 substitutions, numbering according to Kabat.

36. The LNP of any one of claims 1-35, wherein the antibody comprises an aming acid

spacer or linker with the amino acid sequence AAA or with an amino acid sequence

set forth in any one of SEQ 1D NOs: 45-60.
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38.

41.

45.

46.

47.

. The LNP of any one of claims 1-36, wherein the antibody comprises a bispecific

antibody.

The LNP of any one of claims 1-37, wherein the one or more mucleic acids 13 DNA or

RNA.

. The LNP of claim 38, wherein the RNA is an mRNA.

. The LNP of any one of claims 1-39, wherein the one or more nucleic acids comprise

an mRNA encoding a site-directed nuclease, a chemical base editor, a prime editor, or

an epigenome editor.

The LNP of any one of claims 1-40, wherein the one or more nucleic acids comprise

an mRNA encoding a site-directed nuclease.

. The LNP of claim 41, wherein the site-directed nuclease is a CRISPR-associated
(Cas) nuclease, a zinc finger nuclease (ZFN), a transcription activator-like effector
nuclease (TALEN), or a megaTAL.

. The LNP of claim 41 or claim 42, wherein the site-directed nuclease is a Cas
nuclease, ZFN, TALEN, or megaTAL comprising an amino acid sequence that
confers binding to a target nucleotide sequence.

. The LNP of any one of claims 1-43, wherein the one or more nucleic acids comprise

{3} an mRNA encoding a CRISPR-assoctated (Cas) nuclease or a chemical base
editor; and

{b) a guide RNA {gRNA} comprising a nucleotide sequence that confers binding
to a target nucleotide sequence.

The LNP of any one of claims 1-43, wherein the one or more nucleic acids comptise

(ay an mRNA enceding a prime editor; and
(b) a prime editing guide RNA (pegRNA)} comprising a nucleotide sequence that
confers binding to a target nucleotide sequence.

The LNP of claim 44 or claim 45, wherein the Cas nucleaseisa Type Hora Type V

Cas enzyme, or a variant thereof,

The LNP of any one of claims 44-46, wherein the Cas nuclease i3 a Cas9 enzyme, a

Cast2 enzyine, a CasX enzyme, a Casl4 enzyme, or a variant thereof.
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48 The LNP of any one of claims 44-47, wherein the gRNA or pegRNA comprises a

49

25

25

A

sequence having at least 80% identity to at least 15 consecutive nucleotides of the

target nucleotide sequence.

The LNP of any one of claims 1-48, wherein the one or more nucleic acids further
comprise a donor template nucleic acid comprising a sequence having at least 80%

identity to at least 15 consecutive nucigotides of the target nucleotide sequence.

. The LNP of any one of claims 1-49, wherein the target nucleotide sequence comprises

at least 15 consecutive nucleotides and is located within

a) a coding region of a gene;

b} an intronic region associated with a gene;

¢} an exon region associated with a gene;

d) a 57 untransiated region associated with a gene; or

e} a3 untravslated region associated with a gene;

wherein the gene is selected from the group consisting of ARE, HBG !, HBG2,
HBAI HBA2, HEBD, BCLIIA, BACH2 KLET LRE, ADA, DCLIFIC, 1L2RG, RAG,
RAGZ, JAK3, BTK, WAS, F8, F9, FIi Fio, PKILR RPSI9, CYBA, CYBB, NCFI,
NCFIB, NCFIC, NCEF2 NCF4, FLANE, ABCD, ARSA, FXN, GBA, 1DS, IDUA,
TCIRG, AICDA, UNG, CD48, CD40LG, FOXP3, 14,1110, 1113, JL7R, PRFI
FANCA, FANCB, FANCC, FANCD I/BRACA2, FANCD2, MPL, CCRS, CXCR4, I3,

F2, antithrombin I, and protein C.

