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Lipid Nanoparticle Formulations and Compositions

CROSS-REFERENCE TO RELATED APRLICATIONS
[B041] This application claims priority to LS. provisionat spplication numbsr
BHE95 201, fed November 1, 3023, L&, provisional applicalion numbsr §3530,303,
fited August 17, 2023, LLS. provisional application number S3510.081, filed June 23,
203%; ang U.S. provisional applicalion number 83/506 424, filed May 31, 2023; the
disctosurss of which are expressly incorporated by reference herein,

REFERENCE TO AN BELECTRONIC SEQUENCE LISTING
[0082}  The instart application contains a:Sequence Listing that hias besh submitied
slactromoally and i hereby hocrporated by reference in #s entirety.  The Sseguencs
Listing was Greated on May 31, 3024, s named “34-0328-WG _ Sequiencelisting xml¥, sing
s B, 2066 hyles in size.

BACKGRQUND

03] Lipid compositions have been tsed in the laboratory for the defivery of nuickeic
gcids nto cells. Early compositions bassd on the cationic hipid 1, 2-divleoyl-3-
mmethylarmmonium propane  (DOTARY  and  the  iomzable,  fusogenic  lipid
diclecylphosphatidyt athanolamine (DUOPE) had & large parlicle size and were
problematic when used i wivg, exhibiting oo rapid clearance, tropism for the lung, and
wxicty. Lipid nanoparticles (LNPs) comprising lonizable cationic lipids have been
daveloped by address these issues o the axtent that BNA bsged producis, such as the
SIRMA ONRATTRO® and tvo mRNA-basad SARS-CoV-) vagoinegs, have recsived
regulatory approval and entered the market.

[0004] - There is fimiled ahility 1o contral which ssués or osils fake up the LNP oncs
administered. LNF administered intravencusly are takan up primarlly in the liver, ling, o
splesn depending to & signficant degres on net chargs and particls size. Itis possible fo
direct »B0% of LNP fo the fiver by a combination of formulation and intravenous
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admiristration. intramuscular administration can provide 1 olinically useful level of local
delivery and exprassion. LNP cary be redirected fo other lssues o cell tyoes by
sonjugating & binding molety with specifichty for the target besue orcell type, for exampls,
conjugating o the LNP a polypeplide conlaining an antigen: binding domain from an
antibudy. Nonatheless, avoiding uptake by the liver remains a challenge. Moreover, withe
current systems, anly a nminor portion of the encapsilated nuctais aod is successiully
dalivared o the oells of interest and info the oytaplasin. Current carmposttions may relsase
only 2-8% of the administered RNA into the cyloplasm (see, for sxample, Gileron st al.,
Nat. Biotechnol. 31:B38-846, 3013, and Munson st al, Commgn, Biol 4211224, 2081
Thus, there are remaining issues of off-target delivery, poor efficiency of release of nuclsic
gaid indo the oytoplasm, and toxicly ssseciated with accumudation of the compunent
fipids.

[0005] Therefore, this disclosure provides lipid nanoparticles and lipid nanoparticle

formuiations and compaositions to salisfy an urgent needinthe field.

BRIEF RESCRIPTION OF THE DRAWINGS

{ooos} Figurss 1A-B show impraved LNP and {LNP funclion using lipids and
compositions as disclosed herein. Figure 1A depicls fransfection rale (percentage of
cells sxprassing the mRNAY vergus expression level {as Malscules of Equivalent
Soluble Flugrochrome {(MESFY) for splenic T cells from mice administered varicus
LNP-or tLNF. Figure 1B depicts transfection rate {(percentage of culls expressing the
miRNAY versus expression level {as mean fluorescenss intensity (MFL) for
hepatooytes from mice administered varous LNP or tLNP.

jooor] Figurs 1C depicts the transfection rate (percentage of T cells expressing
the mRNA} varsus sxprassion level (as mean fuorescence intensity (MF1}) in spleen
T cells from C57BLE mice administered fargsted LNFs ({LNPs} comprising & lipid
sorniposition varying only in the structure of the fonizable cationie lipid. The binding
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molety of the LNPs was an anti-CD5 antibedy and the payioad was an mRNA
sncoding mChearmy.

oag) Figures ZA-F depict transfeciion rate or transfection rale and expression
tsvel {as MFD for (NP with different input antibody density expressed as ratios of
canjugated antibody- 1o mANA (WA, Figurs SA shows g plot of transfection rate versys
axprassion lavet in mouss splenic T cells in &y wit cullure. Figures 2C-E show results of
i vivo transfaction with the ILNF plotling of transfection rats versus expression level in
splenic T cells (2Q), TO4E liver cells (hepatocytes: 2D, and CDASYCDHT liver oells
{Kupffer cells; 3B} whils Figure 8B presents the sams fransfection rate dats as Figurs 2C
but versus binder ratio as & har chart, Figure 2F shows a plot of transfection rate versus

seiture.

[0008] Figures 3A-C depit the transfection rate (percentage of T cells
adrministered ILNPs comprising ILNF compositions comprising the ionizabls calionic
Hpid CICLT and varying ondy in NeP ratio. They were furthsr comparad 1o a benchimark
composition, BFY, in which the ionizable cationic lipid was ALC-0215. BF1 and F1
witre identical to the compositions containing ALC-0318 and CICLY in Figure 1C. The
binding maisty of the {LNPs was an ani-Cl5 antibody and the payload was an mBNA
encoding mChaerry, Dats is presented for splenic T cells (Figure 34, CD4& liver cells
{Figure 38}, and CO45* {01k liver cells {(Figure 30

D010y Figures 4A-C depicts the {ransfection rate {percentage of T gells
axpressing the mRNA) and sxpression lavel (as mean fuorescence intensity (MFI)
ity calls from CETBLS mice administered ILNPs comprising LNF compositions
comprising the ionizable cationic lipid CICLT but varying only the armounts of CICLY
and cholestergl. The mol% of CICLY was 48 (F4), 50 {(F1), and 38 (F5) with
compeansatory adiustments 1o the mal% of chalasterol. They wers further comparad
to benchmark compasition BF 1. The hinding molety of the ILNPs was an anti-Cls
antibody and the payload was an mRNA encoding mCherry, Data s presented for
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splenic T celis (Figure 4A), CD4S liver cells (Figure 4R), and CD45* CRIIR® liver celis
{Figira 4CL

{011} Figures SACF depict the transfection rate {percentage of T cells
axpressing the mRNA) and expression fevel {as MFH in osils from CH5TBLE mice
administefed tLNPs comprising varying non-functionalized FEG-ipids with differsnt
lipid anchor tengths Tor splenic T cells (Figures S5A and &), CDME liver cells (Figures
58 and SE), and CD4S* CO11h" liver caills (Figures ST and 5F}.

{001y Figures  8A-C. depict the transfection rate (percentage of T celis
axpressing the mRNA) and sxpression lgvel (as Moleculss of Equivalant Solubls
Flugrochrome (MESGF}) i cells from CETBL/G mice administerad HLNPs comprising
different amounts of non-funictionalized PEGHIpIA bul the same amount of total PEG-
fipid for splenic T cells (Figure 8A), CDME liver oalis (Figure §8), and CD45* COMD™ tiver
calls {Figura 8CY.

{0013} Figures 7A-C depict the transfection rale {(pwreentage of T galls
expressing the mRNA)Y and expression level {as MEEF) in cells from CBTBLHS mics
administersd 1LNPs comprising varous combinations of fundlionalized and non-
functionalizad PEG-ipid for splanic T oalls {Figure 7A), CO4E lver cells (Figure 7B}, and
CR4A5" CRAD® liver cells (Figure TC),

[0a14] Figures B8A-C. depict the transfection rate {percentage of T Calls
expressing the mRNA) and axpression lavel (as MFH in cells from CR7BLS mice
administared  tLPs comprising two differert amounts of phospholipid and two
different non-functionalized PEG-lipid for splerde T cells (Figure BA), CD4E liver gsils.
{Figure 8B}, and CO45* COML liver cells {(Figure 8C).

[0015] Figures SA-B depict the transfection rate (pwrcentage of T oslls
expressing the mBRNA)Y and spression evel fas MESF or MFL in 8A and BB
rasnsctivelyy it oells frome CHTRLE mice administarsd LNP {decorated with a
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targeting antibody), LNP decorated with an irelevant antibody, and LNP with ne
antibody for splenic T cells (Figure 94), CD45 liver cells {Figure 98).

0187 Figures 9G-I¥ present whole-animal and individual organ bicluminescence
878L/& mice administered BF LNFs, CD84argeted BF1 tLNPs, F9 LNPs, or CD5-
targeted F9 {LNPs.

e} Figurss 10A-F padray the results of studies in NSG mice sngrafied with
Haman periphearal blond iymphocytes and administered twite weekly up 1o five doses of
NP composiion FE fargeisd fo sither CDE o COB and encapsulating an mRNA
encoding  eiher miChary or an antb-CME CAR, Figures 10A-E dapict mCheary
transfection rate or expression level (as MF int bar graphs for CIY CD8 and ol T
celis In bood and spisen from NEG mice engrafied with human peripheral bload
tymphocytes following sdministration of tLNP targeted o either CRE or QOB cells.
Results for transfection rate in blood and splenic T cells are displayed in Figures 10A and
10C, respactively. Results for expression leval in blood and splenic T cells are displayad
i Figures 108 and 100, respectively. Figurs 10E depicts CAR transfection rate in bar
graphs for C04° CDE' and tolal T cells in blood 24 hours after the mice received a third
doss. Figure 10F portrays tumor burden andfor clearance in groups of imice traated with
{D5-targeted LNFP carrying either mCherry of anti-CD18 CAR mRNA or CD8-targeted
NP camying anti-CEN e CAR mBNA, The X's represent mice that died due lo graft versus
host dissass andior wirnor burden as appansnt fron the figure, The speckiing overwhole
arimal seen is some imagesis an ariifact,

o018} Figures 11A-L depict the levels of various liver enzymes and acute phass
profeins in rats administared the benchmarks BF1 LNF or BF1 ILNF and NP with the
ES composition. Pigures T1ASC depict thie tevels of thres acude phase protsing in mats
administered the ndicated doses of the BRET LNR at 6 and 24 hours sfter adminisiration,
specifically at-acid glycoprotein (Figure 11A), a®-macregiobulin {Figure 118), and
haptogiobiry (Figuee 11C). Figures 110-E plot median liver snzyme lavels at 24 hours
yarsus dosage from a second study in rats comparing composition BF 1 1o F5 for aspantats
aninotransferase (AST) (Figurs 110) and alaning anino transferase (ALT} (Figurs 11E).
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Figures 11F-J show a comparison of the responses to the BF1 and FEHLNPs for the sams
series of markers. Figures TIK-L show ALT and AGP levels, respsctively, in rats injected
with the indicated dosages of sither ant-human CD8-bearing F8 {LNF ancapsulating an
mRNA ancoding an ant-CD 19 CAR or a rat CD&4argeted {LNF encapsulating an mRNA
encoding mUharry, The harizontal grey band in Figure 11K represants the ALT range
Shearved in 31 naive rals in a pravicus shudy.

ooty Figurss 12A-L depiot various data from twao axperiments in non-human
primates {oynamolgus macaques). Figures 12A-D related 1o 3 first study and Figures 12E-
Jrelats to a second study. Figurs 124 shows responses of the liver snzymes ALT and
AST i individual cynomolgus macagques over Hime after administration of ambodiments
of CDE-targeted tLNPs of BF1 (upper paneis) and F5 {lower panels), respectively. "Ref
Narm Low” and "Ref Norm High' indicate the normal rangs for these liver enzymes, Figure
128 shows cytoking secretion for the same animals for 1L-8, MOP-1 10L-2, FNy, TNFu,
TGFa, IL-8, andg gm-C8F. Figure 12C is g plot of transfection efficiency of blood 7 celis
{as % mCharry*® cells) at 4 and 24 hours for individual animals’ sfter infusion of the
smbadiment of the S0 targeted NP of somposition £S5 which encapsulated an
mChery mRNA. Figura 12D is 9 bar chart depicting T cell fransfection efficiency in
aplen, lymph neds, and bone marow fissus 34 hours afler infusion of the smbadimeant
of the CD5-argeted ILNP of F§ which encapsulated an mCherry mRNA. Figures 1288
depict rasponses of the liver enzymes ALT and AST in individual cynomolgus macagues
over fime after & single administration of embodiments of the CDE- and CBtargeted
NP of composition F8, which encapsulgted an anti-CD18 CAR mRNA (Figure 128) or
muttiple adminisirations of the COS-largated tLNP of F8, at a lower dosage (Figurs 12F )L
Figure 120 s g plot of transfection sfficiency of Dlood T cells (a8 W% CAR® cells) al 8 and
24 hours for individual animals after infusion of the embodiments of the CD&- and CE8-
targeted WLNP of F& which sncapsulaled an anti-CD18 CAR mRNA. Figure 12H is a her
charl depicting 7 celt transfection sfficiency in splgen, lymph node, bone marow, and
liver fissue 24 hours after infusion of the smbodimeants of the CD&- and CD8-targeted
NP of F8 which encapsutatad an anti-0e CAR mRNA. Asterisks indicata data from
bong maraw and lymph node blopsy samiples coliscted at 34 hours after indusion from
the two animals that wers observed ot fo 88 howrs post infusion, whereas the ather
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animals were suthanized 24 hours after infusion and necropsy samples of alf four tissues
assassed. Figure 121is o plat of transfection efficiency at ime points afler sach of multiple
infusions (doses) of the embodiment of the CD5-targeted tLNP of F@ which encapsulated
the anti-CDME CAR mRNA. Figure 124 presents box-and-whiskers plots of CAR
gxprassion fevel in individual animals 34 hours afler the single administration of the
gmbedinentis of the CDS- angd CDB-targsied {LNP of B8 which encapsulsted the anti-
CD18 CAR mBNA. Captions above aach panel indicate targeting and payload dosags.
Figure 12K shows a compilation of iver enzyme data front three studies following a single
administration of various LN Figurg 131 depicts liver snzyme levels over the course of
8 administrations of CORfargeted ILNP.

f240) Figires 13A-H relate 1o the biodegradabiiity of ionizable cationic lipids.
Figufe 13A depicds a conceptual biodegradation schame for CICLT (ghove the ling) and
the starting compound and end products of biodegradation {below the line). The distlosed
jonizable cationic lipids having structure CICL may undergo biodegradation according to
such a conceptual scheme, without being bound to sny partcular theory. However,
gooording to this scheme esterase clegvage or other hydrolysis of CICLT would be
predicted o produce tetra-alcohiol B and 4 equivalents of nonanoic acid. Cyclization
should than result in the production of 2 equivalents of butyrolactons © and 1 equivalent
of diol . Esterase hydrolysis of € would result in the production of 2 equivalents of diol-
avd B, Figure 138 depicts the amount of orizable cationic lipid detectsd in plasma, ver,
and spisen 34 hours after administration of CDS-{argsted LNF containing sither ALC-
0315 or GIGLY 1o gynomolgus macagues (n=2), Figures 130-E depict time courses of the
disappsarance of the fonizable cationic fipids CICLY amd ALGC-0315  foliowing
admiristration of F§ and BF1 ILNF 1o mice in plasma, spleen, and liver, respactively,
plotted as LC-ME-hased detection of lipid concsntration; mean + standard deviation (S
shown. Thes ILNRF were targetad to mouse CD8 and encapsulated an mRNA& snceding an
anti-human CEg CAR. Figures 13F-H dapict time courses of the dissppearance of the

encapsulated mENA In plasma, splsen, and liver, respectively from the same mice as in

7



WO 2024/249954 PCT/US2024/032141

13C-E as detected by digial PCR and nomialized to @ spiked control {plasma) or SARDH
{spleer and fiver).

001 Figure 14 depicts transfection efficiency as % mCherry positive cells (left
panelsy and expression level as geomstric mean fluorescence intensity (gMFE rght
paneis) for human T celis from twe donors {the upper (donor 1) and tower {donar 3
pansls). The (LNPs comprised the ES lipid composition and encapsutated mCherny mRNA

and targeted CD2, CD&, CD4 or S8 Diata is plotted for T, CD4Y, and CD8* pells.

o2y Figure 15 dapinls percent CR3 knock-out efter disruption of the TRAC gene
in primary human T cslis al various time points after transfection of Splash mRNA and
& single guide RNA (sgRNA) targeting the TRAT locus using @ tLNP decorated with an
anti-GlS monodonal antibody (Chimeric 507, alse referred to as ch&DT) for various
dosages of payload (ug of Splas® mRNA + sgRNA}Y. The sxpedment was done with T
calis cbtained from o donors {the upper {donor #1) and ower (donor #3) panels),
Results for CD8&" T cells and CD4™ T cells are prasented sepseataly it the left and right
panels, respectivaly.

FRD Y Figire 16 depicts percent CD3 knock-out after disruption of the TRAC gene
iy prinary human T celis after rangfection of SpCast mBNA and g sgRNA targsting the
THAC jotus using & NP decorstad with an anti-CDRE manodonsat antibody for varous
dosages of payload (g of SpCas® mRNA + sgRNA} for bath a first and second dose.
Results for CD8™ T cells and CD4* T cells are presented separataly in the left and right
pansis, respectively, The bars represernt the means from the results of twa donors (the
circles and the tHangles).

[eozd] Figure 17 depicts percent G knock-out after discuption of the TRAC gane
in primary human T celis after transfection of Splasd mRNA and 3 sgRNA targeting the
TRAC locus using LNFs dacorated with an anti-CD8 monodlonal antibody (chRPA-TS-
HNPY or 3 combination of (LNPs decorated with anti-CDB {(chRPA-T8ALNPY and an
tLNPs decorated with an anti-CDE monoclonst antibody {chBD7ALNP), monocional
angd second dose. I each of the four bar chart panels the resulls of @ single dose gre
grouped to the left with the resulis with redosing are grouped to the right. The zero first
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and secord dose data is plotted i1 both the single dose and redosad grougings. Reslilts
for CDB* T cells and CDA* T cells are presented separately in the upper and lower bar
chart panels, respectively. The bars represant the means from the results of three donors
{the circles, squares, and the tlangles). Representalive flow cytometry hustograms of
fluorascence versus number of events {cells} for pach of the 3 pg dosage conditions from
the ODB T cells for Donor 1 {circles) srashown at the far right.

