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Lipid Nanoparticls Formulations and Compositions

CROSS-REFERENCE TO RELATED APPLICATIONS
[B041] This application claims priority to LS. provisions! application numbsy
B3885. 201, fed November 1, 3023, L& provisional application numbsr §3/830,303,
fited August 17, 2023; LS. provisional application number §3/510.061, filed .une 23,
2033 and U.S. provisional application number 83505424, filed May 31, 2023; the
disclosuras of which are expressly incorporated by reference hereln,

REFERENCE TL AN BLECTRONIC SEQUENCE LISTING
[o002}  Ths instard spplication containg a Sequence Listing that s besn subniitied
alactromoaily and i -hareby hoarporsied by reference in 88 entirgly.  The Seguence
Listing was treated on May 31, 2024, is named "24-0326-WO_Sequencelisting.xml®, and
s 8,266 hyles in size.

BACKGROUND

[pog3y  Lipid compositions have been used in the laboratory for the delivery of nucleic
scids into cells. Early compositions bassd on the catioie hipid 1 2-dicleoyl-3-
mmethylammonium propane  (DOTAR}  and  the  ionizable,  fusoagenic  lipid
dicisoyiphosphatidyt  athanolaming (DOPE) "had 8 large padicle size and wers
problematic when used in wivo, sxhibiting oo rapid clearance, topism for the lung, and
toxiclty. Lipid nancparticles (LNPs) comprising lonizable cationic ligids have been
developed o address these issuss o the extent that BNA baged products, such as the
SIRNA ONRATTRO® and twa mRNA-based SARS-CoV-2 vaooines, have received
regulatory approval and entered the markst.

[0004] - There is fimited ability o confral which tissugs or cells fake up the LNP oncs
administered. LNP administered infravencusly are takan up primarily in the liver, ling, o
splesn depending to g significant degres on net charge and particle size. itis possible to
dirgct »80% of LNP o the fiver by g combination of formulstion and infravenous
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administration. intramuscutar administration can provide a olinically uselul level of local
dalivery and exprassion. LNF can be redirecled fo other lssues or cell types Dy
conjugating a binding moiety with specificity for the target tissue or cell type, for example,
conjugating to the LNP a polypeptide containing an antigen hinding domain from an
antibady. Nonathaless, avoiding uptake by the liver ramains a challenge. Moreovar, with
current systems, anly a minor portion of the encapsulated nuclaic acdd is succassiully
dalivared o the oells of interest and into the oytaplasm. Cuerent campositions may release
oy 245% of the administersd RNA into the cvtoplasm (see, for sxample, Gilleron st al,,
Nat. Biolechnof. 31:838-848, 2013, and Munson st al., Commun. Biol 4211224, 2081)
Thus, thére are remaining issues of offtarget delivery, poor efficiency of release of nliclsic
gaid o the oytoplasm, and toxicly asseciated with accumudation of the componstit
fipids.

[0008] Therefora, this disclosure provides lipid nanoparticles and lipid nanoparticle
forrmufgtions and compositions to satisfy an urgent needin the field.

BRRIEF RESCRIPTION OF THE DRAWINGS

foous) Figurss 1A-B show improved LNP and ILNP function using lipids and
compositions as disclosed herein. Figure 1A depicls fransfection rale {percentage of
cells sxpressing the mRNAY versus expression level {as Malscides of Equivaient
Soluble Flugrochrome {(MESF)) for splenic T cells from mice administerad various
LNP or tLNF. Figure 18 depicts trassfection rate (percentage of cslls expressing the
mENAY versus sxpression level {85 mean fluorescencs  intensity, (MFI for
hepatooytes from mice administerad various LNP or NP,

Jo0o7) Figurs 1€ depicts the transfection rate (percentage of T cells expressing
the mRNAY varsus exprassion level (as mean Thugrescence intansity (MR in splaen
T cells from CSTBLA mice administered targsted LNFs (tLNPs) comprising & lipid
corpposiion varying only inthe structure of the fonizable catiorie ipid. The hinding
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miciety of the LNPs was an anti-CDS antibody and the payload was an mRNA
encoding mCherry.

[oog] Figures 2A-F degict transfaciion rate of ransfection rate and expressian
tlevel {as MFD for (NP with diferent input antibody density expressed as ratios of
copjugated antibady o MRNA (Wi, Figurs 3A shows g plot of transfection rate versus
gxprassion level in nouse splenic T celfs in fn vt culture. Figures SC-E show results of
in vivo transfection with the NP plotling of transfection rate versus exprassiorn level in
splenic T galls (20), CD4E liver cells thepatocytes: 2D, snd CDASYCDT liver calls
{Kupffer calls; 3B} whils Figure 3B presents the sams fransfection rate data as Figurs 2C
but versus bindar ratio as a bar chart, Figure 2F shows a plot of transtection rate versus
sxprassion fevel in cynomolgus macague non-human primate) blood T calls in i witre

seiture.

[0008) Figures 3A-C depict the tansfection rate (percentage of T cells
expressing the mENA} and expression lavel (MF1) in cells from CETBLE mics
administerad ILNPs comprising LNP compositions comprising the onizabls cationic
Hpld CICLT andd varying only in NP ratio. They were further compared 10 a benohimark
composition, BFY, in which the jonizable cationic lipid was ALC-0215. BF1 and F1
ware identical to the compositions santaining ALG-0315 and CIGL YV iIn Figure 1C. The
binding malety of the tLNPs was an anti-Cb antibady andthe payload was an mRNA
encoding mCharry, Data is presented for splenic T cells (Figure 34}, CD4& lver celis
{Figure 38}, and CD45* GO 1h" liver cells {Figure 301

[8010) Figures 4A-C depicts the transfection rale (percentage of T celis
axpressing the mRNA) and expression level {as mean fluvrestence intensity (MFIY)
in cells from CE7BLA mice administered ILNPs comprising ILNF compositions
comprising the ionizable cationic tipid CICLY but varying only the amounts of CICLY
and cholestergl. The mol% of CICLY was 48 (F4), 80 (F1), ana 38 (F5) with
compensatory adiustments 1o the mol% of cholasterol. They wers furthar comparad
to berchmark compoesition BFY. The binding moiety of the tLNPs was an anti-Clb
antibody and the payioad was an mRNA encoding mCherry. Data is presented Ty
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splenic T cells {Figure 4A), CD45 liver calls (Figure 4R}, and CD4S® CD1IRY liver calis
{Figure 4C}

it Figures SA-F depict the transfection rale (percentage of T cells
axprassing the mRNA) and expression level (as MF1 in oslls from CSTBLIS mice
administefed tLNPs camprising varying non-functionglized PEG-lipids with different
lipid anchuor tengths for splaric T cells (Figures SA and 8D, CD4E liver cells (Figures
5B and SE}, and CD4AS™ COTID" tiver cells {Figures ST and 5F).

{0012 Figureg AL depict the tansfection rate (Lercentage of T cells
expressing the mRNA) and sxpression lavel (33 Molesules of Equivalent Solubls
Flugrochrome (MESFY) iy cells from CETBL/S mice administerad L NPs comprising
different smounts of non-funiclionalized PEGHipid bud the same amourd of total PEG-
fipid for splenic T cells (Figure 84), CDME liver calls (Figure §8), and CD4B* CD11H” iver
calls {Figura 8CY,

10013} Figures 7A-C depict the transfection rale {(pwroentage of T gullg
expressing the mRNA) and expression level {as MESF) in cells from CE7BLA mics
administersd ILNPs comprising varous combinations of funclionalized and non-
functionalized PEG-lpid for splenic T calls (Figure 7TA), CD48 hver cells (Figure 7B}, and
CRAG CRL® liver calls (Figure 7Y

{014} Figures 84A-C. depict ths transfestion rate {percentage of 7 uslls
gxpressing the mRNA)Y and axprassion lavel (as MFD in cells from CE7BLIS mice
administared {LNPs comprising two different amounts of phospholipid and two
different non-funcionalized PEG-ipid for splenic T cells (Figure BA), CD48 liver oells.
{Figitre 8B}, and QD45 G liver celis (Figure 8C),

[o015] Figures 9A-B depict the transfection rate {pweentage of T oslls
expressing the miENAY and sxpression level {as MESF oF MFL in 8A and 8B
raspuctivelyy in cslls frome CHTBLG mice administersd tLNP {decorated with a
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targeting antibody), LNF decorated with an irrelevant antibody, and LNP with no
antibody for splerie T cells (Figure 84), CD4& liver cells {Figure 8B},

[an1s] Figures 800 present wholesanimal ang individual orgarn biolumingscence
images {(Figure 8C} and individual organ bilolumingscencs guantitation {Figure 9Dy for
{57BLA mice administered BFY LNFy, COStargeted BF Y (LNPs, FO LNPs, or CDE-
targeted FOILNPE,

{17} Figurss 10A-F portray the resuits of studies in NSG mice sngraffed wath
hurnan paripherat blood ymphooytes and administered twite weaekly up to five doses of
WNP composition FPY fargeted fo sither CDE or COB and encapsulating an mRNA
gncoding sither mCherry or an ant-CMe CAR. Figures 10A-E dapict mCherny
transfection rate or exprassion level (ag MFD it bar graphs for CD4® CD& and total T
cells In bood and splsen from NEBG mice engrefled with human peripheral bload
lymphocoytes Tollowing sdministration of NP fargeted o either CREY or COBY cels
Resulls for franisfection nate in blood and splenic T cells are displayed in Figures 10A and
10C, respactively. Results for expression jeval in blood and splenic T cells are displayad
in Figures 108 and 100, respechvely. Figure 10E depicts CAR transfection rate int bar
graphs for C04° CDET andtotal T cells in blood 24 hours after tha mice recsivad a third
ChS-targeted NP carrying efther mherry of antt-CD18 CAR mRNA or CD8-targstad
NP carrying anB-Ce CAR miRNA. The X's represent mice that died due o grafi versus
host dissass andfor wirnor burden as apparsint from the figure. The spackling ovetwhole
animal seen is some images is an arlifact,

§0018) Figures 11A-L depict the leveals of various liver enzymes and acuts phass
proteins in rats adminisdtared the benchmarks BF1 LNFP or BF 1 ILNF and ILNP with the
S composition. Figures T1A-C depiet the lsvels of three acude phase proteing in mals
sdrministered thendicaled doses of the BRT LR at 8 and 34 hours afler administration,
specifically at-acid glycoprotein (Figure 11A), eS-macregicbulin {Figurs 118), and
haptogiobiy (Figuee 110} Figurss T10-E plot median liver enzyme levels at 24 hours
varsus dosage from a second study in rats camparing composition BF 1 1o F5 for aspantate
antinotransferase (AST) (Figure 110) and alaning amino fransferase (ALT) {(Figure 11E).
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Figures 11F-J show a comparison of the responses to the BF1 and FRILNPs forthe same

series of markers Figures T1H-L show ALT and AGP levels, respectively, inrats injected

with the indicated desages of either anti-lwuman CD8-beaning FS ILNF sncapsulating an

mRNA encoding an ant-CD18 CAR or a rat CDStargeted tLNF encapsulating an mRNA

encoding mCherry, The harizontal grey band in Figure 11K represants the ALT range

shearved in 31 naive ralg in a praviocus study.

ooy Figurss 12A-L depict various data from twa axperiments in non-human

primates {cynomolgus macagques). Figures 12A-D related to g first study and Figures 12E-

Jrelaty to a second study. Figurs 124 shows responses of the liver snzymaes ALT and

AST iy individugl oyncmelgus macagues over Hime aftar administration of ambodimants

of CDE-fargeted tLNPs of BF1 {upper paneis) and F5 {lower panels), respectivaly. "Ref
Neymrs Low” and “Ref Norm High'” indicate the normal rangs for thess liver enzymes, Figurs

128 shows oytokine secretion for the same animals for 1L-8, MCP-1 10L-2, IFNy, TNFa,

TGFa, IL-8, and gm-CSF, Figure 120 is g plot of transfection efficiency of blood T celis

{as % mTherry® cells) at 4 and 24 hours for individual animals after infusion of the

smbadiment of the TD5dargeted NP of composition F5 which encapsulated an

mCherry mRNA. Figure 120 is & bar chart depicting T cell fransfection efficiancy in

splsen, lymph nods, and bone narow fissus 34 hours afler infusion of the smbodimeant

of the Cli54argeted NP of F§ which encapsulated aén mCherry mRNA. Flgures 12EF
depict rasponses of the liver enzymes ALT and AST in individual cynomolgus macagiies
pver fime after g single administration of ambodiments of the CDS- and CliB-targeted

LR of composition FE, which encapsulgted an anti-CD18 CAR mRNA Figure 128) or
Figura 124G s g plot of transfection afficiency of blood T cells (as % CAR" cells} at 8 and

24 hours for individual animals after infusion of the ambodiments of the CDS- and CD&-

targeted (LNP of F8 which encapsulated an ani-CD18 CAR mRNA. Figure 13H s a bar
charl depicting T cell transfection sfficiengy in spleen, lymph node, bone marrow, and

liver tissue 24 hours after infusion of the smbodirments of the CD5- and CD8-targeted

NP of FO which encapsulated an anti-0019 CAR mRNA. Asterisks indicate data from

bong manaw and lymph node blopsy samples coliscted at 34 furs after irdusion from

the two animals that wers observed out 10 98 howrs post infusion, whereas the other

6
RECTIFIED SHEET (RULE 91} ISA/EP



WO 2024/249954 PCT/US2024/032141

animals were suthanized 24 hours after infusion and necropsy samples of ail four tissues
assessed. Figure 1211s a plot of transfection efficiency at ime points after each of multiple
infusions (doses) of the embodiment of the CD5-argeted tLNP of F& which encapsulated
the anti-CME CAR mRNA. Figure 12J presents box-and-whiskers plots of CAR
gxpragsion fevel in individual animals 34 hours afler the single administration of the
gnibodiments of the GDE- and CD8-fargsted tLNP of F8 which encapsulaied the anti
CD19 CAR mBNA. Captions above gach pansl indicate fargating and payioad dosags.
Figurs 12K shows a compilation of iver anzyme data romy three studies following a single
administration of vanousg NP, Figurg 130 depicts liver snzyme levils over the sourse of
3 administrations of COB-largeted ILNE.

{8020 Figurgs 12A-H# miate to the biodegradabifity of ionizable cationic lipids.
Figure 13A depicts a conceptual biodegradation schame for CICLY {above the ling} and
the starting compound and end products of biodagradation {below the ting). The distlosed
jonizabile cationic lipids having structure CICL may undergo biodegradation according to
such a conceptual scheme, without baing bound to gny particular theory. Howeaver,
gooording to this scheme esterase cleavage or other hydrolysis of CICLT would be
predicted to produce letra-alcohol B and 4 equivalents of nonanoic acid. Cyclization
should than result in the production of 2 equivalents of butyrolactons € and 1 equivalent
of diol D Esterase hydrolysis of € would result in the production of 2 equivalents of diol-
avid B, Figure 138 depicis the amount of onizable cationic lipid detected in plasma, fiver,
and splean 34 hours after administration of CDS4argeted LNF containing sither ALC-
0315 or GICLA 1o oynamolgus macagques (n=2). Figures 13C-E depict ime courses of the
disappsarance of the onizable cationic lipids CICLYT and ALGC-0315 following
administration of F9 and BF1 ILNF to mice in plasme, spleen, and liver, respectively,
plotted as LC-ME-hased detection of lipid concentration; mean + standard deviation (80}
shown. The ILNP were targeted to mouse CD8 and encapsulated an mRNA encading an
ami-human CEMS CAR. Figures 13F-H depict time courses of the dissppearance of the
encapsulated mRNA in plasma, splsen, and liver, respectively from the same mioe as in
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13C-E a5 detected by digital PCR and normalized to 2 epiked caontrol (plasma) or SARDH
{spleen and fiver).

o Figure 14 depicts transfection efficiency as % mCherry positive cells (left
panels) and expression level as geometric mean fluorestence intensity (gMFE right
paneis) for human T cells from two donors {(the upper (donor 1) and lower {donar )
pansis). The tLNPs comprissd the F5 lipid composition and sncapsulated mCherry mRNA
and targeted COZ, CDS, CD4 or CDE Diata s plotted for GDET, CD4, and CD8* oelis.

{0023 Figura 18 depiots percent G2 knock-out after disruption of the TRAC gene
i primary human T calls al vanous time points after transfection of Spliast mRNA and
a single quide RNA (sgRNA) targeting the TRAC locus using e {LNP decorated with an
anti-CDS monoclonal antibody (chimeric 507, also referred to as ch&DT) for various
dosages of payload (ug of Spllas® MmRNA + sgRNA}Y The sxperiment was done with T
calis oblained from twoe donars (the upper {donor #1) and lower (donor #2) panels).
Results for OD8' T cells and CO4™ T cells ate prasented sepsrataly in the left and right
panais, raspectivaly.

ey Figire 15 depicts parcent CD3 knock-out after disruption of the TRAC gene
iy primary Human T cells after rengfection of SpCass mBNA and 2 sgRNA targsting the
TRAC lovus using & ILNF decoratad with an anti-CDS monodonst antibody for vanous
dosages of payinad {jg of SpCash mRNA + sgRNA} for bath a first and second dose.
Resulls for CD8™ T cells and CD4Y T cells gre prasented separataly in the left and right
pansis, respectively. The bars represent the means from the results of two donors {the
pircles and the frangles),

[o024] Figure 17 depicts percent CD3 knock-out after disruption of the TRAC gene
n primary human T cells after transfection of Splas® mRNA and & sgRMA targeting the
TRAC locus using tLNPs decorated with an anti-CD8 monocional antibody (chRPA-TS-
NP, or 3 combination of LNPs decorated with anti-CD8 {[chRPA-TEALNPY and an
tLNPs decorated with an ami-CDE monocionst antibody {(chBD7ALNP), monocional
angd second dose. I each of the four bar chart pansis the resulls of g single dose gre
grouped to the feft with the results with redosing are grouped 1o the rght. The zero first
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and second dose data s plotted in both the single dose and redosad groupings. Rastilts
for COB* T cells and CD4™ T cells are presented separately in the upper and lower bar
chart panels, respectively. The bars represent the means fram the results of three donors
{the circles, squares, and the tiangles). Representative flow cytomelry histograms of
fluorascence versus numbar of events {Cells) for sach of the 3 py dosage conditions frem
the ODE T cells for Donor 1 {circles) are shown gt the fay right.

{anesy Figurs 18 depicts percent CD3 knock-put after disruption of the TRAC gsne
fvhuman T cells engrafted in NSG mice giter administrationftransiection of chaD7ALNR
only, chRPA-TBALNF only, or chBDTALNP + chRFATEILNF each sncapsulating
payioad (SplasQ mRNA + sgRNA}, givert in & single dose or two doses of the tLNFs.
Five mice were givery an initial dose, among which 3 were redosed {squares) while 8 only
recaived the singls dose {cirdes). Three mice received no dose but are replotted i sach
grouping for comparison. The bars reprasent the mean of the two or thras mice. Results
are shows for total T oelis, C04* T calls, and CO8 T cells in the left, middls, and right
panels, respentively. The single dose data is grouped 1o the left and the redosed data
the right in each panst,

[80z6] Figures 19A-B depict transfection rate (18A) and expression lavel {158)
over time for CR34 cells from human periphercal blood (thatis, hamatopoietic stem cells)
contacted with CD11T-targeted LNF i wilro st three doses of pavicad as indicsted in the
legend. The ILNP were targeted with one of four anti-CD117 antibodies: 104D2 {#1),
JSP18T 2, OKRE (#3), and ADSS (#4). #1 is nor-antagonistic whils the ofher three are
antagonistic. {LNP bearing the anti-HIV gp120 antibody teropavimab were used as a
negative cantrol.

[0627] Figures 204-0. Figures Z0A-B depict mhenry frangfection rate {Figurs
204) and exprassion level {Figure 0B} inhuman T celis 24 hours after transfection with
e of Tour praparations of COSagrgeted NP of lipid composition F§ encapsutating
mCharry mRNA. Untransfectad cells were used as a negative conirol, Each of the four
tLNF preparations used a differsnt antibody conjugation chemistry. Figures 200-I depict
miherry transfection rate (Figure 200) and sxpression level (Figure 200} in human T
celis 24 hours after NSG mice engraffed with huran FBMCs were administered one of
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fowr praparations of COS-targeted NP of lipid composition F5 encapsidating mCherny
mRNA. Uintransiscled cells (PBS) wers used 53 a negative contral, Egah of the fourtLNP
praparations usad a different antibody conjugation chemisty.

DETAILED DESCRIPTION

{au283 This disclostire provides lipid nanoparticles {LNF) and LNP compaositiong
and pharmaceutical compoasitions {or forrmulations) for the delivery of a payload, for
sxamps ane o mare nuclele acid species, o targeted ool types or tissues The LNP
may comprisg a funclionalized polyethyiene glveol {(RFEGHIpId that can be, or is,
conjugated %Q a binding moisty that binds to @ surface marker on & targeted cell type, thus
consiituting & targeted LNF GLNP). The binding moisty ditects the (NP0 the targeted
issug of ftargeted cell type so that NP delivers o the targeted csll typs with the
ancapsulated nudleic acld molecule or other negatively charged pavicad. Transfection
can be carriad out in vivo (also referred 10 88 in sity), extracorpareally, or ex vivo. This
disclosurs furthey provides methods of regrogramming or conditioning & ol by
transfecting or contacting the cell with & ILNP. Also provided are methods of making LNP
coftaining functionalized PEGHIpd and meihods of making thNB.

[0028] White the present disclosure is capable of baing entbodied in vanous forms,
the description below of several efboditments is mads with the upderstanding that the
present disclosire is 10 be vonsidered as an exemplification of the invention and is not
intendead - fimit the invention o the speaific ambodiments Hustratad.

{woan] YWhils the present disclosurs is capable of baing embadiad ir vanous farms,
the desaription betow of severst embodiments s mads with the understanding thst the
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present disclosire is to be considered as an exemplification of the invention and is not
intended to linit the invention to the specific embodiments ustrated.

DR Headings are pravided for tonvenience only and are not to be construed fo
fimit the Invention in any manner. Embodiments flustrated under any heading may be
combined with smbodirments Hustrated undar any other heading.

{0032} To the extent any malensts incorporsted herein by reference conflict with

the present disclosure, the present distlosws controls.

[H033] Frior {o setting forth this disclosure i more detad, & may be helpid to
provide abbrevigtions and definitions of cerlain terms t© be used hersin. Additional
definitions ans st farth hroughout this disclosure.

Deafinftions

{iHEs4] Asussdin the speaification and claims, the singular fomt’a.” “an.” and *the”
includes plurgl refersnces unless the context deardy dictates otherwise: It shoudd be
undarstond that the terms "a" and “an” as used herein refer {o “dne or more” of the
enumerated components.

FROREY Theuse of the alternative {e.g.. “or"} should b understood o mean sither
one, bath, or any combination thereof of the altematives

[0038] The term “about” as used herein in the context of & number refers to a range
centersd an that number and spanning 10% less than that number and 10% mare than
that number. Thaterr "about’ used i thecontaxtof 8 range refars 1o an-extandad rangs
spanning 10% fess than that the lowsst number listed it the rangs and 10% more than
the graatest number listed in the rangs.

[0037] Throughout this disglosure, sny concentration rangs, percentage range,
rafio range, or integer range is fo be understood to include the value of any integer within
the recited range and, when appropriate, fractions thereof (such as one tenth and one
hundredth of an integer), unless otherwise indicsted. Also, any number range of thig
disclosure relating to any physical featurs, such as palymer subunits, size, or thickness,
are t¢ he understood {o include any integer within the recited range. unless otherwise
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indicated. Throughout this disclosurs, numerical ranges are inclusive of their recited
gndpoints, unless spsaifitally stated otherwise.

[0038) Untess the contest requires otherwise, throughout the present specificatian
and olaimsg, the word "comprise” and vgrations thereol, such 8%, "comprises” and
“comprising” are fo be construsd in an open, incdusive sanss, that (s, as “including, b
ot lintted 0% As used herein, the terms “include” and “comprise’ are used
synonymously.

0038} The phrase “at least ona of when followed by a list of iams or slements.
refers fo an open-ended sat of one or more of the slements in the list, which may, but
dossnot nacassarily, include more than ong of the slemenis

g4 "Derivative,” as used herein, refers to a chemically or bivlogically modified
varsion of & sompowrid that is shructurally similar te a parent compound and {actually or
theoretically) derivabla from that parent compound. Generally, a "derivative” diffars from
an "analogue” i thal a parent compound may be the starling material to gensrate a
“derivative,” whereas the parent compound may not necessarily be used as the starding
material to generate an "aralogue. A darivative may have different chernical or physical
praperiies than the parant compound. For example, g dedvative may be mors hydraphilic
o hydrophabic, or i may have siared reactivity as compared 1o the parent conpound.
Althotugh a derivative can be obtained by physical {for exarmple, biolegical or chamical)
modification of the parent compound, & derivative can also be conceptually denved, for
gxample, as when a protgin’ sequence js designed based on ong of more known
saquences, an ancoding nuclele aoid is constructed, and the derived profein ablained by
axprassion of the encoding nucisic aaid.

{00411  As used herein “expansion’ refers to prodiferation of csils increasing thelr
riumber. Activating agents can be used o stimulste proliferstion (among other metabolic
changes) but can also result iy activation inducsd death uporn initial exposure s that
there is no immediate expansion. For T calls treated i witro with activating agents such
as -3 or CR3/CD28 activators, doubling time can be about 24 howrs (which is fairly
typical of marmalian cells v vifro generally), is wWvo doubling time can be substantially
shorter, depending on the presance and type of stimulation. Accordingly, diring the
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fimited time of axtracorporeal manipulation, sven when activating agents ave used, such
profocols will he effectively expansion-less,

[042]  As used herein an “exogenous protein” refers fo & synthetic, recombinant, or
other paptide or protein that is not produced by a wild-type call of that type oris expressed
at & lowsr level in a wiki-yps cell than in a csll containing the sxogenous palypsptide. in
some embodiments, an exggencus peplide is a peptide or protein encoded by a nucleig
acid that was infroduced into the call, which nuclsic acld is optionally not refained by the
call.

10043]  Asused hersin "extracorpoigal” is used in referencs (o cells, such as perpheral
blogd or bane marrew cells, harvesied or extractad from tha body and the manipulation
or rodification of those cells prio to thelr intended raturn {reinfusion). Manipulation and
modification of cells genenally relates o cell separation and washing procedures and
axposure 1o activation sgents {(e.g. bickegical responge modiiers (BRMs)} and
trangfection agsnts {e.g., LNPs, tLNPs), over a tims interval of several hourg, for example,
tess thart & hours, legs than & hours, less than 4 hours, less than 3 hours, less than 8
hours, or Isss than 1 howry and in spate o 2 single instilution. BExtracorporeal is used in
contradistinction © ex wea which, a8 ysad-herein, includes more sxtensive maniation
including extended periods of cell culture and expansion, andéor refrigerated or Sryogenic
storage or shiprment, over seversl days o longey.

[0044]  As used herein “transfection” or “transfecting” refers ¢ the introduction of
nucleic acids info calls by noneviral methods, Transfection can be medigted by caigum
phosphate: cationic polymers, magnetic beads, slectroporgtion, and lipid-based reagamts.
iy preferred smbodimenizs disclosed hersin fransfection s mediated by soiid lipid
nanaparticles (LNPY including targeted LNP GLNPY (which can alse be used {6 deliver
non-riudleic said pavioads into cells). The tarm transfection is used in distinclion to
fransduction - tansfer of genstic materal from calt to cell or virus o ol - and
fransformation — the uptake of extracelidar genatic matarial by the natural processes of
a cell. Ag used herain, phrases such as “delivering a nuclsic acid into a oo’ e
gynonymaus with transfection.
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{00483 “Reprograrmiming,” as used hersin with respeat to immune cells, refars o
chianging the funclionality of an immune cell with respect to antigenic specificlty by
sausing expression of an exoganous T cell receptor {TORY, a chimeno antigen raceptor
{CARY, ar an rimune cell engager (reprogramming agents™). Generally, T lymphiocytes
and natural kitter (NK) celis could be mprogrammead with a TCR, a CAR, or an mmung
cell engager while only a CAR or an immune cell engager woudd be used in
reprogramming monooyltes. Ag used hersin with respact {o stem celis, v example
hertistopaietic stem calls (HSC) or mesenchymal stem calls (MRT), “reprogramming”
so that the modified or correctad gens and gene progduct are the raprogramming agents.
Reprogramming can be fransient or durable depending an the nature of the enginesting
agent.

[00486) ‘Enginearing agent,” as used herein, refers 1 agents that confer the
expression of @ reprogramming agent by arrimmune cell, particularty anon-B lymphocyts
or monocyte. Engineering agents can include nucleic aoids, including mRNA, that encode
the reprogramiming agent. Engineening agents can alsy include nudeit adds that are or
ancode components of gane editing systams such as RNA-guided nudieases, guide RNA,
and nucleit acid templates for knucking-in a8 reprograimming agsnt or knocking-ouf an
endoganous antigen receptor. Geng editing systems comprise base-sditors, prime-
sdifors or gene-writers. RMA-guided nucleases include CRISPR nuclsases such as £ass,
Cagl2, Cag18, Casd CasMiN, Cas?-11, and CasXl Far transient sxpression of &
reprogramming agent, such as a CAR, an mRMNA sncoding the reprogramniing agent can
be usad as the snginesring agent. For durable exprassion of the reprograniming agend,
such as an exoganous, modified, o corected gene (and its gene product), the
gnginesting agent can comprize miRNA-encoded RNA-directed nucleases, guide RNAS,
ruclsic acid templates and other companents of genelgenoms adiling systems.

[004r]  Examples of gena aditing components that are encoded by 8 nucdleic acid
muatscule include an mMRNA sncoding an RNA-quided nuclease, a gene or base sdiling
protein, & prime editing protein, a Gene Writer protein (8.9, & maodified or modularized
non-iong temminal repsat (LTR) retrotranspason), & retrofransposase, an RNA wiiler, a
zine finger nuckkase {SFN), a transoription acbvatordike sffector nuclease (TALEN), a
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msganiclease, g ransposase, a retrofransposon, a rvverse franseriplass (&g, M-MLY
reverse transcriptase), a nickase or inactive nucleass (2.9, Cast, nCass, dlash), a DNA
reeombinase, 8 ORISPR nudease (8.g., Cass, Cast?, Cas1d Casd, CasViNG Cas?-11,
CasX}, 8 DNA nickase, a Cas? nickase (e.g. DI0A o HB4QA), or sny fusion or
cambination thersof. Other camponants include a guide RNA (gRNA), a single guide RNA
{SgRNA}, a prime aditing guide RNA (pegRNA), 8 dustersd regularly interspaced short
palindromic repeat (CRISPR) RNA {(orRNA)Y, & trans-activating clustered raguitardy
interspaced shiort palindrormie repeal (CRISPR) RNA {(tracrRNA)Y, or g DNA molequie to
be inserted or serve as a template for doubls-strand break (DBR) repair at a spadific
genamio Incus. Gennings, gane-, and hase-adiling technology are raviewed i Anzalone
st gl Nafure Riofechnology 38:824-844, 2020, Rakuma, Gene and Genomg Editing 3-
4100097, 2028, and Zhou st al, MadComm 3338185, 2022, each of which is
incorporated by reference for all that they teach shout the conmponents and usas of this
technology o the extent that it does not conflict with the present discloswre.