. The LNP of any one of claims 1-50, wherein the target nucleotide sequence is within

a regulatory region, optionally an enhancer region or a repressor region, of a gene
selected from the group consisting of BB, HBG I, HBGZ, HBAIL HBA2, HBD,
BCLIIA BACH2 KLFI LRF, 4DA, DULREIC IL2RG, RAGI, RAG2, JAK3, BTK,
WAS, B8, 19, F1I Fi6, PKILR, RPSI, CYRA, CYBB, NCFI, NCFIB, NCFIC,
NCF2, NCF4, ELANE, ABCD ARSA, FXN, GBA, IDS, IDUA, TCIRG, AIUDA,
UNG, CD40, CDA0LG, FOXP3, 114, 1110, 1113, IL7R, PRIV, FANCA, FANCB,
FANCC, FANCDI/BRACAZ, FANCD2, MPL, CCORS, CXUR4, F5, F2, antithrombin

HI, and protein C.

. The LNP of anv one of claims 1-51 wherein the target nuclectide sequence is within

the BCL114 erythroid enhancer.
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53,

55

n
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45
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O

60.

. The LNP of claim 57, wherein

The LNP of any one of claims 1-52, wherein the ionizable cationic lipid comprises a

compound of Formula (IT).

The LNP of claim 53, wherein R*2 and R3 are each independently H or Ci.e alkyl,

optionally substituted with one or more substituents each independently selected from

the group consisting of -OH and ~O~(C1.s alkyl).

5. The LNP of claim 53 or claim 54, wherein R3%2 and R*™ are each independently

methyl or ethyl, each optionally substituted with one or more -OH.

. The LNP of claim 55, wherein R*% and R are each unsubstituted methyl.

RSBZ R?SB%???

\N/‘ \N//\\V/’A\}Ss

. The LNP of claim 55, wherein ROB is i ,

NP /’)N/v% NN NN

|
RN N VN

or I .

2
R332 R3B’E
§

RBBS

HG

is 1

. The LNP of any one of claims 5-58, wherein R, R%, and R? are each independently a

bond or methylene.

The LNP of any one of claims $3-59, wherein R? and R* are each methylene and R® is

a bond.
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61

64,7

The LNP of any one of claims 53-60, wherein the tonizable cationic lipid is a
compound of Formula (Ilb):

O O
" RMJ’L\ /\T/\O /ﬂ\ 28
R‘?:?r/ N o \T<R2A2
R1AZ Y REAT

Ri%!:\ RSA?:

\\]< R3A2

R3A’i

/’ S (11b).

2. The LNP of any one of claims $3-61, wherein R', R?4, and R are each

independently a bond or «(CHab.10-.

3. The LNP of any one of claims 53-62, wherein R'* and R** are each independently a

bond, -CH:*,, *(CHz)T, —(CHz)}—, ~(CH74)4~§ ~(CH2)5~, “(CH;:};-, "(C}’{2)7‘,, ot -(Cf‘iz}g-,

The LNP of any one of claims 53-63, wherein R and R** are each independently a
bond, (CHaz-, {CHz)4-, (CHa)s-, ~({CHa)r-, or {CHa ks~

65. The LNP of any one of claims $3-64, wherein R* is a bond, -CHa-, (CHa)o-, or -
(CHa)r-.
66. The LNP of any one of claims 53-65, wherein R14! R4 RIAS R4 R2A2 apd R2Y

67.

are each independently H, Ci.is alkyl, -CH=CH~«{(C1.15 alkyl), -CH=CH-CH;-CH=CH-
(Cya10 alkyl), -(CH2oCOYOCH(Cr10 alkyl){(Cruts alkyl), -(CH2}30.40C(OYCH(C 10
alkyI)(Crs atkyl), {CH2oaCOYOCHAC .15 alkyl), or (CH o sOCOY CHAC s

atkyl),

The LNP of any one of claims 53-66, wherein R'M and R**! are each independently -
CH=CHA(Cy.15 alkyl), -CH=CH-CHa-CH=CH-(C1.10 alkyl), ACHa)osC(OYOCH(Crro
alky)(Cris alkyh), or {CH2)0.40C(O)YCH(C 110 alkyD{(Crars alkyl); and R4 RIS,
R2A2 and R2* are each HL