{025 Figurs 18 depicts percent CD3 knock-out aftey disruption of the TRAC gene
inhuman T cells engrafied in NSG mice after administrationftransfection of chiD7ALNP
only, chRPA-TBALNF only, or chBD74LNP + chRFATENF each sncapsulating
payload {Splas® mBNA + sgRNA}, givert in & single dose or two doses of the tLNPs.
Five mice wera givery ant initial dose, among which 3 were redosed {squaresh while 8 only
recaived the single dose {circles). Three mice received no dose but are replotied in sach
grouping for comparison. The bars represent the mean of the two or three mice. Results
are shown for total T oelis, C04* T cells, and CO® T cells in the leff, middls, and right
panels, respentively. The single dose data is grouped o the left and the redosed data i
the right in sach panel.

[oozs] Figures 194-B depict fransfection rate (188) and expression tavel {188}
aver time for GD34* cells from human peripheral blood (thatis, hamatopoietic stem cells)
cahtacted with CD1ITargeted LN i wifro gt three doses of payicad as indicsted in the
legend. The {LNP were targeted with one of four anti-CD117 antibodies: 104D2 (#1),
JSP1ET #2), UKB {#3), and ADRS (#4). #1 is non-antagonistic while the other three are
artagonistic. {LNP bearing the anti-HIV gp120 antbody teropavimab were used as a
negative cantrol.

{0027} Figures 20A-D. Figures Z0A-B depict mChernry frangfection rate (Figure
204) and exprassion level (Figure Z0B} in human T cells 24 hours after transfection with
one of four preparations of CDSaargeted NP of lipid composition FS encapsutating
mCharry mBNA. Untransfectad cells ware used as a negative control. Each of the four
tLNF preparations used & differsnt antibody conjugation chemistry. Figures 200C-0 depict
mihery transfection rate (Figure 200) and sxpression level (Figurs 200} in human T
cells 24 hours after NSG mice engrafied with hurhan PFBMCs were administered one of
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four preparations of COS-targeted NP of lipid composition F5 encepsidating mCherry
mRNA. Untransiected csiis (PBS) wers used a8 a negative contral. Each of the four tLNP
prapargtions used g different antibody conjugation chemistry.

DETAILED DESCRIPTION

[oo2s] This distlosure provides lipid nanoparticles (LNF) and LNP compositions
and pharmaceutical compasitions {or formulations) for the delivery of a payload, for
sxamps one &r rore nuclelc acid species, into targeted coll types or tissuss. The LNR
may compriseg a funclionalived polyethylene glycol (PEGHipd that can be, or is,
conjugated tt} & binding miisty that binds 108 surface marker on g targeted call type, thus
constitUting & targeted LNP (LNP). The binding moiety direls the tLNF o the targeted
issue or fargeted cell type so that NP delivers 1o the targeted csll fyps with the
ancapsulated nudleic acld molacule or other negatively charged pavicad. Transfection
can be carried out in wivo (also referred 10 a8 i sity), exdracorpureally, or ex wivo. This
disclosure Turthey provides methods of reprograimming or condifoning & csll by
transfecting or contacting the cell with a tLNP. Also provided are methods of making LNP
coftaining functionalived PEGipid and methods of making NP,

[0029] While the present disclosure is capable of baing entbodied i vanous forms,
the description below of several embodiments is mads with the understanding that the
present disclosurs s to be considered as ann exemplification of the Invention and is nat
intendad twfimit the invention I the specific ambodiments Hustratad.

{3 Whils the present disclosurg is capable of baing embaodiad iy various forms,
the daswiption below of several embodiments I8 mads with the understanding that the
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prasent disclosure s 1o be considersd as an exemplifitation of the invention and is not
intended to-dinat the invention 1©.the spsaficembodiments Hustrated.

RN Headings are provided for convaenience only and are not to be construed to
fimit the invention in any manner. Embodiments flustraled under any heading may be
combined with ambodirments Hlustrated under any other heading.

[0032] To the extent any materisls incorporsted herain by reference conflict with
the present disclosure, the present disclosurs cortrols,

[o03s) Prior {0 sefting forth this disclosure i more detall, ¢ may be halpfud to
provide abbreviations and definitions of certain ferms 0 be used hergin. Additional
definitions ang st forth throughout this disclosure.

Deafinftions

{1134) A usedin the speaification and clams, the singular form’a " “an,” and *the”
inchudes plural refersncas untess the context dearly dictates otherwise: It shoudd be
understond that the terms "a" and “an” as used herein refer {o “one or more” of the
enumerated components:

3R] The tse of the alternative (e.g.. 70"} should be understood 1o mean sither
one, bath, or any combination thereof of the altematives.

{0038} The term “about” as used herein iy the context of & number refersto arange
cantersd an that number and spanning 10% less thart that number and 10% mare than
that number. Ths terr “about” used in the contexd of a range refers 1o an extendsd rangs
spanning 10% less than that the lowsst number listed i the rangs and 10% more than
the gregtest siumber listed in the rangs.

[0037] Throughout this disclosure, any concenfration range, percentage range,
ratio range, or integer range is fo be understoed to include the value of any integer within
the recited range and, when appropriate, fractions thereof (such as one tenth and ong
hundredth of an integen), uniess otherwise indicsted. Also, any number range of this
disclosure relgting fo any physical featurs, such a8 polymsr subunits, size, or thicknsss,
are to be 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
sndpoinds, unless spsaifically stated otherwise.

[onae] Unless the conmtext requires otherwise, throughouot the present specification
and claimsg, the word "comprisg” and variations thereof, such as, “comprises” and
"comprising” are to be construed in an open, indusive sense, that (s, as “including, tat
ot Hmited o As used hersin, the ferms Sinclude” snd “comprise® gre used

Synonymously.

0038y The phirase "al least one of when followed by & listof ams or alements
refers {o an open-ended sat of ong ar morg of the slements in the fist, which may, but
does not nacassarily, include more than one of the alemenis

{04 "Derivative,” as used herein, refers to g chemically or bivlogically modified
varsion of a sompowtd that is structurally similar to a parent compound and (actually or
theoretically) derivable from that parant compound. Generally, a "derivative” giffars from
an “anglogue” i thal a parent compound may be the starling material fo generate a
“derivative,” whereas the parent compound may not necessarily be used as the starting
material to generate an "analogue " A detivative may have different cherical or physical
praperties than the parant compound. For example, & dedvative may be more hydraphilic
ot hydrophohic, of it may have altered reactivity as compared 1o the parent compound.
Although g derivative can be oblained by physica! {for exampla, biotogical or chemical
radification of the parent compound; & derfvative can also be conceptusily derved, Tor
sxample, as when a protgin sequence i& designad based an ong of mareg koown
saguehices. an srcoding nuclele spid is constructad, and the derived protein oblained by
axpression of the encoding nuclsic said.

[0041]  As used herein “expansion” refers fo profiferation of cells increasing their
rumber. Activating agents can be used to stimudate proliferation (among other metabalic
changes) but can also result v activation inducsd death uporn inftial expusure sa that
therg is no immediate expansion. For T calls treated i vilrg with activating agents such
as -3 or CR3/CD28 activators, doubling fime can ke about 24 hours (which is fairly
typical of mammalian cells v vifro generally), in wvo doubling time can ke substantially
shonter, depending on the presence and fype of stimulation. Accordingly, during the

12



WO 2024/249954 PCT/US2024/032141

fimited time of extracorporeal manipulation, gven when activating agents are used, such
protocols will he effectively expansion-less,

[042]  As used herein an “sxogenous protein” refers to & synthelic, recombinant, or
other peptide or protein that is riot produced by 8 wild-type call of that type o {s expressed
at & lowsr fevel in g wild-type call than it a cell containing the exogenous polypeptide. in
some embodiments, an exogencus peplide is a peptide or protein encoded by a nuckeic
acid that was infroduced into the oell, which nudsic add is optionally not retained by the
call.

10043]  As used hersin “extracarporgal” is used in references to cslls, such as peripheral
blogd or bane marrow cells, harvested or extractad from tha body and the manipulation
or rodification of thosa cells prior to thelr intended raturn {reinfusion). Manipudation and
modification of cells genensily relates fo cell separation and washing procedures and
axposure 10 activation agents {(eg. biclogival response modiiers (BRMs)) and
transfection agsnts {e.g., LNPs, tLNPs), over a tims interval of several hours, for example,
less thare & hours, fess than B houry; less than d hours, i8ss than 3 hours, less than §
hours, or Isss thart 1 howr ang in space 1o a single instiution. Extracorporsal is used in
contradistinction 10 ex vive which, as usad-herain, includes more exiensive maniwilation
including extended periods of celf cudture and expansion, andfor refrigerated or Sryogenic
storags or shiprnent, over several days or longer.

[0044]  As used herein “ransfecion” or “transfecting” refers to the introduction of
nucleic acids inte calis by nor-viral methods. Transfaction can be mediated by caldium
phosphate, cationic palymers, magnetic besds, slectroporgtion, and ipid-based reagants.
iy preferred smbodineniz disclosed hergin transfection s mediated by solid lipid
nanaparticles (LNPY incuding targeted LNP GLNPY (which car also be ussd {o daelivey
non-rudieic sad paviosds o celfis). The term transfection is used in distinction 1o
fransduction — Wansfer of genstic materal from calt o oall or virug o et -« and
fransformation — the uptake of extracelillar genatic material by the natural processes of
a el Ag wsed herainy, phrases such s “delivenng & nuclsic acid o 'a el ave
gynonymoaus with transfection.

13



WO 2024/249954 PCT/US2024/032141

{0045] “Reprogramming.” as used hersin with respect to immune ceils, refers to
changing the funclionality of an immune cell with respect to antigenic specificity by
oausing expression of anexogenous T cell raceptor (TOR), a chimena-antigen raceptor
(CAR), or an iramune cell engager (“reprogramming agents’). Generally, T iymphodytes
and natural kitler (NR) calls could be raprogrammed with & TCR, a CAR, or an mmuns
el engager while only g CAR o an immung call engager would be used in
reprogramming manooytes. A3 used hersino with respact o stem oells, & example
heratopoietic stem cells (HBC) or mesenchymal stem calls (MBQ), “reprogramming”
refers {o carrection or amelioration of a genatic defect {for sxample, a hamaglobinopathy)
g6 that the modified or correctad gens and gene product are the reprogramming agents.
Reprogramming can be fransient or durable depending an the nature of the snginesring
agent.

{00486 ‘Engineening agent” as used herein, refers 1o agems that confer the
exprassion of @ reprogramiming agent by animmune cell, patticylarly anon-B lymphooyts
or monooyte. Engineering agents can include nucleic goids, inaiuding mRNA, that encods
the reprogramiming agent. Enginesring agents can alsy include nudleic acids that are or
ancode compaonents of gene ediing systems such as RNA-guided nudieases, guide RNA,
and nucleis acit templates for knucking-in 3 reprogramiming agent or knocking-oul an
endoganous antigen receplor. Gene editing systems comprise base-aditors, prima-
sditors o gene-writers, RNA-guided nucleases includs CRISPR nucisases such as £ass,
Casgl12, Casld, Casd, CasMiNL Cas?-11, and CasX For transient sxpression of a
reprogramming agent, such as a CAR, an mRNA encoding the reprogramming agent can
be used as the engineering agent. For durable exprassion of the reprogramming agent,
such as an sxogenous, modified, or corrected gene (and s gene product), tha
gnginasning agent can compriga wRNA-ercaded RNA-directad nucleasses, guids RNAS,
ruclsic acid templates and other components of gens/genoms aditing systems.

[0047]  Examples of gene editing components that are encoded by 8 nucdleic acid
matscule include an mMBNA sncoding an RNA-guided nudiease, a gene or base sdiing
protein, & prime editing protein, a Gene Writer protein (8.g., 8 madified or modularized
non-ang terminal repeat (LTR) relrotransposorn), & retrobransposase, an RNA wiler, a
zine finger nuclkeasse {(FFN), a transoription activatorlike sffector nuclease (TALEN), &
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meganuclease, 8 transposase, a retrotransposon, a réverse transoriptass {g.g, M-MLY
reverse transoviptase), a nickase or inactive nuclease (2.g., Casy, nCasd, dCasd), a DNA
recombingse, 8 CRISPR nuclease (8.4., Cass, Cas1?, Cas1d, Casd, CasViNG Cas?-11,
CasX), 8 DNA nickasse, a Cas? nickase (e.g. D10A or HBA0A), or any fusion or
cambination thereof. Qther cormponants include a guide RNA (gRNA)Y, a single guide RNA
{sgRNA}, a prime aditing guide RNA (pegRNA). 8 dustersd regularly interspaced shoit
palindromic repeat (CRISPR) RNA {orRNA)Y & frans-activating clustered  regularly
interspaced short palindromic repsat (CRIEPR) RNA (racrRNAY, or 8 DNA molecule t©
he inserted or serve as a template for doubbs-strand bresk {(DSB) repair af & spsdific
genamio locus, Genomes, gane-, and base-adiling technolegy are raviewsd in Anzalone
st a1l Nafure Bintechnology 38:824-844, 2020, Sakuma, Gene and Genume Editing 3-
4100097, 2028, and Fhou sef al, MadUomm 3{3pe185, 2022, aach of which is
incorporated by reference for all that they teach ahout the components and uses of this
technology o the estant that if does not conflict with the present discloswre.

fon4a} *Conditioning agent” as used heraein, refers {0 a biclogical responss
modifier (BRM) that enhances the efficiency of enginesring an imraune cell, expands the
nurnber of immune cells gvaiiable to be enginesred or the number of gngineered calls in
a target tissue (for example, a tumor, fibrotic tissue, or tissue undsrgoing autvimmuns.
aftack), promatas activity of the enginesred cell in a target issue, or broadens the rangs
of operative mechanisms contributing to a therapeutic Immune reaction. A conditioning
agentmay be provided by delivering an encoding nucleic acid in a tLNF. Exemplary BRMs
inciude cytokings, such as -7, 115 orib-18.

jo048] Seomung ol as used herein, canvteler (o any celf of the Immuns system.
However, particular aspects can exclude polymorphonuclesr lsukocyies andior B oealls,
or e fimited 10 non-B lymiphooytes such as T cell andfor NK cells, or to monocyias such

as dendritic celis andfor macrophages in their varous forms.

[ooesny Thie LNPs of this disciosure sre muliicomponent compositions camprising 8
payioad and miudtiple linid comporents, indluding an ionizable  cationic lpid, none
funclionalizad and/or functionslized PEG-lipids, a phospholipid, end a sterol, I certain
sspects the payivad compnses one or more species of nucleic acid molecide or ather

16



WO 2024/249954 PCT/US2024/032141

negatively charged maolecules. Thatis, insome embodiments, the payload comprises only
& single speaies of nudleit acid of other negatively charged molecule (or consists of such
species ar molecule) white in other embodiments, the payload comprises multipte species
of nucleic acid or other negatively charged molecutes, for axample, 2, 3, or 4 such species
ormolecules, In seme ambodirments inpwhich the peyload comprises nmultiple nudlelc acid
speaes or other negatively charged mulssules, niore than ong of the spaties W o and
including aill of the spacies are reacdive, or encodea 2 polypeptide that is reactive, with 8
same targel. As used hersin “LNF composition” refers 1o the lipid componerds present in
an LNF, their molar ratios (2.g., mol%;} relative to sach other, and the ratic of payload to
todal dpid. The payioad {o total lipid ralic can be expressed an a weight 1o weight {wiw
basis or for nucleic acid mclscules as an NP ratio, whersin an “N/P ratio” means the ratio
of pusitively chargeable lipid amine (N = nifrogen) groups ta negatively-chargad nuteic
acid molscule phosphate (P} growps. The HLNPs of this disclosure gre multiconipohent
compositions compasing an LNF and & binding moiety. As used hersin “tLNF
compostiion” refers 1o the same fsatures as LNP composition with the addition of a
binding motaty that serves as atargsting moiety and the binding nmoisty's density on the
fLNP may be exprossed 358 g ralio to the payload on & wiw bagis. As used herein, "LNP
formidation™ or “UNF formulation” refers o the complsle respéactive composition plus
buffers, cariers, selvents andfor other exciplents, which may also be referred 1o as a
pharmacsutical composition,

LNP compasitions

[00s1] The LNFP composttion confributes o the formation of stable LNPs and
tLNPs, efficent encapsutation of a payiead, protection of & paylead from degradation until
it is delivered into a call, and promotion of endosomal ascape of a paylosd into the
cytopdasm. These functions are primanly independent of the specificity of the binding
mniety (or moieties) serving todirect or bias a tLNP to a particular cell typa(s).