[a048] *Conditioning agent,® as used herein, refers {0 a biclogical responss
modifier (BRM} that enhances the efficiency of enginesring an imrnune cell, expands the
nurnbier of mrmune ceolls svaliable to Ueenginesrad or the number of enginesred cells In
a farget tissue (for example, a umor, fibrotic tissue, or issue undergoing autoimmuns:
attack), promatas activity of the enginesred cell in a target tssue, or broadens the rangs
of operative mechanisms contributing to a therapeutic iImmune reaction. A conditioning
agent may be provided by delivering anvancoding nuslaic goid ina tLNP. Exemplary BRMs
inciude cvlokings, such gs 17 1L-15, or tL-18.

j0044] “rauns call,” as used herein, can tefer fo any cell of the iImmuns system.
However, pardicular aspecis can axclude polymophanuciasr leukocyies andior B oalls,
or e fimited 10 non-B lymphocytes such as T cell andfor NK cells, or to monacyies such
as dendritic cells and/or macrophagas in their varous forms.

oSy The LMNPs of this disclosure are mullicomponent compositions comprising 8
pavioad. and mudtiple lipld components, including an ionizable cationic lipid, non-
functionalized andfor functionstized PEG-lipids, a phospholipid, and @ sterol, I centain
aspects the payvicad comprises one or more species of nuolsic acid molecide or ather
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negatively charged molecules. Thatis, in some embodiments, the payload comprises only
& single species of nudleic acid or other negatively charged molecule (or consists of such
species ar molecule) while in other embodiments, the paylead comprises multiple species
of nucleic acid or other negatively charged molecules, for axample, 2,3, or 4 such species
ar molecules, in some ambodiments in which the peyload comprises multiple nudleic acid
species of sther negatively chiarged mulecules, niore than one of the spadies W i angd
including all of the speaciss are reactive, or encode g polypeptide that is reactive, with g
same targel. As used herein "LNF compasilion” refers 1o the lipid componerds present in
an LNF, their molar ratios (e.g., mol%;) relative to sach other, and the ratic of paylosd to
wital lipld. The payload {o total tipid ratio can be axpressed an g weight to weight (wiw}
basts or for nucleic said malscules as an NP ratio, whetsin an “N/P ralio” means the ratio
of pusitively chargeable lipid amine (N = npitrogen) groups o nagatively-chargad nupteis
acid molscule phosphate (P} groups. The ILNPs of this disclosure are multicomiponent
compositions compsing an LNF and a binding moiety. As used hersin “tLNP
composition” refers 1o the same {eaturas as LNFP composition with the addition of &
binding motaty that serves as gfargsting mofety and the hinding moisty's density an the
NP may be exprossed as g ratio to the payload on g whv basis. As used herain, “LNR
formulation” or “tWNF formudation” refers to the complele respective composition plus
buffers, carers, solvents andfor other exciplents, which may also be refarred o as a
pharmacsutical composition.
LNF compasitions

[oos1) The LNP composition contributes {o the formation of stable LNPs and
tLNPs, efficient encapsilation of a paylead, protection of & paylead fram degradation unti
it is delivered: into - a call, and: promotion of endosomal ascape of @ paylosd inw the
cytoplasm. These funclions gre primarily independent of the specificily of the binding
mniety (or moieties} serving to-direct or bias a tLNP to & particular cell type(s),

{0058y i certaly aspects, this disclosure provides an LNP or (ILNF, wharein the
LANP or (LNF comprisss about 38 mol% o about 85 mol% of an tonizabls cationic lipid,
about 0.5 mal¥% fo about 3 mal% of a PEG-lipid {including non-functionalized PEG-ipid
and optionally & functionalized PEG-lipid), about 7 mol% to about 13 mold of a
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phosphofipid, and about 30 mol% o about 50 moi% of 8 sterol. in some smbodiments,
an LNF or tLNP comprses g paylead with a net negative charge Tor example, a peptids,
a polypeptide, @ protein, & small molecule, or a nudleis acid molecule, and combinations
theraof. A payioad is generally encompassed by or in the interior of an LNR or tLNP, As
disclosed harein dosages always refer {o the amount of payload being provided, I soma
gnbodiments, a payivad comprisas one or more spacies of nudsic acid maolscule. In
some nstances, the NP rafio {8 from about 3 1o about 8, about 3o abawt 7, about 3 to
abiout 8, ghowd 4 10 abowd &, about 5 o sbout 8, or shout §, In some instanges, the NiF
raio s oM 3109, 3t 7 3108 4u 8 SiuB, or B, In soms embodiments, an LNP
NP comprises asbat 4G mol% o abowt 82 ol lonizable cationin fipid. In some
gnbodimeants, ant LNF or tLNP comprisss gbout 1ol o showt 3 molds total PEG-lipid,
I certain ambodiments, an LR o ILNF comprises shout 001 mal% to abaut 0.3 mict%,
for axample about 8.1 mol%, about 0.3 mol, or sbout 0.3 mol% funclionatized PEG-
lipid. In some smbodiments, & binding maisly is conjugated to funclionalized PEG-ipid.
In certain instances, a tLNP is an LNP that Jurther comprises an antibody {for example, a
whole [g3) as the binding muisty which is present at an anttbody mRNA ratia (wiw) of
ahout 0.3 fo about 7.4
Crvgrview of Improved LNPs

18053} The LNPs {and tLNPs thareof} disclosed hersin are greally improved nver
prior art LNPs for delivery 1o a targeted cell type, such as T cells or hamatopaietic stem
celis (HSCs), and fur delargeling undesired celly of tissuas, such as hepatooytes and
fiver. Ag is evident in Figure 18, delargating liver vells vould be markedly improved by
using a cationic lipid of this disclosurs in the LNP compuosition (F5, grey drcle) as
comparad to an onizable fipid frony the prior art {ALCO31E used in Comirmaty®) (BF 1,
open circle). By further adding a binding maoiety to an LNP of this disclosure a useful level
of transfection of a desinsd cell type was also achisved in wyo in mice {e.g., Figures 1A
ard 18) and non-himan primate {e.g, Example 13, Figuras 124-1). Forexample Figure
1A shows that CDS targeted {LNPs (triangles) were able {o fransfect splenic T cells but
NP without & binding molety (circles) or with irrelevant antibody {squsres) werg not
distinguishsbils fram background. Moreover, tILNF containing an ionizable catiosic iipid of
thig disclosure {e.g., F5 grey triangle; and F8, black wiangle) incressed targeling of
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splenin T cells much more than those LNPs containing the prior art lipid ALC-0315 (BF 1,
gpen fiangle)y (it must be noted that the F. CDS-argeted t1LNF (Black triangle) siso
differad from the others in that the mCherry mRNA contained Nb-mathyipssudournidine
instegd of the Smethoxyuridine used it the othersy. Quegrall, iver detargeting srose dus
to two effects, lipid composition of the LNP and the addition of a fargating moiety. Thus,
LNPs and LNPs disclossd hergin represent an impravement for targeted dudivery aver
commercial LNF or ILNP
ionizable Cationic Lipids

[0054] lonizable cationic lipids are useful compenents for complexing  with
negatively charged paylteads and for promoting delivery of the paytoad inte the cytoplasm
of g cell following sndocytosis, Accordingly, each of the hersinbelow disclosed genera
and species of ionizable calionic lipld can be used in defining the scopse of embodiments
of tha herain disciosed LNP and tLNP compositions and pharmaceutical compositions,
and methads of using them. In certaint embuadimants, lonizable cationic lipid{s) of an LNF
having & measwred pKa of 6 fo 7 can remain essentislly neutral in the binod strasnt-and
interstitial spaces bud onize after uptake nto oells as the endosomes acwdify. Upon
acigification in the endosoms! space, the lipid becomas protonated, and associstes maore
strongly with the phosphate backbone of the nucleic acid, which destabilizes the structure
of the LNP and promotes nuchsic acid release from the LNP into the cell aytoplasm {also
referred 1o as endosomal escape). Thus, the herein disclosed fonizable cationic fipids
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gonstitute means for destabilizing LNP structure (when ionized) or means for promoting
nucieit aaid release or endosomal escaps.

[UD&5] i some embodiments, the ionizable cationic lipid has the structure CICL
Lo
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o058 in cartain embodiments, the ionizable cationic lipid of CICL is refarred to as
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DTS in cartain embodimants, the ionizable cationic lipid of CICL-IR is referred o
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{0070} Syrithasis of lipids having the struciures of CICL or GICLAE is described in

LIS Patent Application Pubdication No. 20030320885 and US Palent Application No.
B3/832.940, respectively, each of which is incorporated by reference in its entirsty for ali
that if teaches about the syrithesis of such fipids,

e onizable cationic Hipids of this disclosure have & branched struchure W give
the lipid & contical rather than oyiindrical shape and such structire helps promots
endasomolytic aclivity. The greater ihg endosomolylic activily, the morg efficert is
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release of the biclogically active payload {89, one or more species of nucleic acid
roleculas).

{072 lonizable cationic lipids as described herein, ¢an be useful as a component
of lipid nancparticles for delivering nuclelc acids, including DNA, mRNA, or siRNA Into
cells. The ipnizable cationic liplds may have a cpKa  {calculated pla) i the rangs of
from shout 8, 7, or 8 to aboll 8, 10, or 11, For example, in various smbodiments as
describad herein, the lonizable cationit lipids have a o-pka ranging from about 8 to about
16, about 7 to about 10, about § to about 10, about 8 to about 8, 61010, 7 to 10, 81010,
ar&io 9. Inoerain embodiments, the wnizable cationic lipids have a cpKa ranging from
ghout B 4 to about 8.7 or 8.4 10 8.7, The lonizable cationic ipids as described herein may
have .chogh ranging from about 9 1o aboul 18, for example, ranging from about 10 1o
about 15, or about 10 to about 18, 1o about 10 to about 14, ar about 11 o about 18, or
about 11 to about 15, orabout 11 {o about 14. The ionizable cationic lipids as described
hersin may have chogh ranging from 9 1o 18, for example, ranging Fom 1010 18, or 10
w18 0 10 o 4, or 11 1018, or 11 o 18, or 1110 14, In certain embodiments, the
fonizabls cationic Hpids have a cLogD ranging from about 13.6 to aboaud 14.4 or from 13.8
to 144, In cerlain embodiments, the jonizable cationic lipids as descoribed herein miay
have g c-pKa ranging from about 8 to about 11 or from 8 to 11 and & clogl ranging from
about § {o sbaut 18 or from 8 10 18, For example, in cerlain smbodiments, the ionlzable
cationic lipide have a ¢-pka ranging from about 8.4 to shout 8.7 or from 8.4 10 8.7 and
cLogh ranging from abowt 13.8 10 about 14.4 or from 13.8 1o 14.4. Thase ranges oan tead
{o a measursd pHa in the LNP ranging from about & to abowd 7 or from 8 fo 7, which
faciitalss nization inan endosome after delivery inte g ol

ooy N sorme embodiments, somewhat greater basicity may be desirable and
can be obtained from donizable cationic lipids with o-pKa and clogD in the ranges
disciosed herein. in some embodiments, clogh of fonizabls cationic lipids of this
digclosure s gbolt 8, abolit 10, aboul 11, gbowt 12, about 13, about 14, showl 15, about
18, about 17, about 18, or i a rangs: bound by any pair of these values. Lipid design also
accourtts for potential biodegradabliity pathways of target lipids, such as by way of
ssterases in plasma, liver, and other tissues. Another consideration i hpid design s the
fale of fragments of jonizable fipids resulting from degradstion, such s after ssterass
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cleavage(s). Praferably, the resulting fragments are rapidly clearsd from the body without
the need for hapatic oxidative mistabalism,

{074} in some embodiments, an LNF or ILNP comprises about 35 mol% to about
a5 mol%, shout 40 mol% {o about 82 molSs, or about 54 mial% to abow 80 mott ionizable
cationic lipld. insome embaodiments, the ipid compositionis at least 40 maol% andior dosg
ot excesd 83 mol% ionizable cationic lipid. In certain embodiments, an LNP of tLNP
somprises about &4 mols, about 88 mal¥, or about 82 mul% fonizatde cationic lipid. In
further ambadiments an LNP comprises 35 mol% o858 mal%%, 40 mal% to 83 mol%, or
84 mol% to 80 mol¥% jonizable cationic lipid. T sidl further embodiments, an LNF has at
least 40 mol% or doss not excesd 52 mol% ionizable cationic lipld i cerlain
gmbodinents, an LNP comprises 54 mol%, 58 mol%, or 82 moi% ionizable cationic lipid,

Sterols

{90751 The disclosed LNF and tLNP comprise a sterol. Sterol refers 1o a subgroup of
stgroids that contain al lesst one hydroxyt (OH} group. Examples of sterols include,
without limitatior, cholesterel, ergosteral, B-sitosteryl, stgmasterol, stigmastanol, 20-
hydroxycholastiersl, 23-hydroxycholesterol, and the ke With respect 1o LNPs or tbNPs
of this disclosure, I various  embodiments, the sterol is cholesterol,  20-
hydroxycholesteral, 20(E)-hydroxychalestersl, 22-hydroxychiclesters!, or a phytasteral, or
cambinations thersaf. In further embadiments, the phytostarel comprises campasteral,
sitostersl, or stigmasterol, or combinations thereof. In cerisin embaodiments, the
cholesteryl is not animal-sowrced but s ebtained by synthesis using a plant sterof as a
starling point. LNPs incorporating C-34 alkyl (such as mathy! or athyh) phytosterols have
been reperied to prowids enhanced geng fransfection. The length of the alkyl tall, the
flexibility of the sterol ring, and polarily related fo a retainad G-3 -0H group grg impertant
to chiaining high transfection efficiency. While B-sitosterol and stigmastersl performed
wall vitamin TR, D3 and calopatrial, {anslogs lscking intact body of cholesteroly and
hetuling, lupedl ursolic acld and olendlic acd (comprising a Sth ring} should be svoided.
Sterols serve to fill space badweaen othiar fipids iy the LNP o tLNP and influsnce LNF or
NP shape, Sterals alse control fluidity of lipid compositions, reducing termperaturs
dependence. Thus, sterols such as cholesterol, srgostersl, 20-hydraxycholestand, 32-
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hydroxychalesterel, tampesterol, fucosteral, B-sitosterol, and stigmasterol constitute
means for controliing LNP shape and fuidity or steral means for incregsing ransfection
sfiiciency. Some embodiments specifically nclude one ar more of the atove sterols while
other émbodiments specifically sxclude ong o morg of the above sterals.

fo078] inosome smbodiments, s LNP or ILNP has about 37 mici% or abowt 30 ol
to about SU mol% sterol, or sbout 30 moi% to about 38 molde sterol in certain
smbadiments, an LNP or tENF has about 308§ mol%, about 33.85 mal%, or about 378
moi%: sterol. I cenlain instances, the slerol 5 chalesterol. in certain embodiments the
staral (s & midurs of sterols, for example, cholesterol and B-sitasterol or cholesterol and
Z0-hydroxycholesterol.  In - some  inslences, the sterol & sbout 25 mol% 20~
hydroxychotesterol and about 75 niol% cholasterol, It some instances, the sterol 18 shout
5 mol% B-sitostero! and about 75 mol% cholesteral. In some instances, the sterol is
abaut 50 molt B-sitosterol and about 50 mol% cholesterol. in certain embodiments, an
LKP or LR has 37 mal¥% or 30 mol% 1080 mol% steral or 30 mol% fo 38 mollh e,
i further embodintents. & LNP or tLNP has 30.85 mol%, 53.5 mal%, or 37 .5 moal%h stergl.
Iy ceriain instances, a steral is cholesterol. In cerlain embodiments, 2 sterol is a mizture
of sterols, for example, cholestersl and f-silosterol or cholesterol and 20~
hydroxycholestaral, In some instances, a sterol iz 25 molY J0-hydroxycholesterol and 75
ol cholesterol in further instances, a steral s 25 mol% B-sitosteral and 75 wiol%
chiolesterol iy stll further mstances, & sterol is 50 mol¥ R-stosterol atd 50 mol%
shctesterol.
Phospholipids

[0077]  The disclosed LNF and tLNP comprise a phosphiolipid. With respact to LNPs
or tLNFs of this disciosure, I varfous embodiments, the phospholipid comprises
dimyristovighosphatidyl  glycarel (RMPG),  dimyristoyiphosphatidyl choling  {(DMPC),
dipalmiloyt  phosphatdyicholing  (DPPCY,  disteardyiphosphatidyicholine  {DSRC),
distearoyl-glyoera-phosghate {180 Ba, DSGPR), dinleoylphosphatidyl ethanolamine
{DOFE), gicteoyk-glycere-phasphats {189 Pa. QOGP r
digrachidoyiphosphotidyichoting (DAPC), o & cambination thereof. Phospholipids can
contribide o formation of & membrane, whather monolaver, bilayer, or mutidayer,
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surrounding the torg of the LNF or {LNP. Additionally, phosphaligids such as DSPC,
DMPC, BPPC, DARPC impart stabiity and nigidity to membrans stiucture. Fhospholipids,
such as DOPE, impart fusogenicity. Further phospholipids, such as DMPG, which aitains
nggative charge gt physiclogic pH, faciitates charge modulation. Thug, phospholipids
constitute means for faciiifeting membrane fermation, means Tor imparting mambrana
stabifity and ngidity, means for imparting fusogenicity, and means for charge nicdulation,
Somea embadimants specifically includs ang or more-of the above phospholipids while
other embodirnents specifically exclude one of more of the above phaspholipids.

{0078l insume embodiments, an LNP or ILNP has about 7 mol¥ to about 13 mal¥%
phospholipid, about 7 mol% to about 10 mol% phospholipid, or about 10 mal% to abowt
13 moi% phospholipid. In certain smbodiments, an LNP has about 7 nwol¥%, sbout 10
%, or about 13 mol% phospholipid. In cedain instances, the phospholipid is DEFC In
cartain instsnoes, the phospholipid is DAPG.

J0078] PEG-Lipids

[0086] In certain embodiments, the NP i3 a tLNF comprising one o more
funclionalized PEG-lipids that has besen conjugated to a binding molety. in cerlain
ambadiments, the LNF slss-comprises PEG-lipids not functionslized of conjugated with
a binding moigly. In some embodimants the functionalization is 8 malaimide. In some
ambodiments the functionalization is'a bromomalsimide or bromamalsimide amide,
alkynylamide, or alkynylimide moiety at the terminal hydroxyt end of the FEG moisty, I
some gmboinents, the binding moiely comprises dn artibody of anligen binding poition
tharaof. it some embodiments, the binding moisty is a polypeptide comprising & binding
dorngint and &n N- or Sasmminal sxiension comprising an accessitile thiol group. i sumig
embodiments, the conjugation linkage compises a8 reaction product of a thidl in the
binding moiely with & funclionalized PEGHpID In some embodiments  the
functionalization 1s a maleimide, azide, akyne dibenzooyclooctyne [DBLD),
bramomaleimide or bromomaleimide amide, alkynylamide, or alkynylimide In some
embodimernts, the binding molsly comprises an antibody or antigen bingding portion
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thereof. In some embodiments, the binding moisly is 2 polypeplide comprising & binding
darnaity and an N- or C-leminsl-éxension comprising an setassible #idl group.

[es) The disclosed LNF and tLNP comprise PEG-lipids, thatis, a lipid conjugated
to & polyethylene glysol. Generally, the lipid is 8 Cae-Ca fipid. In certain embodiments, the
PEG-lipid contains a T andfor Cu lipid. Common PEG-lipids falf into two classes diacy!
glycerols and diacy! phospholipids. Examples of diacy! glycerol PEG-lipids include DMG-
PEG (1,2-dimytistoyl-glycers-3-methoxypolysthylene glycol), DPG-PES (1, 2-dipalmitayl-
ghycero-3~methoxypolyethyiang giycol), DEG-PEG {1.2-distearovl-glyoerc-3-
methoxypolyethylens glyaoly, and DOG-PEG {1, 2-dicteoyl-glycero-3-
methoxypolvethylens glycol), Examples of diacyl phospholipids include DMPE-PES (1,2~
dimyristovi-glycero-3-phosphosthanclamine-3-methoxypolysthylene glycol), DRPE-FPEG
(1, 2-dipalmitoyl-glycero-3-phosphoathanolamine-3-methoxypolyathylene glycadl), DSPE-
PEG {1, 2-distearoyl-glycern-3-phosphosthanolamine-3-methoxypolysthylene  glycol),
and DORE-RPEG {12-diclsoylglycero-3-phosphosthanciamine-3-methoxypolysthylens
glycol) The glycerol in these lipids is chiral. Thus, in some embodiments, the PEG-lipid
is racemic, Altematively, optically pues andipadss of the glyosrol portion can be employed,
that is, the glycerol portion is homaochiral. As used herein with respect to glvcerot moiatias,
aplically pure means 205% of a single enantiomer (D or L} In some smbodiments, the
gnantiomaric sxcess is zB8%. In some embodimants, the enantiomeric axcess is 288%.
Further PEG-lipids as well as the use of PEG-ipids and functionalized PEGipids and
LNP incorporating  them  are  disclosed  in Intermationst  Application  Number
FCTIS2028/017648 (Publication Number WOR2023186445A 1) which is incorporated for
all that it teaches about PEGHipids.

{0082} The above axamples are presented as mathoxypolyethylene glycols, but
the terminus need not necessarily be methoxyl. With respect to any of the PEG-lipids that
have not besn funclionalized, in alterrative smbodiments, the PEG maisty of the FEG.
fipids can terminate with a methoxyl, a bengyioxyl, a 4-methoxybenzyloxyl, or 3 hydroxy!
group {that s, an alcehol). The terminal hydroxyl faciifates funclionalization. The
methoxyl, benzyloxyl, and 4-methoxyberzyloxy! groups are advantageously provided for
PEG-lipid that will ba usad as a comporent of the LNP without funclionalization. Howsver,
alt four of these slternatives are usefit as the (nonfunclionalized) PEG-lipid componsnt
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of LNPs. The 4-methoxybenzyloxyl group, often used as a protenting group during
syrthesis of the PEGHipid, is readily removed to generate the corresponding hydroxyt
group. Thus the 4-methoxybenzyloxy! group offers a convenient path 1o the alcohot when
it is not synthesizad direclly. The alcohad s usefl for being funclionalized, prior ¢
incarporation of the PEG-ipid inte a LNP, so that & binding molety can be conjugatad to
it a5 3 targeting muoiety for the LNF {making it a tLNP). Az used herein, the terminus of
the PEG molety, and simifar constructions, refers to the end of the PEG moisty that is not
attached {o the ligid.

[0083] in sarme embodiments, an LNP or iLNP comprises gbowt 0.5 mol% to about
3 mol% or 08 mol% e 3 mal% PEGHipid comprising funclionalized and non-
functionalized PEGHipid. In certain ernbodimients, an LNF or tLNP comprises DSG-PES.
In other embadiments, an LNP or tLNF comprises DMG-PEG o DPG-FES. In cevtain
ambodiments, an LNP or NP comprises DSPE-PEG. In some embodiments, the
functionalized and non-functionalized FEGHipids are not the same PEGHipid, for
example, the non-functionslized FEG-lipid can be & diacylglycerol and the functionalized
PEG-Hipid a digcyl phosphalipid, 1LNP with such mixtures have reduced exprassion in the
fiver, possibly dug to reduced uptake. In certain embodiments the functionalized PEG-
lipid s DSPE-PEG and the non-funclionalized PEGHpd s DSGPEG. In sums
embodiments, art LNP or tLNP comprises abaut 0.4 mol% to abott 2.9 mol% ar about .9
mot% foabout 1.4 mol% non-funchionalized PEG Iipid, in certain smbodiments, gn LNP
or ILNF comiprisas about 1.4 mol% or 1.4 mot¥% nondunctionalized PEG lipid. I same
embodiments, an LNP or tLNP comprises about 8.1 mel% te sbout 0.3 mol% or 0.1 mol%
o 0.3 mal¥h funclionalized fipid. In same instances, tha functionalized lipid is DEFE-PEG.
irt cortaln instances, an LNP or {LNP comprisas abowt §.1 mol%, about 0.2 mal¥%, orabout
0.3 molds DSPE-PES, In certainyinstances, an LNP o (LNP compnses 01 ol 0.2
mot%, &r 0.3 mal% DSPE-REG. In certain instances, the funclionslized PEG-lipid is
conjugated o a binding moiety. As used herein, the phrase “Is conjugated to™ and similar
canstructions are meant to convey & stale of being, thatl is, a structure, and not g process,
uniess cordext dictates otherwise,

foRad) I cadain aspedts, the LNP comprsss ong or more PEGHipids ‘andior
funciionatized PEG-pids; when both a funclionalized and unfunclionstized PEG-lipid, the
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PEG-ipid presant they can be the same or different, and one or more ionizable cationic
lipids; the LNF can further comprise a phospholipid, a sterol, a co-ipid, or any combination
theraof The ferm functionalized PEG-lipid” rafers to a PEG-ipid in which the PEG maoisty
has heen derivatized with a chemically reactive group that can be used for conjugating s
targeting moiety o the PEG-ipld. The functionalized PEGipid can be raacted with a
binding moiety so that the birding moisty is conjugated to the PEG portion of the lipid,
The conjugated binding moisty can thus serve 38 a targeting molety for the LNF to
constitule 8 HLNP. In some smbodiments, the binding moisly s conjugated o the
Ire-other embadiments, he binding molaty is conjugated o the PEG-pId and then the
conjugate is inserted into a previousty formed LNP.

[oass] FEG can be mads in 8 large range of sizes. In cerfain embodiments, the
PEG of the disclosed LNP and tLNP is PEG-1000 to PEG-5000. |t is to be understood
that polysthylens preparations of these sizes are polydisperse and thal the nominal size
indicates an approximate average moleoular weight of the distribidion. Taking the
molectdar weight of an individual repeating it of {QCHzCH) 1o be 44, a PEG molscule
with =22 would have & molacular weight of 886, with n=4% a moleculgrwaight of 1888,
ang with n=113 a molscular weight of 4990, n=82 1 113 1s used 1o reprasant PEG-ipids
incorporating PEG molsties in the range of FEG-1000 to PEG-5000 such as PEG-1000,
PEG-1S00, PEG-2000, PEG-250Q, PEG-3000, PEG-350Q, PEGHQ00, FEG-45Q0, and
PEG-8000, slthough some molecules from praparations at the average molacular weight
houndaries will have nroutside that rangs. For individust preparations n=22 is used {g
represent PEGHipids incorporating PEG moisties from PEG-1Q00, n=45 is used o
reprasert PEGHipids Inporporating PEG molelies. fromy PEG-2000 n=87 18 used
teprasent PEG-ipids incorporating PEG moieties from PEG-3000, =00 i used o
represent PEG-ipids incarporating PEG moleties fram PEG-4000, =113 ix used lo
represent PEG-lipids incorporating PEG moleties from PEG-8Q00. Some embodinments
incorporate PEG moieties in a range boundead by any pair of the faregoing values of nar
average miclecular weight. Some embaodiments incorporate PEG mcieties of PEG-1000,
PEG-2000, or PEG-5000. Certain enthodiments comprise a DSG-PEG, for sxampls,
DSG-PEG-2000. Certain embodiments comprise & DSPE-PEQG, for example, DSPE-
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PEG-2000 Certain embodiments somprise both DSG-PEG-2000 andlor DSPE-
PEGIQOG

[086) A PEG-moiety provides & hydrophiic surface on the LNP, inhibiting
aggregation or merging of LNP, thus contributing to thelr stabiity and reducing
polydispersity. Additionally, & PEG molely may impade binding by the LNP, inciuding
binding to plasma proteing. These plasims proteing inchude apol which is understood to
mediate uptaks of LNP by the ltvar so that inhibition of binding can lsad to an inorease in
the proportion of LNP resching other tissuss and call types. Thase plasma proteing also
include  opsoning . su that  inhikition of binding reduces recognition by the
reticuloendothelial system.

fagy) The PEG-molaly can also be functionalized 1o serve asan attachment point
for & binding molely which serves as a targsting molety. Conjugating a cell- or tissue-
specific binding maisly {o the PEG-molety enables a ILNP 10 avoid the liver and bind to
its targst tissue or cell type, greatly increasing the oroportion of LNF that reaches the
targeted tissus or cell type. PEG-ipid can thus serve as means for inhibiting LNR binding,
and PEG-lipid conjugated o a binding noisty can serve as means for LNPargsting. As
used herain, 'the term “unclionalized PEGHipid” and similar constructions refer ganerally
to both the wirsacted and reguled entilies. The lipld composition of a LNP may be
desoribed referenaing the rsaclive specipg even affer tonjugation bas laken place
{forming a LNP). For example, 3 lipid composition may be described as comprising
DSPE-PEG-malsimide and may be said to further compnise a binding molety without
axplicitly noting that-upon reaction 1o form the conjugate-the maleimide will have Dagn
canvarted 10 a suscinimide {or hydrolyzed succinimide). Similarly, if the reactive group is
bromomaleimide, after conjugation & will be maleimide. These differencas of chemical
romenciature for the wireacted and reacted specias are 1o be implicitly understood sven
whert not explicitly stated. Cerlain smbodiments compriss a DSG-PEG, Ior sxampls,
DSG-PEG-2000 Certain embodimaents comprise & functionalized DSPE-PEG, for
exanmple, functionalized DESPE-PEG-200Q. Certain ambodimants somprise bolh 0SG-
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PEGROG0 and functionglized DSPEPER-2000. in some instances, the functionalized
PEGHipid is frictionalized with @ mialeimide muiely, forsxample, DEPE-PEG-2000-MAL,

[oo8s) i certain embediments, the PEGHipid andior functionalized PEG-ipid
comprises 8 scaffold selected from Formula 81, Formula 82, Formula 83, or Formula 84

s oot WG ‘—>-/@me

AWLAN)

WA WA (s’

Formiula 91 Formia 82

m&xf‘@wf\lﬁ \OM “m“"?:}f \r %Om
I g

Formula 83 Farmida 54

wherein J“Jd | represents the points of sster connection with & falty acd, and -~
represents the point of aster (1) orether (82, 83, and S4) formation with the PEG moisty.
it some embodiments, the falty acid esters are Cre-Uso straight-chain alky! fatly acids. in
some embodiments, the PEG muoiety is funclionalized and the fally acid esters are Cre-
Cas straight-chain alkyl fatly acids. For example, the straight-chain alkyl fatty adid is O,
Cos, e, Oy, Gas, Goe, or O2o I some embodiments, the fatly acid esters are C1e-Can
symmetric branched-chain alkyl fatty acids. Far example, the branched-chain atkyl fatly
acid is B G, Tis, Gar, Can, Cip, or Coo. By syimmatric # is meant that each alkyl ranch
has the same number of carbons, In some embodiments, the branch is atthe 3,4, 5, 8,
or 7 position of the fatty acid ester. The synthesis and use of PEG-ipids built an scaffolds.
51-84 is disclosed in WQ2023/158445A1 which is incorporated by reference for all that
it tegches about PEG-ipids and their use.

{00841 in some embodirments, the PEG molaty is PEG-800 10 PEG-80Q0 such as
PEG-E0U, PEG-1000, FEG-1500, PEG-3000, PEG-2500, PEG-3000, PEG-3500, PEG-
4000 PEG-E00, and PEG-S000. In soms instances, the PEG molety is PEG-3000. In
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some embodiments, the PEG unit has a MW of 3000 Da. In sorme instances, the MW2000
PEGHipId comprises DMG-PEGROQ0 {1, 2-dimynstovi-glyoem-3amethoxypolyethyisne
glycob2000), DRG-PEGEZODD {12-dipaimitoyl-glycero-3-methoxypolyethylene  glycals
2000), DSGPEGROM0  {1.2-distearcyl-glycero-3-methoxypolyethylens glycol200Q),
DOG-PEG2000 {1.2-diclsoyi-glycere-3-mathmypolysthyleng  glyool-2000),  DMPE-
PEGROU {1, 3-dirnyristoyi-glycere-3-phosphoethanalamine-3-mathaxynolyethylene
giyeat-3000),  DPPE-PEGI000 (1 2-dipalmitoyli-glycero-2-phosphosthanolamine-3-
methoxypolyethylens  glyool-2000), DEPEPEG2000 (1. 2-distearoyl-glycero-3-
phogphoathanclamine-3-methosypolyethylene  glycoldQ00), DOPE-PEG2D0Q (13-
dinleoyl-glvesre-3-phospheethanolamine-2-mathoxypolyethviene . glycol-2000),  or
combingtions thereof. In some embodiments, the glycerol moisly is racamic. Altsmatively,
pptically pure antipodes of the glycerdl portion can be smployad, that is, the glycsral
portion is homaochiral.
Conjugation

[oos] Multipte suitable cheniistrias {o conjugate the binding moiely to the PEG of
the PRG-ip, including malaimide (see Parhiz ot al, Journgl of Controlled Relsase
2e1.1068~115, 2018) and olick {ses Kotb et al , Angewandle Chamie intemational Edition
40(11) 30042021, 2001, and Evang, Australian Jowmal of Chemistey 80(8). 384388,
2007y chemistrias. Reagents for such reactions induds lipid-PEG-maleimide, lipid-PEG-
cysieing, lipid-PEG-atkyne, lipid, PEG- dibenzocycinociyns (DRCOY, and lipid-PEG-
avide. Further conjugations reactions make use of lipid-PEG-bromo maleimide, lipid-
PEG-gikyinoic amide, PEG-alkynoic imide, and ipid-PEG-alkyne reactions, as distlosed
in PCTAUS23/17648 entitled PEG-Lipids and Lipid Nanopariicles, whish is incorporated
by reference for all that it teaches abowt conjugation chemistry and allemative PEG-lipids.
On the binding meiety side of the reaction one can use an existing cysteine sulfhydryl, or
derivatize the protein by adding a sulfur containing carboxylic acid, for axample, o the
apsilon aming of a lysine to react with maleimide, bromomaieimide, {collectively, “a
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mataimide”). atkyinoic amide, or alkynoic imide. Alernatively, one can add an alkyne te a
sulfhydreyt o an epsilon amine of a lysing to participats in 8 click chamistry reaction,

[anaty To modify an epsion aming of a binding molely lysing 1o react with 8
maleimide functionalized PEGHipid the binding molety {8.¢.. an antibody} can be resoted
with N-succinimidy! S-acetylthicacetate (BATA). SATA (s then deprotected, for example,
using 0.5 M hydroxylamine followsd by removal of the unreacted components by G258
Ssphadex Quick Spin Protein columns (Roche Applisd Science, indianapdlis, IN). The
reactive suithydryt group o the binding moiety 18 then conjugated to maleimide moiglies
on LPs of the disclosws using thivether conjugation chemistry. Pudficgtion can be
performed using Sepharose CLB gel filtration cdlumng (Sigma-Aldrich). 1LNPs {(LNPs
conjugated with a targeting antibody) can be storsd frozen at -20°C urtil needad. Uthers
have conjugatsd antibody to free functionalized PEGHipd and then incorporated the
conjugated lipid into pre-farmed LNP. However, we have found that the present procedure

is more controllable and produces more consistent resuds.

{00821 There are also several approaches o site-specific canjugation. Particularly
but not exclusively suitable for truncatsd forms of antibody, C4smminal sxisnsions of
native or arfificial sequences containing & particutarly accessible oysteine residue gre
cammonty used. Fartial reduction of cystine borids in an antibedy, for example, with tis(3-
carboxyphosphing (TCEP}, can also generate thicd groups for corjugation which can be
site-specific under defined conditions with ann amenable antibody fragment. Altematively,
the C4srminal extension can contain a sortase A substrate ssquence, LEXTG (SEQ 1D
NG 1) which can then be funclionslized in 3 reaction catalyzed by sortase A and
canjugated to the PEG-lipid, including through click shemistry reactions (s, for example,
Moliner-Mormo et al. . Biomoiecules 10{1211861, 2020 which s incorpératad by reference
herain Tor all that it teaches shout antibody conjugations mediated by the sortase A
regction andfor cick chemisiry). The use of dlick chemistry for the conjugation of a
targeting maiaty, such g warious forms of antibody, s disclosed, for exampla, in
WO2034M03,770 which {8 incarpurated by reference in its antirely for alf that it teachas
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about the conjugation of largsting molsties to LNPs that is notl inconsistent with this
disclosura.

[anasy Forwhole antibady and other forres comprising an Fo region, site-speciic
conjugation to either {or both) of two specific lysine residuss {Lys248 and Lys288) can be
accomplishad withoul any change to or soitansion of the native antibody sequence by use
of ona of the AJUCAFE reagems {see, Tor example, Matsuda et al, Molecular
Pharmaceutics 18:4058-4088, 2021, Fuji &t al, Bioconjugate Chemistry 3441728738,
2023 (hitps:/fdol.orgi10.1021/acs bioconjchem . 3c00040), 2023, and WORQ19/240.247
alt of which are incorporated by reference hersin for all that they teach about conjugation
of antibodies with AJICAF reagents). The ANCAP reagents are modifisd affinity peplides
that hind to specific loci on the Fo and react with an adjacent lysine residue. The peptide
iz then cleavaed with base W leave behind a thiol-funclionalived lysine residus which can
thaty undergo conjugation through malelmide or haloamide reactions, for example).
Functionalization with azide o dibenzocydopciyng {(DBCQ} for conjugation by ofick
chemistry is also possible.

jasd) Accardingly, i some simbodimants the binding rmoisty is conjugated to the
PEG molety of the PEGHipd through & thiol modiied lysine residus In some
embodimerts the conjugation & through a cysteing residus in & native or gdded antibody
saguence. in other embodiments, the canjugation is through a sortase A substrate
sequence. In sl other embodiments, the conjugation is through a specific lysine residus
{Lys348 or Lys288Yin the Foregion.
Nudlelc Acids

[0085] o certain embodiments, the discdlosed LNF and tLNF comprise a payload
comprising or consisting of one or more nucleie aid species. in some ambodiments, the
LNP o tLNP payload comprises only  one nuceic acid species while in other
gmpodiments the LNP or (LNP payload comprises multiple nucleis auid species, for
example, 2, 3, or 4 nucleic acid species. For example, in embodiments in which the
payload comprisés a nudleic acd encoding @ CAR o immune csll angager {ICE}, the
payicad cén campriss or consist of 1} a singlé nudeic acid spedies encoding a single
species of CAR or ICE, 3} a single nucleic acid specing snvoding 2 or more species of
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CAR or ICE {or a mixture of CAR and 1CGE) such 8% 9 bicistrorin or multicistronic mRNA
in which each CAR andior ICE has specificity for g same target antigen, 3) a single nudleic
acid species sncoding 2 or more species of CAR or ICE {or & mixture of CAR and IRE)
such 8% a bicistronic or multicistronie MRNA in which at feast one CAR angior ICE has
spenificity for a differamt target antigan than the other{sl, 4} two or mora nuclein acid
species encoding 2 or more species of CAR or 1ICE {or & mixture of CAR and ICE) in
which aash CAR andfor ICE hag spegificlty for @ same target antigen, 5 two or mars
nucheic acid species encoding 2or more species of CAR or ICE {or a migture of CAR and
ICE) in which gt least one CAR andior ICE has speoificly for a different targetantigsn
than the other{s). YWhen two or more CAR andfor ICE have specificity for a same target
antigen, they can hava spadificity far different spitopes of the same targat antigen. Further
variations will be apparent {o one of skill in the art {s.g., multipls bi- or multicistronis.
niucleic acids, nudisic acids sncoding & TCR and the like). The nuclsic acid can he RNA
or DNA. The nupcleic. acid can be multicistronic, for example, -bicistronic. I some
gmbodiments, the mRNA entodes 3 reprogramming agert or comprises o sncodes &
conditioning agent. i same smbodiments, the fnudeic acd comprises small imterfering
RNA  (siRNA), microRNA (miRNA), antisense oligonucleotide (ASD). in some
smbudiments, the puclsic adid comprises a selfreplicating RNA or g droular RNA.