?\2A1

The LNP of any one of claims $3-67, wherein R' and R** are gach
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69. The LNP of any one of claims 5$3-68, wherein R and R?*! are each

. The LNP of any one of claims $3-69, wherein R* R**? and R*** are each
independently H, Cras alkyl, (CH2)oC(OYOCH(Crs alkyl¥(Ciaro alkyl), {(CHado
{OC(O)CH(C 15 alky1)(C1r.10 alkyl), -(CH2)ouC(OIOCH(C 10 alkyl), of (CHzlo
4OC(OYCH{C 110 alkyl).

"~
[en]

71. The LNP of any one of claims 5$3-70, wherein R*! and R**2 are each independently

Cias alkyl; and RPM is HL

~
b2

. The LNP of any one of claims 53-71, wherein R’ and R** are each independently
ethyl, propyl, ‘22" , ‘2?7 ,

*;27/’\\/”\/\\ ) i??/\f\w |

73. The LNP of any one of claims 53-72, wherein R>*! is propyl and R**? is

E/W\‘

74. The LNP of any one of claims 53-73, wherein the ionizable cationic lipid is
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Lipid 8

75. The LNP of any one of claims 53-73, wherein the ionizable cationic lipid is

76. The LNP of any one of claims 53-73, wherein the ionizable cationic lipid is

H
ol o O Xy

oo
S0

Lipid 15

77. The LNP of any one of claims 33-73, wherein the ionizable cationic lipid comprises

the compound having the structure

78. The LNP of any one of claims 1-77, wherein the antibody is covalently coupled to a
lipid in the LNP via s polyethylene glycol (PEG) containing linker.

79. The LNP of claim 78, wherein the lipid covalently coupled to the antibody via a PEG
containing linker is distearoylglycerol (DSG), distearoylphosphatidylethanolamine
(DSPE), dirnyrstoyi-phosphatidylethanolamine (DMPE), distearovl-glycero-

phosphoglycerol (DSPG), dimyristoyl-glycerol (DMG),
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80.

&1.

83.

84,

86.

88.

89.

dipalmitoylphosphatidylethanclamine (DPPE), dipalmitoyi-glycerol (DPG), or

ceramide.
The LNP of claim 78 and claim 79, wherein the PEG 18 PEG 2000 or PEG 3400,

The LNP of any one of claims 1-80, wherein the lipid antibody conjugate comprises
[DSPEI-PEG(2000)-maleimide]-[anti-hCD117 Fab], wherein the

{DSPE-PEG(2000)-maleimide] is conjugated to the anti-hCD117 Fab via covalent
coupling between the maleimide group and a C-terminal cysteine in the heavy chain

{(HC) of the anti-hCD117 Fab.

. The LNP of any one of claims 1-80, wherein the lipid antibody conjugate comprises

{DSPEIPEG(2000)-maleimide]-[anti-hCD 105 Fab], wherein the
{DSPEPEG(2000)-malecimide] is conjugated to the anti-hCI10S Fab via covalent
coupling between the maleimide group and a C-terminal cysteine in the heavy chain

(HC) of the anti-hCD 105 Fab.

The LNP of claim &} or 82, wherein the ionizable cationic fipid is

o o
o] o] Ny
N
NG
J °
/’N\
Lipid 15

The LNP of any one of claims 81-83, wherein the LNP further comprises DSPE-

PEG(2000)-maleimide(cysteine terminated) and DSPE-PEG-OCH;.

». The LNP of any one of claims 1-84, wherein the lipid-antibody conjugate is present in

the LNP in a range of 0.001 to 0.5 mole percent.

The LNP of any one of claims 1-85, wherein the lipid-antibody conjugate is present in

the LNP in a range of 0.002-0.2 mole percent.

. The LNP of anv one of claims 1-86, wherein the LNP further comprises ong or more

of a structural lipid, a neutral phospholipid, and a free PEG-lipid.
The LNP of claim 87, wherein the structural lipid is a sterol.