[0osey fry erfain aspects, this disclosure provides an LNP or tILNF, whearein the
LRP or LNF comprisss about 35 molte 1o sbout 85 mol% of an ionizsbls cationic lipid,
about G5 mal¥% to about 2 mal% of a PEGHipid (including non-functionalized PEG-ipid
and optionally a8 funclionalized PEG-lipid), about 7 mol% o about 13 mol% of a
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phospholipid, and abold 30 mol% to about 50 mol%-of a sterol. in some embodiments,
an LNP or tLNP comprses g payioad with a net negative charge for example, a peptids,
a palypeptide, a protein, a small molecule, or a nucleic acid malecule, and combinations
tharaol. A pavioad is generally encompassed by Or in the intetior of an LNF or iLNP. As
disclosed harein dosages always refer 10 the amount of payload being provided, Iy some
gnibodiments, a payload comprises one or move species of nucleic acid malecule. In
some instantes, he NP rafio s from about 3 to abait 8, about 3toabod 7, abowr 3 o
about 8, showt 4 1o about &, about & to about 8, or gbout 8. In some nstances, the N/
rafigdgs rom 3108, 3107 3108 4 g 5108, or 6. In soms emhodiments, an LNP o
WLNP comprises gsbout 40 mol% o about 82 mol% lonizable cationio fipid. In some
snbodinenis, an LNF or NP comprisss abowt 1moi% o shoud 3 mol% oty PEG-lipw.
In cedain smbodiments, an LNP of ILNP comirises abow 01 mai% to ahaut 0.3 micl,
for axample about 8.1 Mo, about 0.3 Mo, or sbout 0.3 mol¥% fundliongtized PEG-
lipid. In some smbodiments, g binding maisty is conjugated {o funclionalized PEG-lipid.
in cartain instances, a tLNP is an LNP that Jurther comprises an antibody {for example, a
whole [g3) a8 the binding moisty which is present at an antibody mRNA ratio (wiw) of
about 0.3 to about 1.0,

Cverview of iImproved LNPs

10083} The LNPs {and tLNPs thereof) disclosed herein are greatlly improved over
prior art LNPs for delivery 1o a targeted cell type, such as T calls or hamatopoietic stem
celis (HSCs), and oy detargeting undesired cells or tissuss, such as hepatonyies and
Hver. As s evident in Figure 1B, detargating liver celis could be markedly improved by
using a cationic lipid of this disclosurs v the LNP compuosition (F5, grey drcle) as
comparad to an onizable lipid from the prior art (ALCO21E used in Comimaty®) (BF1,
open circle). By further adding a binding maoiety fo an LNP of this disclosure a useful fevel
of fransfection of a desirsd call type was also achisved i Wi in mice {e.g., Figures 1A
and 18 and non-human primate {e.g, Example 13, Figuras 1280, Forexample, Figure
1A shows that CD5 targeted {LNPs (friangles) were able o transfect splenic T cells but
LNP without & binding molety (circlas) or with irrelavant antibody (squaras) werg not
distinguishsbile fram background. Moreover, tLNP containing an ionizable cationic lipid of
thiz disclosure {g.g., F& grey triangle; and F8, black tiangle) increased targeling of
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splenio T cells much more than those LNPs containing the prior art lipld ALC-0315 {BF 1,
open tangle)) (it must be noled that the FY, CDSAargeted tLNP (black Friangle) also
differad from the others in that the mCherry mRNA contalned Nimathylpssudouriding
instead of the &-methoxywidine used i the otherg). Querall, liver detargeting arose dug
to two effects, ipid composition of the LNRF and the addition of a targating moisty. Thus,
LNPs and tLNPs distlosed hergin represent an improvemsnt for targeted dedivery over
commaearcial LNF or (NP
lonizable Cationic Lipids

[0054] lorizable cationic fipids are useful components for complexing  with
negatively charged paylcads and for promoting delivery of the payioad infe the oytoptasm
of g cell following endocytosis, Accordingly, each of the hersinbelow disciosed genera
and species of onizable cationic ligd can be used in defining the scops of embodiments
of tha herain disciosed LNP and tLNP compositions and pharmacsutical compositions,
ard methads of using them. In certain embodiments, ionizable cationic lipid{s) of an LNF
having @ measured pKa of € to 7 can remain sssantisly neutral i the blood stream and
interstitial spaces bt ionize after uptake Nt cells as the endosomes acidify. Lipon
acigification in the endosomat space, the lipid bacomes protonated, and associates more
strongly with the phosphate backbone of the nucleic acid, which destabilizes the structure
of the LNF and promates nucsic acld release from the LNP into the cell cytoplasm (alse

referved 10 as endosomal escape) Thus, the herein disclosed ionizable cationic Hpids
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constitute means for destabliizing LNP structure (when idnized) or means for promoting
nuclsiv goid release or endosomal escaps,

[possy i some embodiments, the ionizable cationiz lipid has the structure CICL:
3
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s in certain embodimants, the jonizable cationic lipid of CICL-IE is referred i
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{00701 Synthesis of lipids having the slruciires of CICL or QICLAE is describad in

LS Patent Application Publication No. 200%/0320885 and US Fatent Application Ne:
B3/832 940, respectively, each of which is incorporated by reference in its entirsty for ali
that it teaches about the syrthesis of such fipids,

oy nizable cationie pids of this disclosure have & branched struchure W give
the lipid & conical rather than oylindrical shape and such structure helps promots
endusomolytic aclivity. The greater the enddsomolytic. activity, the mors efficient is
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release of the biclogically active payioad (s, one or more species of nudleic acid
mglscudes).

0073 onizable cationic pids as desorbed herein, can be useful g8 a componen
of lipid natcparticles for defivering nucleic acids, including DNA, mRNA, or siRNA infto
cells. The pnizable cationic lipids may have a cpKa  {calculated pha) iy the rangs of
from sbhout 8, 7, or 8 to about §, 10, or 11, For example; in various smbodiments as
describad hersin, the lonizable cationit lipids fave a o-pka ranging from about 8 o about
10, about 7 to about 10, about 8 to about 10, about 8to sbout 8, 61010, 7 to 10, 810 10,
or&io 2. In certain embodiments, the ionizable caionic ipids have a c-pKa ranging from
about B4 to about 8.7 or 8.4 10 8.7 The ionizable cationic ipids as described herein may
have clogh ranging frony about @ 1o aboul 18, for example, ranging from sbowt 10 1o
about 18, or about 10 to about 18, v about 10 to about 14, or about 11 to asbout 18, or
about 11 to about 18, or about 11 1o sbout 14, The ionizable cationic lipids as described
hersin may have chogD ranging from 2 {0 18, for example, ranging from 10 o 18, or 10
0 8, w1040 1, or T o 1B ar 11 o 1R of 11 1o 14, In cedain smbadiments, the
fonizably cationic lipids have & cLogD ranging from about 13 8 o abaud 144 orfrom 13.8
to 144, In certsin embodiments, the lonizable cationic lipids as desaribed herein may
have a o-pKa ranging from about 8 to about 11 o from 8 to 11 and a cLogl ranging from
about B {0 sbout 18 ar from 8 {o 18 For example, in cerlain smbodiments, the ionizable
cationic ipids have a ¢-pha ranging from about 8.4 to sbout 8.7 or from 8.4 fo 8.7 and
clogh ranging from about 13.8 1o about 14.4 or from 13.8 o 14.4. These ranges can isad
to a measured pHa it the LNP ranging from sbout 8 to abowt 7 or from & fo 7, which
faciitstgs onization inant endosome after delivery into o call

{007 i sorme embodiments, somewhal grester basicity may be desirable and
can be obtained from lonizable cationic lipids with o-pKa and clogD in the ranges
disciosed harein, it some embodiments, clogh of fonizabls cationic lipids of this
disclosure Is aboul 8, abolit 10, aboul 11, gbout 12, ahout 13, about 14, about 185, about
18, about 17, @bout 18, or in g rangs bound by any pair of these values. Lipid design alse
accounts for potential biodegradability pathways of targat lipids, such as by way of
ssterases in plasma, liver, and other tissues. Another considenation i hpid design is the
fale of fragments of jonizable ipids resulting from degradation, such as afler esterass
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cleavage(s). Praferably, the resulting fragments are rapidly clearsd from the body without
ths nead for hepatic axidative rmistabolism,

{074} in some embodiments, an LNF or ILNP comprises about 35 moi% to about
85 mal¥%, shaut 40 miol% to abioul 82 mol¥%, of about 54 nmiol% to abowt 80 mol% ionizable
cationic fipld. I some embodiments, the pid composition is at least 40 mal% andfor doss
not excesd B2 mol% lonizable cationic ipid. In cerlain embodiments, an LNP of 1LNP
comprises about §4 mol%, about 58 malt, or about 82 mul% tonizakde cationic lipid. In
further ambodiments an LNP comprises 35 moi% 1o 85 mol%, 40 mol% {o 62 molt%, or
&4 mol% to 80 mol¥% jonizable cationdc liplg. I still further embodiments, an LKP has al
least 40 mol% or doss not excesd 62 moi% ionizable cationic Hed, I cersin
smbodiments, an LNP comprises 54 mol%, 58 mol%, or §2 moiS ionizable cationic lipid.

Sterols

{00751 The disclosed LNF and tLNP comprise a sterol. Sterol refers {o & subgroup of
steroids that codain at least one hydroxy! (OHY group. Examples of sterols include,
without limitation, cholesteral, ergosteral, B-sttosterol, stigmasterol, stigmastanot, 20-
hydraxycholestersl, 23-hydraxycholesterol, and the ke, With respect 1o LNPs or tLNPs
of this distlosure, In various ambodiments, the slerol is cholesterol,  20-
hydroxychalasterol, 20(&)-hydioxychalesterol, 22-hydroxychiolesteral, or a phytostaral, o
cambinations thersaf. In further embodiments, the phytostaral comprises campesteral,
sitosteral, or stigmasterol, or combinations theredf. In cerdsin embodimants, the
sholestersl is not animal-sourced but is eblained by synthesis using a plant sterol as a
starling point. LNPs incorporating C-24 alkyl (such as mathyl or athyl) phytosterols have
bean reparied to provids enhancad gane transfection. The length of the alkyl tail, the
flexibility of the sterol ring, and polarily related to a retainad C-3 ~QH groug arg impartant
to abtaining high transfection efficiency. While B-sitosterol and stigmastersl performed
wall, vitamin 02, D3 and caloipotricl, {anslogs lacking intact body of cholesterol) ang
hetulin, lupadl ursolic acid and olenolic acid (tomprising a Sth ring} should be svoided.
Sterols serve o il space batween otiver lipids i the LNP or (LNP and influsncs LNF or
NP shape, Sterols alse control fluidity of lipid compositions, reducing temperaturs
dependence. Thus, sterdls such as cholesterol, ergosteral, 20-hydroxycholastara, $2-
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hydroxychalastergl, tampestercl, fucosteral, S-sitosterol, and stigmasterol constituts
means for cantroliing LNP shape and fluidity or steral means for increasing ransfection
afficiency. Some embodiments specifically includs one ar more of the above sterals while
other embodiments specifically ssciude one o mare of the above slerals,

{oore] ioosome smbodiments, s LNP or ILNP has about 37 mal% or aboaud 30.mol%
o about 50 mol¥% sterol, or sbout 30 mol¥% to about 38 mole sterol In certain
sradimants, an LNP or tENF has about 30.§ mol%, about 32.5 mol%, or about 37.5
moi¥ sterol. In certain instances, the sterol is cholesterol. it certain embodiments the
staral is & midurs of sterols, far example, cholestero! and B-sitostero! or cholesterol and
Zohydroxycholesterol.  In o some cinstences, the sterol B sbout 25 mol% 20-
hydroxycholesterol and about 75 miol% cholesterol, i some instances, the sterol 18 shout
5 mol% B-sitosterol and abowt 75 mol% cholesteral. In some instances, the sterol is
about 50 mol% R-sitostergl and aboul 80 mol% cholestercl. it certain srmbodiments, an
LAP or SLNP has 37 mal% or 3G mol% o 50 mol% steral or 30 mol% {038 moldh sterul.
i further embodinients, & LNP or tLNP has 30.5 mol¥%, 53.5 mal%, or 37 .5 mol% sargl
I cartain instancss, & steral is cholssteroh In'certain ambodimernts, a sterol is a nixture
of sterols, for example, cholesterel and f-sitosterct or cholesterol and  20-
hydroxychalsstaral. In some instances, a sterpl s 25 mol% 30-hydroxyahotesteral and 75
ol cholesterol. i further instances, a sterol {5 25 mol¥% B-sitosterol and 78 mol%
cholesterol by still fusther instances, & sterol is 50 mol R-sitosterol aid 50 mol%
chaolesternl.
Fhospholipids

[0077]  The disclosed LNP and tLNP comprise a phosphiolipid. With respeat 1o LNPs
or {LNPs of this disciosure, In verous embodiments, the phospholipid camprises
dimyristoyiphosphatidyl  glyceret (DMPG),  dimyristoyiphosphatidyl  choling  (DMPC),
dipalmiteyt  phosphetdylcholine  (DPPC),  distearoyiphosphatidyicholine  {DSPC),
distearoyi-glycere-phosphate {180 P&, DSGP), dineoylphosphatidyl ethendlamine
{DOPE), gicieoyi-glycero-phosphats {189 PA, DOGP}, ar
diarachidoyiphosphotidyicholine (DAPC), ov & combingtion therea!. Phospholipids can
contribide 1o formation of & membrane, whather monolaver, bilaysr, or mudli-ayer,
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surrounding the core of the LNF or {LNP. Additionally, phospholipids such as DSPC,
DMPC, DPPC, DAPC impart stability and rigidity 1o membrans structure. Phosphalipids,
such as DOPE, impart fusogenicity. Further phospholipids, such as DMPG, which attains
negative charge at physiologic pH, facilitates charge modulation. Thus, phospholipids
canstitute means for faciiteting membrane fermation, means for imparting mambirans
stabifty and rigidity, migans for imparting fusogeniaity, and means for charge middulation,
Some embodimans speifically innlude ong or more-of the above phosphalipids while
other embodiments specifically exclude one or more of the above phospholipids.

[0078l v some embodiments, ant LNP or (LNP has about 7 mol% o about 13 mol%
phospholipid, about 7 mol% o about 10 mol% phospholipid, or about 10 mol% to about
13 mol% phospholipid. in cerfain smbodinients, an LNP has about 7 mwol%, sbout 10
moi%, or about 13 mol% phospholipid. In cedain nstances, the phosphalipid is DEFC In
cartain instances, the phospholipid is DAPC.

0078} PEG-Lipids

{0080] In certaint embodiments, the LNP {5 a tLNF comprising one o morg
funclionalized PEG-ipides thal has been conjugated 1o & binding molety. In centain
ambadimants, the LR also comprises PEG-ipids ant funslionalized or conjugatad with
a binding moisty. In some embodimants the funclionglization is 8 malsimida. In soms
embodiments the functionalization is ‘g bromomalaimide or bromaomaieimide - amide,
alkynylamide, or alkynylimide moiety at the terminal hydroxyl end of the FEG moiety. I
some smboedimeants, the binding molety comprises an antibody of antigen hinding portion
tharsof. it some embodlimeants, the binding moisty is & polypeptide comprising & binding
domain and an N-or Cerminal sxtension comprising an accessible thigd group. I some
embodiments, the conjugalion linkage comprises a reaction product of a hiol i the
binding moiely with 8 funchionalized PEGHipd. In some embodiments the
functionslization 1s & maleimide, azide, akyne, dibenzooycleootyne (DBCD),
bramomaleimide or bromomaleimide amide, atkynylamide, or alkynylimida In some
embadiments, the binding muisly comprises an antibody o antigen binding portion
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thereof. In some embodiments, the binding molsty is 3 polypeplide comprising & binding
domains and an N or G-femmingl extension comprising & atcessible tudh group.

B The disclosed LNP and {LNP comprise PEG-lipids, thatis, a lipid conjugated
to & polyethylene glycol. Generally, the lipid is 8 Gra-Coo lipid. In certain embodiments, the
PEG-lipid contains a Css andfor Cae Hipid. Common PEG-lipids fall into two classas diacyl
glycerols and diacy! phosphelipids, Examples of discy! glycerol PEG-lipids include DMG-
PEG (1,2-dimytistoyl-glycero-3methoxypolysthylene glycol), DPG-PEG (1,2-dipalmitayl-
glycsro-3-methoxypolyethylans glycoll, DEG-PEG {1.2-distearoyl-glycero-3-
mathoxypolyethviens ghycoly, and DOG-PEG {1 2<divleoylglycero-3-
methoxypolyethylene glveal), Examples of diacy! phospholipids include DMPE-PEG (1,2~
dimyristovi-glycaro-3-phosphosthanolamine-3-methoxypolyethylens glycol), DRPE-PEG
(1, 2-dipalmitoyl-glycern-3-phosphoathanolamine-3-methoxypolyethylene glyeal), DSPE-
RPEG {1 2-distearoyl-glycenn-3-phosphosthanclamine-3-methoxypolysthyiane  glycol)
and DOPE-REG {1 2-diclsoyl-glycero-3-phosphosthanciamine-3-mathoxypolysthylens
glycol). Tha glycerol in these lipids is chiral, Thus, In soma embodiments, the PEG-lipid
is racemic. Altematively, optically pues antipodss of the glycsrol poction can be employed,
that is, the glycerol portion is homachiral. As used herein with respect to glvceral moietias,
aphically pure means 205% of a singls enantiomer (D or L} In some smibadiments, the
enantiomeric excess is 258%. n soms smbodiments, the enantiomeric axcessis 298%.
Further PEG-lipids as well as the use of PEG-ipids and functionalized PEG-ipids ang
LNF . incorporating  them  are  disclosed in Intemationsl  Application  Nuriber
RETHISE023/0176848 (Fublication Numbser WO20233188445A 1) which is incorporated for
all that if teaches about PEGHipids.

{puRz} The shove examples are pregsented as methaxypolyethylene glycols, it
the terminus need not necessarily be methoxyl. With respect to any of the PEG-lipids that
have net beshs unclionalized, in alterriative smbodiments, the PES Moisly of the FEG
lipids can terminate with a mathoxyl, a bengyloxyl, a d-methoxybenzyloxyl, or a hydroxy!
group {that 8, an alceholl. The terminal hydroxyl faciifales funclionalization. The
methoxyl, benzyloxyl, and 4-methoxyberzyloxy! groups are advantageously provided for
PEG-ipia that will ba usad as a compornent of the LNP without funclionalization. However,
all four of these alternatives are useft as the (nondunclionalized) PEG-lipid component
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of LNPs. The ¢-methoxybenzyloxyl group, often used as a protecting group during
syrthesis of the PEGHipid, is readily removed to generate the corresponding hydroxyl
group. Thus the 4-methoxybenzyloxy! group offers a corenient path  the alcohot when
ftis not synthesizad directly. The alcohol s useful for being functionalized, prior to
incorporation of the PEG-ipid inte a LNR, so that a binding molely can be conjugated to
it a8 3 targeting moisty for the LNP (making it a NP Az used herein, the terminus of
the PEG molety, and similar constructions, refars 1o the end of the PEG mcisty that is
attsched o the lipid.