{00881 In some embadiments, the reprogramming agent comprisas. an mmung
rgceptor (for example, 3 chimernic antigen receptor or a T cell recaptor) o an immuse cell
sngager for example, @ bispecific T cell engager (BITE}, & bispedific Killer calt angager
(BIKE), 9 trispacific kill cell engager (TrKE), & dusl affinily retargeling antibody (DART),
a TRIDENT finking two DART units or & DART unit and a Fab domainy, & macrophage
engagar (2.g., BIME) an innate cell angager (CE), and the like),

[ausry in some embodiments, the nucleic acidis an RNA, for example, mRNA, and
the RNA camprises at least one modifisd nucisosids, insome ambodiments, the madified
nucieoside is peeudouridine, Ni-methylpseudouridine, S-msthylovtosing, B-meathyluridine,
Ne-methyladenasing, 2-C-methyluridine, or Sthiouridine. In certain smbodiments alt of
the gridines are subgtitulad with-a modified nucecside, Further disclosurg of modifiad
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nuclsosides and thelr use can be found v LS Palert No. 8278038 which is
incarporgtad herein by reference for those teachings.

[ooag] in some embodiments, the reprogramming agent encodes of s &
gene/genome editing compoenent. In some smbodiments, the gene/genome editing
component is a guide RNA for an RNA-directed nucisase or other nuclelc add sditing
sngyme, clustered regularly interspaced short palindroniic repsat RNA {onsprENAY, &
frans-activating clustered regularly interspacied short falindromic repeat RNA (fracrRNA),
i some embodiments, the gensigenome aditing component is a nucleic acid-encoded
enzyms, such as RNA-guided nudleass, g gens or hass aditing protsin, & zinc fingsy
nuclesse {(SFN), 8 wansoription  aclivalordike -effector tuclease  [TALENY &
meganuclease, a transposase, or a8 CRIBPR nuclease {s.g., Cas¥ or Cas 13, el In
some embodiments, the gene/gename sdifing component is DNA 1o be inserted or that
sarves as a tamplate i gene or genome aditing for sxample a template for repair of 8
doubls-strand bregk.

{06991 in soms ambodimeants comprising multipls agents, the nucleic acid can be
mudticistronic. in other embadiments comprising multiple agents or componets, sach
agent or component is ancoded or contained is & separate nucleic acld speaies. In some
embudiments involving multiple payload nuwdleic add spedcies, two or mare nuclsic acid
spenias are packaged fogsther in a single LNF spacies. In other ambodiments, g subset
of the payload nucleic acid species {0 be delivered, {2.g.. 3 single nucleic acid species;
is packaged in one LNP or tLNF spediss while anather subset of the nucleic acid species
is packaged in another LNFP or {LNP species. The differant (DLNP species can differ by
anly the payioad they contain. The different {DLNP species may be cambined i a single
formulation or gharmaceutical composition for adrinistration.
Bindding Moistiss

faatany The LNF of the varous disclosed sspetis comprise a inding mbiaty, such
as an antibody or antigen binding domain thereol or & cell swisce receptor ligand. As
used hereln, & "binding malsty” or “targeting moiaty” refers to g proteln, polypeptide,
oligopeplids or peplids. carbohydrate, nutleic acd, of combinations thereof capabis of
spectfically binding to a targst or midtiple targets. A binding domain includes any naturally
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geeurring, synthetic, semi-synthetic, o recombinantly produced binding pariner for a
bidlogical molecule or another target of interest. Exemplary binding moiaties of this
disclosure include an antibody, a Fak', Flab', Fab, Fy, rigQ, scFv, heAb theavy chain
antibedy), a single domaln antibody, VHH, VNAR, sdAb, nanchody, receptor sctodomain
or ligand-binding portions thereof, or ligand {e.g., cylokines, chamokines). An “Fab”
{antigen binding fragnient) is the part of an antibody that binds to antigens and includes
the variable region and UHT of the heavy chain linked 1 the light chain viz an infer-chain
disuffide band. In other smbodiments, & binding moiely comprises 8 ligand-binding
have more than one spacificlly inchuding, for example, tispaditic or muttispacific binders.
A yarigty OF assays are known for identifying binding moisties of this disdosurs that
specifically bind a particutar targst, inchading Westerny blot, ELISA, biclayer interfarometry,
and surface plasmon rasonsnoe. A bingding molety, such as a binding molsty cormprising
immuneglobutin light and heavy chain variatde domains {e.g., scFv), can be incorporated
into a variely of protein scaffolds or structures as described herain, suich g5 an antibody
or an antigen birding fragment thereof, a scFv-Fo fugion proteny, or 2 fusion protsin
comprising two or mare of such immunoglobulin binding domains.

F001 04} The fundamental ability of the tLNP fo deliver a payload into the oytoplasm
of @ cell s agnostic with respect fo, and doss not depend upon, & particular binding
speaficity. Of course, a birgding nioisty 18 a detenminant of which cells s pavicad is
daliverad inte. Thare are many known antibodias with specificlty for ong or another sl
surface marker associated with particidar cell type(s) that could be used as the target of
the binding moiety on & disclosed tLNF and thare are several sources that have compiled
such infonmation: A excellent sowee of infarmation about antibodies & which an
Infernational Non-propoietary Name (NN} has besn proposed or recommerided is
Witkinson & Hale, Mabs 14{1).2123280, 2022, including its Supplemantary Tables, which
i incorporated by reference herein four all that i teaches about individual antibodies and
the varicus antibody farmats that can be constructed. U811, 388,182 and especially its
Table @ Cancer, Inflammation and-mmune System Antibodies, is a source of seguence
and other information for a wide range of antbodies including many that do not have an
INN and s incorporated herain by reference for all thal i tsaches about individual
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antibodies Seguence information is not always readily available for antibodies mentioned
in the art, sven when commercially available. This is not ngcassarily an impedimeant to
their use. Where the antibody or a cell line is commerdially avatiable or oblainable from
its onginator it can be used as the binding moiety of ILNF withowt any need for sequence
information. Evan whers sequence information is nesdad, it is wall withint the capabiiifies
of the shilled artisan o sequence the antibady protein (or have it done by 8 contrawt
faboratory) so thal the antibody’s variable region can be incorporated into 8 soFv, 8
digbody, a minihody, or some otherantibody format, or be humanized. In choosing among
available anticodies i the art for the developmernt of art agent 1o be used in humans, 8
human antibody is preferred 1o a humanized entibody is preferred fo a nor-human
antibody, other facturs being syusl. Other factors can nclude stability and sase of
production: of the antibody, affinity of the antibady, and cross-reactivity Tor the cognate
antigen in model specias 1o be usad in produdt development.

jooiea in some embodiments, 3 binding moiety may be an antibody or an antigen-
binding portion thereof, an antigen; 8 ligand-binding domain of a receplor. or 8 recaptor
figand. i some embodiments, a bindig maisty can have more than one specificity
including. for sxample, bispecific or mullispedific binders:

[001063] In some embodiments, a binding molety comprises an antibody or an
antigen-binding portion thaereof As used hevein, "antibody” refers o g protein comprising
an immunogiobulin domain having hypervariable regions determining the specificity with
which the antibody binds antigen, termed complamentarity determining regions (CORs).
The termy antibody can thus refer to intact or whole antibodies as well as antibody
fragments and constructs comprising an antigen binding portion of 3 whole antibady.
While the canonical natural antibody has a pair of heavy and light chaing, camelids (fram
camels, alpacas, llamas, sic)) produce antibodies with both the canomcal strticture and
antibodies comprising anly heavy chains. The variable region of the camslid heavy chain-
only antibody has g distinet structure with g lengthened CDRS referred 1o g5 VHH o,
when praduced as a fragment, 8 nanobody. Antigen binding fragments and constructs of
antibodies include Flable, Flak), minibodies, Fyv, single-chain Fv {scFv}, diabodies, and
VH. Such slements may be combined 1o produce bi- sind multl-specificreagants, ingluding
varous imnue call engsgars, such gs BiTEs (bbapecific T-oalb engagers). The {em
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‘monaclonal antibody” arose out of hybridoma techniology but is now used to refer o any
singular molecular species of antibody regardiess of how it was ariginated ar produced.
Antibodies can be obiained through immunization, selection from a nalve or immunized
library {for example, by phage display), alteration of an isolated antibody-encoding
seguenos, o any combination thereof. Numerous antibodies that can be used as hinding
migieties are keown i the art. An excellent scures of information about antibodies for an
infernational Non-propristary Name (1NN} hag been proposed or recommendsd, including
saquencs information, is Wikkinson & Hale, 2022, MAabs (132123282, including its
Supplementary Tablss, which s incorporated by refsrence herein for all that it teaches
abawt individus! antibodias and the vanous antibody formats that can be canstructed. LLS.
Patent No, 11,336,182 and espacially its Table 8 entiled “Cancer, inflammation and
Irrpene Systam Antibodies,” s 3 source of seguence and other information for & wide
range of anlibodies including many that do not have an INN and is incarporated herein
by referencs for all that i teaches aboul individual antibodias.

fagto4y Anantibady or other hinding malety {or 3 fusion protein thersa!l) “spacifically
binds® & targetif & binds he farget with an affinity or Ka {{8., an squdibrivm agssociation
ponstant of & particular binding interaction with units of 1/Moelar or 1A squal fo or greater
than 10° M, wihils not significantly binding other camponerts present in g test sample,
Binding domains {or fusion proteins thereof) can be classified ag “high affinity” binding
domains {or fusion protaing thereof) and ow affinity” binding domiaing {or fugion protains
theraof). "High affinily” binding domains refer to those binding domains with a Ka of at
teast 10° MY at jeast 10% MY, at least 107 M st least 107 M7 at least 10 M, or at
foast 107 M preferably at least 107 M1 or at Isast 108 M7 “Low affinity” binding domains
refer o thoss binding domains with 8 Ka of up to 108 MY, up o 107 MY, up to 108 WY, up
o 10° M. Alternatively, affinity may be defined g an squilibrium dissociation constant
{(Kd} of a particutar binding interaction with units of M {e.g., 10 Mio 107 M}, Affinities of
hinding domain polypeptides and fusion proteins according o this disclosure can be
readily determined using conventional techrigues (sge, g.g., Boatchard stal, 1848, Ann.
NY. Acad Sd, 51680 and U5 Patent Nos. 5,282 173, 5488 814, or the equivalent),

sy A diabody is a dimer of scFy fragment that consists of the Vi and Vi regions
nancovalently connackad by 8 small peplids Hinker or covalantly linked 1o sach ofhar A
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RITE is a fusion protein having two soFvs of different antibodins, usually an antibady for
& tumar-associated antigen and artibady for CR3, on a single peptide chain, thus forming
g cytolylic synapse betwsen T cells and target antigen-bearing cells. The tean "antigans
hinding portion” may refer to a portion of an antibody 88 desceribed that possessss the
ability to specifically recognize, assodiate, unite, or carmbing with a target molecula. An
antigen-binding pottion includes any naturally ocouming, synthelic, semi-synthetic, of
recarnbinantly produced binding parner for g specific antigen. Thus, antibodiss and
antigen-tinding portions thereol conslitide means Jor binding to the surface molgcule on
a cell. in vanous smbodiments, the cell can be aimmunie cell, aleukoayts, a lymphocyle,
& monooyte, & stem cell, an HEC aran MSC, acdording 16 the specificily of the antibady.

[LH1105] in some embodimants, the antibody or antiger-binding portion thersof may
be derived from a mammalian species, for example, mice, rats, or humar. Antibody
variable: ragiong can ba those arising from one species, ar they can be chimernic,
condaining  segmenis of mulliple speciss  possibly further sliersd o oplimize
characteristics such as binding affintty or low immunogenicity. For human applications, it
ix degirable that the ardibody has a huiman seguance. In the cases whers the artibody o
antigen-binding portion thereof is derived from g non-human- species, the antihody or
antigen-binding portion thereof may be humanized to reduce immunoegsnicity in a human
subject, For example, it a human antibody of the desired specificlty s not available,
such an antbhody from a non-hunan species i, the noh-human ardibody can be
hurpanized, ey, through COR grafting, in which the CDRs from the non-human antibody
ars placed intu the respective positions in s framswork of 3 compatible human antibody.
Less prefarred is a1 antibody which only the constant region of the non-human antibody
is replaced with human saquance. Such antibodies are commeonty refarrad to-as chimanc
antibodies i distinction to hienamized antibodies.

{01073 i soms embadiments, the antibody or antigen-binding portion thersaf is
non-immunogenic. in some embodiments, the antibody may be modified it its Foregion

W oraducs o slininate secondary funclions, such ag FoR engagament,  antibody-
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dependent celluler cytotoxicity (ARCQC), antibody-dependent catlutar phagooytosis
{ARCF), andfor complement-dependent cytotoxicity (CDG).

U EcH A Dbinder density on the {LNP can be defined according to the ratio of
antibody (binder) o mRNA {(wiw) sither based on the amount of antibody input in the
conjugation regction or gs measured in the ILNP For an intact antibody {g.g., wihwle Gy,
in soime embodiments, preferred ralios sre shout 0.3t gbout 1.0, abhowt 0.3 to abowt 0.7,
about 0.3 16 abtud 0.8, about 0.5 10 sbout 1.0, and about 0.5 1 about 0.7 for sithér the
input or final measurad binder ratic. In cerlain embodiments, & {LNP has an sntibady ratio
of (3t 1.0, 031 07, 03 1o 0.8, 08 1o 10, and OB to Q7 for etther the input or final
messurad hinder ratio, In some ambodiments, I the binder s different in size from an
intact antibody {for example & scFv, dishody, or mintbody, sie) the wiw ratio is adiustad
for the different size of the binder.

[00109] It certain ambodiments, a LNP or tLNP comprises a binding moiaty derived
ant-ADAMIZY antibody, an anti-iTGATT antibody, ananti-FAP“ T antibady, arn anti-NOX4
antibody, an anti-8GCH antibody, an ani-SYNDIGT antibody, ar anti-CDHT 1 antibody,
an ant-PLPP4L antibody, ananti-BLC24A2 antibody, an anti-PRGFRE antibody, ananti-
THY 1 antibody, an ant-ANTXRTY antibody, an anti-GAS1 antibody, an anti-CALMHMS
antibady, att art-SDC 1T antibody, an anti-HER2* ™ antibody, an ant-TRORP* antibady,
an ant-MSLI antibody, an anti-Neotind™* antibody, or an anti-MUG1E" antibody. in
further embodiments, a LNF (or tLNP) comprises a binding moisty specific for an immine
cell antigen selected from COY, CDR™YE QD3 CO4N, DAY, CDTH CD8Y CD11bY,
COAETE ODI6, CDESTE CDEE", CD27H QDS CDI0, QD32 CDAB M Cn3ed,
S0 CO40L (CDB4TE Chga™, CD4EW CD6AN, CDE2T, CDE8, Chagt CL7aM
COA0 CO83%, CDEBN, CDUSY, GO, CDIM8Y CDzed, CMET (iBRN, CDVE0Y,
CD153%, CDIBYE, COM88Y CDI8S (CXCRIYE, CD183 (CHORSY, D223 (LAG-ANH,
CD254%, CD275%, CD4ERA, CTLA-Y DECI0S, OX401, PD-1H GITRY, TIM-241% |
FasL* ILI8R1, ICO& {CDI78Y, lew13, TORT, TLR1, TLRI® TLRI™ TLR4Y TLRE,
TREM2Y, NKG2DY CCR, CCR1T (CD1g1), CCRZ (CD192yH, CCRHCDIS4P,
CCRS(CDT98)Y, CORTY, lnw affinity IL-2 receptor™, IL-7 receptor, 1L-12 receptort, 1L-15
recaptort, IL-18 receptort, and L2 receptort. tn further embodiments, 8 tLNP comprises
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& binding molety spedific for an HSC surface moleculs selected from COMTT, CD34™,
CD44% CD45Y COR0 (Thy1): CD105%Y, OD133Y BMPR2E and Sea-1: or specific for an
MBC surface molecules selected from COTOY, CD10SY, CDT3Y, 8tro-1% SBEA3Y, S3EA-
4% CRETE, QD46 GO SUSDR2, Stro-d, MSCA-T, CDEE, CRIOH, PODXLE
COTE, CO29 QDA™ and CLHGE In varous embodiments, & binding maisty is an
antibody o antigen-binding portion thereof. (% indicates that sxemplary antibodies with
the indicated specficity from which & binding midisty could be derived can be found 6 US
Fatant 11,386, 18288 Table @ or 10, 1 indicates that sxemplary antibogies with the
indicated specificity from which & binding muoiety could be derived can be found in
Wilkinaon & Hale, 2032, Both references cited and incorporated by referance abowe ¥
indicates that sxemplary antibodies with the indicated specificity from which a8 binding
molely could be derved can be found in the Therapeutic Anthody Database {TABS) at
tabs.oraiccomy. Other suilshle antibodies can be found in Appendix AL

00110} The following paragraphs provide non-exhaustive exampiss of known
antibodies. thal bind to cell surface markers onr immune cells fymphooytes and
monocytes) and stem cells (HSC and MBC). These anfibodies or the antigen binding
domaing theraof can bg used as binding moieties to farget the disclosed LNF. Collectively
these anfibodiss and polypeplidss comprising the antigen binding domains thereof
constituie means for binding cell surface markars of means for binding immune and stem
tells,

font 14} i some embodimants, the ILNF is targeted to CD2° osils and the binding
moiety comprises the antigen hinding domain of an anti-CD2 antibody. D2 contains
three well.characterized epitopes (T11.1, T11.2, and THLYCD2R), TTLACDER ars
membrane proximal and exposure s increased upan T call activation and CD2 clustering.
Accordingly, in some such smbodiments, the anti-CD2 antibody comprisas, RPA-2 10
OKT11, UMCD2, 0.1, and 3T4-885 (T11.1 spitope); 8.6 and 10LD2-4C1 (T11.2 spitops):
IMonoRAS (T113 epitope), siplizumab {T11L.7T11.3 epitope), HUMEDZ, TE2M8, TRI/E,
ABTS, LT-2, T6.3, MEM-&E, OTMEA, or an anfigen-binding: porfion thereof. Addiionally,
the ligand of CD2, CDER (LFA-3} can be usad as a COZ binding molety as can alefacept,
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a CDSS-Fe fusion. Each of these constitutes a means for binding CD2 {Liet al, 1098, J
Mot Biol. 263:209-26; Birder et g, 2020, Front Immunol 81110803

[a011 in some embadimants, the tLNP is targeted to CD3" cells and the binding
muoiely comprises the antigen binding domain of an anti-C03 antibody. Accordingly, in
same such embodiments, the antibody comprises muromonab-CB3 {OKT3), teplizurmab,
olefixizumab,  visilizumab, cevostamab, teclistamab, elranatamab. pavunitamal
vibecotamab, odronsxtamab, or an anfigen-binding portion thereof. Each of these
onstituias a means for binding CD3

F001431 in some ambodimants, e HLNP s fargsted o CR4* cells and the binding
mcialy comprises the antigen binding domain of an anti-CD4 antibody . Accardingly, in
some such embodiments,  the  sntibody  comprisss  ihalicumab,  dwezstamals,
semzuvalimab,  zanolimumaly,  tegelizumab,  UB-421. prilikimab, MTRX3011A,
cadelizumab, slenoliximal, keliximab, MTE13, TRXY, hBE-FR, MAX 18HE IT208, or an
ardigen-binding portion thereof. Each of thess constitutes & means for binding S04,

fog1 143 In some embodiments, the tLNP is targatsd to CO5* cells and the binding.
moisly comprises the sntigen binding domain of an anti-CDS antibody. Accordingly, in
soma such embadiments, the antibody comprises 807, UCHTZ, L17F12, W85, HE3,
QRTH, MATI0M, as well g those disclosed i WQIRBRG0BREE, WOR008131180,
LS8 878,500, WORGTD0E27E7, WORITS1088RS, WOR2DI2040808, or WQROZ2427844,
gach of which is incorporated by reference for all that they teach sbout arti-CDS
sntibodies and ther properbes, of an anfigen-binding portion: thereof. Each of thase
constitules & means for binding GDA

{00148} i some embodiments, the NP is fargeted to CD7* cells and the binding
muoisty comprises the antigen binding domain of artanti-CO7 antibedy. Accordingly, in
some such embodimants, the antibody comprises THGQ, 3A1E, SATF, Huly-m2, WT1,
YTH328, T33A1, grisnilimab, as well as thoss disdlosed it US1D 108,608,
WOR0TT213979, WQROBNA8ZME, US11447548, WQR2022126888, WOZ0R0212710,
WO2OITIB0R267, WQSGR3095802, WOZDRZ005803, WO2022151851, or
WC2032257835 each of which is incorporatsd by reference for all that they tsach about
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ant-CDY antibodies and their properties, or an antigen-binding portion thereof. Bach of
these constitutes 8 means for binding Q07

{0118} in some embadiments, the {LNP is targeted fo CD8" cells and the binding
moiely comprises the antigen hinding domain of an anti-CO8 antibody. Accordingly, in
some such smbadiments, the antibody comprises crefmidimab (IABZ2M), 3BE, SP-18,
LTS, 1708, MEM-31, MEM-87, RIV11, UCHTY, YTC182.20, RPA-TR, OKTB, SK1, 81.1.
TRE2, MTBO7-RY, HIT8y C8M1448, RAVERX, RIDEBEE, BUSE, EPRIESE3IS-1IS,
I8TBEHT, as well as those disclosed i US10,414 820, WO20IB184203,
WCO2017 1234308, WO20180336681, WOR00080824, USTH, 730,844, WO2019033043,
WOZ202 1046150, WOR20R 1127088, WQ2022081516, LUIST1.5358. 868, or WOQ2023004304
gach of which is incorporated by reference for all that they teach about anti-CD&
antibodies and thelr properiies. or an antigen-binding portion thereof.  Additionally,
hurmanized anti-C08 antibodies are descoribed it U8, Provisional Fatent Application
Number 83/810.917 filed on Dessmber 18, 2028, and U 8. Provisional Patent Application
Number (Alty Dacket No. 23-1742-US-PROZ), filed on May $1, 3024, sach of whith is
ncorporated by reference for alf that # teachss about these humanized ant-CD8
artibodies and their properties, or an antigen-binding portion theregl. Each of the
foregoing ant-CD8 antibodies canstitules g means for binding CO8

{80117} In some embodimants, the ILNP is targeted to CO10* calls and the binding
moiety comprises the antigen binding domain of an anti-CDH0 antibody. Accordingly, in
sormg such smbodiments, the antibody comprises the ung produced by the hybridama
rapresented by Accession No. NITE BP-0D2489 {disclosed in WOROMB235247 which is
incorporated by referencs for ali that they teach about anti-CD0 antibodiss and their
properties), FRADTT, or REASTT, or an antigen-binding portion thereof. Each of these
constitutes a mesns Tor binding CD10.

foo1 18y I some smbadimants, the ILNF is targeted to CD1 1D cells and the binding
moiety comprises the antigen binding domain of an anti-=CD11b antibody. Accardingly, in
some swch embodimants, the antibody comprises ASDIST or MAB107T as well as thoss
disclused in US2018D337038, USIO73R 121, WORHB187874, US10.810.887, or
WOR022147338 each of which i incorparated by references for all that they teach about
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anti-CD11h antibodies and their properties, or an antigen-binding portion thereof. Each
of these constitites a means for binding CO11b:

011 i some embodiments, the tLNP is targeted 1o CD8Y cells and the binding
moiety comprises the antigen binding domain of an ant-CM3 sntibody. D12 1s also
known as aminopeptidase N (APN}L Accordingly, in some such embodiments, the
antibody comprises MTR5-4 or NbI&? (disclosed in WORO2TOTI312 which is incarporated
by referance for all that they teach about anti-C013 antibodies and their properties), as
well as those disclosad in WO2023037015 which is incorporated by reference for all that
it tesches about anfi-CD13 antibodias and their properties, or an antigen-hinding potion
thereof. Bach-of these constituies 2 means for binding CD13

e am i1 sonte embodiments, the t1LNP is targsted o G4 cells and ths binding
moiely comprises the antigen binding domain of an anti-CD14 anfibody. Accordingly, in
soma such ambadiments, the antibody comprises atibuchimab or r18011 as well as thase
disclosed in WORISTHITEE or WOZRDT151405681 sach of which is incerporatad by
reference for all that they teach abiud anti-CD1¢ antibodies and thelr properties, oran
antigen-kinding portion thereof, Each of these constitides a mearns for hinding T4,

{00131} i some embadimants, the iLNR is tergetad 1 CDISa" cells and the binding
muoisly comprizes the antigen binding domain of an anti-Cl18a gntibody. Accordingly, i
same such smbodiments, the antibody comprises AFM13, sdA1, sdAZ, or hudGa-81-
N2O7( as wall as those disclosed in UST1538872, WQRN18158340,  WQRQ0TO08065,
USTO3BS137, WO2017084221, US10D, 758,625 WORQ1B039628, WORQIRIS2518,
WORO21078564, WQR022161314, or WO2Z0R3274183 sach of which is incomoratad by
referenve for gif that they teach abowt ant-COHBA antibodies and thelr propertiss, or &n
antigen-binding portion thereof, Each of hese constitutas a means for binding GiHga.

[ou1223 in some embodiments, the tLNP is targeted to CRERT cells and the binding
muoiely camprises the antigen binding domain of an anti-CE25 antibody . Accordingly,
soma such -ambodiments,. the  aniibody  compiises daclizumab,  basiliximal,
camidaniumab, tesidng, inclimomab, ROTI06882, HuMaeTAZ, CYT-0000, 8TD0S
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RTX-003, or an antiger-binding portion thereof. Each of these constitutes a means for
binding CRR25.

{0123 i some ambodiments, the tLNP is targeted 1o CD28" cells and the binding
muoiely comprisas the antigen binding domain of an anti-CD28 antibody. Accordingly, in
some such embodiments, the anfibody comprises GN1412, acazicoloept, fulizumab,
prezalumab, therslizumab, FRI04ACD, and davoceticept, as weall as those disclosed in
{ISH, 484 958, LS8, 785 804, US11.548 847, USTLE30.288,  UB11,453.721,
US11,581 401, WO200203045%, WO2002047721, US20170335018, US20200181260,
UST180BI76, WOROGI2TS 1R, WO203T185071, or WOZOR20568198 sach of which ig
inoorporated by reference for all that they teach about anBi-CD28 antibodiag and thelr
properties, or an antigen-binding portion thereof. Egch of these constitutes g means for
binging GO28.

[0134) i sormne embodiments, the ILNP is targeted to CO287 ceils and the binding
muasty comprizes the sntigen binding domain of an anti-CR3G antibody. Accardingly, in
some such embodimeants, the antibody compriges QS52068, BD276, 13610, REATQE0, ar
an antigen-hinding portion thereof. Each of these constitites a means for binding CD2Y.

{00138} i someembodiments tha iLNP g targeted 1o CDERA" cells and the binding
maoiely comprises the antigen binding domain of sn anti-CD32A antibody, Accordingly, in
some such embaodimants, the antibady camprises VIBIB0O, hurnenized 1.3, humarized
AT10, or MOE-S as well as those disclosaed In USS 688,755, USS, 284 375, US8, 382,321,
UST1306145, or WOR0ZI067394 sach of which is incomorated by reference for all that
they teach about anti-CO3RA antibodies and thelr wroperties, or an antigen-binding
portion thereof. Each of thess constitutes & means for binding CD33A.

{00128} in soms embadiments, the tLNP is targeted to CD34* cails and the hinding
maigty comprises the antigen binding domairt of an anti-CD24 sntibady. Accordingly, in
some such embodiments, the antibody compasss h4C8, 905, 2810, 5B12, REA 184,
CHB12, CZe10, or an anligan-binding portion thareol Each of these canslitules g maans
for binding CD34

{00127} In some embodimants, the tLNP is targeted to CL40" celts and the binding
rooiety comprises the antigen binding domain of an anti-C40 antibody. Accordingly, in
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some such embodiments, the gntihady comprises aifurtitimaly, sotigalimab, iscalimab,
daceluzimab, sehorglumab, blesslumab, lucatumumal, or mitgzalimab as well as thoss
disclosed in US10633444, each of which is incorporated by reference for all that they
teach abowt antii-0D40 antibodias and their properties, or ann antigen-binding portion
thereof. Bach of these constitutes a means for binding CD4EG.

0128 in some embodiments, the ILNF is targeted to CD44* cells and the binding
molely comprises the anfigen binding domain of an anti-=CD44 antibody . Accordingly, in
soma such embodiments, the antibody comprises ROS428083, VEE-Q08, PF-O2475053,
or RGTIEE, as wall &g those disclossd  wy WO20081448380, US8.383.117,
WQ2008079248, US20100040540, WOR01E078425,. USH, 220,772, US20140308301,
WORD2MMBOTEL, WO2021180280, WQRQOZ1178808, WOZ022082740, WORQZRQZ720,
or WQ2022243838, sach of which is incorporated by reference for all that they teach
ghout anti-CDdd antibodies and thelr propertias, or-an antigen-hinding portion thereof.
Each of these constifules a means for binding CD44.

{00128} in some embodimants, the ILNF is targeted to CD45* calls and the binding
moiaty comprises e antigen binding doniain of an amt-CD4S antibody . Accordingly, in
soma such embedimants, the antibody comprises apamistamahb, BOSBIQ, as well a3
those disclosed in WOR023183037, WOR023235772, UST B3&,223, WO2017009473,
WORDSTIBR0ER, USS 701,786, USBS 701,758, WOR020082084, WOQR022040088,
WQZRDZO408TT, WOZ022084 191, WOIR022083853, or WO0Z4084771, each of which
is incorpurated by refsrance for all that they tsach about an-Ch48 antibodies and their
praparties, or an antigen-binding portion thereol Each of these constitutes a means for
hinding CL45,

{00130 In some embodimarnts, the tLNP is targeted to COSG” cells and the binding
motely comprises tha antigan binding domain of an anti-CDSG antibody. Accordingly, in
some such  embodimants, e antibody composes  lorvolugumab, adciimer, of
promivimaty,  as well e thoss disclosed in WORQIZIA8527, US1D 548 687,
US10, 730,841, or USZ0230 144148, eacty of which is incarporated by reference for all that
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they teach about anti-CD5E antibodies and their properties, or an antigen-binding portion
thereof, Bach of thass constittdes g means for binding CD&S.

{013y i some embodiments, the 1LNP is targated 1o D84 cells and the binding
moiely comprises the antigen binding domain of an anti-CD84 antibody. Accardingly, in
same such embodiments, the antibody comprises HuMAD 811 or H22 as wall as those
disclosed in US7 378,504, WORQ14083378, USZN1T0I06638, or WQR022155808 each
of which is incorporated by reference for il that they teach about anti-CD84 anfibodies
and thelr propedies, or an antigen-binding portion thereof. Each of these constitites a

mears for binding CDB4.

0ot In some embodiments, the ILNP is 1argeted to COBE* calls and the hinding
moiely comprises the antigan binding domain of an arti-CDE8 antibody. Accordingly, in
somg such embadiments, the sntibody comprises RiM7, PG, B14H12, ABMESRFS,
IFTOS, SETOR, YURZA, EPRRNS4S, CDLABS-T, LANIRG-B24, or an antigen-binding
portion Hwreof. Each of thess constitutes & means for binding COBR.

{00133 In some embodimants, the tLNP s targeted to COTO tally and the hinding
moiely comprises the antigen binding domain of an anti-CE70 antibody . Accordingly, in
somae such embodimants; the antibody comprises cusatuzumals, vorsetuzumab, MOK-
1203, MDX-1411, AMGAITZ, SCGN-CRV0A, ARX3I0S, 'PROTIGN, as well &8 thoss
disclused in UBD, 785 148, USB 184,738, 1510288 804, WO2021138284, USH, 701,752,
US10. 108,123, WOR014158821, US10,888.488, WO2TOa2271, UST1.048,778,
US11,377.500, WO2021058437, WOR0S1245003, WO202008018, WOZ022078344,
WOR23105814, WQOR022143851, WOZ0RIZTASRD, WQRQZ2IZE3T7, WOZ0R2283101,
US11.813,584, ar WORQ23073307, each of which is incorparated by referencs for il that
thay teach about antt-CDT0 antibodies and thelr properties, or an anigen-binding porion
thereo!. BEach of these conslifides a meaans for binding CD7G

[ 343 i1 some embodiments, the (LNP i targetsd to CO73Y celis and the binding
moiety comprises the antigen binding domain of an ant-CDT3 antibody. Accardingly, in
same such embodiments, the antibody comprises oledlumal, ulifedimab, mupadalimab,
AKTTY, IBIZ25 BMS-DB817S, NZVE30, JAB-BX102, Bymi24, TB19, TR, HEM1007,
3F7. mARTS, HUOOT-MMAE, IPHEA, or INCADD18E, as well as those disclosed in
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LIS9,938 366, US10,684,189, WORQ22083723, WOR22DATEIT, WQR021313468,
WOQ2022083049, US10.832,428, WO202128918%  US10,100,129, US11.312,783,
USTH 174,318, UST1,834,500, WORIIIIB4ET, WOZDITII8613, LIBD 388 248,
WO2020216687, USTTIR0EEL, UST1530273, WOIOI91FIE82, WO0T173,
US11, 312,785, WOZ020008804,  WQIQ2Z0143838, WOR020143710, UST1,084, 771,
US11,200 580, WOR0R0253568, WOR0R1017832, WOR021032173, WOR0IQITS,
WOR021097223, WQ2021208383, WDZ021227307, WO2021341728, WO2Z022088020,
WOR0ZR105881, WORQ2R 178039, WQRQ222 14877, or WQ20222342758, each of which
is incarporgted by reference for all that they teach about anti-CE73 antibudiss and their
properties, or gn artigen-binding portion thereof. Each of thase constiules & means for
binding CR7&

fOe 35} i sorme embodiments, the ILNF {5 targsted to CDR0 selis and the binding
motety comprises the antigen binding domain of an anti-CDB0 antibody. Accordingly, in
same such embodiments, the anfibody comprises REABST, QX7 SE10, K187 LIST, or
an sntigen-hinding partion theredf. Each of thase constitites a means Tor hinding COQ0.