The LNP of claim 88, wherein the sterol is cholesterol.



WO 2024/163905 PCT/US2024/014265

S0

91

82,

94.
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97.

. The LNP of any one of claims 1-89, wherein the ionizable cationic lipid is present in

the LNP in a range of 30-70 mole percent.

. The LNP of any one of claims 1-90, wherein the tonizable cationic fipid 1s present in

the LNP in a range of 40-60 mole percent.

The LNP of any one of claims 88-91, wherein the sterol is present in the LNFP ina

range of 20-70 mole percent.

. The LNP of any one of claims 88-92, wherein the sterol is present in the LNP ina

range of 30-50 mole percent.

The LNP of claim 87, wherein the neutral phospholipid is selected from the group
consisting of phosphatidylcholine, phosphatidylethanolamine, distearoyl-snglycero-3-
phosphoethanolamine (DSPE), 1,2-distearoyl-sn-glycero-3-phosphocholine {(DSPC),
1,2-diolecyl-sn-glycero-3-phosphoethanolamine {(DOPE), 1,2-diolecyl-sn-glycero-3-

phosphocholine (BOPC), and sphingomyelin.

>, The LNP of claim 87 or clairo 94, wherein the neutral phospholipid is presest in the

LNP in a range of 5-15 mole percent.

The LNP of claim &7, wherein the free PEG-lipid 1s selected from the group
consisting of PEG-modified phosphatidylethanolamines, PEG-modified phosphatidic
acids, PEG-modified ceramides, PEG-modified dialkylamines, PEG-modified

diacylglycerols, and PEG-modified dialkylglycerols.

The LNP of clair 87 or claim 96, wherein the free PEG-lipid comprises PEG-
dicleoylgylcerol (PEG-DOG), PEG-dimyristoyl-glycerol (PEG-DMG), PEG-
dipalmitoylglvcerol (PEG-DPG), PEG-dilinoleoyl-glycero-phosphatidyl ethanolamine
(PEG-DLPE), PEG-dimyrstoyl-phosphatidylethanolamine (PEG-DMPE), PEG-
dipalmitoylphosphatidyicthanolamine (PEG-DPPE), PEG-distearoyiglycerol (PEG-
BSG), N-palmitoyi-sphingosine-1-{succinyl{methoxy(polyethylene glycol)] (PEG-
ceramide), PEG-distearoyi-glycero-phosphoglycerol (PEG-DSPG), PEG-dicleoyl-
glycerophosphoethanolamine (PEG-DOPE), 2-{(polyethylene glycol}-2000}-
N,Nditetradecyiacetamide, PEG-distearoyi-phosphatidylethanolamine (PEG-DSPE),

or a dertvative thereof.
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98. The LNP of any one of claims 87, 96, and 97, wherein the free PEG-lipid comprises a
diacylphosphatidylethanolamine comprising Dipalmitoyl (C16) chain or Distearoyl

(C18) chain, and optionally the free PEG-liptd comprises PEG-DPG and PEG-DMG.

99. The LNP of any one of claims 87 and 96-98, wherein the free PEG-lipid is present in

the LNP in & range of 1-4 mole percent.

100, The LNP of any one of claims 87 and 96-99, wherein the free PEG-lipid comprises

the same or a different lipid as the lipid in the lipid-antibody conjugate.

101, The LNP of any one of clairns 87 and 96-100, wherein the free PEG-lipid

comprises a PEG having a molecular weight of at least 2000 daltons.

102, The LNP of claim 92, wherein the PEG has a molecular weight of about 3000 to
5000 daitons.

103, The LNP of any one of claims 1-102, wherein the LNP has a mean diameter in the

range of 50-200 nm.

104. The LNP of any one of clairns 1-103, where the LNP has a mean diameter of about

100 nm.

105, The LNP of any one of claims 1-104, wherein the LNP has a polydispersity index

in a range from 0.05to L.

106, The LNP of any one of claims 1-105, wherein the LNP has a zeta potential of from

about +10 mV to about + 30 mV at pH 5.