[0083] in same embodiments, an LNP or tLNP comprisas gbout .5 mol®% to about
S mol% or 058 mol% o 3 mol% PEGHpId comprising funclionalized and non-
functionalized PEGYipid. In certain embodinents, art LNF or tLNP comprises DEG-PES.
In other embodiments, an LNP or tLNP comprises DMG-PEG o DPG-PEG. In certain
ambodiments, an LNFP or {LNF comprises DSPE-PEG. In some embodiments, the
functionalized and non-unctionalized FEG-lipids are not the same PEGHipid, for
example, the nondunctionslized FEG-lipid can be a diacylglycerol and the functionalized
PEG-ipid & diguyl phospholipid. 1LNP with such mixtres Have reduced expressionin the
fiver, possibly due o reduced uptake. i certain embodiments the functionatized PEG-
ipid s DSPE-PEGC and the nonfunclionalized PEGHipid s DSGFEG. In some
embodithents, an LNP or tLNP comprises about 8.4 mol% o abotit 2 9 mol%h or sbat 6.8
mot% foabout 1.4 mol% non-functionalized PEC lipid. in cartain smbodiments, an LNP
or NP comprises sbout 1.4 mal% or 1.4 mol% nonfunctionalized PEG Hipid. I same
embodiments, an LNP or tLNP comprises about 0.1 mol% to shout 0.3 mol% or 0.1 mol%
o 0.3 mol¥s funclionalized fipid. In some instances, the funclionalized lipid is DSFE-PEG.
ir certain instances, an LNP or iLNP comprisas abot G 1 mol%, abowt 0.2 mcl%, or abait
0.3 moldh DSPE-PEG, in certain instanceas, an LNP o tLNP comprises 01 mal%, Q.2
mol%, o 0.3 mof% DSPE-REG. In certsin instances, the functionalized PEG-ipid is
conjugated to a binding moiety. As used herein, the phrase “is conjugated to" and similar
canstructions are meant to convey g stale of being, that is, g structuns, and not g process,
uniess cortext dictates ofherwigse.

foligd) Iy Certairy aspscts, e LNP comptises ong or inore PEGHipids andior
funclicnalized PEG-ipids; when both 8 funclionalized and unfunctionslized PEG-ipid. the
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PEG-lipid present they can be the same or different. and one or more ionizable cationic
fipids, the LNF an further corprise a phospholipid, a sterol, a co-ligd, or any combination
thereal, The ferm “functionalized PEG-ipid” refers 1o a PEG-lipid in which the PEG maisty
has bheen derivatized with & chemically reactive group that can be used for conjugating 8
targeting moiety to the PEGHipid. The functionalized PEGHipid van be raacted with a
binding rmoety so that the birding nolety s conjugated o the PEG portion of the lipid.
The conjugated binding moisly can thus serve a8 a targeting molety for the LNP fo
corighitite & NP In some smbodiments, the binding moely is conjugated 1o the
functionalized PEG-lipid after an LNE cémipriging the funclionalized PEG-lipid is formed.
irv-other embodiments, the binding molaty is conjugated to the PEG-INIA and then the
conjugate is inserted into a previously fonmed LNP.

{H08s] FEG can be mads in a large range of sizes. incerfain embodiments, the
PEG of the disclosed LNP and {LNP i3 PEG-1000 to PEG-5000. I is o ba understood
that polyethylens preparations of these sizes are polydisperse and thal the nominal size
indicates an gpproximate average molesular weight of the distibulion. Taking the
molecudar weight of an individual repeating wilt of (GCHGH)s 1o be 44, a PEG molscule
with =22 would have a'molaciuilar weight of 888, with n=48 a molecularweight of 1888
and with =113 a molscular weight of 4990, n=82 1o 113 is used 1o reprasent FEGHipids
incorporating PEG moleties in the range of PEG-1000 fo PEG-5000 such ag PEG-1DO0,
PEG-1800, PEG-2000, PEG-250Q, PEG-3000, PEG-350Q, PEG-Q00, PEG-45Q0, and
PEG-§000. sithough some molesules from praparations at the average molscular weight
houndarias will have i olttside that rangs. For individust preparations n=23 is used o
represent PEG-ipids incorporating PEG moistiss from PEGIQ00, n=48 is used to
reprasent PEGHipids incorporating PEG moleties from PEG-2000 n=87 is used to
represent PEG-ipids mcorporating PEG moieties from PEG-3000, =80 is ussd o
represent PEGHipids ncamporating PEG moleties fram PEG400D, r=113 1 used o
represent RFEG-ipids incorporating PEG moleties from PEG-H000. Some embodiments
incorporate PEG moleties in & range boundad by any pair of the faregoing values of n oy
average moletular weight. Some embadiments incorporate PEG micieties of PEG-1000,
PEG-2000, or PEG-S00Q. Ceartaine enmbodiments comprise a DRG-PEG, for sxample,
DSG-FPEG-2000. Cerlain smbodiments comprise & DBPE-PEQG, for sxample, DEPE-
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PEG-2000  Certain embodiments comprise both DSG-PEG-2000 andior DSPE-
PEGIOUGL

DRI A PEG-molety provides a hyarophilic surface on the LNP. inhibiting
aggregation or merging of LNP, thus confributing fo ihelr stability and reducing
polydispersity. Additionally, g PEG molety may impede binding by the LNP, including
binding fo plasma proteins. These plasms proteing inchude apoE which is understood to
madiate uptaks of LINP by the livar so that intibition of binding can lsad fo an inorease in
the proportion of LNF reaching othar tissues and call types: These plasma proteins also
include opsoning  su  that inhibition of binding reduces recognition by the
reticuloendothelisl system.

{87} The PEG-moiety can also be funclionalized 1o serve &s anattachment poit
for & binding molely which serves as a targsting moiety. Conjugating a cell- or tissue:
specific binding moialy to the PEG-molety enables a ILNP 0 avoid the liver and bind o
ite targst tissue or cell type, greatly increasing the proporbon of LNF that reaches the
targeted tissue or call type. PEGHipid can thus serve as means fur inhibiting LNR binding,
and PEG-lipid conjunated to a hinding moiety can serve as means for LNP-targsting. As
used harein, the ferm “unclionalized PEG-ipid” and similsr constructions refer generally
o both the wieacted and regcied entities. The lipld composiion of a LNP may be
desoribed referencing the rsactive speciss even after conjugation bas taken pace
{forming a {LNP). For example, a lipid composition may be described as comprising
DSPE-PEG-malsimice and may be said {o further comprise a binding moiety without
axplicitly noting that upon reaction 1o form the conjugate the maleimide will have been
convarted 1 & succinimide {or hydrolyzed sucoinimide). Similardy, if the rsactive group i
bromomalgimide, after conjugation it will ba meleimide. These differencas of chemical
romendiature for the unreactad and reacted species gre 1o be implicitly understood sven
whert not explicitly stated. Cergin smbodimants comprise a DRG-PEG, for sxampls,
DSG-PEG-2000  Certain embodiments comprisse g funclionalized DSPE-PEG, for

o

example, functionalized DSPE-PEG-2000. Certain embodimants comprise both 0BG~
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PEG-2000 and functionalized DSPEPEG-2000. In some instances, the functionalized
PEGHimd is functionalized with a maleimide molety, for sxampls, DSPE-PEG-2000-MAL.
[possl in certain embodiments, the PEGJipid andior functionalized PEGHipid
comprises & scaffold salgcted from Formula §1, Formula S2, Formula B3, of Formula 84

Formula |83 Formia 54
s

rapresents the point of ester (S1) orether (82, 83, and S4) formation with the PEG moisty.

wherein represants the points of sster cornection with & fally aod, and -~
I some smhodiments, the falty aotd esters are Cwe-Uge straighi-chain alky! fatty acids. in
some embodiments, the PEG moiety is functionalized and the fatly acid esters are Crs-
Cao straight-chain alkyl fatly acids. For example, the straight-chain aikyt fatly acid is s,
Gz, Tha Gy, Gag, Coe, or O, 10 some embodiments, the falty aoid esters are Tia-G
symimetric branched-chain atkyl fatty acids. For example, the branched-chain alkyt fatly
acid s S, Crs, Tis, Gar, Com, Cag, or Coo. By symmetric i is meant that each alkyl branch
has the same tumber of tarbons, 0 some embodiments, the branch is atthe 3,4, 5, §,
or 7 position of the fatty acid ester. The synthesis and use of PEG-ipids built on scaffolds.
51-84 is disclosed in WQ2023/158445A1 which is incorporated by reference for all that
itiesches abolt PEGHipids and their use.

{00893 in soma empoditnents, the FEG molaty {s FEG-800 o PEG-8000 such as
PEG-500, PEG-1000, PEG-1500, PEG-2000, PEG-2500, PEG-3000, PEG-3500, FEG-
4000, PEG-4500, and PEG-E000. In some instances, the PEG molety is PEG-000. In
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some embodiments, the PEG unit has a MW of 2000 Da. In some instances, the MW2000
PEG-lipid comprises DMG-PEG2000 (1,2-dimyristoyl-glycero-3-methoxypolyethylene
glycol-2000), DPG-PEG2000 (1,2-dipalmitoyl-glycero-3-methoxypolyethylene glycol-
2000), DSG-PEG2000 (1,2-distearoyl-glycero-3-methoxypolyethylene glycol-2000),
DOG-PEG2000 (1,2-dioleoyl-glycero-3-methoxypolyethylene  glycol-2000), DMPE-
PEG200 (1,2-dimyristoyl-glycero-3-phosphoethanolamine-3-methoxypolyethylene
glycol-2000),  DPPE-PEG2000  (1,2-dipalmitoyl-glycero-3-phosphoethanolamine-3-
methoxypolyethylene  glycol-2000), DSPE-PEG2000 (1,2-distearoyl-glycero-3-
phosphoethanolamine-3-methoxypolyethylene glycol-2000), DOPE-PEG2000 (1,2-
dioleoyl-glycero-3-phosphoethanolamine-3-methoxypolyethylene glycol-2000), or
combinations thereof. In some embodiments, the glycerol moiety is racemic. Alternatively,
optically pure antipodes of the glycerol portion can be employed, that is, the glycerol

portion is homochiral.
Conjugation

[0090] Multiple suitable chemistries to conjugate the binding moiety to the PEG of
the PEG-lipid, including maleimide (see Parhiz et al., Journal of Controlled Release
291:106-115, 2018) and click (see Kolb et al., Angewandte Chemie International Edition
40(11):2004-2021, 2001; and Evans, Australian Journal of Chemistry 60(6):384-395,
2007) chemistries. Reagents for such reactions include lipid-PEG-maleimide, lipid-PEG-
cysteine, lipid-PEG-alkyne, lipid-PEG-dibenzocyclooctyne (DBCO), and lipid-PEG-azide.
Further conjugations reactions make use of lipid-PEG-bromomaleimide, lipid-PEG-
alkylnoic amide, lipid-PEG-alkynoic imide, and lipid-PEG-alkyne reactions, as disclosed
in PCT/US23/17648 entitled PEG-Lipids and Lipid Nanoparticles, which is incorporated
by reference for all that it teaches about conjugation chemistry and alternative PEG-lipids.
On the binding moiety side of the reaction one can use an existing cysteine sulfhydryl, or
derivatize the protein by adding a sulfur containing carboxylic acid, for example, to the
epsilon amino of a lysine to react with maleimide, bromomaleimide, (collectively, “a
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mateimide™), atkyinoic amide, or alkynoic imide. Alernatively, one can add an alkyne to a
sulfhydey! or an epeilon aming of a lysine 1o participats in g olick chemistry reaction,

0081y To modify an epsifon amino of a binding moiely lysine 1o reget with 8
maleimide funclionalized PEGHipid the binding molely (8.¢.. an antibody) can bs regoted
with N-succinimidy! S-acetylihicacetate {BATA} SATA is ther deprotected, for example,
using 0.5 M hydroxylamine followsd by removal of the unrsacted components hy G-28
Ssphadex Quick Spin Protein columns (Roshe Applisd Scisnce, Indianapalis, IN). The
reactive suithydryl group on the binding molety is then conjugated to maleimide moieties
an LWPg of the disclosws uging thivether conjugation chemistry, Furfisation can be
performead using Sepharose CL-4B gel filtration columns (Sigma-Aldrich). 1LNPs {(LNPg
conjugated with a targeting antibody} can be stared frozen at -80°C uniil needed. Uthers
have conjugated antibody to free functionalized PEGHipid and then incorporatad the
conjugated lipid into pre-formed LNP. However, we have found that the present procedure

is mare controllable and produces more consistent resudts.

{pasgz] Thare are also several spproachss o site-specific conjugation. FRarticularly
but rot exclusively suitable for fruncatsd forms of antibody, C-erminal sxtensions of
native or artificial seguences containing & particutarly accessible oysteine residue are
commonty ussd. Fartial reduction of cystine bonds in an antibody, for sxample, with tris(3-
carboxyphosphing (TCEP}, can also gensrats thicl groups for conjugation which can be
site-specific under definsd conditions with an amenable antibody fragment. Altematively,
the Csrminal extension can contain 8 sortase A substrate ssquence, LBXTG {SEQ 1D
NG 1) which can then be functionstized in a reaction catalyzed by sordase A and
conjugated to the PEGHipid, including through click shamistry reactions (ses, for exampile,
Muliner-Morn et al., Biomolecules 10(12Y 1861, 2020 which is incorporated by reference
herein for all that |t teaches about antibody conjugations mediated by the sortase A
reaction and/or click chemistry). The use af dlick chemistry far the conjugation of a
targeting moiety, such as waribus forms of antibody, is disclosed, for axamplg, in
WO2034H103, 770 which s incarpurated by refsrence in its entirely for all that & teaches
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about the conjugation of targeting moieties to LNPs that is not inconsistent with this
disclosure.

[0093] For whole antibody and other forms comprising an Fc region, site-specific
conjugation to either (or both) of two specific lysine residues (Lys248 and Lys288) can be
accomplished without any change to or extension of the native antibody sequence by use
of one of the AJICAP® reagents (see, for example, Matsuda et al., Molecular
Pharmaceutics 18:4058-4066, 2021, Fuijii et al., Bioconjugate Chemistry 34(4):728-738,
2023 (https://doi.org/10.1021/acs.bioconjchem.3c00040), 2023, and W02019/240,287
all of which are incorporated by reference herein for all that they teach about conjugation
of antibodies with AJICAP reagents). The AJICAP reagents are modified affinity peptides
that bind to specific loci on the Fc and react with an adjacent lysine residue. The peptide
is then cleaved with base to leave behind a thiol-functionalized lysine residue which can
then undergo conjugation through maleimide or haloamide reactions, for example).
Functionalization with azide or dibenzocyclooctyne (DBCO) for conjugation by click

chemistry is also possible.

[0094] Accordingly, in some embodiments the binding moiety is conjugated to the
PEG moiety of the PEG-lipid through a thiol modified lysine residue. In some
embodiments the conjugation is through a cysteine residue in a native or added antibody
sequence. In other embodiments, the conjugation is through a sortase A substrate
sequence. In still other embodiments, the conjugation is through a specific lysine residue
(Lys248 or Lys288) in the Fc region.

Nucleic Acids

[0095] In certain embodiments, the disclosed LNP and tLNP comprise a payload
comprising or consisting of one or more nucleic acid species. In some embodiments, the
LNP or tLNP payload comprises only one nucleic acid species while in other
embodiments the LNP or tLNP payload comprises multiple nucleic acid species, for
example, 2, 3, or 4 nucleic acid species. For example, in embodiments in which the
payload comprises a nucleic acid encoding a CAR or immune cell engager (ICE), the
payload can comprise or consist of 1) a single nucleic acid species encoding a single

species of CAR or ICE, 2) a single nucleic acid species encoding 2 or more species of
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CAR or ICE {or a mixture of CAR and ICE) such as 8 bicistronin or multicistronia mRNA
inwhich each CAR andior ICE has spacificity for a same target antigen, 3) a single nucleic
acid spacies sncoding 2 or more spectes of CAR or ICE {or & mixture of CAR and ICE)
such 8% & bicistronic or multicisironic mRNA o which at least one CAR andior ICE has
spenificity for a differant target antigan than the other{s), 4} two or more nuclein ackd
species encoding 2 oF more species of CAR or ICE {or & mixture of CAR and 1ICE) in
which sach CAR andior ICE has specificlly for @ same target antigen, 5) twa or more
nucteic acd specias ancoding 2 of more species of CAR or IGE {or 3 mixture of CAR and’
ICEY in which at least one CAR andlor ICE has speoificly for a different targst antigsn
than the ofhar{s). Whet two armigre CAR andfor ICE have specificity for & same largset
sintigen, Hey can have spacifioty for diffsrent epitopes of the same largat antigen. Furthet
variafions will be apparant fo one of skill in the art {e.g., multipls bi~ or multicistronic
niuclaic acids, nudisic acids encoding & TER and the like). The nucleic agid oan he RNA
or DNA. The nucleis. acid can be multicistroniz, for example, bigistronic. in some
gmbodiments, the mRNA encodes a reprogramming agent or comprises or gncodes a
conditioning agent. it some smbodiments, the nudeic acid comprises small inderfering
RNA (sIRNA), microRNA (miRNAY, antisense oligonucleotide  (ASD). In some

embodiments, the nuclsic acid comprises a selfreplicating RNA ar g droular RNA,

{0088} n-some embodiments, the reprogramming -agerd comprises an mrpunsg
rgcaptar (for example, 8 chimeric antigen receptor or a T cell receptor) or an immure cell
sngager {for example, a bispecific T cell engagsr (BITE), a bispstific killer vell engager
{BIKE), 9 trispecific kil cell engager (TriKE}, 8 dual affinily retargeting antibody (DART),
a TRIDENT {linking two DART units or & RART unit and a Fab domain), a macrophags
engager (2.9, BIME} aninnate cell angager (JCE), and the like),

{nosr] insome embodiments, the nuclelc acidis an RNA, for example, mRNA, and
the RNA comprises at least one modified nucisoside. in some ambodiments, the madified
nucieoside is pseudouridine, Nl-methylpseudouridine, S-nsthylovtosing, S-mathyiuriding,
Ne-methyladanasing, 2-C-methyluridine, or Sthiouridine. In cerfain embodiments alf of
the uridines are substituted with-a modiffied nuctadside, Further disclosture of madifiad
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nucisosides and thelr use can be found v US Patent No. 8278038 whith is
incarporatad herein by reference for those teachings,

098] in some embodiments, the reprogramming agent encodes o 8 a
gene/genome editing component. In some smbodiments, the geng/genome editing
component is @ guide RNA for an RNA-directed nuchsase or other nuclelc add sditing
enzyme, custered regularly inlerspaced short palindromic repsat RNA {onsprRNAYL &
frans-activating dustersd regularly interspaced short palindromic repest RNA (HaotRNA),
i some embodimeants, the genefgename aditing component s & nucleio acid-encoded
enzyms, such as RNA-guided nucleass, g gens or bass editing protein, & ainc fingsr
nuclasse {(EFMN), a franscorption  aclivatordike ceffector nuclease (TALENL a
meganuclease, a transposase, or 8 CRIBPR nuclease (s.g., Cas¥or Cas 18, ais) I
some embodiments, the genelfgenome sdiing componeant is DNA 1 be inserted or that
sarves as a tamplate in gene ar genome ediling for example a lemplate for repair of 8
double-strand bragk.