PHELIRY in soms smbodiments, the ILNP is targeted 1o CD108 cslls and the binding
moiety comprises the antigen binding domain of an antixCD1 08 antibody. Accordingly, in
same such sinbodiments, the antibody comprisses carctuximal, TRC205, or huRH1QE
a8 well gy those disclosed I US8221.783 URSYGATE  WODOZRBTS,
WQROTOTAZ050, WOR0I31484712, WOR0TEHB031, WOZ0R 1118955, LISZ20220233591,
gr UB20230078344 . sach of which (s incorparated by rsfsrence for all that they teach
abiout-anti-CDMOS antibodies and thedr properties, or an antigen-binding porlion themol,

Each of thase constitules a means faor binding CD105.

{06137} In somie gmbodimants, the ILNP i argeted to CDHIT calls and the hinding
foiely comprises the antigen hinding domain of an anti-CDTIT antibody. Accordingly, in
soma suchy embodimeants, the antibody comprises begquifimab, barzotvolimab, CIOXO188,
LOPB28, MGTA-117, NN2101, CKS, JSP131, AbBS, 104D2, or SR1, as well as thuse
distlosed I UST B15391,  WOIOR21H9737, USB540443,  WO015050058,
LSO 7RGR08,  USHSER 187, USI0LH08178,  US9.932.410,  WOR018084067,
WOS00218770,  US10.611.838, WORQ20075108, WOR0IT107568, US11,208.482,
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WQ2D21044008, WOR021099418,  WOZ0RZ1BT05Q, or  WORQZINBTeT,
WQZ02 1188500, each of which s ihcorporated by reference for sl that they teach sbout
anti-COT antibodies and their properties, or an antigen-tinding portion thereof. Each
of these constitutes a means for binding CR117.

{00138} i same erpbodiments, the tLNP is targeted to CD133% cells andthe hinding
moiely comprises the antigen binding domain of an anti-CR A3 antibody. Accordingly, in
soms such emibodiments, the antibody comprsss ACTI3, 38303, CMab-43, or RWO3,
as well as ‘those disclosed in WOR2018045880, USBTI2.8588, USH348.2235
WO2014138188, US10. 711,088, US10,108 633, WOROTB0T72035, or WOQ2022022718,
gach of which is incorporated by reference for gl that they teach about ant-CD133
antibodies and their properties, of an sniigen-hinding portion: thereo!f. Each of thase
copstitutes 8 means for binding L0133

o013y Iy some embodiments, the ILNF is targeted to GDST cells and the binding
muaisty comprisas the antigen binding domain of an anti-CER137 antibody. CIOT37 1s alse
known as 4-1BE. Awordingly, in some such embodiments, the antibody camprisss
YHORS, welirnsh (BMS-8S3513), utondlumab (PR-OB0B2566), ADGI0S, LVENBOST,
PRS-343, as well as those disciosed In WOZ0DS035584, WO2012032433,
WOZDI7133650, UST1.203643, UBM 242 308, LISTI.585077. UB2D830087770,
LS 535678, UST1.430,968, WQO2018062451, US1D 174,123, LIS11,242 385,
US10,718.851, WQ2Z020011866, WOR0Z0011964, or US11.447 5588, each of which i
incorporated. by referencs for g that they feach zhout CD13T antibodiss and thek
praperties, or an antigen-binding portion thereof. Each of these constitutes a means for
birding COTE7.

[0a1403 In some grpbodimants, the ILNP i targsted to CD148" calls and the hinding
moiely comprises the antigen binding domain of an anti-CD148 antibody. Accardingly, in
some such ambodiments, the antibody comprises imapradimab, ABX-MAT, huAASE,
MEH, or M1-24-3, as well gs those disclosed in USI0407 508, US10,414 825,
US6,024.360,  USS.447 180,  WORN140D0338,  USBTRIH00,  WORDIBIZNMET,
US11,427 848, WOZD10133630, WORD1TS1A7308, WOR020132140, or WORNZR082073,
gach of which 18 incorparated by referance for all that they teach about CD148 antihpdies
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and their proparties, or an antigen-binding portion thereof. Each of these constitutes a
means for binding CD148.

{0141} i some embadiments, the {LNP is targeted to TS cells and the binding
moiely comprises the antigen binding domain of an anti-CD168 sntibody. Accordingly, in
same such embodiments, the antibody comprises praluzatamalb, AZN-LA0, REA447 o
ATO0Z, as well as those disclosed it US10.745,481, US11.220,544, or WQRD0BT 17048,
gach of which is incorparated by referencs for ail that they teach about CD 188 antibodies
ard thelr properties, or an antigen-binding porfion thereof. Each of these constilutes a
means for binding CD168.

{0014 In same arvbiodiments, the ILNR i targated to CD200* calls and the binding
moialy comprises the antigen hinding domain of an anii-CDI0Y antibody. Actordingly, in
some such embodimeants, the antibody comprises samalizumab, OX-104, REATGET,
BIVIVE, HPAB-Q280-Y 4 or TTICDR0G, as well as those disclosed in WORRDTOE4331
or WOIR1128538, each of which is incorparated by reference for all that they teach
ghout CH200 antibodies and their prapertieg, or an antigen-binding portion thereof. Each
of these constitutes a means for binding CD20G.

00143 1 some embadimants, the ILNF s tergatad to CRE0EY calls and the binding
muoisly comprises the antigen hinding domain of an anti-CD20% antiboady. CD204 is also
knowr as DEC205. Accordingly, in some such embodiients, the entibody comprises
3(8-202 (3 component of COX-1401) or LY7S_A&1 {& component of MEN120%) as well
2% those disclossd it LSS 238,318, US10,081.682, or US11,365,258, sacht of which i1s
incorparated by reference Tor sl that they teach aboul ani-CD205 antibodipg and their
properties, ar an antigen-binding portion thersoll Each of these constifutes a means for
binding G208,

{01443 in some embodiments, the tLNP is targeted to CDZTT cells and the binding
moiety cormprises the antigen binding domain of an anti-0DE71 antibody. Accordingly, in
soma-such embodiments, the antibody comprises REA844 or REALT(D as wall 85 tﬁose;
gisclosed i WQO2022188B02 which is incorparated by reference for all that if teaches
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about anti-CD271 antibodies and their properties, or an antigen-binding portion thereof,
Each of these constitutes & means for binding CO2TL

01483 In some embodiments, the ILNP s largeted (o BMPRZ © cells and the
hinding muiely comprises the antigen binding domain of an ant-BMPR2 antibody.
Accordingly, ir some sush ambodiments, the anfibody comprises TAB-O71CL {Creative
Biolabs calalog ro.) a8 wall as those disclosed in U811 282,848 or WQR0Q211741098, each
of which is incorporated by referencs far all that they teach about anti-BMPRE antibodies
and thelr properties, or an antigen-binding. porfion thereof. Each of these constilutes a
mears for binding BMPR2.

[00148] In some embodiments, the NP s targeted to CTLA-4 celts and the
binding moigly comprises the antigen binding domain of an anti-CTLA antibody.
Accordingly, #1 some such embodimerts, the antibody comprises botenstimal,
ipitmamab, nurulimad, guavonlimab, tremealimumaly, salifrelimab, ADGNIS, ADG128,
ADL-1804, AGENTISY, BCD-14&, BMS-088218, BME-9868248, BT-007, CS1003, GIGA-
584, HEMA003, IBI310 JKOB, JMW-3BR, JSOOT, KDSODT, KNO4d, ONC-392, REGN4BAS,
TGOS, XTXH0T, YHOOY, or an artigen-binding portion thersol. Sach of these
constitutag a maans for binding CTLA-4.

100147} in some embodiments, the tLNP is targsted to GRI cells and the binding
mcisty comprises the antigen binding domain of an and-GD2 antibody. Accardingty, in
some  such embodiments, the antibody comprises dinutuximab,  ganglidiximab,
naxifamab, nivatrotamab, EMD 273083, hutld 18K3I22A, MORADL-U28, 3FREIAL, BCO-
248, KMGBB, ATL30Y, Eklomsb, as waell az those disclogsed in WSS777.068
US9.315.585,  WO2004085058, USBE17T.348, USD493.740,  US20310002384,
USBB07EE7,  WOZOOT022873,  WORMROTINIS, WO2D18D10B48, USE951 524,
WOZ023280880, USS 856,324, WOZUTS132804, WOR017055385, WQRO1BOSETT1.
WIORG200201494, or an antigen-linding portion thereof. Each of these constitutes a
means for binding GD2.

{00148} In soms smbuodimeants, the NP s targeted to GITR * caills and the binding
fricisty cormprises the antigsn binding domain of an srti-GITR antibody. Accardingly, in
some such embodinents, the antibody comprises ragifilimab, TRXEIS, MK-4188, AMG
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P38, MEDITRTS, BMS-086158, REGNESRY, ASP105T, ME-1248, FRATSY, GWNIRS,
JMNG-BA1847 1Y, ATORSTH44, or an anfigen-hinding pottion: theredl. Esch of thess
corstitutes g meansfor birding GITR.

[00149) in some embodiments, the ILNP is targeted 1o low affindly -2 receptor
calls {TD22° andior CDT3R* calis) and the binding molely comprises ths antigen hinding
domain of an anti-iL-2 receptor antibody, Accordingly, i some such embodiments, the
antiChz2 antiody comprises ANV419, FB102, MiK-Beta-1 and the anti G022
antibodies  disclosed i WO20TTI27324,  WO201T021540,  WOR022212848,
WOZDR2231408, WOZ0RBOTBTLS, USIQ230273000, WO024073723, or an antigen-
binding portion thergof, Accordingly, In some such ambaodiments. the anti-CDMS2
antibody  comprises REGNTZE? and the anti-CD132 antibodies distlosed in
WOSE20160842, WOZ01T021540, WOZDE2212848, WO2023078113, USS230273088,
ar an antigen-binding portion thereof. Each of these constitules a means for binding the
tow affinity 1L-2 receptor (CD123 or CD133, as appropriate),

[otsny n-some embadimants, the NP s targeted o high affinity 1L-3 receptor?
oelis (ORI and the binding motety compnses the antigen binding domain of an anti-lL-
2 receptor sntibody. Accordingly, in some such embodiments, the antibody comprises
daclizumab, basiliximab, camidaniumab, vopitug, inclimorhab, HuMAX-TAC, Xenopax,
STH003, RAB, RTX-003, and the anti-CDES antibodiss disclosed o WO023031403,
WQZD0S1088T0, WO20TRITEZZ3, WQRQIBITERIS, WOZO 1917226, WOR004045512,
WIOROR22104008, WO2020102581, ar an antigen-binding portion thereof. Each of these
constituias a means for binding the high affinity 1L-2 receptor (CDRE)

{00181} in some embodiments, the tLNP is targsted 1o 1L-7 recepior (COI37 ) cells
and the binding molety comprises the antigen kinding domain of an anti-IL-7 receptor
antibedy, Accordingly, in sorne such embodiments, the antibody comprisesPE-08342874,
GEKZ818980, OSEXZT, usveriikimal, bempikibad, and the anti-CO1T27 antibodies
disclosed in WOZOTT104687, WO20T10042588, WOR013066084, WOD215183308,
WOROM7082748, WOIQ20154293, WO20R0254857, WORD1223227, WO2023201318,
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Co27.

{0153 i some embodiments, the tLNP s targeted o IL-12 recepior’ cells and the
hinding molely comprises the antigan binding domain of an anti-l-12 receptor antibody.
Avcordingly, in same such embodimants, the antibody comprises UBYY-10413, REA333,
or an antigen-binding portion thereof, Each of these constitules a means for binding the
L3 retaptor.

[0158 i1 some embodirments, the 1LNP i targeted 0 1L-18 renaptor ¢ calls and
the hinding moiely comprisss the antigen binding domain of an anti-lL-15 recsptor o
antibody, Accordingly, in some such embadimants, the sntibody comprises MAB1472-
100, MABESTY, JM7A4, SEQET, JMT7A4, 3628R, ur an antigen-binding portion thersof,

Each of these constitutes s means for binding the IL-18 receplor &

[o01s4y In some embodimeants, the NP Is targeted 10 1L-18 receptor o cells and
the hinding muolely comprises the artigen binding domain of an anti-iL-18 recsptar o
antibady, Accordingly, in some such embodiments, the antibody comprises Hdd, or an
antigen-binding portion thereol. Each of these constililes g means for hinding the 18
racaptora.

[00155) i some embodiments, the tLNF is targsted to 1L-21 receplor” celis and the
binding muaisty camprisas ths antigsm hirding domain of ananti-iL-21 receptor antibody.
Accordingly, in some such embodiments, the antibody comprisas 10102, 19F5, 1845,
REAZE3, or an aotigen-binding podion. thereol. Each of these congtides 5 means for
binding the IL-21 receptor o

[o0158) i some embodimenis. the (NP s targeted to LAG-3T ¢ells snd the hinding
maisty conprises the antigen binding domain of an anth-LAG-3 antibody . Accordingly, in
some such embadiments, the antibody comprises relatimab, tebotelimab, favezelimab,
figntirnab, miptenalimab, HLX28, jeramilimab, CSRIEI1TRY, INCAGNIZBS, ROT24T7E0Y,
grcelimab, FETI8, SHRAI80R, Sym022, 1IBIIG, IBI32S, bavunalimab, EMB-02, ABLEOY,
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INCAI2458, AKTR2E, or an antigen-binding portion theraof Each of these constitutes a
means for binding LAG-3.

0157y n some embodiments, the ILNP s targeted fo MSCACTY cells and the
binding moisty comprises the antigen binding domain of an anti- MSCA1 antibody.
Avcordingly, in some such embodiments, the antibody comprises REALITS, WREZ,
AQCE, or an anligen-binding porlion thereol. Each of these constitutes s means for
binding MESGA-1.

[0 158y i1 some ambodiments, the ILNP s argeted 1o OX407 palls and the binding
muaisly comprises the antigen binding domain of an anti-0X40 antivedy. Accardingly, i
same such embodiments, the antibody comprises MEDIG4B9, ivuxolimab, rocatintimab,
GEKI174908, BME-888178, vonlerizumab;  INCAGN1E4R, tavolimab, BRGB-A44S,
INBRX-108, BATR028, felasarlimab, ATOR-1018, MEDIB383, cudarclimab, FS120,
HFB301007T, EMB-08, HLXE1, HUZR3, ABMISS, or an aniigen«bindi‘ng portion thensgt,
Each of these constifutes a means for binding OX40.

{00158) in some smbodiments, the (LR {5 targeted o FD-1" colls and the binding.
moiely comprises the antigen binding domain of an anti-PD-1 antihody. Accordingly, in
soms such embodiments,  the: antibody - comprises ofvoluimab,  pambirolizumad,
camrelizumab, lompalimab,  sintilimab,  tislelizumab,  cemiplimab, spartabizumab,
serpiulimab, cadenilimab,  penpulimad, dostardimab, zimberelimab, retifanlimab,
pucotantimaly, pidiizumals, pidiizumaly, balstilimab, ezabeniimals, AK112, geptanclimals,
sstrelimab, prolgolimab, tshotelimab, sasantimab, SGO0T, vudalimab, MEDIB7S2,
rutonilimaty, perssolimat, BI31E, budigalimab, MEDICEBD, pimivalimaly, QLITDE, AMG
404, RO7121661, lorigerimab, nofaziniimab, sindslizumaly, ar an antigen-binding pordion
thareot. Each of thass constiiutes & means for binding PO

[an1e0 In some embodiments, the ILNP is targeted to PODKL® cslis and the binding
moiety comprises the antigen binding domain of an anti-FODXL antibody. Accardingly, in
soma such embodiments, the antibody comprises MAMT3S, HPABR-3324LY, HRAB-
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MOBTIZ-YE, REARLS, REAIST, of an antigen-binding portion thereof. Each of these
constitutes a means for binding PODXL.

AT I i some embodiments, ihe t{LNP is targeted to Sca-1" cells and the binding
moiely comprises the antigen binding domain of an anti-Sca-1 antibody. Accordingly, in
some. such  embodiments, the aniibody comprises CPP3E 4118, 204-C8-F1,
AMM22070N, or an antigen-hinding portion thersol. Each of these constitites & means
for binding SCA-T.

{0016y i gome embodiments, the NP is targeted to SSEA-S celis and the
binding molety comprisas the antigen binding domain of an anti-SSEA-3 antibudy.
Accardingly, in same such embodiments, the antibody comprises MCE31, 2A8, BAT, ND-
742, 3H420, as well as those disciosed in USHLB43,458 or WOZU21138378, egch of
which is incorporsted by referance for all that they teach about anti-B88EA-3 antibodies
angt their propedies, or an antigan-binding portion thereof, Each of these constitutes s
mearns for binding SSEA-3.

1001633 In some ambodiments, the ILNP s targeted o SSEA-4Y cells and the
binding muoisly comprises the antigen binding domain of an anti-88EA-4 antibody.
Accordingly, i some-such embodiments, the antibody comprises ¢h28/11, BEATOT, MO
81370, ND-942-80, as well as those disclosed in LIS11.448 379, USIQIT3 285,
USH1 843,456, WOZUMETB08E3, or WOIRD21044038, each of which is incorpuratad by
reference for all that they teach about anti-B5EA-4 antibodies and thair properties, oran
antigen-binding padion thereol, Each of these constitutes a means for binding SSEA-4,
[o0164) i some ambodiments, the ILNP is targeted o Stro-17 cells and the binding
moisty comprisas the antigen binding domain of an anti-Stro-1 antibody. Accardingly, in
some such smbodiments, the antibody comprises STRG-1, TUSP-2, g5 walt a8 those
disclosed in US20130132022, which is incorporated by reference for sif thst # teathes
about anti-Stro-1 artibodies and their properties, or an antigern-bitding portion thersof,
Each of these constitutes a means for binding Siro-1.

1001653 insome embodimeants, te LNF s targsted to Stro-4* calls and the binding
miciety comprises the antigen binding domain of an anti-Bire-4 antibody. Accordingly, in
som@ such embodiments, the antibody comprisas STRO-, efungumab, 4G5, aswell as
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those disclosed in UST. 722,869, US20110280881, USQ 115,182 USIC 273,294,
US10,457, 726, WO20230091148, sach of which is incorporated by reference for all that
they teach about anti-Stro-4 antibodies and thelr properiies, or an antigersbinding portian
theraot. Each of thege constitutes 8 means for binding Stra-4 {alss known a8 heat shock
protein-80},

{186} in some embaodiments, the LNP is targeted to SUSDZ* cells and the binding
moiety comprises the antigen binding dormain of an ani-BUBDE antibody. Accardingly, in
some such embadiments, the antibody tomprises REATIS CBXS-3571, CBXS-1650,
CEXB-1980, CBXS-1871, CBXS1890, CBXS-3678, 127498, EPR8IR{R), WEES, or an
antigen-binding portion thereof. Each of these constititas a means for binding SUSDR,

[HHET in some embadiments, the ILNP is targsted fo TIM-3* cells and the binding
moiely cormprises the antigen binding domain of an anti-TIM-3 anfibody. Accordingly, in
some such ambodiments, the antibady comprisas TQBRA18, sabatolimab, cobolimtab,
RO7121681, INCAGNOZ2390, AZDTT8Y, swzebiclimab, LY3321387, SymO23, BMS-
9BA258, SHR-170R, LY3415344, LBA4IQ, opan antigen-binding portion thereof. Each of
these constitutes 3 mgans for binding TIM-X

[H0168] trr some embodiments, the tLNP is targeted to TREM2* calls and the binding
muaisly comprises the antigen hinding domain of an anti-TREMZ antibody. Accordingly, i
some such smbodiments, the antibody comprises PI37012 as well as those disclosed in
US10,508, 148, US10676525 WQR017058888,  US11,186838, USH,124 5687,
WOR020085975, UST1,492.402, WOR0S0131185, WO20S3013808, WO2021101823,
WOR023047 100, WQO20D22002283,  WORG2241082, WOZORE030450, or
WORDIR0IN612, sach of which is incorporated by referencs for all that they teach about
ant-TREMZ antibodias and thelr properties, oran antigen-binding partion thereat. Eachy
of these constitiles a means for binding TREMZ,

[es i still further embodiments, the ILNP s targeted to-g tumor cell. In.same
ambadiments, the tumor cell axpresses one of the antigens descaribed above and the
NP i targeled to attigen expressing tumors using the same misans as desaibed above,
irr other embodiments the tLNP is targeted o some ofher tumor antigen, such as thoss
gnumerated in WS, Provisionst Application Mo, 831371742, filed on August 17, 2022,
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gntitied CONDITIONING FOR IN VIVO IMMUNE CELL ENGINEERING whinh is
intorporated by referencefor alf that it teaches about the delivery of nucheic aoids inte
tumor cefls using NP thatis not inconsistant with the presernt disclosurs.

Mathods of Making an LNP or ibNRP

81701 in some aspacts, the present disclosure provides g mathod of making a LNP
or tLNP comprising mixing of an agusous solution of a nudeic acid {or other nagatively
charged payload) and an alcoholic solution of the fipids in proportions disclosed herain,
In particular embodiments, the mixing is rapid. The agueous solution can be buffered at
o of ghowd 3 1o about 8, for examiple, without imilation, with citrgds or acetate. In varous
embodinments, an alcohol can be ethandd, isopropanct, tbutanot, or s cormbination thareof,
In some embodiments, the rapid mixing can be asccomplished by punping the two
soluions through g Tunction of with an impinging ot miker. Microfiuldic mixing ihrough
& staggered heringbone - mixer (SHM) or & hydrodynamic miker  (microfluidic
hydrodynamic focusing), microfluidic bifurcating mixers, and microfiuidic baffle mixers can
also be used. After the LNPs are fonmed they can be diluted with buffer, for axample
phosphate, MERES, or Trs, in a pH range of ghowt § fo about 8 8 16 redues the sicohol
{athanol} concentration. The ‘dilted LNPs can ba purified either by dislysis or
ultrafittegtion or diafiftration using tangential flow fitration (TFF) against a buffer in a pH
range of about € fo about 8.5 (for sxampls, phosphate, HEPES, ar Trig} b remove the
aloohol. Altemnatively, one can use size exclusion chromatography. Once the alcohol is
completely removed the buffsr can be sxchanged with ke buffer containing a
cryopratectant (for example, glyceral or a sugar such as sucrose, trehalose, or mannosa).
The LNPs can bs concentrated to 8 desired concentratipn, followed by 0.8 ym filfration
through, for example, 8 polyethersulfone (PES) or modified PES fiter and filled into glass
vials, stoppered, capped, and stored frozen. In altermative smbodiments, g roprotectant
can be used ard the LNFP lyophilized for storage instead of as g froren hguid. Further
methodologieg for mgking LNP can be found, for sxample it US20Z00287634,
US20130115374, and WOICTTMEBTTO, sach of which is incorparated by refersnces for
alt that they teach about the praduction of LNP.

M} Some aspecis arg g method of making 3 1LNP comprising rapid imising of an
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agueous solution of anuclelc acid {or other negatively charged payicad) and an alnohglic
solution of the lipids as disciosed for LNP. In some embodiments, the lipld mixture
includes functionalized PEGHipld, for later canjugation 10 & targeting moisly. As uaad
herein, functionglized PEGHIpID refers to a PEG-pid inwhich the PEG moiety has been
derivatized with & chemically reactive group (such as, maleimide, NBO aster, Cys, azide,
glkyne, and the like) that can be wsed for canjugating a targeting moiaty o the PEG-ipid,
and thus, 1o the LNP compriging the PEG-ipid. In othsr embodiments, the funclionalised
REGHipid is inserted into an LNP subssguent to intigl forrnation of an LNF fromy the gthier
componerts. In either typs of embodiment, the t@rgeting molely 8 conjugated W
functionalized PEGHipid aftar the funciionalized PEGHipd comaining LNP is farmed.
Protocsds for corjugstion cart be found, for sxample, in Example 1 agwsil as in Parhiz st
al. . Confrofled Release 2891108-118, 2018, and Tombacz et &, Mofscular Thevapy
29(111:3293-3304, 2031, sach of which is incorporated hy refererce for all that it teaches
abput conjugation of PEGHipids ta binding moletiss  Alternatively, the targeting moilety
can be conjugated fo the PEG-lipid prior to insertion into pre-formed LNP.

7 I cortain embodiments of the préeparation methods of (LNP, the methad
comprises:;

i} forming an itial LNP by mixing all sompanents of the LNF, in proportions
disclosed harsin, sxcept for the one ar more funclionglized PEG-ipids and the ane or
more targeting moleties;

iy formiing a pre-conjugation NP by muxing the initial LNP with the org or mare
functionalized PEGHipids; andg

i) Torming the NP by conjugsting the pre-conjugation tLNF with the one or
muore targeting moisties.

Be173)  In certain embodiments of the preparation methods of HLNP, the method
gomprises:

Iy forming 8 pre-conjugation tLNP by mixing all components of the tLNP, in
proportions disclosed heremn, including the one or more funclionalized PEGHipids, except
for he one or mare targeting moistiss; and
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iy formiing the LNP by conjugating the pre-conjugation (NP with the ane of
more targeting moisties.

{174y 0 cerain embodimants of the preparation methods of ILNP, the methed
Bomprises:

i} forming ane or more conjugated functionalired PEG-lipids by conjugating the
ong or more functionslized PEGHipids with the one or more targeting moleties; and

i} forming the {LNP by mixing gl compongnts of the NP, in proportions
disciosad herein, including the one of maore canjugated funclionalized PEG-ipids.
[00178]  in centain embodiments of the preparation methads of NP, the methed
camprises

i} forming ofte or more corjugated funclionalized PEGHipids by conjugating the
one or mare functionalized FEG-ipids with the one or more targsting nmoisties;

it} forming an LNF by mixing all components of fhe ILNP, in proportions.
disclosed herain, except the one of more-conjugated functionalized PEG-ipids: and

ity forming the ILNP by mixing the iniial LNP with the oneg or mare conjugaied
furctionalized PEGHipids.

[ot7sy  After the conjugation the tLNFs are purified by dialysis, tangentiat flow fitfration,
or size exclusion chiromatography, and stored; a9 disclosed above for LMPs,

[00177}  The encapsulation sificlency of the nuclaic acid by the LNF or {LNP is typinally
determingd with 8 nudleic acid binding fluorescent dye added {o intact and lysed aliquols
of the final LNP or {LNP preparation to determine the smounts of unancapsulated and
total nucteic said, respectively. Encapsulation efficiency i typically expressed as a
percentage and caloulated as 100 x {TAANT where T is the tolsl amaount of nudleis acld
angd U ig the amount of wencapsulaied: nuctein suid. 0 various embodiments, ths
encapsulation efficiency i 280%, =85%, 280%., or 285%.

Methods of Delivering a Pavioad into a Cell

78] In some aspedts, disclusad hersin arg methods of delivering g nuclsic add {or
other negatively charged payioad) into a call compriging comtacting the calb with t(LNP of
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any of the foregoing aspects. Acncordingly, each of the herein disclosed genera,
subgenara, and or species of LNP or ILNF disdosed hersin including those based on the
inclusion ar exciusion of particular ipids, particular lipid compositions, particular payicads,
and/or particuiar targeting mocieties can be used in defining the scope of the methods of
delivering o payload o g cell. In some embadimeants tha contacting takes place ex viva.
In some embodimants, the contacting takes place i wivo, In same instances, the in vive
portacting  comprisss  intravenous,  intramuscudar,  subcutaneous,  infrencdsl or
intralymiphatic adminstration. In Turther instanges, transfection of hepatogytas is reducsd
as compared o HhNPs comprising & conventional ionizable cationic lipid, such as ALC-
{318

{1787 The herein disclosed LNF and ILNF compositions and formulations have
reduced toxiclty as compared to widely used prior LNP composifions such as those
comtaining ALC-0315. In various embodiments the toxdcily can he desgribed as an
observable toxicity . g substantial toxicity. a severs toxicity, or an acceptabls {oxicity, ora
dosadimiting toxicity {such ag butnot limited to @ maxdmum tolerated doese (MTDY. By an
observable fosiity s msant thatwhile 3 change is obsarved the effectis negligible or
mild. By subslantial toxicity #t is meant that there is g negatlive impact on the patient's
averall healthor quality of ife, In some instances, & substantial toxicily may be mitigated
or resolved with other ongoing medical intervention. By & severd toxicily Rt is maant that
the effect requires anute madicsl infervention andfor dosg reduction or suspsnsion of
freatment. The acceptabiiity of g toxicity will be influenced by the parlicular disease being
treated and its severity and the availlability of mitigating medical intervention. In some
embodinnents, toxicity is confingd (or largely confined) o an ohservable toxicity. In soms
embodiments, toxicy is cordined (or largely confined) to grades of 0 or1or twe.

{080y in some smbediments, the payload is a nucleis sad and the method of
deliveding is a method of transfecting. bt sorve smbodiments, the nuclais aad payiogd
comprises sn mRNA, croular RNA  self-amplifying BNA, or guide RNA, Nucleic acid
structures and espedially mRNA structures, zs well ax individual BNA molecules
encading particular polypeptides, that are well-adapted (o delivery by LNR or tILNF are
disclosed it U.S. Provisional Patent Application Number, 83/595 753 filed November 2,
023 U8, Provisional Patant Application Number. 83/811,082 tilad Decamber 18, 3023,
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and LES. Provisional Patent Application Numbsr (Altorney Docket Number 23-1871-US-
PROY), fled May 31, 2024, sach. of which is inCorporated by referencd for gt that i
teaches about nudeic acid payicads Tfor i vivo transfection and thair design.

00181} in some ambodiments, the paylead comprises g nugleic auid encoding an
Immueng receptor or immune cell engager and the method of delivering s also a method
of reprogramuming an immune cell In some embodiments, the payicad comprises a
nucieit acid that encodas, or is, 3 BRM and the method of delivering is also a method of
providing a conditioning sgent. In varicus ambodiments, the BRM or conditioning agent
15 a gamnia chain receptor cylokine such as L3, IL-7, .15, IL-15/18Ralpha, 1L-21; an
Irimuns modulating oytokine such as iL-12, 1L-18; 8 chamoking such as RANTES, P16,
MIG, or another BRM such s FH3, GM-CSF, and G-0GSF,

{0018 i soms embodiments, the payicad comprisas g nuslaic acid sncoding &
gengfganome aditing enzyme andiyr a guide RNA or other compoenant of 8 gene/gename
editing system and the method of defivering is aiso & method of reprogramming a cell, in
same instances, the cell is an immung call, In some instances, the caltis an HSC. I soma
instances, the cell is any MBQ.

[H0188 i cartain ambodiments comprising delivening the payioad into an immune
cell, the binding meisty binds 10 8 lymphocyts surface molecule oF 8 monocyle surlacs
mokscte. Lymphocyte surface maolscules include D2, CD3, CD4, CQE, CO7, CDS§,
CDRe, 4188 (CD137), CODM8E, CTLA, 040, PD-1, GITR, LAG-3, TIM-3, CD25, low
sifinity {L-2 receptor, IL-7 receptor, iL-12 receplor, 1L-18 receptor, 1L-18 receptor, and L~
21 réceptor. Monooyle surface molecules include COS, G4, CD18a CDAZ, CDH4G,
CRbh (Mas-1), CDS4, DECI0S, CDB8, and TREMZ. Exemplary antibodies that can
provide antigen binding domaing o bind these surface motacules are disclosad herein
ahove. Such antibadies, mdividually and collactively, constitide means for hinding o an
immune cell {or leukooyte) — or to a lymphooyte or monoeyts, as indicated.

[001843 i1 certain embodiments comprising dalivering the payload into a stem cell,
the binding molety binds fo a HSC surface molecule or a ME8C swifacs malsculs, HSC
surface malecules include CDIT, OD34, Chdd, CDRO (Thy 1y, CD105, CD133, BMPRZ,
and Sca-1. MSC swrface molecules include CDTO, CDIOS, TDT3, Stro-1, §SEA4,
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CRe7Y, CR46, G2, BSEAS, SUSHE, Stro-d, MSCA-T, COER, CLR00, PODKL, T3,
CD29, CD44, and CDO. Exemplary antibodies that can provide antigen binding domains
to bird these swface motecules are disclosad hevein abiove. Such antibodies, individually
and collectively, constitute means for binding to a stem el — or {¢ an HSC or M8C, as
ndicated.

Methtds of Treatmeant

fol185] i certain aspects, this disclostrs provites mathods of treating & disease or
disorder comprising administering @ tILNP of this disclosura fo a subject in need thereaf,
Each of the herein disclosed genera, subgensra, and or species of LNF ortLMF distiosed
harein including those based on the inclusion or axclusion of particular ipids, paticular
lipid compositions, particular payloads, andior particular targeting moietiss can he usad
frr defining the scaps of the methods of reatment

[00188) in some embodimants; & subjactis g human. In some embodimenis, s
LNP is gdministerad systemically. In some embodiments, g NP {8 administersd by
intravenous or subcutanecus infugion or injection. In some smbaodiments, a NP is
administered ldcally. In soime embodiments, 3 ILNF is administerad by intrapenitonesl or
irtratesional infusion injsction.

{00187} i further embodiments,a NP may be administerad in combination with
the standard of cars for & parficular indication, such ag corticosteraids (8.9, wednisoni)
for management of myoasitis or lupus nephritis. In cenain cases, myositis is-also treatad
with metholrexate, which may be combinsd with immunosuppressive agents {eg.,
axathiopring, mycophenciate mofetl, taorolimus), which are usually required in addition
to corticostercids, For- membranious nephropathy,  oyclical stercids  and
cyclophosphamide might be used in combingtion with tLNFs of this disclosure. In other
cases, an anfi-lL-8, such as toclizumab, may atso be used as a prefreatment of in
combingtion with tLNFs of this disclosure. These combingtions may be gdmististsred
concurrently or sequsntially.