107. The LNP of any one of claims 1-105, wherein the LNP has a zeta potential of from

about -30 mV to about + 5 mV at pH 7.4,
108, The LNP of any of claims 87-107, wherein the LNP comprises:
(a) the ionizable cationic lipid;

(b) the lipid-antibody conjugate comprising the compound of the foliowing

formula:

[Lipid] - [optional linker] - [antibody],

wherein the antibody binds to CD105 and/or CD117;
{¢) a sterol or other structural lipid;

{d) a neutral phospholipid;
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{e) afree Polyethylene glycol (PEG) lipid; and

{f} the one or more nucleic acids.

109, A method of targeting the delivery of a nucleic acid to a hematopoietic stem cell
(HSC3, optionally ex vivo or in vivo in a subject, the method comprising administering
to the subject the LNP of any one of claims 1-108, wherein the LNP comprises the

nucleic acid.

110.  The method of claim 109, wherein the method further comprises administering 1o
the subject an HSC mobilization agent, and wherein the LNP is administered to the

subject intravenously.

111, The method of claim 110, wherein the HSC mobilization agent is administered to

the subject before, during, or before and during administration of the LNP.

112, The method of claim 110 or ¢laim 111, wherein the HSC mobilization agent
comprises plerixafor, granulocyte colony stimulating factor (G-CSF), granulocyte-

macrophage colony stimulating factor {GM-CSF), or any combination thereof.

113, The method of any ove of claims 110-112, wherein the HSC mobilization agent

comprises plerixafor and G-C8F.

114. A method of genetically modifying a hematopotetic stem cell (HSC), optionally ex
vivo of i vive in a subject, the method comprising administering to the subject the
LNP of any one of claims 1-108, wherein the one or more nucleic acids disposed in the
LNP comprise an mRNA encoding a site-directed nuclease, a chemical base editor, a

prime editor, or an epigenome editor.

115, A method of treating a discase in a subject in need thereof, the method comprising
administering to the subject the LNP of any one of claims 1-108, wherein the one or
more nucleic acids disposed in the LNP comprise a sequence, optionally an mRNA,|
encoding a site-directed nuclease, a chermical base editor, a prime editor, or an
epigenome editor.

116, The method of claim 114 or claims 115, wherein the method further comprises
administering to the subject an HSC mobilization agent, and wherein the LNP is
administered to the subject intravenously.

117, The method of claim 116, wherein the HSC mobilization agent is administered to
the subject before, during, or before and during administration of the LNP.
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118, The method of claim 116 or claim 117, wherein the HSC mobilization agent
comprises plerixafor, granulocyte colony stimulating factor (G-CSF), granulocyte-

macrophage colony stimulating factor (GM-CSF), or any combination thereof.

119. The method of any one of claims 116-118, wherein the HSC mobilization agent

comprises plerixafor and G-CSF.
120. The method of any one of claims 115-119, wherein the disease 1s a blood disease.

121, The method of any one of claims 115-119, wherein the disease is a
hemoglobinopathy, a primary immune deficiency (PID), a congenital cytopenia, a
hemophilia, a thrombophilia, an inborn error of metabolism, a neuropathy, or a viral

disease.

122. The method of claim 121, wherein the disease 18 an a-hemoglobinopathy or a p-

hemoglobinopathy.

123, The method of claim 121 or claim 122, wherein the B-hemoglobinopathy is B~

thalassemia or sickle cell disease.

124, The method of any ouve of claims 121-123, wherein administration of the LNPs

results in one or more of;

(a) insertion of an BB transgene, or a fragment thereof] into at least one HSC of

the subject;
(b} increased expression of B-globin in the subject;
{c} an increased amount of azf; adult hemoglobin (HbA) in the subject;

{d) insertion of an HBG 7 transgene, or a fragment thereof, into at least one HSC

of the subject;

(e} insertion of an HBG2 fransgene, or a fragment thereof, into at least one HSC

of the subject;
(f) increased expression of y-globin in the subject;
{g) an increased amount of azy; fetal hemoglobin {HbF) in the subject;

{(h) disruption of the HBA [ gene, the H5A42 gene, or a2 combination thereof in at

feast one HSC of the subject;

(i} decreased expression of w-globin in the subject; and
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(i) adecreased amount of o4 a~globin heterotetramers the subject.
125. The method of claim 121, wherein the disease is a PID.