{0088} in some ambodiments comprising mudtipls agents, the nucleic aoid can be
mdticistronic, In other embodiments comprising multiple agents or components, sach
agent or component is ancoded or contained is @ separate nucleic acld species. In some
embudiments involving multiple payload nucleis add species. two or more nuolsic acid
zperies are packaged fogether in-a single LNF spadies. i oihey simbodiments, g subset
of the payload nucleic acid speaies {0 be delivered, {e.g., 3 single nucleic acid speaies)
i= packaged in one LNP or ILNF speciss while anather subset of the nucleis acid spacies
is packaged in another LNP or iLNP species. The differant (DLNP species can differ by
anly the payvicad they contain. The different (HLNP gpeties may be cambined i # single
ymnulation or pharmaceutical composition for administration,
Binding Moietiss

faotany The HLNF of the various disclosed aspects comprise g binding mofety, such
as an antibody or antigen hinding domain thereol or a cell swiace receptor ligand. As
used harein, & "binding moisly” or “targeting moiaty” rofers to a protein, polypeptide,
oligopeplids or peplide, carbohydrate, pucleis add, of combinations thereof capabls of
specifically binding 1o a targstor mulltiple targets. A binding domsin includes any naturally
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oceurring, synthetic, semi-synthetic. or recombinantly produced binding pariner for a
piotogical molecule or another target of interest. Exeraplary binding meieties of this
disclosure includs an antibody, a Faty, Flabe, Fab, Fv, rigG, scfyv, hoAb (heawy chain
antibedy), a single domaint antibody, VHH VNAR, sdAb, nanobody, receptor sctodomain
or figand-binding portions thereof, or ligand {2.g.. cytokinss, chamokings). An “Fab”
{antigen binding fragment) is the part of an antibody that binds to antigens and includes
the variable region and CH1 of the heavy chain linked W the light chiain vig an infer-chain
disulfide pond. in other smbodimens, a binding moisly conprises g ligand-binding
domain of & receptor oF 3 receptor igand. In some smbodiments, @ binding maisty can
have more thatt one spacificily inoluding, for exampde, bispedcific or multispecific binders.
A yarigly of assays are known for identifying binding moisties of his disdosies that
spacifically bind & particutar targst, including Westerny biat, ELIBA, bidlayer interfsrametry,
and surfgce plasmon reésonance. A binding moiely, such as & binding moisty cormprising
immuneglobulin light and heavy chain variable domains {e.g., scFv), can be incorporated
into a varniely of protein scaffolds or structuras as described herain, stich a5 an antibody
or an antigen birding fragment theredf, & scFyv-Fo fusion proteiy, or a fusion protein:
comprising two or more of such immunogiobudin hinding domaing.

F001 01 The fundamental ability of the tLNP o dsliver a paviead into the cytoplasm
of @ call is agnostic with respect to, and doss not depend wpon, & particuler binding
speoficity. Of course. a birding mioisty 18 8 detenminant of which cells g payicad is
dadiverad inte. There are many known antibodies with spacificily for one or another tell
surface marker assooiated with particudar cell type(s) that could be used as the targst of
th binding moiety O & disclosed NP and there are several sources that have compiled
such information. A excellent sowrce of infermation about antiboadiss for which an
Inferpational Non-propristary Name (INN) has been proposed or recommerided is
Wikkinson & Halg, MAks 140132123288, 2022, including its Supplemantary Tables, which
is incorporated by referance herein for alf that i teaches about individuat antibodias and
the various antibody farmats that can be constructed. US11 338,182 and espedially its
Table @ Cancer, Inflammation and immune System Antibodies, is a source of seguence
and other information for & wide range of antbodies including many that do not have an
INN and s incorporated herain by reference for all that i tsaches about individual
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antibedies: Sequence information is not always readily available for antibodiss nmentioned
in the art, even when commercially available. This is not necessarily an impediment o
their use. Whaere the antibody ar a cell line is commarciatly avalable or obtainakde from
its originator it can be used as the binding moiety of t(LNF withowt any need for sequence
information. Evan whers sequence information is needed, it is wall withirs the capabilitias
of the skilled artisan o seguencs the antibady protein (or have it done by s contraat
laboratory; so that the antibody's variable region can be incorporated into a sofy, 8
digbody, a minibody, or some otherantibody format, or be humanized. In choosing among
available artibodias it the art for the developmert of ant agent {0 be used in humans, 3
human antibody 8 preferred © & humanized antibody s preferred 1© a norvhuman
antibody, other factors being syual. Other factors can include stability and sase of
production: of the antibady, affinity of the antibody, and cross-reactivity Tor the cognate
artigan in model species 10 be used i product devsiopment.

100103 in same emboditments, g binding moiety may be an antibody or an antigen-
binding portion thereof, an antigen; 8 ligand-hinding domain of a recepior, or g recaplor
figand. it some embodiments, & hinding masly can have more than ong specificily
including. Tor example, bispegific or multispecific binders:

00103} in some embodiments, a binding molsty comprises an antibody or an
antigen-binding portion thereof. As ussd herein, “antibody” refers to g protein comprising
an immunogiobulin domsin having hypervariable regions defermining the specificly with
which the antibody binds antigen, termed complementarity determining regions {CORs).
The term antibody can thus refer to intact or whole antibodies as well as antibogy
fragrents and constiucts comprising an antigeh binging porlion of 2 whole antibody.
While the canonical natural antibody has a pair of heavy and light chsing, camelids (from
camels, alpacas, llamas, si¢) produce antibodies with both the canorcal sirticture and
antibodies comprising anly heavy chains, The vartable region of the camshid heavy chdin-
only antibody has g distingt structure with & tengthened CDRS refarred to 88 VHE o,
when praduced as a fragment, 8 hanobody. Arntigen binding fragments and constructs of
antibadies include Flable, Flaly), minibodiss, Fy, singlechain Fy {scFv), diabodies; snd
VH. Such slaments may be cambined 1o produce bi- and multi-specific reagents, including
varicus immuete call engagers, such as BiTEs {biwpecific T-celb engagers). The term
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‘monacional antibody” arose out of hybridoma techniclogy but is now used to refer to any
singutar molecular spedies of antibody regardiass of how it was originated Or produced;
Antibadies can be abiained through immunization, selection from a naive of immunized
library {for example, by phage display), alteration of an isolated antibody-encoding
seguence, or any combination thereof. Numsrous antibodies that can be used as binding
mioleties are keowr in the art. An excellent souwree of information about antibodies for an
infernational Non-proprietary Name (1NN} hag been groposed or recommendsd, including
saquerics information, is Wilkinson & Hale, 2022, MAbs 1812123280, including s
Supplementary Tables, which is incorporated by feference herein for all that it teaches
about indivicust antibodies and the vannus antthody formatsthat cen be constructed. LS.
Patent No. 11.338,182 and espadially its Table @ antitled “Cancer, inflammation and
Irrung System Antibodies,” 5 8 sourse of sequance and ather information for & wids
range of anlibodies including many that do not have an INN and s incarporated herein
by reference for all that it teaches eboul individual antibodiss.

[oatn4y An antibady or ather binding maiety {or g fusion protein thereof) *spacifically
binds® 8 target i it binds the farget with an affinity or Ka {{.e., an squdibriurm association
constant of a particular binding interaction with units of 1/Melar or 1/M) squal to or greater
than 10° M, while not significantly binding other componernits present in a test sample.
Binding domains {or fusion proteins thereof) can be classified as “high affinity” binding
domains {or fusion proteins thereof) and ow affinity” binding domains {or fusiorn proteins
thereaf). *High affinidy” binding domaing refer to those binding domains with a Ka of at
femst 108 MY at least 107 MY, at least 10 M7 at least 10Y M at least 10 M ar at
Ioast 107 MY, preferably al least 10% M1 or at Isast 108 M7 “Low affinity” binding domains
refer to thosa binding domains with a8 Ka of up 0 105 MY, up o 107 MY, upto 108 M, up
0 105 MY Alterriatively, affinity may ba defined as an squilibrium dissociation constant
{Rd} of a particular binding interaction with units of M {a.g., 10% Mo 10 M} Affinities of
hinding domsain polypeplides and fusion proteins according to this disclosure can be
readity determined using canvertional techrigues (see, e.g., Scatchard stal, 1849, Ann.
NY. Acad. Sl 51680, and U5, Patent Nos. 5,283,173, 5488 814, or the eguivalent),

[ON1nss A diabody is a dimer of scFy fragment that consists of the Vi and Vi regians
nancovalently connactad by 8 small peplicts linker or covalantly linked to sach ofhar &
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RiTE is a fusion protein having two soFvs of different antibodias, usually an antibady for
& fumar-associated antigen and antibody for CD3, on a single peptide chain, thus forming
a cytolylic synapse betwsen T celis and targetl antigen-bearing cells. The tean "antigan-
binding portion” may refer to & portion of an antibody as described that possesses the
ability to spacifically recognize, associate, unite, or comibing with a targst molecula. An
antigen-binding porfion ingludes any naturally ocourring, synthetic, semi-synthetic, or
racdefibinantly produced Binding patiner for & specific antigen. Thus, antibodies and
antiger-tinding portions thereof constitide means for binding to the surfate molscyle on
a sl Invanous embuodiments, the cell canbs antimmunie cell, aleukucyts, a lvinphocyle,
a monocyte, & gtem cell, an HSC or sy MSC, axording to the speaificity of the antibady.

{08} {n some ambodiments, the antibody or antiger-binding portion thereof may
be derived from a mammalian species, for example, mice, rats, or human. Antibody
variable ragions can be those arising from one speciss, or they can be chimeric,
camntaining segmenis of mulliple specias  possibly  further gersd o oplimize
characteristics such as binding affinity or low immunogenicity. For twman applications, #
iz degirable that the antibody has a human sequenees. In the cases whers the antibody or
antigen-binding portion theraof i derived from 8 nonchuman speciss, the antihody or
antigen-binding poriion thereaf may be humanized o reduce immunogenicity in a human
subject. For example, it @ human ahlibody of the desired specificlly {s riot avaltable, bt
such an antbody from a nonchunian species s, the noh-human antibody tan be
hurmanized, e.g., through COR grafting, in which the CDRs from the non-human antibady
ars placed into the respective positions in g framework of 3 compatible hwman antibody.
Less preferred is an antihody it which only the constant region of the non-hurman antibody
1% replaced with human sequance. Such antibodies are commonty refernad togs chimeric
antibodies i distinction o humanized antibodiss.

DR i some embadiments, the antibody or antigen-binding portiors thersaf is
non-immunogenic. In some embodiments, the antibady may be modified in its Fo region

o reducs or sliminate secondary funclions, such a8 FeR engagement, antibody-
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dependent cellular eytotoxicity (ADCC), antibody-dependent cellitar phagocytosis
{(ADCE). andfor complsment-dependent cytotoxicity (CDC).

{018y & binder density on the {LNP can be defined sccording to the ratio of
anlibody {binder) to mRNA {(wiw) sither basad on the amount of antibody input in the
canjugation reactiorror as measured it the ILNP. For an intact antibody {&.g., whole 1gG),
i some embadiments, preferred ratios sre sbout 0.3 to about 1.0, about 0.3 to abowt 0.7,
about 0.3 16 aboud 0.8, about 0.8 10 about 1.0, and about 0.5 o about 0.7 for sither the
input or inal measured binder ratic. In cerlgin ambodiments, 8 tLNP has snantibody ratio
of 03110, 0307, 03t 0.5, 08 to 1.0, and 0.5 1o Q7 for aither the input or fingl
measured binder ratin. In sormie ambodiments, | the binder is different in size from an
intact antibody (for example a scFv, diabody, or mintbody, stc) the wiw rstio s adjustad
for the different size of the bindes:

[00189} it certain embodiments, a LNP or (LNP comprises a binding moiety derived
from an anti-CD40™ antibody, an anti-LRRC1E™ antibody, an anti-CTSK antibody, an
anti-ADAM 2 antibody, an anti-ITGATT antibody, an anti-FAP*T antibady, an anti-NOX4
antihody, an ant-S8GCD artibody, an ant-SYNDIGT antibady, are anti-CRHT T antibody,
an anti-PLPP4 antibody, an anti-SLE24A2 antibody, arn anti-PREFRBY antibody, an anti-
THY 1% antibody, an ant-ANTXRIY antibody, an ami-GAS1 antibody, an anti-CALHMS
antibody, ananti-SDC1 Y antibody, an anti-HER2* ™ antibody, an anti-TRORI W antibady,
an anti-MSLINY antibody, an anti-Nectind™ antibody, or an anti-MUG 18" antibody. ‘iIn
further embodiments, 8 LNF {or tLNP) comprises a binding moisty specific for an immune
cell antigen selected from SO, CDRYH, QD3 QDN CDEE CDTH CDSY, COM1bY,
CDA4T CDIG, CDREST™, CD2E*, CD27* QDI CD30H CD32*, CD3s T Cnsgs,
GO0 COC40L (CO1B4 T, CDY4M, CO4ET CDe4M, CDE21, CDE8, CDagY, COTRF
COA0, CD83%, CDEBM, CDSE, CDORY, CD118% CD12et, CDMET (BRI, G180,
CD153% CD1BYE, COBEY CDIB3 (CXCRIY, CD183 {CXLRSY, CD223 (LAG-3H,
CD254%, CD275% CD4ERA, CTLAY™ DECROS, OX40Y, PD-1YW GITRT, TIM-24T
Fasl*t 1L18R1, 1COS {CDI78), lew13, TORT, TLR1, TLRIW, TLR3™, TLR4Y, TLRE,
TREM2%, NKG2DY CCR, CCRT (CDI8NY, CCRZ (CD192Y'R, CURHCING4pH,
CCRS(CD198)Y, CORTY, low affinity 1L-2 receptor®™ IL-7 receptor®, IL-12 receptort, {15
recaptort, IL-18 recepttr®, and (L2 recaptort. in further ambodiments, 8 tLNP somprises
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a binding molety speaific for an HSC surface molecule selected from COMTT, CD34™,
D44, CD4SY, CO90 (Thy1) ¥, CLMO5Y, CD133% BMPR2Y, and Sca-1. or specific for an
MBC surface molecules selected from CO70M, CD1DS, CDT3% Btro-1%, SBEA-3%, SREA-
4 CDRITIY, CD146% QDM SUSD2, Stro-4, MSCA-1, CDE&Y GO0, PODXLE,
CO3, CD2g*, Chad™, and COMGY In varous embodimants, a binding molety s an
antibody or antigen-hinding portion thereof. (¢ indicates that exemplary antibodiss with
the indicated specificity from which & binding moisty could be dervad can be found in US
Patent 11,336, 18282 Table @ or 10,1 indicates that exemplary antibodies with the
indicated speciicity from which & binding mulety could be derived can be found in
Witkinson & Hale, 2032, Both references cited and incorporated by referance above ¥
indicates that exemplary antibodies with the indicated specificity from which a binding
motely could be derdved can be found in the Tharapsutic Antibody Database {TABS) at
tahs.orsic.com). Other suitshie antibodies can be found in Appendix A

{00110} The following paragraphs provide non-exhaushive exampiss of known
antibodies. thal bind to cell surface markers oy immune - celis Jymphooytes and
monocytes) and stem cslls (MSC and MSC), These antibodies Or the antigen binding
domaing thereof can be used gs binding moieties to target the disdlosed LNP. Collsctively
these antibodiss and polypsptidss. comprising the antigen binding domains thereot
constifute means for binding cell surface markars of masans for binding immune and stam

gells.
RUGEREH i some embodiments, the tLNF ik targeted to CD2Y cells and the binding

moiely comprises the antigen binding domain of an anti-CD2 antibody. SO2 contains
three well-charactetizad epitopes (T11.1, T11.2. and T11LYCD2R), T11.300D2R are
membrane proximal and exposure s increased upan T call activation and CD2 clustering.
Accordingly, in some such ambodiments, the anti-GD2 antibody comprises, RPA2 1
OKT11, UMCDZ, 0.1, and 3T4-885 (T11.1 epitope); 8.8 and 1OLD2-4C1 (T11.2 epitops);
IMOnoZAS (TTH 2 apitope), siplizomab {T11.7T11.3 epitope), HUMCDZ, TS2M8B, TS/E,
ABTS, LT-2, T8.3, MEM-GSE, OTHEA4, or an antigen-hinding portion thersol. Additionally,
the ligand of CD2, CDBE (LFA-3} can be used as a CD2 binding molety as can alefacept,
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a CDE8-Fe fusion. Each of these constitutes a means for binding CD2 {(Li et &, 1988, J
Mot Biol 283:209-26; Binder et al, 2020, Fronf Immunol 911 1080%

o011 in some embadiments, the NP is targeted to CD3% calls and the binding
moiety comprises the antigen binding domain of an anii-C03 antibody. Accordingly, in
some sych embodiments, the antibogy comgprises muromonab-CD3 {OKT3), teplizumab,
olelixizumab,  visilizumab, cevostamab, teclistamab, elranatamab pavurutamabs,
vibecotamab, odronsxtamaly, or an antigen-binding portion theraof Each of these
onstitutas a means for binding CDX

f001131 in some embodiments, the tLNP is targsted to CR4* cells and the binding
mckely comprises the antigen binding domain of an anti-CD4 antibody. Accardingly, in
some such embodiments,  the  antibody comprises  ihalizumab,  inesetamals,
semzuvalimab,  zanolimumab,  tegsafizumab,  UB-421. prilikimab, MTRX011A,
cedefizumab, clenoliximals, kelidmab, MT412 TRXY, hB-FE MAXCIRHE, IT208, or an
artigen-binding portion thereof. Each of these constitutes § means fur binding CD4.