{00188} In some smbodiments, the diseass or disorder is an autaimmung disease.
Examples of autoimmune disease include, without limitation, myocarditis, acute idiepathic
thrombooytopenis  purpura,  chrome  iopathic thrombocylopenic purpurs,
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dermatomyasitis, Sydenhant's chorea, myasthenia gravis, systemiclupus ervthematosus,
firosing  alvecliis, multiple sclerasis, theumatic fever, polyglandular syndromes,
sgranulooytosis, autcimmune hemolylic anemias, bullous pamphigold, Wegener's
granulomatosis, meintianous nephropathy, amyotrophic lateral sclardsis, 1abes dorgalis,
giant cell arterilis/palymysigia, pamicicus anemia, rapidly progressive glomerulanephnlis,
igA nephropathy, polyarteritis nodosa, ankylosing spondylitis, allergic responses, instdin-
registant diahetes psoriasis, digbetss mellitug, Addisor's: disease, Grave's digeass,
digbetes, endometriosls, celige diseass, Crohn's diseass, Menoch-Schonigin purpura,
ulcsrative  colitis,  Goodpasture’s  syidrame,  Buomboangitisubiterans,  Sidgren's
syridromes, aplastic anemia; rhaumatoid arthrills, sarcoidosis, scleritis, a T cell-madiated
sutaimmusity or 3 B cell-mediated autoimmunity, a B call-mediated (antibody-mediated)
autsimmung disease, necrotizing myoepathy, chronic inflammatory  demysiingting
polynewopathy (CIRP), neuromyslitis oplice (NMO) myosihis, nsuromyelitis optica
gpectrun disorders, pamphigus vaigans, systemic sclerpsis, antisynthetase syndroms
{idiopathic inflammatory niyopathy), lpus nephritis, membranous nephropathy, Fancon
shemia, and vasculitis,

[00188% v some ambodiments, the autoimmune disease is a T celbmedisted
autoimimunily or 2 B cell-mediated autoinanunity. In same instances, the B call-mediated
suloimmune disease s myosilis {suoh as anti-synthetase myositis), upus nephritis,
membrancus nephropathy, systemic lupus erythematosus, anti-nsutrophilic cytoplasmic
amtibody  (ANCA} vasculifis,  neuromysliis oplice spechum  disorder  (NMOSD),
nyasthaiia gravis, pemphigus valgaris, rhewmsatoid sritvitis, dennatormyositis, immiune
mediated necrofizing myopathy, anti-synthetase syndroms, polymyositis, systemic
sclerosls, diffuse cutaneous systemin sctlerosis, mited cutaneous systemio stlerosis,
anti-gynthatase - syndroms  {idiopathic inflammatory. myopathy), multipls  sdlerosiy,
relapsing-remitting mudtiple sclerosiy, sscandary progressive multiple sclerosis. primary
progressive mulliple solerpsis, non-aclive secondary progressive midliple - solerosis,
Sidrgen's syndrome, {gA nephropathy, or Fanconi ansmia. In certain smbodimants, the
B cel-mediated auloimmune disegse i myosilis, pus nephritis, membranous
reurgpathy, solgroderms, systemiv upus arythemalnsus, myssthenia gravis, ANGA
vascuiitis, mulliple sclerasis, of pemphigus vulgans. Iy certain embodiments, the B el
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mediated autolmmung diseass is myositis, lupus nephiitis, membranous neuropathy, or
scleroderma. in certain embodiments, the B celbmedisted auloimimune disease is
myositis, In some instances, the myositis & anb-synthedase mwyositis. In cevtain
ambodiments, the B cellbmediated sulbimmiune disesss s systemic lupus srythamatosus,

myasthenia gravis, ANCA vascuiils, multiple sclerosis, or pemphigus vulgsris.

{1 8% in some embodiments, the disease or disorder is rejection of an allogeneic
organ or lissua grafl, Pre-sxisting antibodies andior B cells, i their role as anfigen
prasenting cells, can facilitate rapid immune rejection through known mechanisms hence

depleling 2 largs number of B cells may help pravent allograf rejection,

s In soimie ambodiments, the disease or disorder is & cancer. Examples of
cancers include, without linvifation, carcinomas, sarcomas, and hematologic cancers, In
somg embadimants, the hematologic cancer is g lymphoma, leukamia, or mysloma. In
some instances, the hematologic cancer is a B linsage or T lineage cancer. In same
instances, the B lineage cancer is mudtiple myeloma, diffuse large B caltlymphoma, soute
myeloid leukernia, Mantie Call lymphaoma, follicular ymphama, B acute lymphoblastic
faukemia, chronio dymphocytic leukemia, of mysiodvsplastic. syndrame. I some
smbodiments, the cancer is a sarcoma. i some embaodiments, the cancer (8 @ carcinoma,

pancreatic canosr. in some embodiments, the cancer is melanoma.

{00192} - some ambodiments, the disease or disorder is a8 genelin discass o
disorder such as a8 monogenic gengtic disease. Iy some instancas, e genatic dissase
or disorder 8 8 hamoghobinepathy, for example, sickls call dissase or B-thalassemig
{001931 in some ambodiments, the diseass or disorder is. g fibrolic diseass or
disorder. In some instances, the fibrotic dissase is cardiac fibrosis, arthritis, idiopathic
pulmonary fibvosis, and nonalooholic steatohepatiis (also  knownt as metabalic
dysfunction-associated steatohepatitis). In other instances, the disorder invalves tumor-
associated fibroblasts.

1001584} it some embodiments, a tLNP of this disclosure comiprises & nucleic acid
encoding a chimeric antiger receptar (CAR). The recepliors are chimaric bacauss they
combing Hoth antigen-binding and T celt sctivating functions iy & single receptor. In
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some ambodiments, a nuclein acld encoding a CAR refers 1o one o maore nucleie geid
species encoding one or more CARSs, for example, 3 single of multiple spedies of nuclels
acid encoding a single CAR species, or multiple spacies of nudlesic acid sncoding nmultiple
CAR spacies. In some instances, these multiple CAR species have a same speaificity
while in othar instances they heve multiple speaificities. In some embodimants, a CAR of
this disclosurs is mudtispecific, for example, bispecific, comprising multiple antigen binding
moiefies each spacific for separate anfigsns. I some ambodiments, a CAR may
comprise an extracellular binding domain that specifically binds a target antigen, a
transmembrane domain, and one or more infraceliutar signaling domains. In some
embodinents, a CAR may further comprise ohe or mgre additional elaments, including
one or mare signal peptides, one of more exiracetiular hinge domaing, of one oF mare
intracetiular costimulatory domains. Damaing may be directly adjacent 1o one another, or
there may be one of more amine acids linking the domains, The signal peplide can be
derived from an antibody, & TOR, CD8 or other typs 1 mambrane proteins, preferably a
profein expressed in a T or other immune ¢ell. The transmembrane domain can be ane
sssociated with any of the polential intracellidar domains or from another fype. 1
mamtvane protein, such as TCR alpha, heta, or zeta chain, CD3 epsilon, CD4, COY, or
L0238, amongst other possibilities knowe in the & The fransmismbrang domain: can
further comprise 8 hinge domain ioosted betweer the extraceliular hinding domain and
the hydrophobic membrane-spanting region of the rangmembrane domain: In some but
not all smbodiments, the hinge domain and ransmaimbyang domain are configuous.
sequences in-the same source protein: i some instances, the hinge and membrans-
spanning domains are derived fram CD28. In other instances, the hinge and mambrans.
spanning domasing are derivad from CD8e. The intraceliular signaling domain can be
gerved from the CO3 zela chain, DARIO, DARIZ, FoyRIL, FasRY, ar gnimimunorecepton
tyrosine-baged activation motif (TAM) bearing ovtoplasmis domain, amengst other
possibifities known in the art. The intracsliclar cestimulatory domain san be derived from
CR3T, D28, 4188, OX40, or ICGS, amangst other possibiliies known inthe art:

DEREY in certgin ambodiments, CARs are used 1o treat a disease or condition
sssociated with 3 target coll thal expresses the antigen largeted by the CAR, For
xamis, i some smbodiments, an anti-C8 or anti-CO20 CAR can he used to targst
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and treat B celt malignancies of B cell-mediated sutolmmune conditions or diseases (2.9,
having an immune cell targeting moisty, such a8 an anti-CO8 antibody). In other
embodiments, an anthFAP CAR can be used to target and treat solid fumors or fityosis
{e.g., cardige fibrosis, cancer-associated fitroblasts), which can also have an immune oall
targeting maiety, stich as an anti-CD8 antibody. Examples of CARs that may be used in
secordarnce with the smibodiments described hersin include to those disclosed i US
7,446,180 {ant-CO18), US 1028735 (anti-CD1g), US2031/0383245 {ant-CD18 and
amti-CD20), US 10543363 (anti-CDRZ), US 10428787 {anti-CD33), US 10,844 128
{anhi-00123), US 10,438,141 (ant-RORT), and USI021/0087385 {amti-FAP), sach of
which is incarporated by reference for ol that it teaches about CAR structure and funation
generically and with respect o the CAR’s antigenic specificiy and targst indications 1o
theaxient that it is not inconsistent with the present disclosure,

100158} Exemplary tsrget antigens against which 8 CAR, TCR, ar ICE can have
specificity includs, but are not limitsd to, B cell maturation agent (BCMAYH, TASTF DB
COIEH QD20 (MSATYE, QDR SO, CO30 {TNFREFR)YE CDIZYH CDARYH,
CD44™, CD7OMY CO133Y CD174, CD274 (PD-LTYH, COR78 (BT-H3E, CEACAMEH,
CLLAY, CEPGA EGFRYY, EGFRYHY, EPCAMM EPHAZY, ERBBRY, FAPYE FOLHY,
FOLRP'E, GRIR GPCIYE GPNME™, ILTRAPT LIRAM IL13RA2Y, Kappa*®, KDR
(VEGFR2y, COIT1 (L1CAMPY, Lambda®, MET™, MSBLN {mescthaliny™ ¥ MUCTH
NCAMT (CDSBY PD-1 (CRETYP, PSCAY RORTE, D38 (SDO1E, Ch3ig
(BLAMFTYT, CD24B (TEMD®, ULEPT, ULBR2, and G-profein coupled receptor family ©
group 5 member D (GPRCEDYY {associated with teukemias)y, CD319 (SLAMFTY
Co3e s CDI3GE, GPRCSDYM, CD287 (TACH®, and BCMAM™ (associated with
myelomas); and GOITH, HERSM, EGFR. EGFR, CDZ78 (B7HITH, PSMAME
PSCAY, CAIX {CARE, CDMTT (LT-CAMY, CEAM, CBRG4M  EPHARY FARYH
LRRCISH, FOLRTH, JL-13Ra™™, Mesothelin®™, MUCT, MUCTE"™, and RORH
{associated with solid tumors). (% indicates thal exemplary antibodies with the indicated
specificity from which a8 binding mbiety could be derved can be found In US Patent
11,328, 18282 Table @ or 10 T indicates that exemplary antibodies with the indicated
specificity from which a tinding moisty could bs derivad can be found in Wilkinson & Hals,
Q22 Both refersnces oited and incompdrated by raference above. ¥ inddicates that
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sxemplary antibodiss with the indicated specificity from which a binding moisty could be
derved can be found in the Therapsutic Antibedy Database (TABS) at tabs craic.com).
Other suitable antibodies can be found in Appendix A.} Many of thess {arget antigens are
themsalves receptors that could hind 1o their ligand I expressed on gn immung cell
Accardingly, in some ermmbodiments, the extracellular binding domain of the CAR
comprises a ligand of a receplor expressad on the target call. In still further embudirnents,
the exiraceliutar binding domain of the CAR comprises g ligand binding domain of a
receptor for & figand expressed on the target vell. The advantages of the aspects and
embodiments disclysed herein are independent of the specificity of the binding moisty.
Ag such, the gdisclosed aspests and ambodiments are genarally agnostic 1o binding
specificity. In-certain smbodinents, a particular binding speciicity can be reguired.
[otady i some embadiments, the tLNP comprises g nudleic acld sncoding an anti-
CD18 chimeric antigen receptor {CARY in some embodiments, the nudleic acid
comptisaes mRNA. Examples of anti-CD18 CARs include those incurporating @ CD18
binding moiety derived from the human antibody 47064 or the mouse antibody FMOSS.
FMUB3 and the derived scFy have been described in Nicholson st al, Mall immun, 3416~
17y 11871185 (1997) and PCT Application Publication Nos. WO 2018213337 and
WO S015METH38, the entire contents of sach of which arg inturporated by reference
herain for all that they teach about anti-CDME CARs and thair use. CAR based on 4754
“are disclosed i United States Patent No. 10,287 350 which is incorporated by refersnce
harain for all that i teaches abopt ant-CIMG CARs and their usg. In same instances, the
anti-CIMe. CAR is the CAR found in tsagenlecleucel, lisocabtagene marsleucsl
axicabtagene cioleucs!, or bresucatitagens autoleucs]. The entire contents of each of
foregoing refarences in this paragraph are incorporated by reference for all that they teach
shout the dasign, structure, and activity of anti-COTY CARS. I any of the aforsmentioned
NP ambodiments, certain embodiments includs tNFs encapsulating a G116 CAR
payload encoded by RNA and having 8 T cell targeling molely, such 38 an anti-CD38
antibady.

{00983 In some embodiments, the (LNP comprises g nucleic acid encoding an anti-
CD20 chimeric antigen recaptor (CAR). GO0 & an antigen found on the surface of B
oalls as early as the proB phase end progressively &l increasing lavels untii B oall
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maturity, as well 88 on the cells of most B-cell neoplasms. CD20 positive oslls are alse
sometimes found it cases of Hodgkin's disease, mysloma, and thymoma. It some
smivadiments, the nucleic aad comprises mRNA. Examples of anti-CD20 CARg include
those incorporating a CD20 binding muoisty derived from an antibody specific to CDRO,
including, for example, LeuiB®, IFS§, 1.83, rtximab, obimuluzumal, ibrifumomals,
oiaturnuniab, tositurnumab, odronextarmab, veltuzumab, ublituxdinah, and owralizumab. in
somg embadiments, the anti-CD20 CAR s derved Trom a CAR spagific to .CD2ZG,
including,  for example, MB-108 (Fred Hutchinson Cancer Research Cenler, see
Shagman st gl Blood  134{Suppl 153335 {3018 UCART2L  {Cellectis,
www. oalibiomedgroup oom), or C-CARDEE {Cellular Biomeadicine Group, ses Liang st al,
S Glir, Onol, 320153 supph 2508 (3021)). Innsoms ambodiments, the exiracelidar binding
dorpaty of the anli-CD20 CAR comprises an sofy derived from the Lawl8 monacional
ardibody, which comprises the heavy chain varabie region (Vi) and the light chain
variabie region (Vi) of Leu18 connectad by a linker. See Wi st al| Frofein Enginesring.
1412110351033 (20011 The entire contents of each of foragoing refersnces in thig
paragraph are. incorporated by referencs for all that they iesch shbout the design,
structre, and activily of anti-CD20 CARs. in any of the aforamentioned ILNR
embodiments, certain embodiments indlude tLNPs encapsulating & CD20 CAR payload
encoded by RNA and having g T cell targeling moiely, such a3 an anti-CI8 antibody.

1e9 i sorme ermnbodinents, thie tLNP comprisaes 8 nudieic atid sncoding an anti-
SCMA chimerie anfigan receptor (CAR). BCMA is a wimar necrasis family receptor

(TNFR) member expressed on cells of the B celllinsags, with the highest exprassion on
terminglly differertiated B csils or mature B lymphocytes. BCMA s involved in mediating
the survival of plasma cells for mainiaining long-lerm humaorat immunity, The exprassion
of BOMA has been recently linked & a numbsr of cancers, such as mudtiple mysloms,
Hadgkin's and non-Hodgkin's lymphoma, various lsukemias, and glioblastoma, in same
ambodiments, the nucleic add comprisas mRNAL Examples of anli-BOMA CARs includs
thase incorporating a BCMA binding moiety derived from C11D48.3, a Mouse monocianal
antibody as described in Carpenter et al, Clin. Cancer Res. 18(8):2048-2060 (2013}, See
gslee PCT Apphication Publication No. WO 3010404848, In some embodiments, the
axtracalilar binding domain of the BCMA CAR comprises an soFy dervad from another
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Mouse monodonal antibody, C1A3.2, a8 described in Carpenter st gl Clin. Cancer Res.
THRY2048-2080 (2013} and PCT Application Publication No, WOQ2G10104849. In some
smbodiments, the extracetiular binding domain of the BOMA CAR comprises an scFy
derived frorra Mouse monocional antibody with high specificity te humarn BOMA, referred
o as BER121 in Frisdman et &), Hum, Gene Ther. 38(5):585-601 (2018} See alsn, POT
Application Publication No. WO2012183805. In some snibodiments, the sxiraceliular
binding domain of the BOMA CAR comprises single variable fragmants of bwo heawy
chaing (VHH) that can ind 1o two epitopes of BOMA as describad it Zhag el al,
Apphication Publication No, WG 2018/028847 . In some embodiments, the. extraceliulay
binging domain of the BOMA CAR comprises g fully human heavy-chain variable domain
{FHYVH) a8 deseribad i Lam et gl Nab Compun, 1183 (2020), also referrad o as.
FHVH3Y Sse also, PCT Application Publication Moo WO 2019/008072. In sorie
embodiments, the skiracefiufar binding domain of the BCMA CAR comprises an scfy
derved from CT103A {or CARDUBE) as described in U.S. Patent No. 11,086,975 B2,
Further anti-BOMA CARs are disciosed in U.S. Application Fublication Nog,
2020/0246381 and 2020/0339899, Further ant-BCMA CTARs include Alle-808 {described
i LS. Fatent Fublication Na. 20200281503), CTOS3 (deswibed in LLE. Patent Nao
UB11,525 008}, Descartes-08 {desonibed in ULS. Patant No. 10,834,337}, LCAR-B3&M
{(described in U.S. Patent No. 10,834,383}, PersonGen anii-BOMA CAR {descrbed in
CN114763383), Pregane Bio anti-BOMA CAR {described in U8 Patent Puldication No.
LIS20220218748), the CAR in ciltacablagene sutoleuce! (binding miviety described in
US2070081088), and the CAR inidscabtagene vicleuss! {(deschbed in U5, Patent No.
38,383,‘929'}.. Further gntibodies compriaing an antt-BOMA antigen binding domaing that
zan be used in construchon a CAR include AMG224 {described with other anti-BUMA
artibodies in U8 Palant No. 9243.088), EMBOS {desgribad with ofher anti-BCMA
antibodies in U.S. Patent Publication No. US20Q230002488), HFN217{desuribed In LS.
Fatent No. 11,136403), MEDIZ228 (described i US, Patert No. 10,988,546},
REGNS45¢ (describad in WS, Patent No. 11,284,152), SAR445514 {described in US,
Patent Publication N, 20240034818}, SEA-BCMA: {described in LS. Palent No.
11.078,201), TNB-3B2R (describad in U 8. Patert No. 11,508 608}, TQRZ934 (described
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in U5, Patertt Publication No. 20230103202), WVOTE {described in LS. Patent No.

11,482,408), slnuctamab (deswribed in US. Patent Noo 10683388}, belantamab

{described in U.S. Patent No. 8,273 141), aranatamab (described im US. Patent No.

T1.814,435), ispectamab (desoribad i UL, Palent Publicationt Noo 20310130483),

linvoseltamab (describad in U S, Patent No. 11,816,965}, pavurdtamab {descrnibad in il 8.

Patent No, 11,418,833, and teclistamab (described in U.S. Patent No, 10072 088). The

sritre contents of each of foregoing references i this paragraph are incorparated by

refersnice for all that they teach about the design, structieg, snd activity of anti-BCMA

CARs and anti-BCMA antibodies that can provide an antigen binding domain for a CAR

or immune catl engager. in any of the aforementionad NP ambodiments, cenain
gdodinenis include (LNPs encsapsuiating & BOMA CAR pavioad encoded by RNA and
having a T call targeting moisty, such as an anii-CD8 antibgdy.

00200} Celiutar therapy involving the administration of genetically angineerad calls
o & palient has gensrally required depleting or ablative conditioning to facilitats

engrattment of the engineered calls (for exampls, T cells or HSC) Inthe comtexdt of invive
sngireering and reprogrammming such conditioning would be courterproductive ag the
conditioning would eliminate the very cells that are {0 be enginesred. instead, one can

ufiize activaling andfor adjuvant conditioning 1o inorease the nwmber of cells amanahle
1 engineering, to maobilize tham to the locus of patholagy, 16 make the locus of pathology

{for example, a tumar micrognviconnient) more suscaptible 1o freatment, 1o augmerd the

therapeutic affed, ete., as sppropriate far the particular disease and primary Ireatment.

Conditioning agents inclide biclogical responss modifiers (BRMs) that can be deliversd
dirgctly 10 & subjett or encoded in nicleic acild molecules, including as mRNA, ard
deliverad o a subjact using the LNP and tLNP compogitions and farmulations disclosed
herein.

jon2ey Accardingly, certain gspects are methods of conditioning & subject who-
recaives an enginesring agent comprising providing & NP comprising 8 nucalc agid
motscule sncoding a conditioning agent {o the subject prior to, concwrently with, or
subsequent 1o administration Of the engineering agent. i vadous embddimants, an

sncaded conditioning agent comgrises a y-chain receptor agonist, an inflammatory
chemoking, a pan-activating oytokine, an antigen presenting el activity enhancer, an
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immung checkpoint inhibitor, or an anti-CCR4 antibody. In some embodiments, the y-
chann receptor oytokine comprises 1L-18, -2, IL-7, oriL-21. In some smbodiments, the
mmune checkpoint inhibiter comprises an an-CTLA, anti-PDA, ant-PRALT, anti-Time
3, o anti-LAG-3 antibody, In soime smbodiments, the inflarmnmatory chemaoking comprises
CCLe, COLY, CCL4, COLS, CCL11, CXOLY, CXCLE, CXCL-8, OXCLY, CXCLIQ, or
CXCL11. In some embodiments, the antigen presenting cell activity erhancsr comprises
Fi-3 ligand, gm-C&F, or IL-18 In some embodiments, a pan-gotivating oylokine
comprises 1112 of 1L 18 In certain smbodiments, & conditioning agent tomprises 3
transerption factor, for example, ans selected from the group consisting of nudear factor
of activatad T-cells (NFAT), NF-s8, T-bet, signal transducer and aclivator of transcription
4 {(STAT4), Blimp-1, ¢-Jun, and Eomssademmin (Eomes) ard the NP s targeted o a T
oell in some embodiments, g (LR encapsulating the nucksic aaid-encodad conditioning
agent is administersd systemically, for example, by intravencus or subtutsnesus infusion
of injection. I other synbodiments, the ILNP is administersd locslly, for example, by
intralesional or nmtraperiionsst injection or infusion. In some embodimants, nucleic aoid
motecudes encoding the conditioning agent and the snginesting agent are encapsulated
ir the same (LNF while in other embodiments they sre encapsulated in separate LNPs
These two modes of delivery of conditioning agents ars desdribed in greater detailin FOT
application PCT/US 2023/072436 which is incorporated by reference for all that it teaches
shout contlitioning agents and their delivery of LNFs or tLNPs thatis niot inconsistent wath
the present disclosure. i some embadiments, the nudlels acid comprises mRNA,

[002081  The term “treating’ or “trestment’ broadly includes sny kind of treatment
activity, including the mitigation, oure or prevention of diseass, or aspect thersof, nnman
or-other snimals, or any activity that oiherwise aifects the structare or any function of tha
bady of mar -or other amimals. Treatmert achivity inchudes the sdministration of the
medicamants, dosage forms, and phamaceutical compasitions described herein o 8
patient, especially according o the various methods of trestment disclosed hersin,
whethey by g hesithcare professional, the patient hisfhersgdf, oc any other persan.
Treatment activities include the orders, instructions, and advice of healthcare
professionals such as physicians, physician's assistants, nurse practitioners, and the jike,
that are then acted upon by any other parsan including other heatthcare professionals or
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the patient hinvhersalf. In some smbodiments, the orders, instructions, and advics aspect
of treatrment activity can aisg include sncouraging, inducing, or mandating that a particular
madicament, or combination thereaf, be chosen for treatment of & condition ~ and the
medicamernt s actually used - by approving insurance coverage for the madicamernt,
denying coverage for an eltemative medicament, including the medicamant on, or
sxciuding an sitemative medicament, front a drug formudary, o offering a financial
ncentive o use the meadicament, 35 might be done by an insurance company o a
ghdrmiacy benefits management company, and the lika. In' some smbodiments, treatiment
activity ogn glso inciuds encouraging, inducing, of mandaling thal & parboular
redicament be chosen for reatment of 8 condition ~ and the medicament is actuglly useqd
- by & policy or practice standard as might be established by a hospital, dlinic, health
mainienance organization, medical practice or physicians group, and the like. Alt such
orders, instructions, and advice are 10 be saen as conditioning recsipt of the benefi of the
treatiment on complignee with the instraction. dn some instances, a financiat benefi! is.alse
received by the patient for compliance with such orders, instructions, and advice. In some
nstances, a financial barwefit {5 also received by the heaithcars professional for
compliance with such orders, instructions, and sdvice.

[00203Y Some smbodimeants of these methods of treaiment comprise administration
of art sffective amount of & compound or a compasition disclosed herein. Some instances
relate fo 3 therapeutically {or prophyiactivally) effective amount. A therapeutically sffective
amount s not necessarily a clinically effective amount, that is, while there can be
therapeutic benefit as comparad 1o no treatment, a method of treatment may not ke
equivalent or supsriorio a standard of care treatiment sxisting at some pointin time. Othey
instances refate to a pharmacologically affective amount, that is an amount or dose that
produces an effect that corrslates with of I8 regsonably predictive of therapautic {or
praphylactic) utility. As used herein, the term “therapeutically effective amournt” is
synonymous with “therapeutically effective dose” and mearns at teast the minimum dose
of a compound or composttion disclosed hersin pecessary o achieve the desired
therapeutic or prophylactic effect. Similarly, a pharmacologically effective dose means at
feast the minimurm dosa of & compound or composition disclossd herelnt necassary o
achieve the desired pharmacoiogic effect Some embodiments refer to an amount
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sufficient to prevent or disrupt 8 disease process, or to reduce the extent or duvation of
pathology. Some smbodiments refer to a dose sufficient o reduce g symplom assodiated
with the disease or congition being treated. An effective dosage oramount of & compound
or & composgition discloged hereiy can readily be determinied by the parson of grdinary
skt in the art considering all oriteria (for axample, the refe of excretion of the compotind
or compasition used, the phamacodynamics of the compound oF composition used, the
nature of the ofher compounds 1 e included in the camposition, the partioular routs of
admimstration, the particular characteristios, history gnd risk factors of the individual, such
as, e.g., age, waight, genseral health and the tike, the response of the individual to the
traatmeant, or aty combination thereaf) and wilizing his best judgment an the indhidual's
behalf. Exemplary dosages are also disclossd in the Examples herein balow.
Talsrability

o004} Conventional LNPs deliver primarily o the fiver. Liver toxigity has been the
mapyr dose fimiting parametsr observed with LNP-containing pharmaceuticals. For
example, ONPATTRO®, comprising the jonizable Hipid MU3, has a NOAEL {ne observed
advarse effect leval) of only 0.3 mgikg for multiple dosing in rats. A benchmark LNP-
comprising the ionizable cationic lpid ALC-0218, used in the BARBCoV-2 vacoine
COMIRNATY®, causes slevated levals of liver enzymes and acute phase protsins at
single doges of 21 mo/ky in the rat. Merely attaching an antibody 1o the benchmark LNP
partially reverses that elevation and the reversal is greater if the antibody directs the LNP
o some other fissue (that i5, a8 tLNP). However, use of an lonizable cationic lipid disclosed
herein raduced delivery 1o the ver and associated fiver enzyme and aclide phase protan
levels to a grealer extent for LNP, antibody-conjugated LNP, and LNF. NP
compositions comprising CICLT were gensrally well tolerated in both rat and non-human
primate (NHP} at single doses of up to atleast 3 mgikg.
EXAMPLES

[00205) The following examplas are intended 1o Hlystrate various embodiments
of the nvention. As such, the specific embadiments discussed are not to be
constructed as dmitations on the scape of the invention, {t will be gspparent to one
skillad in the art that various squivalents, changes, and modifications may be made
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without départing from the scope of invention, and it is understood that such
sguivalent smbodiments aré o be included herein, Further, all referénces gited inthe
disclosure are hereby incorporated by reference in their antirety, as i fully set forth
herain, v the edent that they do not contradict or ara not incongistent with-Hhis
disclosura, Some examples make use of dongr matenal and donorg are numbered
sgparately in each Example so that Donor 1 in one Example is not necessanly the same
as Donor 1 o differant than Dongr 2 of snother Example, unless explicitly stated
othsiwise.

Example 1: Establishing Benchmarks

[00208] Thare is relatively litle expartence in the field with tLNF and much of that
relving on compositions and formidations developsy for witargeted LNP. A first step in
shtaining supsrior performancs is establishing g basaline from which improvemsnt of one
or another paramater might be judgad. Cna of the major deferminants of an LNF's
encapsulation efficiency and transfection sticiency is the cationic lipid used. Accordingly,
LNF incorporating CICLY iy & basie fipid compuosition plus a funclionglized PEG-ipi was
comparad 0 HLNPs comprising ong of seven ionizable cationic Hpids khown inthe al in
the same Hpid composition. The pavioad was a CleanTsp® mCherry Samethoxyiridine
{Gmoll} mRNA gncading the fluorsscent protein mCherry (Trilink).

o007y The jonizable cstionic lipids used for benchmarking included  [{d-
Hydroxybulyhazanediylidifhexana-g 1-divhy  bis(2-hexyldecanoate) (ALCO318), 82~
hydroxyethyiiB-oxo-8-{undecyloxy thexytlaminolostanaic acid, 1-octyinony! sster (S
1823, (B2, 47 382 318 -Haptatrisconta-8,8 28 31 tetraar- 18yl 4~
{dimsthylaminaibutanoate (MC-3), each of which is a component of an FDA-approved
product, and tis(2-butyloctyl) 10-{N-{3-

{dimethylamingjpropyiinenanamideinonadecansdioate (Lipid AB). The ionizable cationic
fipids 108, 101, and 10p ware also used. They are desaribed in J Med, Cher, 837120¢2-
1312, 2020 which is incorporated by referance for gl that # teaches about the structire
and propertiss of thess lipids.

{00208} The common lipid compositics) in this experiment was ionizable cationic
lipid: DSPC cholesierol DMGFEG-2000. DSPE-PEG-2000-maleimide. I 5. ratio of
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50103851401 The terminal groug of the nonfunctionalized PEG was mathoxy
throughout the Examples uniess stated otherwise. The N/P ralio (the ratio of positivaly-
chargeable lipid amine (N = ndrogen) groups o negatively-charged nudeic acd
phosphate (P} groups) was 8, After initial LNP formation a SATA-maodified ant-CDRE
antibudy was reactad with the malsimide moiety to provide the final iLNP.

fn20e Tha mRNA was encapsuisted in LNP Incomorsting the DBPE-PEG-2000-
maleimide using a ssif-assembly procass in which an agquscus sajution of mRNA st pH =
3.5 was rapidly mixed with a solution of the lipids dissolved in ethanol, then followed by
stepwise phasphate and Trs buffer diludion and tangential fow filtration {TFF ) punfication,
LNPs were storad at 4°C until conjugation. Next, the arti-CO8 mAb was conjugated ©
the abiove LNP {0 generate tLNF. Purfied ral anti-mouss CDS antibody, clone 53-7.3
{(BicLegend}, was ooupled to LNP via Nesucdnimidy! S-acetylthioacetate (SATA)-
maleimide conjugation chemistry. The antibody was modified with BATA (Sigma-Aldrich)
o introduce sulthydryl groups al accessible lysine residuss allowing conjugation to
maleimide. SATA was deprotectad using 0.5 M hydroxylamine foliowed by removal of the
unreacied componeants by G-25 Sephadex Quick Spin Proteiy columns (Rachs Applied
Science, Indianapolls, IN}. The reactive sulfhydryl group on the anlibody was then
canjugated to msleimids moleties on the LNFs wsing thiosther conjugation chemistry.
Purification was performed using Sephaross CL-4B gel filiration colurmns (Sigrma-Aldrich),
1LNPs {LNPs conjugated with & targsting antibody} were frozen at -80°C, Others had
comjugated antibody o free funclionalived PEGHipld and then incorporated the
conjugated lipid e pre-formed LNF. However, the procedure disclosed hersin was morg
controflable and produssd miore consistent results.

[00210) Tha particls size (hydrodynaric dismeter) and polydispersity iidex of the
targeted lipid nanoparticles were determined using dynamic light scattering (DLS) on a
Matvem Jetasizer Nano Z8§ (Malvern Instruments, Worcestsrshite, UK). Size
measuremant was carriad out in pH 7.4 Tris bulfer at 28°C in disposable capiliary cells
Anon-invasive back scatter system (NIBS) with a scatfenng angle of 173° was used for
size measurements, MRNA contert was determined using & QuantiT™ RiboGreen RNA
sssay kit {Invitrogen™) Encapsulation efficiensy was calculated by detsrmining the
unencapsulated mRNA content by measuring the fluorsscance intensity (F) upon the
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addiion of RiboGreen® reagent to the LNP and comparing this valug fo the total
flucrescence intensity (FY of the RNA contert that is ohiained upon lysis of the LNPs by
1% Trifon K100, where % encapsulation = (Ft~ FIyFL = 100}

Table 1A, Physicochemical properties of the tLNP

Catiqnic lspsd in Particle Siae PO Encapsu!aﬁm
somposition {nmy Effictancy (I}
ALC-03151 2 0.14 Y

MC-3 108 014 87
SM-102 85 0,20 Q4
Lipid AG 11 0.08 &6

108 88 014 8&
1af &1 .19 g3
10p 7 a8 e
CiCLE a3 R 86

- * polydispersity index
T This commposition is referred fo as BF 1 in subsequent Examplas
1 This composition is referred {o as F 1 in subseguent Examples

faozt4} A% geernt in Table 1, all of these LNP compositions had hydrodynamic
digmeters and polydispersity indices within the acceptable ranges of SU-1S0 i and 0.2
for PDL Encapsulation efficiency is scceptable &t 280% although 285% and 200% are
preferrad.

iy To assess the performance of NP they were used to transfect mouse T
cells by injacting the NP inte ive mice and svaluated for their ability to gensrate murine
T colls that axpressed the mCherry, reporier gene in wWyg All {LNP test arlidles were
thawsd at roam temperature for 30 minutes and then diluted 1.3 with. sterile walsr for
injection to achieve & final dose concentration of 100 ug MRNA/ML. 100 L {10 g mRNA)
of wach test article was then injscted via the tail vein info 8-wesk-oid fenale CE7BIB mics.
Al treated mice wera then sacrficed af 24 hourg postireatment and their spleens
collected. Bach spleen was then dissociated o single cell suspension and staired with
antibodies fo wentify T calls, B oells, monoeytes, and non-hematapotetic oslis. Stained
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samples werg then analyzed by flow oylametry for expression of mCharry i immung el
subsets, and non-hemalopoistic. calls. Datg analysis was performed using Flowda
{Version 10.8.1) and GraghPad Prism (3.4.1.).

{00213} As sean in Figure 1G, all of the ILNP compositions successfully translected
splarie T cells, although with differert transfection rates {tbe proportion of cells
sxprassing mCherry) and levels of expression (as judgsd by mean fluarescence infensity
{MF of the mCherry signatl. The {LNR composition incorporating SICLY {FY) achisved
comparable or superor performance o the ILNF compositions “incorporating - this
benchmark ionizable cationic lipids with respect to both fransfection rate and expression
feval, Tha tLNP compositian comprising ALC-03185 was chosen for use as & benchmark
gomnipestion in further experintents (BF 1)

{0214} A number of lipid compesitions bassd around CICLT have beett made
{Table 18 balow) snd found to successiully form LNPs, The propsriias of many of these
LNPs and tLNP made from them ars demonstrated in the subsequent ssamples.