126. The method of claim 125, wherein the PID is a severe combined
immunodeficiency (8CID), Wiskott-Aldrich syndrome, chronic granulomatous
disease, immunodysregulation polyendocrinopathy enteropathay X-linked (JPEX}, a

hyper IgM syndrome, or X-linked agammaglobulinemia,
127, 'The method of ¢laim 126, wherein the PID is a SCID.

128. The method of claim 127, wherein the SCID is Artemis-SCID (ART-8CID),
recombination activating gene SCID (RAG-SCID), X-linked SCID (X-SCID),
adenosine deaminase-deficient SCID, interleukin 7 receptor deficiency SCHD, or JAK3

SCID.

129. The method of claim 128, wherein the SCID is ART-SCID, and wherein
administration of the LNP results in insertion of a DCLREI(C transgene, or a fragment
thereof, into at feast one HSC of the subject; increased expression of functional

Artemis protein in the subject; or a combination thereof.

130, The method of claim 128, wherein the SCHD 1s RAG-SCID, and wherein
administration of the LNP results in insertion of a R4AG T transgene or a RAG2
trangene, or a fragment thereof, into at least one HSC of the subject; increased
expression of functional RAG protein or RAG2 protein in the subject; or a

combination thereof.

131, The method of claim 128, wherein the SCIHD is X-SCID, and wherein
administration of the LNP results in tnsertion of an [L2HG transgene, or a fragment
thereof, in at least one HSC of the subject; increased expression of functional L.2RG

protein in the subject; or a combination thereof.

132, The method of claim 125 or claim 126, wherein the PID 1s Wiskott-Aldrich

syndrome.

133, The method of claim 132, wherein the PID 13 Wiskott-Aldrich syndrome, and
wherein administration of the LNP results in insertion of a W48 transgene, or a
fragment thereof, into at least one HSC of the subject; increased expression of

functional WASP protein expression in the subject; or a combination thereof,



WO 2024/163905 PCT/US2024/014265

134. The method of ¢laim 125 or claim 126, wherein the PID is chronic granulomatous

disease.

135, The method of any ove of claims 125, 126 and 134, wherein the PID s X-linked

chronic granulomatous disease.

136. The method of any one of claims 125, 126, and 134, wherein the PID is chronic
granuiomatous disease, and wherein administration of the LNP results in one or more

of:

(a) insertion of a (VB4 transgene, a (VR transgene, an NCF/ transgene, NCF2
iransgene, or an NCF4 transgene, or a fragment thereof, into at least one HSC
of the subject;

(b} introduction of a point 676C>T pointe mutation in the CYBE gene of at least
one HSC in the subject;

{¢} increased expression of functional CYBA protein, CYBB protein, NCF1
protein, NCF2 protein, or NCF4 protein in the subject; and

(d) an increased amount of functional NADPH oxidase enzyme complex in the
subject.

137. The method of any one of claims 125 and 126, wherein the PID 18 IPEX

138, The method of any one of claims 125, 126 and 137, wherein the PID is IPEX, and
wherein administration of the LNP resulis in insertion of an /FOXF 3 transgene, or a
fragment thereof, into at least one HSC of the subject; increased expression of

functional FOXP3 protein in the subject; or a combination thereof.

139, The method of any one of claims 125 and 126, wherein the PID is hyper IgM
svndrome.