100114} i some embodiments, the NP is fargated to CR5* cells and the binding.
moiely comprisas the antigen binding domain of an anti-CDS antibody. Accordingly, in
soma such embodiments, the antibady comprises 807, UCHT2, L17F12, HBS, HES,
QET1, MATI04, as well ag those disclosad in WOIRBHG08ERE, WOZONB13T180,
LS8, 87¢,800, WORGMD022737, WQ201810888%, WQRDZZD40808, or WQREZ2127844,
gach of which is incorporatad by reference for all that they teach about anti-CDA
antibodies and their properties, of an anfigen-binding portion therent. Bach of thase
nonstitules & means for binding GDA

{00115} I sorme embhodiments, the ILNP is targsted to CDT cells and the binding
micisty comprises the antigen binding domait of an anti-CD7 antibody. Accardingly, in
some such embodimants, the antibody comprises THEGQ, 3A1E, SATF, Huly-m2, WT1,
YTH32.6, T33A1, grsndimab, a8 wall as fthoss disgiosed iy USTD 108,608,
WOR0TT213970, WQROTBDEE30E, UST144TR48, WORD22136888, WO2Z0R0212710,
WO203 71802687, WOIG22095802, WOR032005803, WOI22151851, or
WO2032257835 each of which s hcarporated by reference for all that they tsach about
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anti-CD7 antibodies and their properties, or an antigen-binding portion thereof. Each of
these constitutes a means for binding CD7.

{118} in some embadiments, the tLNP is targeted to CD8" cells and the binding
moiety comprises the antigen hinding domain of an anti-CD8 antibody. Accordingly, in
some such smbodiments, the antibody comprises crefimirlimab (JAB22M), 3BES, SP-18,
LTS, 1708, MEM-31, MEM-87, RIV11, UCHT4, YTQ182.20, RPA-TR, OKTB, SK1, 51.1.
TRX2, MTBO7-R1. HiT8n, C8/144B, RAVER, SIDIEBEE., BUSE, EPRISE3I8-18,
BQTBEHT, as well as those disclosed i US10.414 820, WOROIB184203,
WO201 7134308, WO2R0120386681, WOR0R0080524, US10, 730,844, WO2019033043,
WQ202 1046150, WOR0R1127088, WQ2D22081518, UST1.535,868, or WQ2023004304
gach of which is incorporated by reference for all that they teach about anti-CD8
ardibodies and their properiies, of an antigen-bimiizng porticn thereof. Additionatly,
hurnanized anti-C08 antibodies are desoribed i U.S. Provisional Fatent Application
Number 83/810,917 filed on Dessmber 18, 2033, and U 8. Provisional Patent Application
Number {Aty Docket No. 23-1742-.US-FROZ), fed on May 81, 2024, vach of which is
ncomporated by referencs for all that it isachss about these humanized anti-CDBs
artibodies and thelr properties, ar an gantigen-hinding portion’ thersal. Each of the
foregoing ant-CD8 antibodies caonslifules a means for binding CD8.

foaiiT} in some embodimeants, the ILNF is targeted to CO10* cails and the binding
maoialy comprises the antigen binding domain of an anti-CD10 antibody. Accordingly, in
some such embodiments, the anibody comprises the tne produced by the hybridama.
representad by Accession No. NITE BP-02489 (disclosed in WORO18235247 which is
incorporated by reference for all that they tesch about anti-C00 antibodiss and their
properties), FRADTT, or REASTT, or an antigen-hinding portion thereof. Each of these
constittes a mesns for binding CD10.

fo0118y {nn some embadiments, the ILNP is targeted to CD11HT cells and the binding
motety comprises the antigen binding domain of an anti-C011b antibody. Accordingly, in
some swch smbodimants, the antibody comprises ASDIAT or MAB1OT as well as thoss
disclused in US20180387038, USI10.738121, WORHIE18TET4, US10.918.887, or
WQR022147 338 sach of which i ingorporated by referencs for all that they teach shout
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anti-CD11b antibodies and their properties, or an antigen-binding portion thereef. Each
of these canstitutes & means far binding CD11b:

0119 i some embodiments, the (LNP is targeted fo CDI13" cells and the binding
moiety comprises the antigen binding domain of an anti-CDM13 antibody. CD13 is also
known as aminopeptidase N (APNL Accordingly, in some such embodiments, the
antibady comprises MT25-4 or NbIS7 (disclosed in WOR021073312 which is incarporated
by reference for all that they teash about anti-CTM3 antibodies and their propedies), as
well as those disclosed in WO202303701 5 which is incorporated by reference for all that
it teaches about anti-CD13 antibodies and their properties; or an antigen-binding portion
thereof. Each of thase constitutes g means for hinding CD13

e an i sonie embodiments, the 1LNP is targsted o CDI4* celis and ths binding
moigely comprises the antigen binding domain «f an antt-CD 14 antibody. Accordingly, in
soma such ambadiments, the antibody comgrises atibuclimab or 118011 as well as those:
distlosed in WODIS1HI788 or WO20151405871 sach of which iz incomporated by
reference fr ail that they teach abtut anti-CR14 antihodias and their propertiss, or an
antigen-binding portion thereof, Each of these constifides a means for binding CD14.

ooty fry soms embadimeants, the ILNR is targetad to CDGa” calls and the binding
moisly compriges the gntigen binding domain of any ani-Ci8a antibody. Accordingly, in
some such smbodiments, the antibody comprises AFM13, sdAt, sdA2, or hu3Ga-8.1-
N297( as well as those disclosed in UST1E35872, WQR018158348, WORQGTO0S065,
US10385137, WO2017084221, US10,758,625, WOZQ18038628, WORO1RIS2518,
WORO21G76R64, WQ20221813%4, or WO2ZDR3274182 sach of which is incorporated by
referenice for gif that they teach abowt anti-CINSA antihodies and thelr propertiss, or an
antigen-binding portion thareof, Each of these constitutes a means for binding GDi6a

{12y in some embodimerts, the ILNP is targeted to CRIE" callis and the binding
moiely camprises the antigen binding domainy of an anti-CE25 antibody . Accordingly, in
soma such -embodiments, the  antibody  comprises daclizumab,  Dasilbdmab,
camidaniumab, tesidng, nclimomab, RO7206882, HuNaeTAZ, CYT-51000, 8TID0S,
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RTX-003, or an antiger-binding portion thersol. Each of these constitutes a means for
binding CRRE

{00123} in some embodiments, the (LNP is targeted 1o CDZ8™ celis and the binding
moiety comprises the antigen binding domain of an anti-CDE8 antibody. Accordingly, in
some stch embodimants, the antibody comprises GN1412, acazicoloept, fulizumab,
prezalunab, therslizumab, FR104CD, and davoceticept, as well as those disclosed in
ISR, 484 958, US8, 785604, UB11.5348847, UST1LA30288, UB11.453721,
UST1,581.401, WO2002030488, WO2002047721, US201703358018, US20200181280,
UST180B376, WORDG127818, WO203T1585071, ve WO2Z032058198 sach of which ig
inoorporated by reference for all that they teach about anli-CD28 antibodies and their
properties, or an antigen-binding portions thereof. Each of these constitutes a means for
Binging GD28.

[001243 ty porne embodiments, the ILNP is targeted to D287 cells and the binding
masly comprizes the antigen binding domain of an anti-CREG antibody . Accardingly, i
same such embodimants, tha andibody comprisas QBR068, ADRTE, 18G16, REATNE0, or
an antigen-hinding portion thereof. Each of these constitides a means for hinding CD28.

{00138} y some embodinents the iLNP g targated 1o CDERA" cells and tha binding
maiety comprises the antigen binding domain of an ani-CR324 antibody. Accordingly, in
some such embodimants, the antibady compriges VIBOBOO, hummenized V.3, humanized
AT-10, or MOE-8 as well as those disclosed it UGS 688,755, USH. 284 375, USE 382,321,
USTI308145, or WOR0230687394 sach of which is incomorated by reference for all that
thay teach about ant-CO32A antibodies and their woperties, or an antigen-binding
portion theres!. Each of thess constitides a means for binding CD38A.

{001 28} in some embaaimeants, the NP is targeted to CD34* caily and the hinding
moiely comprises the antigen binding domain of an ant-CD34 antibody. Accordingly, in
some such embodiments, the antibody comprisss h4C8, 905, 2E10. 5812, REA1184,
CHRE12, QZe10, or an antigen-binding porlion theraotl. Each of these cansiitules g maans
for binding CD34.

{00127} in some embodimants, the tLNF s targeted to CD40” cells and the binding
mpiaty comprises the antigen binding domain of an anti-CD40 antibody. Accordingly, in
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some such embodiments, the antibady comprises cifurtilimaky, sotigalimab, issalimab,
Jacetuzumab, selicrelumab, bleselumab, lucatumumab, or mitazalimab as well as those
disclosed in US10833444, each of which is incomporated by reference for all that they
teach abowt anti-00D40 antibodies and their properties, or an antigen-binding portion
therenf. Each of these constitutes a means for binding CD40,

{1 283 i some ambodiments, the ILNF is fargeted to QR4S celisand thebinding
molety camprisas the antigen binding domain of an anti-Ch44 antibody. Accordingly, in
soma such ambodiments, the antibody comprises ROG428083, VEE-Q08, PF-O2475052,
or RGTIER, as well &g hose discosed v WO20081448380, USK.38BZ 117,
WOZ008079248, US20100040840, WOR015078428, USH220.772, US20140308301,
WOZO20HBE7 584, WO2021180285, WQROZ1178896, WO2022032748, WORBQZR022720,
or WQ2022243838, each of which is incorporated by reference for alf that they teach
about anti-CD44 antibodies and their propertiss, or ah antigen-hinding portioh tharsof.
Each of these consiifules 3 means for binding CD44.

(00128} {n some embodiments, the ILNF is targetad to CD45* cells and the binding
mpiaty comprises e antigen binding donain of an ant-CD4S antthody . Accordingly, in
soma such embodiments, the antibody comprises apamistamab, BC8-B10, as welt a8
those disclosed in WOR023I83037, WOR023235778, UST BI&222, WO2017008473,
WOZ0I 88088, USS. 701758, USST701. 7688, WOI020082888, WOQR022040088,
WOQZD2Z04057T, WOZUR208419 1, W2022083853, or WOR202Z40684771, sach of which
iz incorpurated by reference for all that they teach about anti-CD4S antihodies and their
praperiies, or an antigen-binding portion thereol Each of these consiitutes a means for
hindirg CL4S5,

{00130} In some embudiments, the tLNF Is targeted to COS8* calls and the binding
mgialy comprises the antigen binding domain of an anti-CDES antibody . Accordingly, in
some such embodiments,  the antibody  compnses lorvotusumab, sdcitmer, of
promivimaty, as well as those disclosed i WORQI2138527, US10 548,687,
IS0, 730,841, or USI0230 144148, each of which is incarporated by refersnce for all thal
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they teach about anti-CDEE antibodies and their properties, or an antigen-binding portion
theveat. Bach of these constifudes a means forbinding CDSB.

013Ny in some embodiments, the (LNP is targeted 1o CDE4™ celis and the binding
muoiely comprises the antigen binding domain of an anti-CD84 antibody. Accordingly, in
some such embadiments, the antibody comprises HuMADR 811 or H22 as well as those
disclosed in US7 378,504, WOR014083379, USZOTT0166638, or WQI022155608 sach
of which ig incorporated: by reference for gl that they teach about anti-UD84 gntihodies
and thelr propedies, or an antigen-binding portion thereof. Each of these constilites a

means for hinding CDS84.

1oa13ad n some embodiments, the ILNP is targeted to COBE* calls and the hinding
moiely comprises the antigen binding domain of an anti-CDES antibody . Accordingly, n
some such embadiments, the antibody comprises REMT, PG, 814H12, ABMERFS,
JFTOS, JFFOR, YURZA, EPRIDS4E, CLLARS-1, LANIRE-B24, or an antigen-binding
portion thereof. Each of thess constitutes & means for binding COBR.

{00133% i some embodiments, the tLNP is fargeted to COTO" calis-and the binding
moisty comprises the antigen binding domain of an anti-CB70 antibody. Accordingly, in
soma such embodiments, the antibody comprises cusatuzumab, vorsetuzuimal, MDX-
203, MDX=1411, AMGHITZ, SGN-CGRT0A, ARX30DE PROT1E0, as 'well g thoss
disclosed in US9 785,148, USB 134,738, 1810.288 804, WO2021138264, USE, 701752,
US10,108.123,  WORN14158821, UST08BG.488, WQ2DTDA22TT, USH1.048 778,
UST1.377,500, WOR021055437, WORDX245603, WOR0IZ002018, WOR023078344,
WOROZT05814, WQ2022145851, WDZORZTES20, WQR022326317, WO20R2262101,
UIS11,813.8684, or WORQZ3BQTIZ0T sach of which is incorparated by referencs for il that
they teach about ant-CL70 andibodies and thelr properties, ar an antigen-binding porion
thereof. Bach of these conshitdes a means for binding CO7TU,

fon1343 i some ambodimernts, the ILNP {5 targeted to TD73Y celis and the binding
muoiely cormprises the antigen binding domain of an anti-CD73 antibody. Accordingly, in
same such embodiments, the antibody comprises cledumak, ulilsdiimab, mupadalimab,
ARTIS, IBI32E, BMS-88817E, N2VE3D, JAB-BX1G2, Bymi24, TB19, TBIR, HBM1DOT,
3F7, mARTS, HuDOT-MMAE, IPHEA, or INCADD188, as well as those disclosed in
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LIBD, 938,268, UST0,584.189, WOROZIDES72S, WON22037531, WOR021213468,
WOZ022083049, US10822,425, WO2021259188, US10,100,129, US11,312,783,
USTT 174,318, USTTB34.500, WORGTI3B487, WORDITIISE13, LISD,388,248,
WO2020216687, USTTIR0ES4, US11,830.273, WOI019173862, WO0I8170131,
UB11.312,785, WO2020008508,  WORQ20143838, WO02M43710, USIHL084.771,
US11,209,580, WO0R0253568, WOR021017838, WORDZT03217I, WOR021Q3:1TS,
WOR21097223, WCO2021205383, WD2Z0RT227307, WOR0213417238, WOZO22088020,
WOR02105881, WORRZRTTE03Y, WOQRQ2ZJ14BTT _or WOZ0223427 58, sach of which
isincarporsted by reference fur sl that they feach about anti-CE73 antibudisy and their
properties, or an antigen-binding portion theredf. Egch of these constiiules ¢ means far
binding CR73.

{00138 i some embodiments, the (LNP is targeted to CDA0T cells and the binding
moiely comprises the antigen binding domain of an anti-CDE0 antibody . Accordingly, in
aome such embodiments, the antibody comprises REABST, QX7F, SEAC, KIW7F LIT, or
an sntigen-hinding portion thered!. Each of these constitutes a means for binding £OG0.

PHEI in some embodirnents, the (NP is targeted 1o CR10S oslls and the binding
moiely comprises the antigen binding domain of an anti-CD105 antibody. Accordingly, in
same such sinbodintents, the antibady comprises carcluximalb, TRC205, or huRHAGE,
as wall a3 those disclosed i UESZ221, 783 USS83837H, WOROT003E8873,
WQZOTO022052, WOR01 1494712, WO2015118031, WOZUR1118658, US20220233591,
or US20230075344, sach of which {s incorparated by reference for all that they teach
about anti-CD108 antibodies and their properties, or an antigeri-binding portion themel.
Each of these constitulas a maans for binding CD105,

{00137} In some embodiments, the ILNP ik targsted to CDH7 cells and the binding
fnotaly conprises the antigen hinding domain of an anti-CD11T antibody. Accordingly, in
some such embadiments, the anmibody comprises briguitimab, barzolvolimab, CODX-0188,
LOPB28, MGTAV1I7, NN2101, CES, JSP191, AbBS, 10402, or SR1, as well as those
disclosed Iy UST.HI5381,  WOR022189737,  USBH40443,  WO015050958,
LISG,7RO.203,  USHSER 87, USI0408178,  USR32.410, WO2018084087,
WOZ020218770,  UST10.611,838, WORQ20078108, WOROITIO7568, US11.208,482,
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WOZD21044008,  WOR021009418, WOZ022187050, or  WOR023028701,
WQI02 1188500, sach of which s incorporated by refersnce for all that they teach sbout
anti-COM1T antibodies and thelr properdies, or an antigen-binding portion thereof. Each
of these constifutes & means for binding QD117

{06138} in some embodiments, the tLNP is targeted to CD133" cells and the hinding
moiety comprises the antigen binding domain of an anti-CD133 antibody. Accordingly, in
sorme such eimbodiments, the antibody comprises ACTI3, 363C3, CMab-43, or RWD3,
as well as those disclosed in WOR0180485880, USB T2 888, USSR 349.225
WO2014138188, USAG. 711,088, US10,106,63%, WQR01B072038, wr WQ2022022718,
gach of which & ihcorporated by reference for all that they teach about ant-CD133
antibodies and their propertiss, of an gntigen-binding pottion theves!. Each of these
constitutes & means for binding CO133.

fO0135§ I some embodiments, the tLNP s targeted o GDIET cells and the binding
masty comprisas the antigen binding domain of an anti-COM37 antibody, COME7 is also
known as 4-1BE. Accordingly, in some sush ambodiments, the antibody comprises
YHOQK, welumab (BMS-GO3513), utonilumab (PF-OS082566), ADGI0S, LVGNBAST,
PRS-243, as well a5 those disclosed in WOZ008035884, WO2012032433.
WO2DITI23650, US11.203.643, UBM.242305, UST.B558077, UB20330087770,
USH1.535678, UST1.440.966, WQ2019002451, US1D 174,128, USH.242 385,
US10,718.851, WQ2Z0200115668, WORDZ00119684, or US11.447 558, each of which is
incorporated by referencs for all that they teach about CD137 antibodiss and their
praperiies, or an antigen-binding portion thereof. Each of these consiifutes a means for
hindirig COM3T.