Table 1B, LNP Compositions

Composition

Code Lipid Composition {Ratios] NP

BF1 ALC-0318 DEPC CHOL DNG-PEG(ZK) DEPE-FEG{ZR-MAL P
(5010038 .5:1.4:0.1)

o1 CICLT DEPC.CHOL DMG-PEG 2k DSRE-FEG ZRM-MAL 5
‘ BI85 1.40.4

F9 CICLLRERPCIHOL DNG-PEG 2R DEPE-PEGEZEFMAL 5
fo010:38.5:3 3:0.21

£ CICLLDSPC:CHOL DMG-PEG{2K): DSPE-PEG{ZK)-MAL é

‘ [G0:10:38.5:1.425:0.075] il

4 CICLEDSPLCHOL DMG-PEG Ry DSPE-PEGIRK-MAL &
s M21046.5:1.40.1]

- CICLT. DERCCHOL DMG-RESELDSFE-PES2N-MAL 5
'“ (5813051400

Fa CICLEDSPLCHOL DSG-PEGSKY DSPE-FEGIRK)-MAL &

381083 81 2010

- CICLY DSPC CHOL DEG-PEG(Zh) DSPE-PEG(Zh)-MAL 4
' 204851401

£8 QICLTLDEPCLOHOL DRG-PEG2K) . LSPE-PEGZK-MAL. 5
] B0 03851408

o CICLTDSPC.CHOL DSG-PEG 2Ky DSPE-FPEG{IK)-MAL &
(5813081 .4:0.11

£40 SICLEDRRS.CHOL DEG-PEG{IKEDEFE-REG{ZK-MAL g
B2 303851404
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gméiii‘_tmn Lipid Composition {Rativs] NP

4 CICLTDEPCCHOL DNMG-REGRE) DSPE-PEG{2K)-MAL 5

. 5878355401 -

€12 CICLEDSPLICHOL DPG-PEG 2Ky DSPE-FEGRKFMAL &

: 188:7:33.5:1.4:0.1) ’

£13 CICLEDSRCCHOL DSG-PEGRELDSFE-FEG{2R-MAL &
[88:7:38.5:1.4:0.4)

14 CICLTDSPLICHOL DMG-PEG Sk DSPE-PEG(IK)-MAL N

[58:7:34:0.90. 1] '

15 CICLTDSPCCHOL DSG-PEG(2K) DSPE-PEG{ZK)-MAL 8
’ RS 80

£ CICLLDERC.CHOLDSG-PEGERK:DSPE-PEG(ZK)-MAL .
T [50:10:38 5:0.4:0.11

E97 CICLTDSPC.CHOL DSG-PEC{Zk) DSPE-PEGZE)-MAL g
s [50:10:38:0.8.0.0

Fig CISLYDSPCUHOL DSG-PEG{ZR) IRPE-PEGEZRI-MAL 8
(5010385140,

- - CICLLOSPC:.CHOL DSG-FEG(2K): DSPE-PEG{2K)-MAL & '

e IS010:98:1.8:6.1)

£20 CICLLDEPCCHOL DSGPEGIRKY DSPEFEGIRI-MAL &

(B 103752 401

Fo CICLTDSPCCHOL: DSR-PEG(2E) DERFE-FEG(2E)-MAL 8
{50:1037,2.8.0.0 :

GICLLDEPCOHOL DEG-PEGEK:DSPE-PEG{ZK)-MAL

TN :
,,,,,,,, e T TEsagatesaty o &
s CICLY DSPC CHOL DSG-PEG(2K) DSPE-PEG(2K)-MAL 5

=2 158:10:30:9.8:0 1]
g CICLT DSPE GHOL DSG-PEG(2k) DSPE-FEG(IK)-MAL ”
T R [Bees B0 o -
Son CICL1 DSPC CHOL DSFE-FEG(D 75k DSPE-PEG(IK)-MAL "
Fen [58:90:30 5:1.4:0.1)
oo SICLT DSPE CHOL DSPE-PES(1k) DSPE-PEGER-MAL 5
- 188:10:30.5:1.4:0.1]
. CICLY DSPC CHOL DMPE-PEG{1K)DSPE-PEG(ZKI-MAL o
e  58:103051.40.1] - )
o SICLTDEFCCHOL DSG-PEGBR) DSPEFEGBR-MAL s
[5E10:31.4:0 5:0.1]
oot CIELT DEPC CHOL DMG-PEG(2k) DBG. PEG R MAL <
N [E810M5:1.4:0.1
" FICLTDEES CHOL DSG-PEG 2k DAG FES BRVAL "
‘ 158:101:30.5:1.4:0.1]
g CICUTDEPC CHOL DSPE-PEG(2k) DEPE-PEG 2R MAL "
: (58:10:30.8:1 4°0.1]
s CICLTDEPE CHOL DEG-PEG(7k) DSFE-PEGBE)-MAL A
o [BRIGMS 1401
iy CICLT DBPC CHOL DSG-PEG(2k) DEPE-PEG(Zk)-MAL .
3 [E313:97.5:1.4:0.1] -
CICL1 DNFC CHOL DSG-PEG 2K, DSFE-PEGZ WAL N

(58:10:30.8.1.4:0.1]
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vﬁon&i?jimun Lipid Composition {Rativs] NP
£46 CICLT:DPPC CHOL DSG-PEG(2K): DSPE-PEG{ZK)-MAL &
' [58:48:30.5:1.4.0.11 . b
£ CICLEDAPC: CHOLDSG-PEG (2K} DSPE-PEG{RK-MAL &
~ (58 10:30. 81 40,11 ’
F33 SICL1E PA:‘CHQ_LtﬁSG»wF_EQ{E&}: DEPEPEGIIR-MAL &
[88:10:36.5:1.40.1]
40 CICLLDSPCCHOLIZ(S )-Hydroxychutesterol DSG- &
‘ PEGEKIDSPE-PEQEZK-MAL [58:10: 22 8.7.8:1.4.0.1) .
F41 CIGLEOS PQ:CHQLi @~—Sii¢stersift}8&9 E\G{Z»k}: DEPE-PEGRK 8
MAL [BR 103387 81,401
g4z CICLTDSPLCHOLB-Sitn sfemi:DSGaFﬁG{Ek}: DSPE-PEQ{ZK)- &
MAL [S81015.25:15.25:1 40,1}
Example 2; Assessment of the Effect of Binder Presence and Density
{00218 To assgss the affect of the presence of g binding maiety on the LNPs and

the effect of the amiount of conjugated binding moisty (binder density) various amoinns
of the ant-CDS antibody were conjugated o LKP with the BF1 fipid and mRENA
composition, including a composition with no antibody. Antibody was added to the
conjugstion reaction {essentially as descrived in Example 1) at antibody:mRNA ratios
over the ranga of 0 1o 2 (wiw), The maleimide in the 2erc antibody sample was unreacted,
After conjugation fingl WP artibody o mBNA ‘weight rafio (bindsr density) was
detarminad with the BCA (bicinchoninic gcid) total protein assay and Ribogreen® asssy
of MRNA cantent, The tLNFy were also characterized by DLE. As seen in Table 2 {balows,
the BF {-based LNF and {LNPs had-similar physicochemical properties and encapstulation

gfficiency.
Table 24, Physicochemical proparties of the tLNP
input Binder | Maasured  Final { Parigla Bize PO Encapsuiation
Ratio Binder Ratio {nmy Efficiency (%)
0 Mot Applicable 78 .18 b4
020 0.2% 78 d4.14 45
.30 138 77 820 83
6.50 0.45 &0 016 83
1.00 0.71% 8% 213 a5
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tnpud Bivdar | Measured  Fingl | Padticle Sizg PO Encapsulation
Ratio Binder Ratia {nm} Efficiency (%)
1.50 138 82 0.18 g7
200 1.84 &0 o7 86
* polydispersily inday
it
ULPR YR The BF1-basad LNR and tLNPs were svaluatad on mouse splenic T calls

irrvitro, Without antibody conjugation, BF 1-bassd LNP showsd ng mGherty sxprassion
in mouse splenic T celis. Transfection rate was essentially the same for (LNP with
antibody: mRNA ratios (wiw) of 0.2 tv 0.5 bul decreased as binder density increasad
above that range (Figures 2A-8). Expression level {as judged by mean fluorescence
intensity (MF1)) decreased with the increasing antibody density. These data damonstrated
a desirsd rangs of 0.2 to 0.8 for both input antibody ratio and measured LNF binder ratio
for the tested embaodimants of tLNPs,

[nesy The same LNP and tLNP werg also evaluated in wvo o wild type C5TRULE
mice, Without antibody conjugation, BF 1-based LNF showsd no mCherty exprassion in
mouse splean T tells in wvoe (Figures 20}, but higherfransfection rates and at least similsr
exprassion levels inlivey CD4H cells (hepatocyte staining) and tiver CD45" COTE cells
{Kuptfer call staining) as compared to the COS-targeted NP (Figures 2D-E}. In contrast,
the TLNF showed substantisl transfection rates and levels ol expression in the spienic T
cells, i liver CME oplis and tiver CDEEY CONMIEY calls, all BFt-bassed {LNPs had
comparable mCharry expression, although both transfection rate and expression level
wers somewhat reduced In hepatocytes as was transfection rate in Kupfer cells {Figurss
20-E) compared fo the LNP. Thus, conjugation of antibody 10 an LNF suppressed
transfection rate in Hver i addition 1 increasing transfection rate in cells exprassing the
target antigen {T cells, which axpress CDE, in this example). Transfection rate showed 38
bell curve with increasing antibody density in mouse spleen T cslls, with the peak
oncurring in the range of 0.8 to 1 for input antibody ratic and abouf 0.5 1o about T8 7 for
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the measured ratio in the LNPs (Figure 2B, Tabls 2A). However, values of 30 2.0 for
input antibody to payload ratios provided useful WNF {Figures 2B-C).

g o To confirm the applicability of the preferred binder density across species,
additionatl tLNPs were prepared with input antibody mRNA ratios (wiw) i the range of 0.1
to 1.0, bl the antibody was chimeris 507 (oh8DT). 807 is a mouse antibody that
recognizes human and non-human primate (NHP; at least rhesus and cynomolgus
macaque) COA In the chimeric antibody the mduse constant domains were replaced with
human seguences. The ILNPs 'were evaluated as before, ingiuding fingl measured binder

ratio, and as shown in Table 3B (below).

§np§t Bincar M,easu’raet:ﬁ _ Finval }?articie Sizg B0t -Eng;;;su%aﬁg;;
Ratin Rinder Ratio e Efficienay (%)
010 .24 78 315 G4
{1.30 .38 T .18 a5
0.50 1 0.43 77 013 a5
1.00 6.77 83 8.4 g7

[00220] These tLNPs wers ther tested for their ability 1o transfect NHP bload T cells

in vitro. Transfection rate was sssentially the same for input binder ratios of ¢ .3 {0 1.0 with
sxprassion level heing the highest for tLNPS with Inpud binder ratiog of 0.3 and 0.5 (Figure
IF). This demonstrated effectivaly the same preferred binder densities in the two spadies.
for input hinder ratio for fulltength g antibody.
j0022%} in light of all these data an input binder ratio 1 0.5 0 0.7 was used for all
NP for the subsequent Examples.

Example 3; Assessment the Effect of N/P Ratio

foozey i general, one wants to maximiza the amount of paylead (IMRNA} inadoss,

but ane siso needs to have sufficlent lipid, particularly the ionizable cationic lipid, for the
ILNF o function optimally as a delivery vehicle reledsing the payload inta the cyloplasim,
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To establish the sensitivity of tLNP performance to varations in mRNA content the NP
ratio was varisd while holging the other paramesters constarnt.

1002233 Ta aid in comparability within and betwesan experiments, a fixad dosage
of mRNA wasg used. Thus, If the lipid ratios were held constant, & changs in NP ratic
would lead to @ greater or lgsser amount of sach lgid in & dose, indudling. the
functionalized PEG-ipid. This woulld lead fo dosages having greater or lesser
amounts of conjugatad binding moisty withowt &  compeansatory adjustiment.
Consequenty, while the total amount of PEGHpId was held tonstant i this
experiment, the amount of funclionalized PEG-ipid, that was, DSPEPEG-2000-
maliemide, was adjusted to at least partially mitigate any such effect. Thus, for the
genaral ipid composition of CICLLDSRC cholestersl DMG-PEG-200Q.DSPE-PEG-
S000 the lipid ratio was 501038 5:{ 18K X, When NF was 3, % was 0.2, when NP
was 8§, X wasg 0.1 ard when N/P was @, ¥ was 0.075 Formation of the {LNF and

cotjugation of the anti-CDE antibody was as described abows,

Table 3. Physicochemical properties of the tLNP

Composition NP pardcle  Size | poy S e
RFY & 778 &9 2

Fa 3 913 a1 93

F1 8 88,8 0.1 88

Fa 9 826 LR a8

[o6224] As shown in Table 3, gt of the tLNPs had similar physicochemical

proparties-and encapsuiation efficienoy. It was found that varying NP ratio in this
range had ittle effect on T-cell expression (Figure 34}, aithough the differance
Letween these composiions and e benchirmark composition {(BF1) was Graater than
thuse in the previous expariment.

100225 fry addition to maximizing expression in T celis, s offen desirable t©
mirdmize exprassion in the liver. Therefare, mCharry expression in liver D45 calls
{hapataoytes) and liver CO4E CDT15Y calls (Kupifer celis) were assessed. Here, NP
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ratio had & surprisingly pronounced effect with the NP with N/F ratios of 3 and 6
producing substartially lower levels of expression in both hepatooytes and Kupffer
cels than the tLNP with an N/P ratio of 8 or the benchmark tLNF incorporating ALCs
0315 (Figures 3B-C). Thus, considering expressian in the liver as well as in T cellg,
N/P ratios of from 3 {0 § were seen as superior 0 an NP ratic of 8. Compositions
with N/P=8 produged somawhal hetter encapsulgtion efficigncy and wears chosen far
svalugtion of further parasmeters,

Example 4 Assessment of the Effect of lonizable Cationic Lipid Content

f00228] As noted akove, one of the major detsminants of (DLNP psrformangs
is the ionizalkde cationic ipid, Here we varied the proportion ionizable cationic Hpid in
the composition making NP comprising CICLY DSPC cholesteral DMG-PEG-
SCODSPE-PEG-2000ymmalsimide in & ratic &of YO10:{88.5-0 1401, wherg Y was 42
{F4), 50{F 1), or BR{FS), NP was 6. Formation of the NP ang conjugation of the anti-
£DE antibody was as describsd above.
[og22n Tha apparent {that is, measured) pKa of jonizable lpid in the lipd
ranoparticle was determined using 8-{p-toluiding}-2-naphthalenesulfonic scid sodiuny salt
{TNS salt, Toronto Ressarch Chemicals, Toronto, ON, Canada). Lipld nanoparticles were
dituled in 1xQuibsccd’s PBR W a conceniration of 1 mM tolgl lipids, TNS salt was
prepared as & 1mghmt stack solution in DMSG and then further diluded using distilled
water 108 working solution of 80 ugimbl (178 mM), Diluted lipid nanoparticle samples
were further difuted to 50 pM total hpids it 188 wl of buffered solution containing 10 mM
HERES, 10 mM MES, 10 mM ammonium acetate, 130 miM NaCl and fingl TNS
concentration of 1.33 pg/mi (4 M) with the pH ranging from 3.5 {0 138, Following pipeits
raixing and incubation at reom emperaturs in the dark for 15 min, fuorescance intansity
was measurad al room lemperalurg inva BioTek Synergy H plate reader using sxcitation
and emission wavelangths of 321 and 445 nim, respectively. The fluorsscence signal was
blank sublracted and plotted as a funciion of the pH, then analyzed using a nonlinear
{Baltemann) regression analysls with the apparent pia determined as the pH giving riss
o halt maximal fuoréscence infensity as calcdlated by fhe Hendersor-Hasselbaloh
gguation.
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Tabie 4. Physicochemical properties of the tLNP

Composition Description [Particle Size [nm)  PDI ng;gi‘;??;;‘ ?ﬁifﬁ'& ;}3356
BF1 775 0.1 a4 §.49
F4 86 1 0.1 98 673
i 58 & 5.1 &7 B85
s 1018 0.1 a2 5,85
{0228 Tha physicocharmical properties of these NP were comparable,

including measurad pa. The measured pKa of the lonizable cationic lipid in the tLNF
i the range of 8 o 7, which sllowed ionizetion as the andosame acidified and
promated erdosomal release of the conterds of the (DLNF o the oytoplasm. The
proporion of ionizable cationic Hipld in the (HLNP might affect the obssrved pKa,
though as seen in Table 4, in this case the sffect was minor. There was 2 trand of
incressing particle size withy increasing jonizable cationia lipid, but & remained within
2 preferrad rangs.

fa2any The tLNF were administered to CETBLS mice by tail vein injection, spleen
and liver harvested and disaggregatad, and sxpression of mGherry i splenic T celly,
hepatooytas, and Kupfier cells gszessed by Tow cytomstry. Thers was:a clear frend of
increasing ransfection rate and tevel of sogwession with increasing CICLT content, with
the §8% CIHCLY compaosition (FS) exhibiting perfonmisnce superior i the previous 50%
CICL1 composttiors (F1) and the benchmark carmposition (Figure 4A) The same trend
was ohserved in hepatooyles and Kupffer cells but the difference between. the
compositions was much reduced and both transfection rate and expression level wers
rrach less than with the berchmark BF 1 {Figures 4B-C). This demaonstrates that lonizable
cationic lipid content is an important faclor in T celitargeted delivery by tLNP with higher
sortent within the tested range being favorable. Accordingly, 88% CICLH(FS) was used
as a bassling in the evaluationof further parameters.

Example § Assessment of PEGJipid anchor length

{00230} To assess the sffect of PEG-lipids with varying anchor carbon chain lengths
NP with the general composition CICLTDEPC.CHOL PEG-LIPIDIDSPE-PEG-2000-
MAL [B8:7:33.51.4:01] were made sssentially as described above, in which
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unfunclionalized FEG-LIPID was DMG-PEG-2000 (F 11}, DPG-PEG-2000 (F12) or DEG-
PEGE000 (F13). Ax before, NP was B the mBRNA was CleanCap® mCheny 5
mathoxyuridine (Smoeld) mRNA encoding the flusrescent protein mCherry {Trilink), and
whole IgG recognizing mouse CDE was conjugated to the DSPE-PEG{2K-MAL
Physicochenical characterization is reportad in Tabla 54,

Table 84, Physicochemical properties of the tLNP

Conviposition Unfunctionalized PFarticle Size en Encapsulation
Bescription PEG-Lipid anchor {nm} ' Efficiency {%)
F11 14 12 1008 81
F12 18 A (.08 &1

_F?C‘é 18 08 o 53

[o023h) The abilily of thess tLNF fo transfect cells in wive was lested by injectidh

into CS7BLAE mice, For splenic T cells, both transfection rate end exprassion level
{Molactdes of Equivalent Soluble Fluorochrome (MESF) markedly improved with
increasing anchor chain length with the WNF comprising DSG-FEG-2000 {F13) sthieving
almest threg fimes the transfection rale and exprassion level as the WLNP gcomprising
DMG-PEG-2000 (F11) (Figure S4). At the same time thers was minimal expression
{transfection rate «2%) with compositions F12 and F18 In hepatacytes (CDE% jiver celis)
{Figure 58). Transfection of Kupffer cells {CD4BMCDTY liver calls) was similarly reduced
with F12 and F 12 and was only about haif that of hepatooytes with F11, though expression
tevals intransfected Kupfler calls appearsd to be substantially greater than in hepatooytes
{Figures 5B-C}. The improved transfaction rafe and exprassion leve! achisved in T cells
{noreased) and liver cells (decregsed) with increasing anchor chain length for the
unfunclionalized PEG-InId may reflect inorzased circulation time of the LN due to
raduced shedding of the PEG-lipid and rasuling inhibition of apoE-mediated delivery to
the fivey:

{UTERF Whsrgas the (NP in previous Exampdes had comprised 10% DSPC, the
composition of F11-F 13 comprised 7% DEPC with compensatary reduction of cholesteral
content. The effect of PEGHipid anchor carbon chain length was evaluated in ILNR inthe
contaxt of & 10% DSRC content using the F5 fipid combination in comparison o ang in
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which the DMG-REG-2000 of F5 was replaced with DEG-PEG-2000. That is, the fipid
compaosition of the ILNP was CICLLLSPC.CHOL PEG-LIPID.DSPE-PEG-2000-MAL
[58:10:30.8:1.4:0.1] where PEG-LIPID was DMG-REG-2000 (F&) or DSG-PEG-2000
{Fg). These {LNP differed from those describied sbove in that they encapsulated a Ni-
methyipseudouridine {my) substitited mRNA encoding the fluorsscent protein mCherry.
MRNA substitided with miy were generally sxpressed al higher levels than those
subrstituted with Smaold, but there was no apparent reason this change should have 8
substariial impact on ransfection rate. As before, NP was & and wholg 1gG recognizing
mouse CDS was conjugated 1o the DSPE-PEG-3000-MAL. Physicoshemical
characterization s reperted in Table 88,

Tabie §B. Physicochemical properties of the tLNP

Compasition Unfunctionalized | Pariicle Siee PO Encapsulation
Bescription PEG-Lipid anchor {nrd Efficiency (%)
F& 14 B0 {.08 96 )
Fa s BB o3 1Y

{023y Upor injection e S87BL/E mice the improved performance of the (LNP

with the fonger chain PEG-ipid was ggain observed in both spleen and liver cells (Figure
S0-F).
Example 8 Assesament of PEGipid content

FHEZIAY The effect of Increasing the content of unfunctionalized and total PEGHIpid
sorfent was sssessad by comparing NP with Hoid composition F1HT with ong in which
the urfunclionalized lipid content was reduced from 1.4% to 0.8% with a8 compensatory
reduction in cholasteral and consequant reduction in total FEG-lipid. Specifically. the lipid
cantent Wwas CICLTDSPC.CHOL PEG-DMG2000: DSPE-PEG-2000-MAL
(S5 7:93.51.4.0.1] (F11) and B8 3008091 (F14). As beforg, NP was 8§, the mRENA
was CleanCap® mCherry S-methoxyurnidine (Smoll) mRNA encoding the fuorescent
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protein mCherry (Trlink), and whole 1gG recognizing mouse CDS was conjugated to the
DEPE-PEG-2000-MAL. Physicochemical charactenzation s reported in Table 8.

Tabie &. Physicochemical properties of the HLNP

Composition Parficle Size . Encapsulation
Description H{nm} Efficiency {%)
F17 112 508 g1 '
Fid 11& | 0.04 a4
[ao23sy Upon injecion intn CS7BLA mice the two compositions had similar

transfection rales and sxpression levels i nmouse spleen T calls and liver Kupffer cals
but F14 1LNF provided g lowar trangfection rate and sxpression level (Figures 8A-C).
Howaver, i consideration of other factors including favorable physicochemical
properties, potential tosicitiss, and stability, and our other strategies fo avoid lver
hepatocytay uptake, we continued 1o use 1.5% as ourtotal PEGHIRId ratic.
Example 7. Assessment of Various Functionalized/Non-functionalized PEG-lipid
Combinations

[00238) There were several potential choloss for the functionalized and non-
functionalized PEG-lipid to use in a ILNP. The PEG-lipid could have alonger or shorter
and the ipid could be g diacyl glyeeral or a digoyl phosphalipid. To gain soms insightinte
the sffect of these variables various combinations were selacted for testing. With respact
& the functionalized PEGHipid which anchiored the hinding moiaty (afler conjugation) it
was imporiant that the ligid not be shed from the ILNR. Thus, only fonger carbon chain
lipids were selected, specifically DSPE (a diacy! phospholipid) and DSG (a diacyl glycsral}
based PEGYipids. For the non-functionalized lipid DMG-PEG-2000 {(a shorisr carbon
chain lipidy was used in addition to DEG-PEG-200 and DSPE-PEG2000.

00237 HLNF were made sncapsulating the miy-substituted mCheny mRNA with
an NP ratio of & and the general ipid composition CICLTDEPCCHOL FEG-LIPID: PEG-
MAL LIRID [88.7:33.5:1.4.0.1]. Whole 1gG recognizing mouise CDE was conjugated to the
PEG-MAL LIPID essentigly as describsd ghove. The pariicular FEGLIPID and FEG-
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MAL LIPID combinations and the physicochemical charactenization of the HLNFs are
reporied i Table 7.

Table 7. Physicachemical properties of the tLNP

Sompasiion | pg.LipiD FEG-MAL LIPID ?;%%;gi& PDI g?ﬁﬁfigi"*;g?‘;
F& DMG-PEGR000 | DBPE-RPEGZO00-MAL. 180 &3 86
F30 DMG-FEGR000 | DEG-PEGRO00-MAL a4 a4 84
Fa DRG-FEG2000 | DSPE-PEG2000-MAL | 88 4o §7
Fa1 DSG-FEGR000 | DSG-PEG2000-MAL | 87 0.04 96
Faz DEPE-PEQZO00 | DSPE-FEG2000-MAL {00 01 53
P2y As saen in the table, all of thess particles had similar physicochemical

properifes, Howsver, aggregation was sean during puriiication of the FA2 NP inditating
tha lipid combination may ol be optimal to form stable nanoparticles.

00238 Uporny injection inte CS7BLE mice the LNPs with the F9 and F3
compostions. performed . markedly hetter than the ofther three oomposiions for
transfection rate and exprassion lsval in splenic T cells (Figure 7A). Both F8 and F31
contained the longer carbon chain discyl glycerol, DRDSG-FEGZ000, as s non-
functionalized PEGHipid indicating that not only the lipid tail length but also the glycerol-
bagsed 3% opposed 1o phosphatidyl sceffold was importsnt for the performance.
Comparison of the FS and FS HLNP with the F230 and F31 ILNP, respectively, shows that
thera was no major effect fram using the DEPE- versus the 03G-based functionalized
FEG-igid on performanca in T cslig in the tested embodimants.

fo0240) However, #1 hepatocyles, ILNPs with the F31 composition, along with
(LNPs with the Fa0 provided substantial transfection rates and expressian levels, that is,
the twao contgining 3 functionalized disoyt giveerdl, whereas KPS with the F9 or F32,
bothy of which contain the discyl phospholipid DSPE, provided vary low levels of
transfaction and sxpresaion. Thus, use of the phospholipid in the functionalized PEG-ipid
appearad 1o be aritical in svoiding hapatic fransfection. 1LNPg with the composition F§,
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which also contained a DSPE-based functionalized lipid but also the shorter carbon chain
DMG-baged non-functionalized lipid, provided intermediate performance (Figure 78)
reflacting the importance of lipid carbor chain fength seen in Example 5, but further
indicating that the lipid's scaffold (ghyeerdd or phosphatide) had little imporiance, for
avolding uptake by hepatocytes.

{0241} in Kupfier celis ILNPs with the FQ, F31 and F32 compositions provided low
lavels of transtection and: expression, again reflacting the importanceé of langer carbon
chain length in the non-functionatized PEG-ipid for avoiding liver uptake of the LNPs
The somewhat ower sxpression provided the F8 {LNPs than the F32 tLNFs supported
the preference noted above for a glvcerch-based lipid scaffald in the nonfuncticnalized
PEG-lipid toavoid Hiver uptake. tLNPs with the F5 composition showed intermediate levels
and tLNP with the F30 compasition, quite substantial {évels (Figure 7C) of transfection of
and expression in Kupffer celis. Comparison of the performance of the FB and FAROLNPs,
which incorporated diferent non-funciionalized PEGHipid, showed the imparanos of their
common companent DSPE-PEG-MAL, the phosphatidyl -functionalized PEGHinId, in
avading liver uptake of the tLNPs,

[o024y Overall, the FSLNPs, comprising DSG-PEG2000 and DSPE-PEGR000-
MAL, showed the best performance in transfecting T cells but avoiding uptake in the fiver,
Exampls & Assessment of the Effect of Phosphadipid Content

{0243 Phospholipid content can influence the Tormation, structure, and stability
of LNPs, among other characteristics. Mere the proportion of OSPC was varisd and
commpensatory adjustmeants o the cholesterol contant were made in the contest of
either DMG-PEGZR00 or DIG-PEGR000 as the non-functionalized PEGHipid.
Specifically, the NP comprised CICLTDSPCCHOLDMG-PEG2000.DSPE-
FEGZO00-MAL in the ratio of [B8M{(40.5-M1 1 4.0 1 where Mwas 10 {(F5)or 7 (F11)
or CCICLTDSPCCHOLDSG-PEGIODNDSPE-PEGR000-MAL  in the ratio of
[BRN{40 5N 1. 4:0. 1) where N was 10 {F8) or 7 (F18). iLNP wera made encapsulating
the miy-substituted mCherry mRNA with an N/F ratio of 8. Formation of the tLNF and
conjugation of the anti-COS antibody was as described above. The parlicular PEG-
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fipid and DSPC combinations and the physicochemical characterization of the {LNPs are
reparted it Table &

Table 8. Physicochemical properties of the LR

F11 DMG-PEG2000 | 7 99 0.09 B
F5 DMG-PEGRO00 | 10 95 0.05 45
F13 DSG-PEGRO00 | 7 100 0.05 g2
Fg DSG-PEGR00G | 10 a0 9.07 a7
[oo2aa] S

[00245) As seen in Table 8, the tLNFs with only 7% DERC (F11 and F13) had lower
MRNA ancapsulation efficency, and slightly larger particle sizes, suggesting 7% DSPC
may not be sufficlent fo provide a stable struciure for the LNPs.

FoR248) Upon injection nto CSTBLA mice, tLNFs comprising 10% DEPU (FS and
F&) and either DMG- or D8G-based non-funclionaliced PEG-ipid provided much higher
mChemy sxpression in mouse splenic T cells compared to the coresponding 7% DSPC
varsion- (F11 and P13, respectively: Figure BAYE This batter performance may ba dug, at
feast in part, to the greater stability of the tLNPs comprising 10% DSPC as compared to
those with 7% DSPC. Comparing the twa pairs of DMG- and DEG-based tLNP with the
same DEPC content again demonstiates the supsriarty of the longer carbon chain
anchor on the PEGHipid. The F11 {LNPs bad much higher mCherry transfection and
gxpression levels in both hepatocytes and Mupfer calls than FS {LNPs indicating 10%
DSPC was mors favorable for avoiding liver uptake (Figures 88-C). The F13 thNPs had
comparsble or slighlly diminished performances than the F8 HNPs i the lver calln
However, dius to the alrsady low level of fransfection and expression resulting from the
uses of DEG-PEG2000, and considering the supsrior performance in T calls of the F
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gamposition over the F13 composition, the FEILNPs remained the overall better choloe
for delivery 10T oalis.
Example 8. Effects of Antibody Conjugation on Delivery Locus

1002473 Conventional LNPs deliver their payload primarily to the liver following
miravenous adriniatration. Here we axplored the sffet of decorating LNP with antibody
on payload delivery. Using the BFT and F& compositions, undecorgted LNP, LNP
decorated with wrelevant 1@, and ILNP decorated with the anti-mouse CDS antibody
were preparad and administered to CS7YBLA mice by tail vein injection. Only the tLNR
with the anti-CDE antibody provided substantial transfection rales in splenic T calls
{Figure 84). With respact to CD4E liver cells (hepatocytes) the BF1 LNF had a
transfection rate of neatly 35% . Decorating the BF1T LNFwith an irelevant 196 reduced
the transfection rate of hepatocyies by about half and decorating the BF1 LNP with the
anti-CD5 antibody {a true tLNP) reduded the hepatocyte transfection rate 1o lags than
10% (Figure 8B), The FS LNP alrsady had a low transfection rate ony hepatocytss, fess
than 5% and addition of antibody did not further reduce {tin this axperiment. Thus, adding
antibody or changing the jonizable ipid both reduced delivery to the fiver,

{00248} @ further study, nine-week-old famale CETBIS mice were infravenously
injectad with BF1 or Fg LNFs or QDS-targeted {LNPs encapsulgting mRNA encoding
uciferase at @ dose of 2 pg mBENAMAnimal via the tall vein, AUE hours postdnjection, prong
and supine Moluminescence images were collectad from all rmice (Figure 8CY Following
whole-animal imaging, the mice wers sacrificed, perfused and the following tissues
coltected: fver, spleen, lung, kidneys (bolh, heart and brain. Tissues ware placed into
huciferin pre-filled black polystyrene well plates with spacing between tissues and
bivluminescent images wers collectad (Figure 8C), Quantitative resuits (Figure 8D; data
from right kidnay {not shown} is similar o the left Kidney data) show that uss of CICL1
reduced bicluminescence in the liver sbaut ¥ legs campared o the BF1 compasiions yat

92
RECTIFIED SHEET (RULE 91} ISA/EP



WO 2024/249954 PCT/US2024/032141

for the ILNP incorporating CICLY bivluminescence in the spleen was similar to the BFY
gumpasitions and about 1 fog greater than its adrministration led 10 in the fiver.

s These compositions displayed the genersl pattem that binluminescence in
splean > fung > kidney = heart > brain, with the CICLT conlaining tLNF composition
generally praducing the lsast bicluminescence in each of the non-target organs.

Example 10, Comparison of tLNP targating CD5 andl CRB in a Mouse Tumor Maodel

[0S0 LAP with the F& composition wers prepared and conjugaled with sither a
humanized SO7 (anti-COS) antibody or & chimesric RPA-TE (anti-CDE) antibody to
genarate ILNP The (LNP encapsulated Nlamethylpseudowidine-substituted mRNA
encoding an ant-OD18 CAR {05 and COBlargeted tLNP) o S-methoxyuridine-
substituted mRNA encoding mGharry {CDStargated (LNP only),

281y NEG mics (approximately 10 weeks oldy wers purchaged front The Jacksan
Laboratory and acclimated for af leagt § days. Ten million human T cells wers injectad
intravenously via the tail vein. After 10 days of the T cell sngraftment, Sx10° Nalm6 cells
constitutively sxpressing Firefly Luciferase (Nalim8-Luc) were injected infravenously, Five
days following twmar cell engraftment mice wers evaluated for T cell engrafiment
{frequency of humaen CD4S+ oells in circulation} and tumor burden (assessed by
luciterase signal} and staged in groups with similar sverages of both readouts. From the
18ih day following T cell engraftiment, groups of mice were injected intravenously with
ohg of the tLNPs comprising 20 Ug mRNA twice weekly for 8 total of & doses. Tumor celi
burden was evaluated by bioluminescence imaging (BLE of the luciferase signal twice
weekly. Additionally, at 34 hrs after the third dose, peripheral blood samples were
anslysed by How oylometry for mCherry expression snd CAR exprassion-{using g PE-
conjugated antibody against the scFv linker) on T cells.

{00252} Thae NP decorsted with the anti-CDS and amb-GD8 antibadies aohieved
siniitar iransfection rates in CD8® blood T cells. As comparsd to the COSargated t(LNP
{F2 CDS, solid circle), the transfection rate on T cells over alt was raduced for the CD8-
targeted {LNP (F& CDB, solid tiangle) dus to their inability to transfect CD4” T cells
{Figure 10A), PBS (solid square) was administered as @ negative control. The CDE-
targeted NP (FU DR, solid triangle’ provided higher exprassion levels in CDE* and total
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T cells than did the CO5-targeted LNP (FQ CD5, solid circla} ikely reflecting the greater
density of CD8 than CD5 on the cell surface (Figure 10B). Similar pattems were observed
i1 splenic T cells (Figures 10C-0). The anomalous sxgrassion in CD4Y T cells treated with
the CD8-targeted tLNP seen in blood (Figure 108} was an artifact of the small number of
avenis in the flow oytometry and was not seen i the results for the splanic T cells whare
& mivich greater number of svents wers colledisd (Figurs 10D). These data support the
ralevance of data oblained with CD8Hargated L NF {0 tLNFargeted o other oell surface
antigans.