140, The method of any one of claims 125, 126 and 139, whereiu the PID is hyper IgM
syndrome, and wherein administration of the LNF results in one or more of:

{(a) insertion of a A7CD4 transgene, a UNG transgene, an CD40 transgene, or a
CDH0LG transgene, or a fragment thereof, into at least one HSC of the
subiect;

(b) increased expression of functional AICDA protein, UNG protein, CD40

protein, or {D40LG protein in the subject;
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{¢) adecreased amount of IgM antibodies in the subject; and

{d} an increased amount of IgG, IgA, or IgE antibodies in the subject.

141, The method of clairn 121, wherein the disease is a congenital cytopenia.

142, The method of claim 141, wherein the congeunital cytopenia is Fanconia anemia,
Shwachman-Diamond syndrome, Blackfan-Diamond anemia, dyskeratosis congenita,
congenital amegakaryocytic thrombocytopenia, or reticular dysgenesis,

143, The method of claim 141 or claim 142, wherein the congenital cytopenia is
Fanconia anemia, and wherein administration of the LNP results in insertion of one or
more FANC genes, or a fragment thereof, into at feast one HSC in the subject;
increased expression of one or more functional FANC proteins in the subject; ora
combination thereof.

144, The method of any one of ¢laims 141-143, wherein the congenital cytopenia is
Fanconia anemia, and wherein administration of the LNP insertion of a FANCA
transgene, or a fragment thereof] into at least one HSC of the subject; increased
expression of functional FANCA in the subject; or a combination thereof.

145, The method of claim 121, wherein the disease is 2 hemophilia.

146, The method of claim 145, wherein the hemophilia is hemophilia A, hemophilia B,

or hemophilia C.

147, 'The method of claim 121, wherein the disease is a hemophilia, and wherein

administration of the LNP results in:

(ay insertion of a &8 transgene, a £9 transgene, or an /77, or a fragment thereof,

inte at least one HSC of the subject;

(b) increased expression of functional factor VHI protein, factor IX protein, or

factor X1 proteto in the subject; and
{¢) increased blood clotting in the subject.
148. The method of claim 121, wherein the disease is a thrombophilia.

149, The method of claimn 148, wherein the thrombophilia is amegakaryocytic

thrombocytopenia or factor X deficiency.
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150. The method of claim 121, wherein the disease is a thrombophilia, and whersin

admimstration of the LNP results in one or more of’
(a} insertion of a £5 transgene, a £2 transgene, a transgene encoding antithrombin
{11, a transgene encoding protein C, or a transgene encoding protein S, or a
fragment thereof, into at least one HSC of the subject;
(b} increased expression of functional factor V protein, factor H protein,
antithrombin HI protein, protein C, or protein S in the subject; and
{¢c} reduced blood clotting in the subject.
151, The method of claim 121, wherein the disease is an inborn error of metabolism.
152, The method of claim 151, wherein the inbor error of metabolism is
phenylketoneuria (PKU), medium-chain acyl-CoA dehydrogenase (MCAD)
deficiency, a lysosomal storage disease, a glycogen storage disorder, a peroxisomal
disorder, Fabry disease, Gaucher disease, Hurler syndrome, Hunter syndrome,
Wolmaun disease, or pyruvate kinase deficiency.

1

N

3. The wethod of clairo 152, wherein the peroxisomal disorder is X-linked

adrenoleukodystrophy.

154. The method of claim 152, wherein the lysosomal storage disease is metachromatic

leukodystrophy, mucopolysaccharidosis {, or mucopolysaccharidosis 1L
155. The method of claim 121, wherein the disease is a neuropathy.
156. The method of claim 155, wherein the neuropathy is Friedrich’s ataxia.
157. The method of claim 121, wherein the disease is a viral disease.
158, The method of claim 137, wherein the viral disease is HIV/AIDS.

159, The method of claim 157 or claim 158, wherein the viral disease is HIV/ATDS, and
wherein administration of the LNP prevents infection by HIV, progression of

HIV/AIDS, or a4 combination thereof.

160. The method of any one of claims 109-159, whergin the one or more nucleic acids

disposed in the LNP comprise an mRNA encoding a site-directed nuclease.
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161, The method of claim 160, wherein the site-directed nuclease is a CRISPR-
associated (Cas) nuclease, a zine finger nuclease (ZFN), a transcription activator-like
effector nuclease (TALEN), or a megaTAL.