{06140} In some embodiments, the NP i targsted to CD146° calls and the binding
folaly conprises the antigen hinding domain of an anti-CDri46 antibody. Accordingly, in
some such embodiments, the antibody comprises imapralimab, ABX-MAT, HuAABS,
MM, or IM1-24-3, a8 well as those disclosed In USI0407 508, US10,414,825,
US6 924,360 LISS447 190,  WORDI40D0338,  USLTRIH00,  WO01BI20487,
US11,427 848, WOZ01913362¢, WOR01TS137308, WOR020132180, or WOR022082073,
gach of which 18 incorparated by referance for all that they teach abiout SD148 antihodies
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and their properties, or an antigen-binding portion thereof Each of these constitutes a
means for binding CD148.

0141} in some embodiments, the tLNP is fargeted to G668 cells and the binding
muoiely comprises the gntigen binding domain of an anti-CD188 antibody. Accordingly, in
some such embodiments, the antibody comprises prajuzatamalb, AZN-LE0, REA44E, o
ATA0Z, ag well as those disclosed It US10. 745,481, USH 220,544, or WQSQOBTT7F04E,
sach of which is incorpurated by referencs foralt that they teach about CD186 antibodies
and thelr propedies, or an antigen-binding portion thereof. Each of these constilites a
means for hinding CD188.

(043 n some gmbodiments, the ILNP & targeled to CD200* calls and the binding
moialy comprises the antigen hinding domain of an anii-GREAYN antibody. Accordingly, in
some such embodiments, the anfibody comprises samalizumab, OX-104, REAIUET,
BYVAVZ, HPAB-Q280-YJ, or TTHCD2O0, as well as those disclosed in WOREDT084321
or WOIM 128538, sach of which is incorporated by reference for all that they teach
ghout CH200 antibodies and thair prapertiag, or an snligen-binding portion thareof. Eath
of these constitules a means for hinding CD200.

{00143} i1 some embudimants, tha (LR is targted 1o CDR0S cells and tha binding
moisly comprizes the antigan binding domain of an anti-CD205 antibady. CD205 is also
known as DEC205. Accordingly, it some such embodiments, the antibody comprisss
3(38-202 {a component of CDX-1401) or LY7S8_AT {a component of MEN1308} as well
ay those disclossd @t LSS 238,318, US10,081.682, ar US11,3685,258, sach of which is
ncorparated by reference for alf thatl they teach about ganti-CD205 andiboding and their
properties, or an antigen-binding portion thersol. Each of these constifules a means for
binding GD2086.

[o1443 in some embodiments, the {LNP is largeted to CD2T T cells and the binding
moiety comprises the antigen binding domain of an ant-0DIET1 artibody. Accordingly, o
soma such embiodirnents, the antibody comprises REAS44 or REALTOD as wall a3 those
disvlosed i WCO2022186802 which is incorporated by reference for all that it {saches
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about ant-CDE7T antibodies and thelr properties, or an antigen-binding porion thereof,
Each &f these constitutes a means for binding CD27T L

0145} in some smbaodiments, the ILNP s targeted o BMPRZ * cells and the
hinding moiely comprises the antigen binding domain of an ant-BMPR2 antibody.
Accordingly, ire soime such smbodiments, the antibady comprises TABOT1CL {Creative
Bivlabs catalog no.) as well as those disclosed in U811 282 848 or WOQR021174198, each
of whith s incorporated by reference for all that they teach about aoti-BMPRS antihodies
and thelr propedies, or an antigen-binding portion thereof. Each of these constitites a
mears far binding BMPRZ,

001483 i some embodimants, the NP is targeted o OTLA-4 calls and the
binding moisly comprises the anligen binding domain of an anti-CTLA antibody.
Accordingly, i some such embodiments, the antibody  comprises botensiimalb,
ipimumab, nurotimad, guavoniimaly, tremalimumalb, salifrelimab, ADGHTIG, ADG126,
ADL1804, AGENTI®Y, BCD-148, BMS-088218, BMS-286248, BT-007, C&1003, GIGA:
564, HEM4003, [BI210 JKD8, JMW-3B2, G007, KDSOOT, KNO4d, ONC-392, REGN4BSS,
TGBOSH, XTX101, YHOM, or an antigen-binding portion thereol. Bach of thass
constitutes a meaans for binding CTLA-4.

1001478 in sormig embodiments, the WP is fargeted o GRI* cells and the hinding
mciaty comprises the antigen binding domain of an anti-GD2 antibody. Accordingly, in
some  such embodiments, the antibody comprises  dinutuximak,  ganglidiximals,
fasitamaly, nivatrotginah, EMD 273083, huld 18K3224, MORAD-U2B, 3F8RIAL, BCD-
248, KMOBS, ATL3I0Y.  Eklomab, as well gz these disglosed in WSS T77.083,
UIS0,315,585,  WO2004055056, USHE17.249, USDR493.740,  USB20310002384,
USBB07EE7,  WO2Z001023872,  WORNIRNTIS,  WOQ2D18D10B48, USH 851 524,
WOZ023280880, USS.856,324, WOZOTS132604, WOR017055385, WQRQIBOSETT1,
WIORQ200201494, or an antigen-tunding portion thersof. Each of these constitutes 8
means for binding GD2.

00148} I some srhbudimants, the tLNP is targeted to GITR " calls and the hinding
fricisty comprises the antigen binding domain of an ant-GITR antibody. Accardingly,
some such embodiments, the antibody comprises ragifilimab, TRXE18, MK-4188, AMG
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228, MEDHEBTS, BMS-Q86158, REGNS58Y, ASPISE], MK-1348, FRAISY, GWNERS,
JNG-BH184719, ATOR-TH44, or an snligen-hinding portion: theredl. Egch of these
constitutes a means for bindihg GITR.

[0014%) in some embodiments, the ILNP is targeted o low affinly 1.2 receptor®
celis (S22 andior CD133* calls) and the binding meciety comprises the antigen binding
domain of an anti-il-2 receptor antibody, Accordingly, i some such ambodiments, the
antiC0Y22 antinody comprises ANV4IS, FBRI02, MiK-Beta-1 and the anti G022
antibodies  disclosed in WQ20TTI27324,  WO2DITO21540,  WO2022212848,
WO203223 1408, WOZ023078113, USI0230273090, WO2024073723, or an antigen-
binding portion thereof. ‘Accordingly, In some such embodiments, the ant-CDI32
antibady  comprises REGNTZE? and the anti-CDA32 antibodies disclosed in
WIOSE20160842, WOZOTT021540, WOZDEZ212848, WOR023078113, USS(230273088,
or an antigen-binding portion thereof. Each of these constitutes a means for binding the
low affinity L2 receptor {CD123 or CD133. as appropriate),

[aasny in-some embodimants, the ILNP is targeted to bigh affinity 1L-3 receplor®
celis (CRE5 and the binding moiety comprises the antigen binding domain of an anti-lL-
2 receptor sntibody. Accordingly, in some such embodiments, the antibody comprises
dactizumaty, basilikimab, camidaniumab, vopitug, inolimomab, HUMAX-TAC, Xenopax,
§T1-003, RAB, RTX-003, and the anti-CDI6 antibodies disclosed in W(Q2023031403,
WQZOOS1088T0, WO20TR1TRZZZ, WQROIHITERTS, WO2D19175226, WOR004045512,
WIORO22104008, WQ2020102581, or an anligen-binding portion thereof Each of these
rongtitules @ means for binding the high affinity 1L-3 receptor (CD2G)

{00151} in some embodiments, the tLNP is fargsted to IL-7 receptar {CDIE7 y cells
and the binding molety comprises the antigen binding domain of an anti-lL-7 receptar
antibody. Accordingly, it somg such embodiments, the antibody comprisesPR-08342674,
GEK2818980, OSE-12ZT, jusveriikimab, bempikibad, and the anti-CD127 antibodies
disclosad in WOZ0I11104887. WOR20T1094288, WOR013068984, WOZITH183308,
WORDITOB2T48, WO020154223, WOR020254837, WOR021223227, WO2023201318,

53
RECTIFIED SHEET (RULE 91} ISA/EP



WO 2024/249954 PCT/US2024/032141

or an artigen-binding portion thergof, Bach of these constitutes a means for binding the
COay.

01583y i some embodiments, the ILNP is targeted o L2 recapior” cells and the
hinding molely comprises the antigsn binding domain of gn anti-lL-12 receptor antibody.
Accardingly, in some such embodinients, the aptibody comprises GBYY-i0413, REA32S,
or an antigen-binding portion thereof, Each of these constitules a means for binding the
IL-18 regentor,

{00183} i sorme embodiments, the LN Is targeted 1018 receptor o calls and
the binding muolely comprisss the antigen binding domain of an anti-il-15 recsptor o
antibody, Accordingly, in some such embadimants, the sntibody compises MAB1472-
100, MABESTY, JMT7A4, BEREY, JM7A4, 3638R, or an antigen-binding portion thersof,
Each of these constitutes g means for binding the 1L-18 receplor a.

[o01s4) In some ambodiments, the 1LNP s targeted 0 1118 receptor o cells and
the hinding moiely comprises the artigen binding domain of an anti-IL-18 recsptar o
antibady, Accordingly, in some such embodiments, the antibody comprises H44, or an
antigen-binding portion thereof. Each of these constitles a means for binding the {L18
racaptor g.

[004585) it some embodiments, the tLNF is targeted lo IL-21 receplor” cells and the
binding maisty comprises the antigsn binding domain of ananti-iL-21 receptar antibody.
Accordingly, in some such ambodiments, the antibody comprises 1D7C2, 18F5, 184S,
REAZZS, or an gntigen-binding padtion therest. Each of these constiides 3 means for
binding the {271 recaptor o

{00158} in some ambodiments, the (LNP is targeted to LAG-3 ¢alis and the hinding
maisty comprises the antigen binding domain of an ant-LAG-3 antibody . Accordingly, in
some such embodiments, the antibody comprises relatiimab, teboatelimab, favezalimab,
fignlirnab, miptenalimab, HLXES, ieramilimatb, GSRIEI1TET, INCAGNIRES, ROTZ4768Y,
srcelimab, FET18, BHRA1803, Sym022, IBIMIG, IBI333, bavunalimab, EMBE-02, ABLEDY,
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INCAZR4ES, AKTR2Y, or an antigen-hinding portion thereof. Each of thase constitutes a
means for binding LAG-3,

D157 i some embaodiments, the NP is targeted fo MSCA-T calls and the
binding moisly comprises the antigen binding domain of an anti- MSCA-1 antibody.
Accordingly, it some such embodiments, the antibody comprises REALITS, WEREZ,
XQC3, or an antigen-binding pottion theredl. Each of these constitutes s means for
binding MECA-1.

{0188y Y some ambodiments, the LR i targetad to OX40Y palls and the binding,
muoisly comprises the antigen binding domain of an anti-QX40 antibady. Accordingly, in
same such embodiments, the antibody comprises MEDIG4S9, ivuxolimab, rocatinimab,
GEKI174008, BMS-888178. vonlerizumab, INCAGN1T842, tavolimab, BGE-A445,
INBRX-108, BATB025, felasariimab, ATOR-1018, MEDIB383, cudaroliimab, FS120,
HFE301001, EMB-08, HLXET, HugR3, ABMIES, or an aniigen«bmdmg portion thereaf.
Each of thege constitutes a means for binding OX40.

{00158} in soms smbodiments, the tLNP is targeted o FD-1 oolls and the binding.
moiely comprises the antigen binding domain of an anti-PD-T antibody. Accordingly, in
soma  such. ambodiments, the antibody  comprises  nivolumab,  pambrotizumab,
camrelizumab, torpalimab,  sintiimab,  listelizumab,  cemiplimab,  spartalizumab,
serplulimal, cadoniimab,  psnpulimab, dostartimab,  zimberelimab,  retifantimab,
pucotantimaly, pigilizumaly, pidiizumab, balstilimab, ezabeniimaly, AK112, geptanclimals,
cstrslimab, prolgolimab, tshotelimab, sasantimab, SGOCT, vudalimab, MEDIB7?SZ,
ruloniiimaly, peresclimaty, 1BI318, budigalimab, MEDIOBB0, pimivalimab, QL1708 AMG
404, ROT121661, lorigertimab, nofazintimab, sindslizumaly, ar an antigen-binding porion
thareof. Each of these constiiutes & means for binding P01

[an1en in some embodiments, the ILNP is targeted to PODXL celis and the binding
moiety comprises the antigen binding domain of an anti-FODXL antibody. Accordingly, in
some such embodiments, the ardibody comprises MAMT3IS, HPAR-3324LY, HPAB-
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MOBT1Z-YC, REARLS, REAIST, or an antigen-binding portion thereof. Each of these
constitutes & means for binding PODXL.

[otety in some embodiments, the tLNP is targeled to Sca-1" cells and the binding
muoiely comprises the antigen binding domain of an anti-Sca-1 antibody. Accordingly, in
some such embodiments, the anibody comprises CPP3Z 4-1-18, 204-CE-F1,
AMMZO70N, or an antigen-hinding portion thersol. Each of these constitules & means
far binding SCA-1.

ooiey I gome embadiments, the t1LNP s largated o SSEA-S cells and the
hinding moiely comprises the anligen binding domain of an anti-SSEA-3 antibudy.
Accordingly, in some such embodiments, the antibody comprises MCE31, 248, 8AT, ND-
742, 3H420, as well as those disclosed in US11,843 4568 of WOZ0Z 1138378, each of
which is incorporsted by referance for all that they teach about anti-BSEA-3 antibodies
ang thair properdies, or an antigan-binding portion thereof. Eaoh of these congtitutes 8
means for binding SSEA-3.

{00183% in some embodiments, the {LNF is targeied to SSEA-4" cells and the
binding muoigly comprises the antigen binding domain of an anti-S8EA-4 antibody.
Acoordingly, i some such embadimeants, the antibody compgises ch28/11, REA1DY, ME-
81370, ND-942-80, as weall ax those distiosed in LIS11,446.379, US10373 285
LHS1] B43.458, WO2ZOIH1D08E3, or WORD21044038, each of which is incorporated by
reference for afl that they teach about antb-SBEA antibodies and their properties, oran
antigen-bindicy portion thereaf, Each of these constifutes a means for binding SSEA-4,
[001843 i some aymbodiments, the LNP is targeted to Stro-17 cells and the binding
moigty comprises the antigen binding domain of an anti-Btro-1 antibody. Accordingty, in
some such smbodiments, the antibody comprises STRQO-T, TUSP-2, #s wslt as those
disalosed in US201230132022, which Is incorporated by reference for sl thal i tesches
ghout anti-Stro-1 antibodies and theil propedies, or an sntigersbitding portion thersaf,
Each of these constitules & means for binding Stro-1.

1001653 in some embodiments, the LNF is targsted o Stro-4* cells and the binding
mcisty comprises the antigen binding demain of an anti-Sire-4 antibody. Accordingly. int
som@ such embodiments, the antibody comprises STRO-, efungumab, 4G5, as well as
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those disclosed in UST. 722,869, US20110280881, USR 115,182 USI0 273,204,
US10,4587, 726, WO2023001148, gach of which is incomerated by reference for all that
thay teach about anti-Strod antibodies and thelr properiies, or an antiger-hinding portion
thersof. Each of these constitutes 3 means for binding Stro-4 {also known a8 heat shook
protein-80).