[90283] For the CAR, the trapsfection efficiency was higher with the CD8-targsted
NP (FS QDR in bidh tolal T celfls and CRBT T valls than with the CDStargeted ILNR (FR
CDE) (Figure 10E), although the rates of fransfection were substantially less than seen
with thie mCherry mRNA, This likely reflects that the CAR mRNA had not be optimized for
i vivi fransfection using tLNP.

[00254) Evaluation of tumor burden vig lugiferase signal demonstrated that, in
general, tumors grew in the mChenry treated groups white there was & significant
rsduction of fumor burdent in the groups receiving the encoded anti-CD18 CAR,
irrespactive of whather they were treated with CDS (CDE) or CD8 {CDR) targeting tLNPs
of compaostion F8 (Figure 10F). Indged, in most of the treated mice apparently complete
clegrance was schieved by the 3% day fallowing the first administration of the tLNPs.

Exampie 14 Tolerabilily of BFY LNP, BFLILNE, and FS LNP and tLNP

[OonzES] Uipon admisistration o rats, the undecorated BF 1 LNP showed a significant
dose-effect increase {(>1000 1L at 3 mgfkg) in tiver enzymes {data not shown) and acute
phase proteins with substantial elevations for dosas 21 mgikg (Figures 11A-Ch A second
study in rats camiparing compositions BF 1 and F5 heado-head confinmed the elevation
of fiver enzymes seen with BFY, however g similar elevation of fiver enzymes was not
ohserved for FS LNP (Figures 11D<E}. For BF 1 HLNP the elevations were largsly reduced,
though thare was still some elevation of acute phase proteins, espegcially at 3 mgfkg. In
cantrast, the FSILNP showed no significant incrsase in liver gnzymes or aculs phass
proteing up to 3 mgkg, the highest dosage tested (Figurs 11F-J). The binding molsty i
this experimant was the anti-CDS antibody mentionsd In Exampie 2 which did not
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recogrize rat COS so that there was no tangeting effect here and the simple presence of
coniugated antibody accounied for a large part of the greater tolerability of the NP,
consistent with the effect seen with 1gG i Examgle 9. Howsvar, the antibody was 8
neutral factor with respect to the difference in tolerability betwesr the BF 1 ILNP ang the
FEILNP, Thus, the different iorizable cationio lipd was likely to account for the superiy
tolerability of the F5 ILNF over the BF T HLNP,

{on2ssy A further study i which vanous dosages of a rat OD5targeted F8 HLNP
ancapsulating mCherry mENA- (up to § mglkg) and a human CD8argeled FB NP
encapsulating an anti-CD18 CAR mRNA {up 1o & mg/kg) wers administerad to rats. Again,
liver enzymes and acute phase profain levels were assessed. The €CD8 binding malety
Wwas not cross reactive with rat CDE8. Results for ALT (Figure 11K and AGP {Figure 111}
demonstrate that even &t thess gréater doses tLNFs incorporating CICLT were wall
{tolerated.

Example 12. Transfection of T cells and Tolerability of {(LNP Administered to Nag-
Hurman Primates In Vivo

{3287 A fiest study was conducted 1o evaluste the tolerabifity and enginesring
afficiency of a single adgministration of CDS-targatad tLNP with an RNA payload ancoding
mizhery, CRStargsted, composition BF1 and FS tLNPs were admimistared as & singls
dose ranging fromy 0.5 my mRNAKG to 3.0 mg mRNAKg. Clintcal obssrvations, clinicat
pathology, and toxicology bicmarkers were svaluated {0 assess safety and tolerability.
Phanmacologitsl assessment was carisd aut by flaw cytametry detection of mChearny in-
immune cell subsets in pavipherst blood and tissues {spleen, bone marow, lymph node,
and liverh.

{00258} For each ChStargeted tLNF of composition BF 1 or 5, pairs of oynomalgus
macagues wera administerad doses containing 0.5, 1.0, 2.8, or 3.0 mg mRNAKg as & 1~
hour intravenous infusion at 8258 mldkghr and an additional control animal recsived FES.
Whole blond, serum, and plasma were collected at baseline and following test article
administration at 4-, &, and S4-hours post-dose. Under sadstion, biopsy samples were
collected at 34-hour post-dose administration of lymph nade, iver, and bane marrow
fissugs. The animals were euthsnized at 24 hours post-dose to perform a complete
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necropsy. As the ant-CDS antibody mentioned in Exgmple 2 decorgting the HLNP
recognized cynomolgus macague GRE, the ILNP provided trus fargeting in this model.

[0Essy Liver funciion tests showed alevations of ALT at 24 hours and of AST st 4
and 24 hours post-infusion Tor the 2.0 and 3.0 mglkg doses of the BF T composition which
contained the jonizable caionic lipid ALC-0315 (Figure 124, upper panels). incontrast,
for the F5 composition, containing the ionizable cationic lipid CICL1, was weli-{olerated
gven al 3 my/ky, the highest dosage fested, with no or only minor slevations observed
{Figure 124, lower panals), (AN anomalous slevation of AST in-one animal receiving 8 1

migfka dose way likely procedure- rather than test adicle-related).

[002801 Cytokine secretion following administration of the tLNPs was also assessed
for 16, MOP-1, 12, IFNy, TNFa, TGFg, -8, and giv-CSF. There wera mininal to mild
transient slevations of IL-8 and MCP<1 Iollowing administration &f the (LNPs but 1o still

fow tevels (Figure 1238},

100261} Transfection effidency was assassed by flow aytomstry as the percentage
of mherryt T cells iy blood at 4 and 34 hours after infusion for animals receiving the
CD&-targeted NP of F5 composition. As many as around 30% of total T celis were
miherry® at 4 hours. Al {LNPreated animaly had about 4-8% mCherry® T cells at 24
hours demanstrating successid fransfection with some degres of durability of exprassion
{Figurs12C}. Transfection efficlency was also assassedin splesn | lymph node, and bong
marrow T calis i tissue collected during necropsy, 24 hours after infusion. There was &
slear frand 1 highear frequency of expression with intreasing doss, with betwsen @ ang
15% mCharry® T cells in spleen at the two highest dosages (Figure 13D) demonstrating
doss-proportional transfection. Either the tLNP successfully reaches and transfects T
cells i these tissues or transfected T calls migrate into the tissues following transfection.

[aa2e A secona study was conducted with FRILNP to avaluate the tolerability and
gngineering efficiency of {1} a single administration of a CD5-argeted NP (umanized
5D7 targeting antibody) with an mRNA payioad encoding an anti-C018 CAR, (2 a single
administration of a CD8-targsted NP (chimeric RPA-TS targsting actibody) with an
mRNA payload also encoding the anti-GD18 CAR, and (3} repeat administration (3 doses)
of the CDS-targeted {LNF. The CD&-targeted HLNF was administerad as a single dose at
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3.0 mgikg (Group 2, 0= 2) or 85 8 repest dose of 1.0 mglhkg at 72-hour intervals (Q73h)
for three doses (Group &, 1 = 2). The CDBJargeted tLNP was administered 8% g single
dose at 3.0 mg/kg with terminal take down at 24 howrs post dose (Group 4, n=12) or 98
hours post dose (Group 3, n = 21 As a contrel, PBS was administersd {Group 1, = 1),
AINLNP tested in the second study utiized composition F8. Tha ILNP formulations (tLNP
compostions plus budffers gnd excipients) wers  administersd by IV infusion st
£.38mbAgihr and total duration of administration was 1 hour. Clinical obsarvations,
climical pathology, snd toxicology bDiomarkers were evalualed to assess safely and
telerability. Fhanmacological assessmerit was camied out by flow sylometry detestion of
anti-CD18 CAR In imimune call subsetls in paripheral blood and lissuss (spleen, bong
marrow, lymph nede, and liver). it should be noted that the anti-human CDAQ CAR has
na significant pharmacalogical activity in NHP so the tolerabiiity indicated by the gludies.
i this Example relate only o the biothemical composition of the LNPs {inciuding
encapsulated mRNA) and do not reflect any impsact of immunological activily of the CAR.

283 Liver function tests showed wransient slevations of AST andfor ALT ina
minarily of animals receiving a single admudstration of ILNF at 8 dosags of 3 mg
mRNAKg, g the highest elevations were in the FBS control animals, suggesting that
the slevations were procedure-refated rather than lest anidle-related (Figure 12E) No
glevation of ALT or AST was observed in the animals raceiving 3 doses of the CDE-
targeted tLNP at g dosage of 1 mg mRNAKG (Figure 12F). These data again indicate that
the ILNR, and particularly the fonizable cationic tipid CICL1, was well tolerated.

[00264) Transfection efficiency was assessad by flow cytometry as the percentage
of anti-CEe CARY T cells wi blood at 8 and 34 hours after infusion for the animals
receiving 8 single adminisiration and at 24 howrs. The-general pattern. seen with
axprassion of the mCherry mRNA payload was repeated herg with higher percentages of
CARY T cells saen at thg sarfler time point, but sl g substantial number of CAR® T calls
ohserved 24 hours aiter infusion (Figure 12G). CARYT nells were also cbsarved inspleen,
bone marrow, and lymph nodes, as well as in liver, suggesting that the ver detargeting
effact of the herein disclosed NP campositions may have been imited and did not
sxtend to hver esidert T oslis (Figurs 13H). Repsat administration was abis {o maimnsin
or increase the proportion of CARY T calls over the coursa of the expariment, 24 hours
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after the third infusion (Figure 121} At the 8 myfg dosags, transfection with both CDS-
targeted and CD8targeted tLNF lad to expression of asimilar number of CAR molecules
across g variety of immune call subtypes in spleen including halper T cells, cyloloxic T
cells, B eelis, NK calls, and lingage negative cells (Figure 124}, With the apti-CDM e CAR
gncoding MRINA used in this experimant the rumber of CAR molaculas par cell was abowut
100-1000 g8 niclscules of squivalent soluble fluorachroms (MESF). However, i should
be noted that the anti-ClH g CAR sncading mRNA had not baen optimized for use in
tLiP-mediated i vive transfection and several fold higher levels of axpression can be
achiaved with sptimized mRNA.

[002883 A third study in NHP with FQ 1LNP largeted 1o COB and encapsulating an
mRNA encoding an anti-CD18 CAR was also conducted and the single dose liver enzyme
resulfs of all thres studies {doses ranging frofm 3.8 to 2.0 mig mRNAKD) compiled into
single plots of AST and ALT levels for a more global assesament (Figure 12K). For AST
many of the monkeys sxhibited mild elevations  {anything undsr 1000 UL) sbove the
nominat normal rangs (the grey shaded area) and indeed several of the monkeys had
slevated AST lovels pricr o administration of {LNP which gsnerally dscreased after
dosing. ALT levels in most of the monkeys were within the normal rangs or were slightly
alevated prior to administration of tLNP (Figure 12K} None of thess results indicale 3
substantial toxicity related to administration of F& or F9ILNP compositions.

{02663 Two additionat studies 1 further assess repeal dosing utilized thves
administrations st 73-hour intervals of CD8-targeted tLNP with composition F9 and
ancapsulating mRNA encoding an snti-CD18 CAR. Dosages ranged from 0.1 -~ 2.0 mg
mENAKg. Mild or moderate transient AST or ALT elsvations wers abssrved in some
monkays {(Figure 12L) Thesa slevations do not detract from the generally good
biachemical {olerability of the (LNP and their components.

Example 13. Biodegradability of CICLT in Non-human Primate and Mouse

[a0ze7y & determinant of tolerability of ILNPs is the lonizable cationic lipid. Whereas
the ather Hpid compuonemts it the tLNP wers sither alresdy present in the body or dist, or
vary similac to ones that are, the ionizable cationic lipids were not. This study was
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canductad fo assess and compare the clearance of lonizable cationic ipids in bingd, liver,
and splean after administration of tLNPs comprising them.

[0zes) The CICL stucture was designed to promote biodegradation without
necessarily involving oxidative degradation in the liver as fllustrated in the conceplual
biodegradation schame of Figure 134, Although this study does not demonstrate that it
is correct, the data below are consistent with the conceptual bigdegradation scheme.

fapRes Samples were faken from aynomolgus  macagques thal had been
intravenousty administered sither BFY or FS [LNPs (two sach) at & dosage of 3 mg
mRNAKG in the precading example. The HLNPs were conjugated 1o anti-CDS mentioned
in Example 3 as the targeting molety. 24 hours after administration the animels ware
sacrificed and plasma, liver, and spleen issue coliected from two animals in sach group
and gssessed by mass spectrametry for presence of thege ionizable calionic lipids in
order to assess biodegradabilily and biodistritaation of these nizable cationic lipids.

002748} Briafly, plasma was stabilized for mass spectromelry by addition of 10 pl of
formic acid per miL of KoEDTA plasma. Spleen and liver tissue were homogenized in 18
parts of homogerization buffer {80:40:10 0.1% formic agid in 11 methanalacstonaio
mid arnoeniu formate with 0 2% formic acididimethyiformamide (DMFY & 1 part tissue
{ww) using & Ceno/Grinder® (SFEX® SampleFrep) sai to two minutes at 1500 pms.

[0027 1) Calibration curves and quality control samples were prepared by spiking
control matrix {(plssma or homogenste) with CICLT or ALE-0E in DMF. The exdraction
was perfarmed on wel ice by adding 300 ub of crashing solvent {0.1% formis acid in 11
methanol acetonitrite) to 25 pl of sampla o which 50 pL of infernal standard was added
{1:1 isopropy! alcohobwater). The extracts were mixed Tor four minutes at 1800 rpms and

then centrifuged at 3000 xg for ten minutes, 300 gl of supematant was fransferred o &

clearn 98 well plate for LO/MS/MS analysis.

nery Chromatography was psrfonmed on 8 Waters XBrdge BEH 8 colummn (130
A, 2.5 pim, 2.9 < 30 mwn) using the following gradient. Mabile phase A {10 mM ammonium
formtat w1 water with Q2% formic gaid) was held &t 30% for 0.3 minutes before baing

reduced 1o 5% over 1.2 minutes. This condition was heald for one mirmite bafore baing
returnad o 80% B {0. 1% Tormic acid in 11 mathanohacetonitrile) in 01 minutes. The
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column was then held at 80% B for 1.4 minutes. LC flow rate was held at 0.5 mismin and
the autosampler held at 2-8 "C. The mass spectrum was oblained with a tiple guadrupole
apparatus using atmospheric pressure jonization {Soiex).

[00273 Quantitation was performed using a 1/X2 quadralic regression using the
peak arsa for ransition 1013.8 —« 9884 {CICLY) or TB8 8 — 748 4 (ALC-0315) over peak
area of transition 1040.6 — §85.4 of the internal standard:

{02743 By 24 hours after administration, CICLT was pressnt in blood, hver, and
splean it only very small amounts. A substantially targer consertration, sbout G-fold
greater, of ALC-O31E {the jonizable cationic lipid used in Comirnaty®) remainad iy blood
at this time. The contentrations of ALT-0318 in liver and splsan wars approdmately 14-
and 11-fold greater, respectively. In contrast, the concentrations of CICLY in blood, fiver,
and spleen wers within 2-fald of each other and the liver and splesiy concantrations were
approximately 127~ and 35-fold less than for ALC-0315, respectively (Figure 13B}.

[00275) These cledrancg data indicate that CICLT was much more biodegradable
thah ALC-0318, a4t least af the (hitia! step. Morsover, these data ate consistent with the
greater tolerability of CICL1 over ALC-0318 seen in Examples 11 and 12,

fooarsy Ta obtadrt more detailed data g similac expeanment wag canducted iy mice
where it was possible to obtain a time course of dissppearance of the jonizable cationic
fipid and the encapsulated mRNA as weall Mice wers intravenously adipinistered 2 moikg
NP of composition BFY {comprising ALG-031S) or F8 {comprising CICLY) targeted 0
motss CD8 and encapsulating an anti-human D19 CAR, and monitorsd through 7 days
Al sach imepoint, 3 mice were sacrificed, and ver, splesn, and plasma were processed
for LC-MB-based detection of lipid concentration and digital POR deteciion of the mRNA
Irr plasma, mRNA levs! was normalized {oa known amount of mRNA spiked iy & contrsd.
in spleen and liver mRNA level was nomalized to mRNA for the housekeeping gene
GARDH.

[a0aryy i plasma, both lipids nitislly disappearad at a similar rate, but by 34 hours
the ourves had hegun o separate and CIGL1 was dearly disapgeanng fasisr. Al the
canciusion of the study at ¥ days, plasma levels of CICLT had retumed o baselineg while
& substantial about ort ALGC-031S was still detected (Figure 130). In spleen and liver ALC-
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0315 jevels remained aimost unchanged throughout the 7 days while CICLY lavels were
falling by 1 and 2 hours after administeation in the splsen and Hver, respsclively (Figures
130-E). The levels of MRNA in these three lissues did not corralate with ionizable cationiz
Hipid. It plasma, MRNA leval for the FOILNP (comprrising CICLY) persistad with relatively
little changs for about & howrs and then rapidly decayed while mRBNA fevel for the BFY
tLNP {comprising ALC-0315) was gubstantially iower and decayed more rapidly from
imitistion {Figurs 13F). mRNA levels in spleen were largely similar betweery the two lipid
compositions (Figure 1306). Substantially mors mBNA was delivered (o the liver by the
BE1 LR than the F& ILNP despite both tLNFs baing targeted o DA, The reduced tivey
delivery characteristics of CICLY combined with s bicdebradability properfties and the
fargeting of the {LNP 10 QD8 T cells provided an expstiabon of minimized foxicity
assuciater with fonizable lpld accumulation in the fiver.
Example 14, Delivery of mMRNA to T cells can be Mediated by ILMP Targeted to a
Variety of T Cell Surface Antigens

[RORTRY To assess whether hersin disclosed LNP compositions perform similarly
wet with aifferent T calf targeting moletiss, FB tLNPs, encapsulating miherry mRNA,
sonjugated  individually 1o anti-CDR, anti-CO&, ani-CD4, and anti-CD8 antibodies were
prepared. The ILNPs wers used 1o ransfect human T calls frorm two donors {Danor 1 and
Donar 2, not necessarlly related to simitarly identified donors in other examples) using
AP providing 0.8pg mRNA per well containing 2x10° cells. 24 hours aftey transfection
the cells ware stalned with anti-CD3anti-C04 antibodies or anti-CD¥Manti-CDE antibodies
and analyzad by How eytometry for mCherry expragsion.

[0627% Adhfour (LNPs targeted o the four differsnt T cell mnarkers, CD2, CDE&, CD4,
and CD8, performed simitardy well on D3, CD4Y, and CD8* T cells for both transfection
sfficlency (% mCherry® cells) and mCherry sxpression level (gMF1. As expested the
CD4«and COR-targeted tNF provided only minimal ransfection of CD8" and CDA* celis,
respectivaly (Figure 141 While this does not meait that all antibodiss targeting CD2, CDE,
G, CO& orother T cell markers will fransfect T oells slmiftarly wall, as antibody affinity
gnd epifops recognized oah impact fransfection efiiciency {data not shownd, it does
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indicate that tLNP composition is permissive with respent to the target of the targeting
moiety.

Example 18, Delivery of CRISPR Gene-Editing Components it Vitro

002807 To deliver gene aditing components info g sl generally will requiire delivery
of atleast lwo species of nudeis acid, for example an mBNA encading an engyme and &
guide RNA, The sizes of these two components are disparate, for axample, Cas 8 from
Staphyiococous pyogsnes Cas 9 (SpCasB) requires an mRNA gpproaching § kb
{kilobases) while & guide RNA may be on the grder of 100 bases. Both are different in
size from the mChery and CAR mENA used in the Examples above. NMorsover, the
angymes usad in base-aditing, prime editing, snd similar techiniques are generally fusions
of two or more enzymes, We therefore tested the ability of a disclosed 1LNP composition:
to encapsulate and deliver twa BNA species of disparate sizes targer and smaller than
the mBENA glready viilized. Spacifically, the FB linid composition was used o encapsulale
Splasy mRNA and a single guide RNA (sgRNA) specific for the T Cell Receptor Alpha
Constant {TRAC) loguis. Transfection and knock-out efficiency were assessad,

fesy T cells were isolated from fresh leukopaks with EasySep™ Human T Gl
lsolation Wit (#100-0885, STEMCELL Technologies) following manufachwrer's manual,
Briefly, a Leukopak was treated with ammonium chlende salution (#07800, STEMGELL
Tachnologies) o lyse residugl red blood oells and platelets and washed with EasySep™
‘Buffer (#20144, STEMCELL Technologies! with gentle centrifugations. The EasySep™
procaedure involved magnstic beads and antibody complexss that recogaized non-T ol
ardigens so that T cells were isclsted afterremoving norn-T cells in a magnet {(Easy 280
EasySep™ magnet; #100-0821, STEMCELL Technologies. solated T cells were frozen
in CryoStor® C810 (#210502, STEMCELL Technalogies) and stored in LN for future
usage. T cell purity and phenotype were analyzed and confirmed by flow cylometry (Table
8).

Table 9. Phenotyping Antibody Faneld

™ T Antibody . ,
Antigen | Clong Fluore dilifion Campany | Cat#
Amlyan® | nia hwitrngen | L4857
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Antigen | Clone  Fluore g:;iﬁffy Company | Cat#

oD | OKT4 | BVBSD [T100 | Biotegend | 317436

cDd4s | Hise | adotgao Bv7es) | 1400 | Biolegend | 304048

Co8 HiT8a FITC 1380 Biclagend EQG‘3GE

cor |rRea210 |PE {1100 | Bislegend | 200208

cDs {507 AP 1100 | Thermo | MHCDOS05

cos  |sestz  |Apcoyr 110 |BD BDBS57757

“to disoriminats e versus dead cells using Live/lisadTM Fikeble Aguag Dead Cell
Stain Kit
fonesy
and & single guide RNA {(sgRNA}with an NP ratio of 8. The sgRNA had & targs! sequance
of GUCUCUCAGCUGGUACA (SEQ 1D NO..2), modifications of 2-0-Methy! at the thres
first andd last bases, and 3 phosphorothicate bonds batween first three and last two bases
{ordered from Synthego, CRISPRavolution sgRNA EZ kitmodified), essentiglly as
described above. The SpCasd® mRNA was approximatsly 4.7 kb inlerigth and the sgRNA

Lipid camposition F5 was used to encapsulate mRNA encoding SpCas@

100 nucieotides in isngth, substantially loriger and shorter, respectivaly, thar the CAR
mENA {(approximately 1.9 kb and mChearry mRNAs (approximately 1and 1.1 kb) used in
Examplas 1-11 above. An anti-CD86 antibody (chimeric 507} was conjligated fo the LNP
to provide the ILNF {chSD7ALNPY which was frozen untit use essentially as descrbed
above. The NP ratio was 6 and the ralio of mANASgRNA was 301 (wiw) or given the
difference inn size, approximately 347 (molmol), Pravious work had shown that
mRNASgRNA ratic of 8.1 and 111 (whw) resulted in transfedtion rates of apgroximately &
third tess than 207 {wiw) (data not shown),

[ouzEs
donors werg thawed and pisced into culttire i compiete T ool madia containing

Three days prior fo transfsction with the (LNP, isclated T calls frome two

QpTmizer™ T-cell Expansion basal Medigm (A10485, Giboy), OpTiawzsr™ T-cell
Expansion Supplement (A10484, Giboo), human serum heatinactivated {(HP1OZ2ZHI,
Valley Blomed), GlutsMax™ Supplement (35050081, Gibon), PenfStrep (1514032,
Gibeo), and humar IL-2 (202411, R&D). immediately after thawing, T cells wera activated
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with DynaBeads™ Muman T-activator CDICD28 for T cell Expansion and Activation
#111810, ThermoFisher] at 11 (beadesll) ratio for 3 days. On the day of NP
fransfection, activated T cells were first de-beaded using Easy 250 EasySep™ magnet
(#100-0821, STEMCELL Technologies) and resuspendsd in complete T cell media at
1x10°% callsiml. Ceils ware further seaded in {o 88-well plates af 200 pliwel (2 x10°
cetisiwally prior fo ILNP transfection. To maintain cell Sulturs, T oslls ware passaged gt 2
10t 1 K109 mL with comiplate T cell media every 2-3 days.

(00284} On the day of experimant, tLNPs were thawead and equilibratad 1o room
tempersturs on the benchiop. Once complstely thawed, ILNPs ware diluted in sterls
water for injection. Amournts of (LNFs that provided O (that is, no ILNF), 0.1, 03,09, 2.7,
or 8.1 pg payload were introduced fo cells sesded in 86-well plate at 1010% celisAml.. After
The, 2hr, i oF 34 by incubation, oslls wers washed with PBES three Hmes 1o ramove free
{LNPs {(there was nb 8.1 ug dose Yor the 4- and 24-hour timepointy). Transiected T calls
wers passaged and maintained in complete T cell madia at @ x10% o 1 x10%ml for 4 days
before collaction for knock-aut anslysis.

PREERY Four days after ILNP transfection, T calls were collscled and stained with
Agug Live/Dead (#L34965, invitrogen), anti-CD3-ARPC/CyT (BDBEETTS, BOY), anti-CD4-
BVEST (317438, BioLegend), and anti-CD8-FITC (300808, Biolegend) {see Tabls 8), and
analyzed by mudticalor flow oytometry. In the absence of TCR & chain D3 was not
expressed st the cell surface. Thus knock-out of TRAT can be assessed by staining for
CD3.

[D0285) A seean in Figure 15, at 1 hour the 0.9 py dose achieved approdimately 9%
knock-out i GOS8 T celis. Larger dosages did increase knock-out but not in proportion to
the increaged dose, possibly reflecting saturation of COS binding &t the higher dosageas.
Prolongad exposurg increasad knock-out 1o approxdmately 15% in CDB' T cells and the
Hose response was mors pronounced.

Example 16, Redosing of CRISPR Gene-Editing Components fn Vitre

00287 Whether a 2% axposure to tLNPs as described in the praceding Exampls
would increase knock-put freguency was asssssed. The tENPs wers thawed and
gyidlibrated o room temperaturg on e benchiop. Qnce complately thawed, the {LNPs
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wera dilited in sterfle water for injection. Amaunts of the tLNPs that provided € {that is,
o NP 001, 0.3, 0.9 2.7, or 8.1 ug payioad were introduced o cells sseded in 86-weli
plate at DOI0% cells/mb After 1 b, incubalion cells were washed with BBS thres times o
remove free HLNPs. For thoss wells being redosed, 24 hr after the first transfection, cells
wera transfected with a 8 dose of tLNPs providing 0.3 ar 2.7 yg of payload, again
incubated for 1 hr, and then washed with PBS as before. Transfected T cells were
passagad and maintained in complete T cell madia at 2 x10% {6 1 x10%ml for 4 days after
the redosing before coliection for knock-out analysis by flow oylomelry essentially as
described abave.

faa28sy As seen in Figure 16, at each dosages tested, a second dose increased the
% knock-out with the larger second dose having & graater effect. Thess results suggest
that any limitation on ransfection due (o saturation of the target cell surface antigen, and
tnereby an % knock-out, may be overcome by repeatad dosing.

Example 17, Redosing and Dual Targeting of CRISPR Gene-Editing Components

in Vitre
fa2es This sxperiment evaluated knock-oul efficiency using CD8-targsted tLNP

and using a combination of CD8- and COS{argstad NP as well as redosing. Human T
call isolation and culturs were as dezanibed above, a8 were the tLNP with the exception
that some LR ancapsulating the Splast mRNA and sgRNA payload were conjugated
@ an ant-C08 antibody {chimeric RPA-TB, also referred to as chRPA-TE) instead of an
ant-CO5 antibody (8.9, ch&R7).

[oo2ay (O the first day of transfection, tLNRPs wers thawsd and equilibrated to reom
temiperatire on the benchiop. Once complately thawed, the (LNPs were diluted in sterile
water for injection. Anti-CDELNPSs (chRPA-TE-ILNP, Figure 17} that provided O {that is,
o WNPY, Q.02 0.3, or 3 pg of payload wers infroduced to cells seeded in 88-well plate at
1 x108mb. For anti-COBALNP and anti-COBALNF co-gelivery, tLNF's were pre-rixed at
31 witwt payload ratin and dosad at 0, 0.3, 0.8, or 3 po Wotal payload, Afler 1 hr tLNR
incubation, cslis were washed with PRE three times o rsmiove free NPy 24 hrs after
the first transfection, cslis were transfected with 8 3% dose of tLNPs camprising 3 ug of
payvioad. This second {LNP administration was aisc incubated with the celis for 1 hr
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followed by PRS washes. Transfected T oells were passaged and maintained in complete
T cefl media at 2 ¥10% to 1 x10%mL for & days following the 2% transfection before
sollection for knock-aut @nalysis.

100291 Six days alter the first ILNP tfransfection, T cells were collscied and stained
with Agua LivefDead (#L348885, ThermoFishern), anfi-CDX-APCICYT (BOBBETTE, BN,
ant-CDA-BVBAG (317438, Biokegend), and anti-CREFITC (300508, BioLegend), and
analyzed by mullicolor flow cylometry.

{028y A% sean i Figure 18 {upper et pened); 8 single 0.3 pg dose of payload in
the Gi:'i&t'argetéd NP (chRPA-TEALNFY was able to schisvs batween 30 and 40% CR3
knock-outin CHE calls but increasing the single dosags to 3.0 pg did not further inorease
the %6 CD3 knock-out, A second dose of 3.0 ug howsver increased % GD3 knodk-out 1o
about 50% i CD8* cells for both the 0.3 and 3.0 g inttial dusage (Figure 184, upper left
panall. Co-delivery of both CDB- and CD5-fargetad (LNP (chBD7-LNE + chRPA-TS8-
NP achieved approxdmataly 38 to &0% CO3 knock-out i CGRE” cells, depending on
dotiar for both the 0.3 and 3.0 pg dosayges (Flgure 17, upper middie panel), Redosing with
3.0 pg oof the combination of HLNPs improved CO3 knogk-out 1o gpproximatedy SU0-70%,
depending on denor, for both the 0.3 and 3.0 ug initial dosages (Figure 16B; upper middle
panal}. krihe right pans! of Figure 17 are represantative flow oytometry histograms from
egch of the four conditions. As compared 10 the single dose histagrams, the histograms
for the redosed cells have a broader psak regching fo higher krightness reflecting the
stow turmover of CD3 and one fewsr days having slapsed since the last expusws to the
tLNPs af the time of assessment. As axpecied, there was no significant O3 knock-out
i GD4 calls transfected with the CDB-targeted {LNPs alone (Figure 17, lower et pangd),

Exampls 18, Delivery of CRISPR Gene-Editing Components in Wve

fan2syy To assess the ability of the disclosed (LNP to deliver gene-aditing
compangnts {o buman T calls it v, NSG mice with engrafied buman T cells were
administared COS- and CD8argated tLNPs, slone or e combination, in ane or two
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dosas. As in the other gens-aditing Examples, the tLNP used the F5 lipid composition
with and overall Nip ration of 8 and-a 3:1 {wiwv) SpCas:sgRNA payload, as above.

{00294} NEG mice weare ehgrafted with 1x10° human T celis at day -Z0 {the mice
ware alse infused with 0.8 million Nalmg, which was not relevant to this axperiment).
Groups of five mice were sach fransfected with CDB- ar CD8-targsted tLNPs or a 3
mixture of CDE-CD8-targeted ILNPs (whiv of payload) and there was 2 group of three
untreated mice. At day O, tLNPs contathing 30 pg of payload i storage buffer were diluled
fo 100 i with sterila water for injection and then infused info the ait vein of the mics. For
the repeat dosing, LNFs conlaining 30 ug of payload were infusied 24 hrs after the first
infusian it thres of the five mice par group, Five days after the firstinfusion, blood sariples
were tollected and sfained with anti-human CD4& CD3, CD4, CDR antibodies. Total
hurman T cells wers gated a8 hCD4E celig, Bating on CD4Y and CD8Y T calls were used
{o investigate CD4 and CD8 T cell subsels. TRAC knock-out T cells were galed as OO
from the whale human T cell population, CD4YCDE, o CD8YCDI T welis. The
percertage of TRAC {CD3) knotk-out cells was calculated from CRICD4EY, COY
CDAYCDRAST, CRICDRYCDAST calls for total, CDA®, and CD8* T cells, respettively.

[00285) The results arg prasanted in Figura 18 and damaonstrate effactive delivery
of Spllast and the sgRNA into T cells /i wiva, In this expariment the ediding of G4 T
cells was less than 10% and redosing had minimal effect. Editing of total T or CD8* cells
was approximately 15% or 20%, respectively, with a single dose of either CDIS- {ch8D7-
tLNPY or GDB-targeted (ChRPA-TEALNPY LNPSs ar a mixture of the two tLNPs. Redosing
increasad the percentage of CO3 knogk-out in alt cases bhut was most pronounced in the
SR8 poputation for freatments indigding COB-targeted NP for which adiing was
appreximately 40% (Figure 18},
Example 19, Transfection of ST Cells In Vikre

A To assess the ghility of the disclosed LNP compositions to deliver mRRNA
o human HBC NP encapsulating mChery mRN& and having various anti-Q017
antibadies as the hinding molety were used to fransfect CD34" calis in vitro, ILNP of
composition F5 were prepared sssentiaglly as described above with four different anti-
GO antibodies, 10402 (#1), JOP191 (#2), TKE (#3), and AbBE (#4). 10402 does nat
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block the action of BCF-1 {the iigand of CD117) whils the other three anti-CDM17
antibodies are blocking antibodies, ILNPs of compasition FS conjugatad to teropavimab
{ananti-HN-T gp 120 antibody) were prepared as a negative cantrol.

{00287 Plerixafor-mobifized human pearipheral blood CD34" hematopoistic stem
cells ware obtained from STEMCELL Technotogies (#70075.1) One day before tLNP
transfection, celis were thawed in X-VIVE 10 media (#8P04-743Q, Lonza) containing 3%
human AB ssrum (BHF1032, Valley Biomed). Gslis were then gently spun down and
resuspended in O34 pra-stimutation medig, which consists of XAVQ 10 media ($RPG4-
743, Lonza), 3% human AB serum #HP1032, Valley Biomed), 100 ngdfmb FIA-L (#308-
FKICF, R&D Systems), 10 ngimbl TPO ($130-095-478, Miltanyi), 80 nghmbL 1L-3 (#130-
{95-089, Miltenyl), TuM UMT28 (#723332, STEMCELL Tech} and 1uM StemRegenini
{H72344, STEMCELL Tech).

[ooaesy On the day of tLNP ransfection, celis were re-saaded in fresh CL34 pre-
stimulgtion mediz at 2x10° celis/mb, HLNP were thawed and equilitrated to room
tarnperature on the benchitop. Once cormpletaly thawed, (LNFP ware diluted in sterile water
for injection. Amounts of tLNPs that provides O {that s, no tLNPY, 2.8 dg. 5 g, or 8 g
payload were infroduced o cells in 48-well plate at 1}10% callsivall. Atter thr of NP
incubation, cells were washed with FBES thrse times fo remove free ILNPs. Tranglealed
cells were passaged into a new 48-wall Hissue culiure plate and maintained in CD34
gxpansion media that is, SlemBSpan BFEM [l (#00655, STEMCELL Tech) with 11X
StemSpan CO34” Expansion Supplement (802691, STEMCELL Tech).