162. The method of claim 160 or claim 161, wherein the site-directed nuclease is a Cas
nuclease, ZFN, TALEN, or megaTAL comprising an amino acid sequence that confers
binding to a target nucleotide sequence.

163, The method of any one of claims 109-162, wherein the one or more nucleic acids
disposed in the LNP comprise:

(a) an mRNA encoding a CRISPR-associated (Cas) nuclease or a chemical base
editor; and

(b} a gumide RNA {(gRNA) comprising a nucleotide sequence that confers binding
to a target nucleotide sequence.

164. The method of any one of claims 109-163, wherein the one or more nucleic acids
disposed in the LNP comprise:

(ay an mRNA encoding a prime editor; and
(b) a prime editing guide RNA (pegRNA} comprising a nucleotide sequence that
confers binding to a target nucleotide sequence.

165, The method of any one of claims 161-164, wherein the Cas nuclease is a Type H or
a Type V Cas enzyme, or a variant thereof

166. The method of any one of claims 161-165, wherein the Cas nuclease is a Cas9
enzyme, a Casi2 enzyme, a CasX enzyme, or a Cas 14 enzyme, or a variant thereof.

167, The method of any one of claims 109-106, wherein the gRNA or pegRNA
comprises a sequence having at least 80% identity to at least 15 consecutive
nucleotides of the target nucleotide sequence.

168. The method of any one of claims 109-167, wherein the one or more nucleic acids
disposed in the LNP further comprise a donor template nucleic acid comprising a
sequence having at least 80% identity to at least 15 consecutive nucleotides of the
target nucleotide sequence.

169. The method of any one of claims 162-168, wherein the target nucleotide sequence

comprises at least 15 consecutive nucleotides and is located within
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a} a coding region of a gene;

b) an intronic region associated with a gene;

¢} an exon region associated with a gene;

d} a 5 untranslated region associated with a gene; or

e} a 37 untranslated regioun associated with a gene;

wherein the gene is selected from the group consisting of HRE, HBG I, HBG2,
HBAI HBA2, HBD, BCLIIA, BACH2, KLET, LI, ADA, DCLREIC, H2RG, RAGH,
RAG2, JAK3, BTK, WAS, F8, F9 Fii Fio PKIR RPSI9 CYRA CYBB NCFI,
NCFIB, NCFIC NCF2, NCF4 ELANE, ABCIDH, ARSA, FXN, GBA, IDS, IDUA,
TCIRG, AICDA, UNG, CD40, CD40LG, FOXP3 114, (110, 1113, IL7R, PRF I,
FANCA, FANCB, FANCC, FANCDI/BRACAZ, FANCD2, MPL, CCRS, CXCRA, F3,

F2, antithrombin HY, and protein C.

17¢.  The method of any one of claims 162-169, wherein the target nucleotide sequence
is within a regulatory region, optionally an enhancer region or a repressor region, of a
gene selected from the group consisting of HBE, HBG I, HBG2, HBAI, HBA2, HED,
BCLIIA, BACH2 KIFI, LRF, ADA, DCLREIC, IL.2RG, RAGI, RAG2, JAK3, RIK,
WAS, FE, F9 F11 F10, PKILR, RPSI9, CYBA, CYBB, NCFI, NCFIB, NCFIC, NCF2,
NCF4, ELANE, ABCDI ARSA, FXN, GBA, IDS, IDUA, TCIRG, AICDA, UNG, CD40,
CD40LG, FOXP3, 14, 1110, 1013, ILTR, PRI, FANCA, FANCB, FANCC,
FANCDI/BRACA2, FANCDZ2, MPL, CCR3, CXCR4, F35, F2, antithrombin T, and
protein C.

171, The method of any one of claims 162-170, wherein the target nucleotide sequence

is within the BCL /4 ervihroid enhancer.

172, The method of any one of claims 109-171, wherein the subject is @ human.