(00299 The 48-wall piate then was placed it adive celt imager {incuCyte Live-Call
Analysis System, Sartorius) for image acquisition with 10y magnification on phase and
red charmels for 72 hours. image anaglysis was performad on incuCyie software,
catoulsting %mCherry” a8 {{iotal Red Area {per well)f Total Phase Area {per well)) (%)),
and MF as (Integrated Intensity of Red (per well} / total Red Arsa (per wall)).

(90300 The NP fargeted fo CDTITY cells with 104D2 showed productive
transfection of the HSCs with clear dose sffect with the % mChery* cells pesking 84 to
38 hours after introduction of the tLNPs at around 30 to §5% for the thyee increasing
doses (Figure 194} Expression level aiso peaked in the same time frame (Figure 188),
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The three anti-CDHM17 blocking antibodies had transfection rates less than spproximately
A% Thus, the disciosed NP compositions can be used o transfect HSC in additian to
T calls.

Example 20, Comparison of Binding Moiety Conjugation Chemistries

{00301} Multipte chamistries are available for conjugating a binding moisty to ab
LNPR. Here three chemisiries for conjugating an antibody fo an LNF comprising a
msteimide-furctionalized PEG-ipid were comparsd. One of the chemistnes, AJHCAP was
site selective whils the othertwe, SATA andd TCEP, weare not.

[00303Y For antibody gotivation by SATA chermistry and HLNP conjugstion, anti-CRS
{chBDT) antibody was coupled to LNF encapsulating mCherry mRNA via N-succinimidy!
S-acetyithicacetats (SATA-maleimide conjugation chemiatry, The anti-CD8 antibody in
phosphate buffered saling (PBS) was modified with SATA (Sigma-Aldrich) (SATAAb
molar ratic &) to infroduce sulfhydryl groups st accessible lysine residuss allowing
conjugation to maleimide. BATA was deprotested using sufficlent 0.5 M hydroxylaming
followed by remaoval of the unreacted components by Zeba Spin Uesalting Calumns
{Tharmo Scientific, Rockiord, L), The reactive sulfhydryl group on the antibody was then
sorugated toomslaimide maolsting on the ENPs using thinether conjugstion cheamistry.
Conjugated NP (LNP conjugated with a targeting antibady) purification was performed
using Sepharose CL-48 gel filtration columng (Sigma-Aldrich). tLNPs were frozen at -
80°C untif use,

fonaesy For antitody activation by TCEP chemistry and {LNP conjugation, anti-CD8
antibody in PBS was conjugated by first partially reducing Systing bonds in an antibody
with tis(R-carboxy)phosphine (TCEPR, TCER:Ab motar ratio 0.25) o generate thiol groups
followed by remaoval of the unreacted components by Zeba Spin Desalting Columns
{Thermo Sclentific, Rockiord, IL). The reactive sulfhydryl group on the antibody was then
corjugated 10 mateimide maletiss on the LNPs using thivether conjugation chemistry.
Conjugated ILNP (LNP conjugated with a {argeting antibody) purification was parformed
using TFF {tangential flow filtration). NFs were frozen al -80°C until use.

00304 For ABCAR NP conjugation, thiolated anlibody was prepared by
Ajinarmioto Bio-Pharma Services generslly as desoribed in WO2019/240 287, Arti-CDE
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AliCap mono o bis thiclated antibodies were in 20 mM Acetate pH5.5, and ready for
goniugation. Theantibodias where thiolated as Lys24R of the heavy chain (EU numbenng,
or see Fuiit T ot al., Bioconjugate Chem 3023, 34, 4, 728-738). To oblain antibody in
which only ong of the heavy chaing hag been thiclated {monathicl) the desired species
was parified from an incormplete resction. Bath antibodise wers canjugsted through the
mateimide moieties of the LNP using thivether conjugation chemistry. Puriication of the
conjugated 1LNFP (LNP conjugated with g targeting antibody) was performed using
Sepharese CL-48 gel filtration colurmns (Sigma-Aldrich). (LNPs wers frozen at -80°C untl
use.

FERIRTISY Physicochamical proparties of the ILNF were within acceptable Himits and
are presented in Table 10,

Tabis 100 Physicochasmdcst Properties of the LRP

F-ave , i Y AlmRNA
Composition Deseription | {pyy | PO Eﬂ?ﬂ?suiﬁt&?ﬂ RNA Punh{; (%) by Batle Jwhwtl
Efficiency {358 | Fragmant Analyzer .
by BCA
; £5¢ g8 | 003 9§ 95 952
SATAAL 5 AbRMA QS N o
FS &7 | pus 0% as .38
monsthiol AbmRNA DL s : N .
£S: - _
; : . Se
sistitiol AbumANA 13 8¢ | 003 98 By .42
£ 86 | o7 97 a4 ta7
TCEPADU.25 AbvANA 3.2 ) ‘
(003086} The ghility of thess tLNP fo defiver the miGherry mRNA into human T cells
was testad in vitro and in ann vvo modal,
fag3oTy To assess ransfection i wire, human T calls from ona heslthy donor wene

aclivated by anti-CRICD2E antibodiss {(Dynabeads® Human T-Actvator COYNCR2R)
and transfectad with GDS-trgeting tENP foaded with mCherry mRNA paylaad o provide
0.8 ug mRNA per 0.2 million cells i wire. The ILNPs were incubated with the T celis for
1 bl inside 3 37°0 GOz intubator and then was washad-off by using madia (RPMIM840
+ 10% FBS supplementsed with 100 Al KL-2). The T cells were then incubated with
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media inside a 37°C 80z incubator for 24 hiours and then mCherry expression in CDX* T
cells was assessed by flow cytometry. Comparable transfection efficiency (% mCheny*
SD3* T cells) and exprassion level (mean luorescence tensily) was seen with alf four
LR preparations (Figures 20A-8).

{00308} To assess transfection i vive, NSG mice (approximately 10 weeks old)
wers purchased from The Jackson Laboratory and acclimated for &t lsast & dave Ten
mition human PBMCs wers infectad intravanously via the tall vein, Ninsteen days after
PRMC transter, the frequency of umarn G498 cells in oirculation was evaliated by fow
sytometry and animals were staged in groups with simifar averages of hurman CD45* calls.
in the bload.

00309} On day 20, the mice were injected intravenously with tLNPs camprising 10
pg mRNA {05 mog) 24 hours post injection, spleen samples were obtained,
processed, and analyzed by flow cylomstry far the présance of miCherry expression on
hurpan T oells. Comparable transfection efficency (% mChersy™ CO3Y T oalls) and
axpression leval {(imesn flugrescence Intensity) was ssen with all four ILNP preparations
{Figurss 20C-0).

Exariple 21, Dual Conjugation of Antibody and Peptide to an LNP
a3 LNP decorated with two distinot peplide moisties were farmed by
corjugation. two  distingt functionalized PEGHipid NP components using
complemantary chemistries to demonstrate this capsbility. Specifically, an anti-mouss
GDE binding molety and a peplide fragment of mouse Q4T were conjugatad 1o any LNFP
comprising CICLY, DSPC.CHOL DMG-FEGZR)Y DSPE-PEG(ZK)-Mal: DSPE-PEG(2k)-
DBCO at a ratio of 58:10:30.5:1.3:0.1:0.1. However, thix sirategy san also be used to
cotjugate an LNR to bwo antibodias sach having & distingt speaificity .
J00311} The anti-CD& antibody can setve as the targeling molaty for the tLNF. Using
an antibody o target T cells {8 also sxpaciad to reduce uplake by lver hepatocytes
consistent with results above.

sty G047, a protein that promotss a “don't eat me” signal, binds o signal
regulatory protein o (SIRPa) on macrophage to avoid phagocytosis [Tsal ef af, 2008, J
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Celf Biol 180{5y088-1003. doi 10.1083/ch 200708043, PMID: 18332820, PMCID:
PMCE2654071 The interaction of CD4Y- SiRPya is highly conserved among various
mammalian spscies, snabling the leversge of CB47 moedification & drug delivery camriers
to improve delivery sificacy. A short peptide sequence in CO47 has besn reportad 1o have
10-fold stronger binding affinty to SIRPa thar fulldength CD4Y protein [Rodriguse ot 8l
2013, Sciencs IIBETI2NGTE, dob 1Q1136Rcence 1320568, PMID: 23430687,
PMOILE PMC3IG68479] Thus, conjugating this cnay paptics,
NYTCEVTELEREGRTVIELK (SEG 1D NGO 3), 1o the ILNP could extend the i wivo
citcidation by nhibiting macrophage uplake.

LR RY Tha CD47 peptide was synihesized with arvazide molsty, a funclional group
that is conjugatable with 2 dibenzotyclogalyng (DBCQY moiety by copperdres strain
pramoted azide alkyne {SFAAC) click reaction. The azide was atftachsd to the Nderminus
of the peplide separgted by & polyethylans glycol (PEG4) linker s that the stritcture is
Ne-PEGY-NYTUEVTELEREGKTVIELK-NH (SEQ 1T NGO 43 The azide molely on the
G047 peplide therefore sllowed covalent conjugation fo LNP containing & DBCO
furclionalized lipid. The advantages of whilizing these hunclional groups {e.g.. azide and
DRCO) for a click chemistry reaction in {LNF formulation inchude: 1) fast reaction kinetics
without additional catalysts fo iniliates the reaction, 3} 8 blocompatible reaction olerant o
a wide pH rangs, and 3) providing ar additional o alternative conjugation strstegy to the
thiol-maleitnide chemistry applied above for antibody conjugation to LNPs.

fonsidy LNP intermediate was formsd essentially as described in Example 1. The
LNP comprised 0.1 mol % DSPE-PEG (2000)-DBCO and 0.1 mol % DESPE-PEG (2000)-
matsimide and had good physicochemical prapsrties (Table 11).

Table 11. Physicochamical Properties of the LNP intenmediate

f Sl Eerrst i € o i Size Encapsufation
Lipid formulation Molar ratic {rvm) P Efficiency (%)

| CICLT DSPC CHOL: DMG-
FEG2K): DSFE-PEG{2EM | S810B05 130004 | 80 | Q.07 85
- Mal DEPE-PEG2K)-DRCG
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The antibody was modified with SATA sssenlighy as desoribed above and
conjugated to the LNP. The system was designed for the SATA-modfied antibody to react
with the maleimide-functionslized: PEGHipid. The antibody was sugcessfully addsd
without significant change inn the physicochemical properfies of the LNP {Table 12)

Protein {(antibodyimRNA ratio was determined by BCA assay,

Tabie 12, Physicochemical Properties of the LNP after a Single Conjugation

Az~ : . ‘ o
Batch | cDd7: | SERLARL g, Encapsulation | APITIRNA |
‘ raRNA P s s ratic
# nRCG wiiwt ratia {nm} Efficiency (%} (wthart)
miadar patic ’ i
1 g Ry 93 204 S& £.60
2 Q 4.8 85 .08 48 §.60
3 & 8.6 84 Q.06 2% 087
4 8 0.8 a5 Q.05 88 (.58
[RU318} & sacond conjugation step was usad o attach the CR4T peptide, The

system was designed for the the azide-mnodifisd psptide o react with the DRBCO-
functionalized PEG-pid in a click charmistry reaction. The tonjugation was camed out
with peptide fo DBCO molar ratios of 1:5 110, and 1:20. Succsssiidl conjugation is
reflected by the increase in padicle size and proteinmRNA ratin {Tabds 13), the profein
part of the ratio indicating the sum of antibedy and G047 peplide..

Table 13, Physicochemical Propadies of the LNP after Dusi Conjugation

Agide- e -
DAY %&A g 1 ProteinmRNA |
N i mRN - e Encapsulation roteimmiRNA |
Batel 10 bBLO wihwi Size Rt Efficiency (%) ratio {wtiwt} |
malar e :
" ratio
satio IR R R I
¥ 5 & g7 | O 45 .68
3 10 g 1001 08 | 4 .85
4 20 0 113 ] 0.08 a3 {1.80
113
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LI RERE Successful - dual conjugation was observed only when mGDRE was
conjugated first foltowed by conjugation of the C47 peptide {contrary data not shown).

EMBODIMENTS
G REEE Embodiment 1. .4 lipid nanopsarticle (LNP) comprising 8 lipid composition
sompnising:

about 38 to about 85 mol¥% an lonizable cationic lipid of structure

\wf\ ;"Q
U=
S Vs ‘:\X,“
& ] Dy
o X'*‘\l 7
-
;
{-} G ){M GM\\
AT T
. O Y
-’ {"}_h
¥
e
N (CICL),

Femasa

¢ N £
N ' D \}«G-H
whgrein Ris N, b Sdogr e

about 0.5 to about 2 mol% PEG-ipid comprising funclionalized PEG-ipid and
norfuncticnalized PEG-lipid,

apout 7 te about 13 mol% a phospholipid, and
about X7 to about 50 mol% a sterol.

[y Embodiment & The LNF of smibodiment 1, further comprising a payluad
with 2 nat negative charge selected from -a paptide, & polypaptide, & protein, a small
malsculs, 8 nuslaic acid, and combinations thersof.
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{0320 Embodiment 3 The LNF of embodiment 2, wherein the payload camprises
& rritielt aud nicleculs,

[0y Embodiment 4 The LNP of embodiment 3, wherein the NP rativ is from
about 3 1o sbout @ about 2 to abowt 7, 8bout 3 1o aboul 8, about 4 10 shout 7, or about 8,

100333} Embodimant & The LNP of embodiment Sor 4, wherain the rucleic acld
comprses an mRNA,

joEEs Embodiment 8. The LNP of ambodimert 3 of §, whersin the nulelc agd
moleculs comprises a crcular RNA, @ seifreplicating RNA, @ microRNA {riRNAY, an
SIRNA, an antivense RNA, a traar (TRNA), a single guide RNA (5gRNA} a DNA, or &
genetic enginesring systam.

003243 Embodimert 7 The LNP of grabodiment § or §, wherein the mRNA encodes
g T cell receptor (TCGR), a chimeric shtigen recaplor {CAR), of animmuite cell engager.

[O03 sy Ermbodiment % The LNF of embadiment Sor 8, wherain the mRNA encodes
a polypeplide comprising & gene aditing nuclease,

{00328} Embodiment & The LNF of any one of embadimants 1 o & whersin the
PEG-Hpid comprises about 0.1 to about 0.3 moi%h funclionalized PEG-ipi.

fnsany Embogiment 10 The LNP of smbodiment §, whersin the non-funclionalized
PEG-lipid and the functionslized PEG-PEG-lipid are naot the same PEG-ipid:

{00328 Embodiment 11 The LNP of embodimant 10, wharain the funclionalized
FEG-lipid comprises & diacyl phdsphatidyl sthapotamine and the non-functionalized
PEG-lipid comprises-a digoyl glynerd,

00329 Embodimert 13 The LNP of embodiment 11, wherein the funclionalized
PEGH-ipid comprises distearoy) phosphatidy! sthanolaming (D&PE).

00334 Embodiment 13 The LNP of embodiment 11 or 12, whersin the nen-
functionatized PEG-ipid comprises distearayl glyceral (DSG)

{00331} Embodiment 14 The LNP of any oné of embodimsnts 1-13, whersin the
PEG molety of the PEG-lipids has a molecular weight of about 1000 1o abolit 5Q00.
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TR Embodiment 15 The LNP of embodimant 14, wherein the FEG moisty is
PEGO00 for both the funclionatized and nonvfunclionalized PEGHIDKL

033N Embodiment 18 The LNP of embodiment 15, wherein the PEG maisty of
the funchionalized PEGHipid is larger than the PEG molely of the nondunclionslized PEG-
lipid.

o334y Embodiment 17 The LNP of any one of embodiments 8 io 18, whersin PEG

muiaty of the functionalized PEG-Ipid comprises a tarminal malsinnds moiaty,

[H0335) Embodiment 18 The LNF of any ane of embodiments 9 to 47, further
comprising & binding moisty conjugated o the funclionalized FEG-ipid.

100338} Embudiment 18 The LNF of smbodimant 18, wherein the functionalized
PEG-lipid 15 conjugated 1o the binding moisly rough the succinimide molely, a
hydrolyzed stucainimids modaty, or a thiomaleimide maolety.

{003ad Embodiment 30 The LNP of embodiment 18 or 18, whersin the binding
moigty comprises gntibody or antigen binding domain thereof.

{80338] Embuodiment 29 The LNP of embadiment 20, wherain the binding molety is
a whole antibody, a minibody, an Flab):, an F{sb), a disbody. a single chain Fv (scFv), or
& tanobody.

{0339 Embodiment 23 The LNP of any one of embodimeants 18-21, wherein the
hindirtg moisty specifically hinds o

G4, COR, DY, DR, CD28, 4-1BB, SIS, CTLA-4, GITR, LAG-3, x40, PD-
1, TIM-3, CD25, tow affinity 1L-2 receptor, IL-7 receptor, 1L-12 receptor, IL-18
recspdor, L8 receptor, 1L-89 receptor. CD14, QD18a, CD32, CD40, COHYHL
{(Mag-1), ODad, DECZ05, and TREME,;

B) & hematopoistic stem cell (HEC) swiace prolein selectsd from the group
cangisting of COMT, CD34, CD44, Qds, QNG Q0E, CD133, BMPRZ, and
Sea-1 or wherein the binding moiety specifically binds {0 8 mesenchymal stem csll

116
RECTIFIED SHEET (RULE 91} ISA/EP



WO 2024/249954 PCT/US2024/032141

{MSC) surface profem selected fram the group consisting of COT0, CRADS, CO7S,
Stro-1, SSEA-4, CD271, CD146, GD2, SSEA-3, BUSD2, Stra-4, MSCA-T, CDES,
CD200, PODXL, CD13, CO29, CD44, and CDI0; o

o & mesgnchymal stem cell (MBC) surface protein selected from the group
censisting of CO7C, CD108, TDT3, Stro-1, SSEA, CO2TY. G468, GO, 88EA-
3, BUSDR2, Strod, MRCA-1, CDSS, CQDIO0, PODXL, G113, Ch2s, CD4g, and
CEnig,

[00346% Ermbodiment 23 The LMP of any one of embodimants 1831, wharain the
hinding moisty spscifivatly binds o a hematopoietic stem call (HSC) surface prolein
satacted fram the group consisting of CO11Y, CD34, CD44, CR4E CDS0, CO108, G133,
BMPRE, and Sog-t.

{4y Embodiment 24 The LNF of any one of embuadimants 18-21, whersin the
binding moiety speciivally binds 10 & mesenchymal stam call (MEC) surface protein
selscted from the group consisting of COTG, CDQS, CDT3, Slre-t, SSEA4, CD2TY,
G146, G2, SSEA-3, BUSDE, Stro-4, MBUA-1, CDS6, CHR00, FODXL, CD13, Cheg,
D4t and GEMIG

{034y Embodiment 35 The LNF of any one of ambodiments 1-34, wherein the
fipid composition has about 1 to about 2 mol% total PEGHipd.

{00343 Embuadiment 26 The LNP of any one of embodiments 1-25, whersin the
lipid compagition has about 001 mal% functionalized PEG-ipid.

[EI44} Embodimeant 7 The LNP of any one of embodiments 1538, wherain the
Hipid composition has about 40 1o about 80 ol fonizable cationic lipd,

[00345) Embodiment 28 The LNPF of embodiment 27, wherein the lipid composition
has aboul 58 mal% fonizable cationic lipid.

{00348} Embodiment 28 Thie LNP of any onsg of embodiments 1-28, whergin the

lipid compasition has about 10 mol% phospholipid,

{347} Embodiment 30: The LNP of ambodirnent 38, wherein the phospholipid is
distearoy! phiosphatidyicholine.
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1003483 Embodimaent 31 The LNP of ambodiment 29, whereirs the phospholipid is
diarachidoyl phosphaldyichaling,

{03493 Embodiment 32 The LNP of any one of embodiments 1-31, wherein the
fipid composition comprises about 33 1o about 38 molth sterol.

{06380} Embodiment 3% The LR of any ong of embodiments 1-33, whersin the
steral comprises cholesterol,

[ S Embodiment 34 The LNP of any one of daims 1-33, wherein the steral
comprises-@ phytosterot.

00388 Embodiment 35 The LNP of embodinient 34 whergin the phytostergt
comprisaes campesterol, sitosterst, or stigmasterpl, or combinations thereof,

063833 Embodimarnt 3¢ The LNF of embodiment 33, whersin the sterol i
chiciesterol.
[354) Empodiment  37. The LNP  of eambodiment o,  compnsing

CHCLT RSP cholesterol DSG-PEGROAOD DERPE-PEGZ0O-malnimide Iy a ratic of
5873351401 or 581030 81,401,

fo03ss} Embadimart 38 The LNP of  embodiment 4 comprising
SICLTDEPC cholesterol DPG-PEGIO00 DSPE-PEG200G-maleimide m & ratic of
873381407 or 881630 51401,

00358} Embodiment 3¢ The LNP of any one of embadimants 1-38, comprising: (8
a payload comprising an mRNA sncoding a chimeric antigen receptor specific for human
CD1g human CR20, human CO19 and human CDRG; human BCMA; human FAP; ora
payioad comprising an mRNA encoding an RNA-guided nucleass andlor & guide RNA;
and (b} 8 binding molety camprising an antibody or an antigen-binding fragment thereot
speciic for human CD8, human T8, or human CDY, wherein the antibody or antigen-
binding fragment thereof is covalently attached {o the funclibnalized PEGHipd via a lysine
o cysteine residue of the antibady or binding fragment thereol.

{IAAT Embodiment 40: The LNP of any one of smbodiments 1-38, comprisitry: {a}
a payicad comprising an miRNA encoding an RNA-guided nucleass and a quids RNA;
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and {b} a binding moiety comprising an antibody or an antigen-binding fragment thersof
specific for human GDE, human CO8, or human CD2, whersin the antibody or antigen~
bindling fragment theyeof s covalently attached 1 the funclionalized PEG-lipid vig g lysine
or ey steing residue of the antibody or binding fragment thereef.

{00358} Embaodiment 41 A composition camprsing the LNP of any ong of
gmbodinents 1-40, fuirther comprising one or more pharmaceutivally accepiable carriers

or gxcipents,

[ROasH Embodimeant 43 A mathad of delivering a payload info an immune osll or
stem call comprising contacting the LNP of any one of embedimeants 140 with the immuing
call or stem call of g subjact.

faa3ely Embadimant 43 The method of embaodiment 42, whersit delivering the
payioad camptises trangfecting the immuns cel or sterm cell.

foassq} Embodiment 44 The method of embaodiment 42 or 43, wharsin the
contacting takes place in vivo, extracorparestly, or ey wivo:

{00382} Embadiment 45 A method of reprogramming an immung call or stem
comprising sdmirkstration of the LNP of any one of embiodiments 1-40 or the compasition
of embodimsent 41 10 a subject

{00383 Embodirment 48 The method of any ona of embodiments €245, wherain
the sten cell s 8 hamatopoistic stem call (HSC) or MSC.

100364} Embadimant 47 The method of any one of smbodiments 48-45, whearein
the immuns caltis a T eell

QBRI Embodiment 48; A meathod of realing a disgase compriging administration
of the LNP of any one of smbodiments 1-40 or the composition of embodiment 41 te 8
subject in need thereof.

{80368} Embodiment 48 A method of condifioning & subjact who rgcsives an
enginegring agent compriging providing the LNF of eny one of smbodiments 1-38
CHTPRSIY @ nucleic acikd encoding 8 conditioning agent 1o the subjsat prior o,

poncurrently with, or subssquent {o admiristratior of the engineering agent.
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[an3edy Embodimernt. 80 The method of embodiment any one of embodiments 42-
48, compising intravenous sdiministration (o the subjaat

[0368y Embodiment 81 A methad of reprogramming an immune cell or an
hernatopoietic stem cell (HSCcomprising contgcling the LNF of any one of embodiments
140 with the fmmune celt or HSC, wherein the reprogrammead immune call or HBC does
not comprise DNA encoding the reprogramming agent.

{00359} Embodiment 58 The wmethod of embodiment 51, wherein  the
reprogrammed immuns calf 59 CAR-T call,

[00370) Embodimsnt 5% A reprogrammed immung osil mads by the msthod of
embudiment 51 or 538

o037 13 Embodimant 54 A method of reprogramming an HEC - comprising
contacting. the LNP of any one of embodiments 140 with: the HSC, wherein the
reprogramimead HSC does not camrise DNA encoding & componant of a gene editing
system.

{00373 Al publications, patents, and patent applications mentioned in this
spenification areherain incorporated by reference o the same axtent as if each individual
publication, patent, and patent applicalion was specifically gnd individually indicated o
be incorporsied by reference

(00373 White some embodiments have been llustrated and deseribed in detait in
the appended drawings and the foregoing dascription, stich flustration and desaription
are to be considered Hustrative and not restrictive. Other variations to the disclosed.
smbodiments can be understond and effected in practicing the claims, from a study of the
drawings the disclosure, andthe appended claims. The mere fact that cerfain measures
ar features are recited in mutustly different dependent claims does not indicate that the
cambination of these measures or featires cannot be used. Any referance signs in the
claims shotild not be construed as imiting the scope.
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CLAIMS
1. Alipid nanoparticle (LNP) comprising a lipid composition comprising:

about 35 to about 65 mol% an ionizable cationic lipid of structure

Sk
(CICL),

v
] N N N N OH
wherein Ris '\, \—, ,or ,

about 0.5 to about 3 mol% PEG-lipid comprising functionalized PEG-lipid and
non-functionalized PEG-Iipid,

about 7 to about 13 mol% a phospholipid, and

about 27 to about 50 mol% a sterol.

2. The LNP of claim 1, further comprising a payload with a net negative charge
selected from a peptide, a polypeptide, a protein, a small molecule, a nucleic acid, and

combinations thereof.
3. The LNP of claim 2, wherein the payload comprises a nucleic acid molecule.

4. The LNP of claim 3, wherein the N/P ratio is from about 3 to about 9, about
3 to about 7, about 3 to about 6, about 4 to about 7, or about 6.

5. The LNP of claim 3 or 4, wherein the nucleic acid comprises an mRNA.

6. The LNP of claim 3 or 5, wherein the nucleic acid molecule comprises a

circular RNA, a self-replicating RNA, a microRNA (miRNA), an siRNA, an antisense RNA,
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a guide RNA (gRNA), a crispr RNA (crRNA), a tracr RNA (trRNA), a single guide RNA

(sgRNA), a DNA, or a genetic engineering system.

7. The LNP of claim 5 or 6, wherein the mRNA encodes a T cell receptor

(TCR), a chimeric antigen receptor (CAR), or an immune cell engager.

8. The LNP of claim 5 or 6, wherein the mRNA encodes a polypeptide

comprising a gene editing nuclease.

9. The LNP of any one of claims 1 to 8, wherein the PEG-lipid comprises about
0.1 to about 0.3 mol% functionalized PEG-lipid.

10. The LNP of claim 9, wherein the non-functionalized PEG-lipid and the
functionalized PEG-PEG-lipid are not the same PEG-lipid.

11.  The LNP of claim 10, wherein the functionalized PEG-lipid comprises a
diacyl phosphatidyl ethanolamine and the non-functionalized PEG-lipid comprises a

diacyl glycerol.

12.  The LNP of claim 11, wherein the functionalized PEG-lipid comprises

distearoyl phosphatidyl ethanolamine (DSPE).

13.  The LNP of claim 11 or 12, wherein the non-functionalized PEG-Ilipid

comprises distearoyl glycerol (DSG).

14.  The LNP of any one of claims 1-13, wherein the PEG moiety of the PEG-
lipids has a molecular weight of about 1000 to about 5000.

15.  The LNP of claim 14, wherein the PEG moiety is PEG2000 for both the

functionalized and non-functionalized PEG-lipid.

16.  The LNP of claim 15, wherein the PEG moiety of the functionalized PEG-
lipid is larger than the PEG moiety of the non-functionalized PEG-lipid.

17.  The LNP of any one of claims 9 to 16, wherein PEG moiety of the

functionalized PEG-lipid comprises a terminal maleimide moiety.

18.  The LNP of any one of claims 9 to 17, further comprising a binding moiety

conjugated to the functionalized PEG-lipid.
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19.  The LNP of claim 18, wherein the functionalized PEG-lipid is conjugated to
the binding moiety through the succinimide moiety, a hydrolyzed succinimide moiety, or a
thiomaleimide moiety.

20. The LNP of claim 18 or 19, wherein the binding moiety comprises an

antibody or antigen binding domain thereof.

21.  The LNP of claim 20, wherein the binding moiety is a whole antibody, a

minibody, an F(ab)2, an F(ab), a diabody, a single chain Fv (scFv), or a nanobody.

22.  The LNP of any one of claims 18-21, wherein the binding moiety specifically
binds to:

a) an immune cell surface protein selected from the group consisting of CD2, CD3,
CD4, CD5, CD7, CD8, CD28, 4-1BB, CD166, CTLA-4, GITR, LAG-3, OX40, PD-
1, TIM-3, CD25, low affinity IL-2 receptor, IL-7 receptor, IL-12 receptor, IL-15
receptor, IL-18 receptor, IL-21 receptor, CD14, CD16a, CD32, CD40, CD11b (Mac-
1), CD64, DEC205, and TREMZ2,

b) a hematopoietic stem cell (HSC) surface protein selected from the group
consisting of CD117, CD34, CD44, CD45, CD90, CD105, CD133, BMPR2, and
Sca-1 or wherein the binding moiety specifically binds to a mesenchymal stem cell
(MSC) surface protein selected from the group consisting of CD70, CD105, CD73,
Stro-1, SSEA-4, CD271, CD146, GD2, SSEA-3, SUSD2, Stro-4, MSCA-1, CD56,
CD200, PODXL, CD13, CD29, CD44, and CD10; or

c) a mesenchymal stem cell (MSC) surface protein selected from the group
consisting of CD70, CD105, CD73, Stro-1, SSEA-4, CD271, CD146, GD2, SSEA-
3, SUSD2, Stro-4, MSCA-1, CD56, CD200, PODXL, CD13, CD29, CD44, and
CD10.

23.  The LNP of any one of claims 18-21, wherein the binding moiety specifically
binds to a hematopoietic stem cell (HSC) surface protein selected from the group
consisting of CD117, CD34, CD44, CD45, CD90, CD105, CD133, BMPR2, and Sca-1.

24.  The LNP of any one of claims 18-21, wherein the binding moiety specifically

binds to a mesenchymal stem cell (MSC) surface protein selected from the group
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consisting of CD70, CD105, CD73, Stro-1, SSEA-4, CD271, CD146, GD2, SSEA-3,
SUSD2, Stro-4, MSCA-1, CD56, CD200, PODXL, CD13, CD29, CD44, and CD10.

25.  The LNP of any one of claims 1-24, wherein the lipid composition has about
1 to about 2 mol% total PEG-lipid.

26.  The LNP of any one of claims 1-25, wherein the lipid composition has about
0.1 mol% functionalized PEG-lipid.

27.  The LNP of any one of claims 1-26, wherein the lipid composition has about

40 to about 60 mol% ionizable cationic lipid.

28. The LNP of claim 27, wherein the lipid composition has about 58 mol%

ionizable cationic lipid.

29.  The LNP of any one of claims 1-28, wherein the lipid composition has about

10 mol% phospholipid.

30. The LNP of claim 29, wherein the phospholipid is distearoyl
phosphatidylcholine.

31. The LNP of claim 29, wherein the phospholipid is diarachidoyl
phosphatidylcholine.

32.  The LNP of any one of claims 1-31, wherein the lipid composition comprises

about 33 to about 38 mol% sterol.

33. The LNP of any one of claims 1-32, wherein the sterol comprises

cholesterol.

34. The LNP of any one of claims 1-33, wherein the sterol comprises a

phytosterol.

35.  The LNP of claim 34 wherein the phytosterol comprises campesterol,

sitosterol, or stigmasterol, or combinations thereof.

36. The LNP of claim 33, wherein the sterol is cholesterol.
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37. The LNP of claim 4, comprising CICL1:DSPC:cholesterol:DSG-
PEG2000:DSPE-PEG2000-maleimide in a ratio of 587:33.514.01 or
58:10:30.5:1.4:0.1.

38. The LNP of claim 4, comprising CICL1:DSPC:cholesterol:DPG-
PEG2000:DSPE-PEG2000-maleimide in a ratio of 587:33.51.4:.01 or
58:10:30.5:1.4:0.1.

39.  The LNP of any one of claims 1-38, comprising:

a. a payload comprising an mRNA encoding a chimeric antigen receptor
specific for human CD19, human CD20, human BCMA, or a combination thereof:;
human FAP; or a payload comprising an mRNA encoding an RNA-guided nuclease
and/or a guide RNA; and

b. a binding moiety comprising an antibody or an antigen-binding fragment
thereof specific for human CD5, human CD8, or human CD2, wherein the antibody or
antigen-binding fragment thereof is covalently attached to the functionalized PEG-lipid via

a lysine or cysteine residue of the antibody or binding fragment thereof.
40.  The LNP of any one of claims 1-38, comprising:

a. a payload comprising an mMRNA encoding an RNA-guided nuclease and a
guide RNA; and

b. a binding moiety comprising an antibody or an antigen-binding fragment
thereof specific for human CDS, human CD8, or human CD2, wherein the antibody or
antigen-binding fragment thereof is covalently attached to the functionalized PEG-lipid via

a lysine or cysteine residue of the antibody or binding fragment thereof.

41. A composition comprising the LNP of any one of claims 1-40, further

comprising one or more pharmaceutically acceptable carriers or excipients.

42. A method of delivering a payload into an immune cell or stem cell
comprising contacting the LNP of any one of claims 1-40 with the immune cell or stem

cell of a subject.

43. The method of claim 42, wherein delivering the payload comprises

transfecting the immune cell or stem cell.
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44.  The method of claim 42 or 43, wherein the contacting takes place in vivo,

extracorporeally, or ex vivo.

45, A method of reprogramming an immune cell or stem comprising
administration of the LNP of any one of claims 1-40 or the composition of claim 41 to a

subject.

46. The method of any one of claims 42-45, wherein the stem cell is a

hematopoietic stem cell (HSC) or MSC.
47.  The method of any one of claims 42-45, wherein the immune cell isa T cell.

48. A method of treating a disease comprising administration of the LNP of any

one of claims 1-40 or the composition of claim 41 to a subject in need thereof.

49. A method of conditioning a subject who receives an engineering agent
comprising providing the LNP of any one of claims 1-38 comprising a nucleic acid
encoding a conditioning agent to the subject prior to, concurrently with, or subsequent to

administration of the engineering agent.

50. The method of claim any one of claims 42-49, comprising intravenous

administration to the subject.

51. A method of reprogramming an immune cell or an hematopoietic stem cell
(HSC) comprising contacting the LNP of any one of claims 1-40 with the immune cell or
HSC, wherein the reprogrammed immune cell or HSC does not comprise DNA encoding

the reprogramming agent.

52.  The method of claim 51, wherein the reprogrammed immune cell is a CAR-
T cell.

53.  Areprogrammed immune cell made by the method of claim 51 or 52.

54. A method of reprogramming an HSC comprising contacting the LNP of any
one of claims 1-40 with the HSC, wherein the reprogrammed HSC does not comprise

DNA encoding a component of a gene editing system.
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