{188} in sorme embadirments, the (LNP Is targeted to SUSDZ* ¢ells and the binding
maotety comprises the antigen binding domain of an anti-BUSDE antibody. Accardingly, in
some such embodiments, the antibody comprises REATIS, CBXS-3571, CBXS-1850,
CEXB-1080, OBXS-1871, CBKS1890, CBXS-3676, 1278B, EFRBSIR{2), WSUS, or an
antigen-binding portion thereof. Each of these constitites a means for binding SUSD2.

e in sone embodimerts, the tLNP is targsted to TIM-3* cells and ths binding
moiely comprisas the antigen binding domain of an anti-TIM-3 anfibody. Accordingly, in
some such ambodiments, the antibody comprises TQBRAM8, sahatolimab, cobolimab,
RO7121661, INCAGNO2390, AZDT78Y, surzebiclimab, LY3321387, SymO23, BMS-
GBA2ER, SHR-ITOR, LY3415344, LB1410, oran antigen-binding portion thereof. Each of
these constituies g mgans for binding TIM-3,

[o0168] i some embodiments, the NP (s largeted to TREMZ* calls and the binding
muaiely comprises the antigent hinding domain of an ani-TREMZ antibedy, Accordingdy, in
same such smbodiments, the antibody comprises PIZT01Z as well as those disclosed in
US10,508,148, US10878,525, WQI0Q17058866, US11,186,636, USH, 124 587,
WORO20085875, UST1 402407, WOR0R0131185, WOZ0I3D12808, WOZ021 101823,
WOR023047100, WOROZ2032283, WORG22241082, WOZ0R3038450, or
WOOR303661 2, sach of which is incorporated by reference for all that they teach about
anti-TREM2 amtibodies and theilr properties, or an entigen-binding portion thereof, Each
of these constitiles a means Tor binding TREMZ,

{18 i still further embodiments, the ILNP is targeted to 3 tumor cell. In some
ambodiments, the tumor cell axpresses one of the antigens described above and the
HNF 8 targeted to antigen expressing lumors using the same means as desaibed abuve.
iry ather embodiments the tLNP is targsted 1o some ofher tumor antigen, such as those
enumerated In U.S. Provisional Application No, 831371,742, filed on August 17, 2022,
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gntitied CONDITIONING FOR IN VIVO IMMUNE CELL ENGINEERING whith is
incarporated by reference for all that it teaches abouwt the delivery of nudleic acids inta
tumor cells using ILNF that is not inconsistent with the present disclosure,

Meathods of Making an LNP or NP

[R817e] o sume aspects, the present disclosurs provides ¢ method of making e LNP
or tLNP comprising mixing of an agueous solution of a nudleic acid {or other negatively
sharged payload) snd an alcoholic solution of the fipids in proportions disclosed herei,
In particutar embodiments, the miking s rapid. The agueous solution can be bufferad at
pH of abolt 3 1o about B, for examiple, without limitation, with citrate of acetate. In varous
embodiments, an alcohol can be ethangd, sopropanot, tbutano!, or & combination thereof,
In some embodiments, the rapid mixing can be asccomplished by pumnping the two
solutions through a Tunction or with an impinging et mixer, Microfiuldic mixing through
3 staggered heringbone  mixer. (SHM} or a hydrdynamic mixer  (microfluidic
hydrodynamic focusing), microfluidic hifeeating mixers, and microfiuidic baffle mixers can
also be used. After the LNPs are fonmed they can be diluted with buffer, for example
phosphiate, MEFES, or Trs, in a oM range of ahowt § to about 8.5 1o reducs the alcohiol
{athanol} concantration. The dilted LNPs can be purified either by dialysis or
ultrafiftration or diafitration using tangential flow filtration (TFF) against a buffer in a pH
range of about § {o about 8.5 (for sxampls, phosphate, HEPES, ar Tris} to remove the
aloohol. Alternatively, one can use size exclusion chromatography. Onece the alcohgl is
complstely removed the buffer can be sxchanged with tke buffer containing a
oryoprotectant (for example, glyceral or 8 sugar such as sucrose, rehalose, o mannosa).
The LNPs can bs toncentrated to 8 desired concedteation, followead by 0.8 ym filtration
through, for example, 8 polyethersulfone (PES) or modified PES fiter and filled into glass
vials, stoppered, capped, and stored frozen. in atermative smbodiments, g roprotectant
can be used and the LNP lyophilized for storage instéad of as g froren hiquid. Further
methodologies for mgking LNP can be found, for sxample, i USZ0200287634,
US201301 18374, and WOIOTTMYETTO, sach of which is incorparated by refersnces fur
alt that they teach about the production of LNF.

1] Bome gspecis are g method of making s 1LNP comprising apid mising of an
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agueous soltdion of a nuclelc acid {or other nagstively charged payicad) and an alcohglic
sotution of the lipids as disclosed for LNP. In some embodiments, the lipid mixlure
includes functionalized PEGHipid, for laler conjugation 1 a targsting moiely. As used
hereln, functionslized PEG-lipid refers to a PEGHpId in which the PEG moiety has been
denvatized with & chemically reactive group (such as, maleimide, NHO aster, Cys, azide,
alkyne, and the like) that can be wsed for conjugating a targeting moisty fo the PEG-ipid,
and thus, 1o the LNP comprising the PEGHipId. In other embodimeants, the funclionatized
FEG-ipY is inserted into an LNP subssquent {o inilig) forrnation of an LNF frony the other
components. o either typs of embuodiment, the targeting molety 8 conjugated o
funclionaliced PEGHIpid aftar the funcionslized REGHipid comtaining LNP s formed.
Protoculs for conjugation can be found, for example, in Example 7 as well as in Parhiz st
al. J Confrofled Release 281:108-118, 3018, and Tombacz &t al., Molscular Therapy
29(111:3203-3304, 2081, sach of which is incorporated by reference for all that it teaches
about conjugation of PEG-ipids ta binding moletiss  Alternatively, the targsting molety
can be conjugated to the PEG-ipid prior to ingertion info pre-formed LNP.

17 In certain embodiments of the preparation methods of (LNP, the methad
somprises:

i} forming an itial LNP by mixing alt sompansnts of the LNFin proportions
disclased hersin, except for the one ar more functionalized PEGHipids and the one or
more targeling moleties;

i) forming a pre-conjugation NP by mising the initial LNP with the one or more
funciionalized PEG-ipids: and

iil} Torming the tLNF by conjugsting the pre-conjugation tLNF with the one or
more targsting moislisg
3y in certain embodiments of the prepseration methods of HLNP, the method
goTTises:

iy forming & pre-comjugation tLNP by mixing all components of the tLNP, in
proportions disclosed herein, including the one or more funcionalized PEGH-ipids, except

for the one ormore targeting moieties! and
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i) forming the tLNP by conjugating the pre-conjugation tLNP with the one or
fore fargating molsties.

0174} in certain embodiments of the preparafion methods of LNP, the methad
camprses:

i} forming one or more conjugeted funclionalized PEG-lipids by conjugating the
ong or more functionalized PEG-ipids with the one or mors targeting moieties, and

ity forming the {LNP by mixing sl components of the NP, in proportions
disclosed hersin, including the one of more conjugated functionalized PEG-ipids.
[00975]  in certain embodiments of the prepargtion methods of NP, the method
COMpises

i} forming one or more corjugsted funclionalized PEG-lipids by conjugating the
one or nare functionalized PEG-lipids with the one or more targsting nioisties:

ity forming an LNF by mixing alt components of the NP, in proportions.
disclosed herain, axcept the ane or more conjugated funclionalized PEG-lipids, and

ity forming the NP by mixing the iniial LNP with the ong or mare conjugated
functionalized PEGipids.

fo0trs]  After the conjugation the Y NPs are purified by dialysis, tangential flow filfration,
or-size exclusion chromatography, and stored, a3 disclosed above for LMPs,

{00177 The encapsulation efficiency of the nudelc acid by the LNF ar {LNP is typically
determined with & nudeic acid binding fluorescent dye added {o intant and lysed aliguols
of the final LNF or tLNP preparation to determine the amounts of unancapsulated and
tofal puclele sad, respectively. Encapsulation efficiency 8 typically expressad as a
percentage and calculated as 100 x {TANT where T is the tolsl amount of nudleic acid
angd U iz the amount of wencapsulated nuclaic suid. In various embodiments, ths
encapsutation efficiency s 280%, =85%, =80%, or 285%.

Methads of Delivering & Payload into g Celi

[O0?8) I some aspects, disclosad hersin ars methods of delivering 3 nuclsic add {of
other negatively charged pavioad) into a call comprising cortacting the calb with tILNP of
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any of the foregoing aspects. Accordingly, each of the herein disclosed geners,
subgenera, and or species of LNP-or ILNF distiosed herein including those based ot the
inciusicn ar exclusion of particular fpids, particular lipid compositions, particutar payloads,
andfor pariicular targeting imoteliss can be used i defining the scope of the methods of
delivering g pavioad I g cell. In some embaodimeants the contacting {akes place ex v
In some smboediments, the contacting takes place i vivo, In same instances, the i vive
portacting  comprises  intravenous,  intramuscular,  subcutaneous,  infranadsl or
intrabymiphatic administralion. In further instances, transfection of hepatogytas is reducsy
as compared to tLNFPs comprising & conventional ionizable cationic lipid, such as ALG-
{318,

[a0178y The herein disclosed LNP and NP compositions and formulgtions have
reduced toxicity as compared to widely used prior LNP compositions such as those
containing ALC-0318. In varous embodiments the toxicily can be described as an
absarvable toxicily, 8 substantial hxicty, a severs ipxdaily, oranacceptable {oxiclly, ara
dose-limiting toxiclty {such as but ot imited to g maximum tolerated dose {(MTDH). By an
shservable foxsity & is meant that while 2 change is obsarved the effect s negligible or
mild: By substantial toxicity it is meant that there is a negative impact on the patient’s
averalt health or quality of ifg. In some instances, a substantial toxiclty may be mitigated
or resolved with athér angoing medical intarvention. By 8 severe txdeily it is maant that
the effect requires acude medics! intervention andfor dose reduction or suspension of
freatment. The acceptabiiity of a toxicity will be influenced by the particular disease being
treated and ite severity and the availability of mitigating medical intervention. In soms
embodirnents, toxicity is confined (or largely confined) to an ohservable foxicty. In soms
smbodiments, toxiclty is confined {or largely confined) (o grades of Dor 105 twe,

{ren i somie embodiments, the payload is a nucleic acid and the method of
deliveding is g miethod of transfecting. It sorme smbodiments, the nudleic sl payioad
comprises sn mBNA, croular RNA, salfamplifving BNA, or guide RNA, Nucleic acid
structres and espedially mRENA- structures, as well ag individual BNA moleculas
encading particular polypeptidas, that are well-adapted to delivery by LNP or ILNP are
disclosed it U.S. Pravisionsl Fatent Application Number, 83/595, 753 filed November 2,
3023 U8, Provisional Patent Applicaticon Number. §3811,082 filad December 18§, 3023,
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and LL.S. Provisional Patent Application Number (Attorney Docket Number 23-1871-U8-
PROR), fled May 31, 2024, each of which is incorporated by reference for all thet #
teaches about nudleie acid payloads for in vivo transfection and their design.

{00181} in sorme ambodiments, the payload comprises g nucleic atid eneoding an
immune receptor or immune cell engager and the method of delivering is also a method
of reprogramening an immune cell In some embodiments, the payioad comprises a
nuckeic acid that encodas, or iz, 8 BRM and the mathod of delivering is also a method of
providing a conditiontng agent. In various ambodiments, the BRM or conditioning agent
s gamma chaln receptor cylokine suoh g -3, 17 3015, L1511 5Ralpha, -2, an
immune madulating cytokine such as iL-12, 1L-18; a chamokine such as RANTES, P16,
MIG; or another BRM such as FIt3, GM-CSF, and G-CSF.

{ao18y i soms embodiments, the payioad comprisgs a nuslaic acld encoding &
geng/ganome editing enzyme shodfor a guide RNA grother componant of a ganhe/genome
aditing system and the methed of defivering is aiso & method of reprogramming a cell. in
some instancas, the cell is animmune call. In some instances, the callis an HSG, Insome
instances, the cellis an MSQ.

018y i certain ambodiments comprising dadivaring the payioad into an inmung
call, the binding moisty binds 1o 8 lymphocyts surface molecids or 8 monocyte sipfacs
mciscule. Lymphocyte surface motecules include CDR, CD3, CD4, C0S, CO7, CD8,
ChRs, 4188 (CDI187), CD18E, CTLAN, OX4D, PD-1, GITR, LAG-S, TiM-3, CD2S, low
affinity 1L-2 receptor, IL-7 receptor, 12 receptor, IL-18 receptor, 1L-18 receptor, and {L-
271 receptor. Monooyle surface mokecules incude COE, GO, CD18a, CD32, CD4AY,
CRYIh (Mag-1), COB4, DECI0S, COB8, and TREMZ. Exemplary antibodies that can
provide antigen binding domaing fo bind these surface muolecules are disclosad herein
ahove. Such antibodies, ndividually ard collectively, constitide mesans for binding o an
immune cell {or leukooyte) — of to a lymphocyte or monoeyts, as indicated.

[o0184) ity certain embocimarnts comprising delivering the paylead into 3 stem cell,
the binding molety binds fo a HEC surface molecule or a2 MBC switacs malsaule. HSC
surface molecules include CDM7, CD34, Ch4dd, CDA0 (Thy 1), CD105, CDI33, BMPRZ,
and Sca-l. MSC surface molecules include CDT70, GRS, TDT3, Siro-1, SSEA-L,
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ChR71, G148, GD2, BSEA-3, SUSDE, Stro-4, MSCA-T, CDES, CDR00, PODKL, GBS,
CDR29, CD44, and CDNO. Exemplary antibodies that can provide antigen binding domains
to bind these swiace moleculss are disclosad herein above. Such antibodies, individually
and collsctively, constilute means for binding to g stem gall — of i an H8C or MSG, a8
indicated.

Methods of Treatment

fOD185 in certain aspects, this distlosure provides mrethods of fregting s diseass of
disorder comprising administering @ ILNP of this disclosure {o a subject in need thersal,
Each af the herein disclosed geners, subgeners, and or species of LNF o thNF disdlossd
hereln including those basad on the inclusion or sxclusion of particutar lipids, pacticular
lipid compositions, particular payloads, andior particular targeting moleties can bs used
frr defining the scaps of the methods of reatmeant.

{00188§ in some embodimants, & subjact is a8 human. Ih some ambodiments, s
tLNF s administered systamically. In some embodiments, 3 ILNFP (s administersd by
infravenous or subtutanecus. infugion or injection: In some smbodiments, a ILNP s
admiristered locally. In some embodimernts, 5 ILNF s administered by intraperifonsal of
intratesional infusion injgction.

fo0187} i further embodiments,'a tILNP misy be administered in combination with
the standard of cars for a particular indication, such a% corticostercids (8.9, trednisong)
for management of myositis or lupus nephritis. In cenain cases, myositls is also treated
with - methotrexate, which may ba combinsd with mmunosuppressive agents {8.g..
axathiopring, mycophenaiate mofelll, tecrolimus), which are usually requirsed in addition
to  corticosteroids. For membranous’ nephropathy,  oyclical” steroids  and
cyclophasphamide might be used i cambination with tLNFs of this disclosure. in other
cases, an anti-iL-8, such as togllizumab, may atso be used as a pretreatment or in
combination with tLNPs of this disclosure. These combinations may be administsred
concurrently or sequentially.

00188} I some gribodiments, the diseass or disgrderis an gitoimmung disease.
Examples of autcimmune disease intlude, without Himitation, myocandiis, anute idicpathic
thrombocytopenic purpura,  chrome  diopathic thrombocoylopenic purpurs,
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dermatomyosilis, Sydenhant's chorea, myasthenia gravis, systemiclugus erythematosus,
fibrosing  alveciitls, multiple sclarasis, theumatic fever, polyglandidar syndromes,
sgranuiosytosts, auioimmune hemolylic anemias, bullous pamphigold, Wegener's
granulomigtosts, membranous nephiropathy, amyotrophic lateral sdlerpsis, tabes dorsalis,
glart call arteritisfodlymysigia, pamicious anamig, repidly prograssive giomerulanephntig,
ig& neghropathy, polyarteritis nodosa, ankylosing spordylitis, allergic responses, insidin-
rogistant diabetes, psoriasts, diabetes mellitug, Addison's disesse, Grave's diseass,
digbetes, sndometriosis, celige disease, Crohn's disease, Heroch-Schonisin purpurs,
ulcsrative  colitis,  Goodpasture’s  syidrame,  Hwomboangitisubiterans,  Sibgren's
gyridrome, aplastic anemia, rheaumstoid arthritls, sarcoidesis, scleritis, 8 T callmadiated
gutaimmunity or 8 B cell-mediated autvimmunity, a2 B celbmediated (antibody-mediatad)
autsimmung diseass, neorotizing  myoepathy, chronie inflammatory  demyelinating
potynewropathy  (CIRP), neuromysliis optica (NMO) myosilis, nsuromyelitis optica
gpectrun: disorders, pamphigus vulgans, systemic sclerosis, antisynthetase syndroms
{idiopathic inflammatory myapathy), fpus nephntis, membranous nephropathy, Fanconi
gnemis, and vasculis,

[00188] in some embodimerts, the autoimmune disease is a T cell-mediated
autoimmunity or 3 B cefibmediated awtoimmunity. In same instances, the B cellmsdiated
autoimmune diseass is myosilis {such as anti-synthetase myositis), lupus nephrilis,
membranous nephropathy, systemic lupus erythematosus, anti-nsutrophilic cytoplasmic
antibody  {(ANCA} vasculifis, neuromyslifis optica spectrum  disorder  (NMOSD),
myasthenia gravis, pemphigus vidlgars, rheumgtoid srihyitis, dermatormyositis, immiine
mediated necrofizing myopathy, antsynthetase syndroms, polymyositis,  systemic
sclerosls, diffuse cutaneous systemin solaresis, limited culaneous systemic sclarosis,
ant-eynthetase  syndrome  (diopathic  inflammatory  myopathy),  multiple  salerosig,
relapsing-remiting multiple sclerosiy, ssgondary prograssive multiple sclerosis, primary
prograssive multiple sclerosis, non-aclive secondary progressive midtiple sclerosis,
Sibrgen’s syndrome, IgA nephropathy, or Fanconi anemia. In certain smbodimenis, the
B cellbmediated autcimmune disease is myosilis, lupus nephrifis, membranous
neuropathy, soleroderma, systerniv ipus. arythemalosus, myasthenia gravis, ANCA
vasculitis, multiple sclerasis, of pemphigus vulgaris. I certain embodiments, the B cell
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mediated autoimmune diseass is myositis, lupus nepluitis, membranous neuropathy, or
scleroderma. I cartain embodiments, the B celbmedisted auloimmune disease is
myositis, In some instances, the myositis s anf-synthetase myositis. In cartain
embodiments, the B cellmediated suldimmune disesss s systemic upus ervthematosus,
myasthenia gravis, ANCA vastulitis, multiple sclerosis, or pemphigus vulgaris.

0189 in someg ambodiments, the disease or disorder is releclion of an allogengic
organ or lissue graft. Pre-sxisting antibodies andfor B calls, i their role as antigen
pragenting cells, cart facilitate rapid bnmune rejection through known machanisms hence

deplefing 2 largs number of B cells may help pravent allograft rejection,

fogte1} In sorie ambodiments, the disease or disorder is & canoer. Examples of
cancers include, withowt linutation, carcinomas, sarcomas, and hematologic cancers, In
some embadiments, the hematologic cancer is g lymphoama, leukermia, or mysloma. In
some instances, the hematologic cancer is a B linsags or T Hineage cancer. In sume
instances, the B lineage cancer is mudtiple myeloma, diffuse large B call lymphoma, sauts
myeloid leukernia, Mantie Call lymphaoma, follicalar ymiphama, B scute lymphablasgtic
faukermia, chrome dymphocytic leukemia, of mysiodvsplastic syndrame. I some
smbaodiments, the canceris 8 sarcomia. it some embodimearnts, the cancer is 8 cardinoma,
such as breast cancer, calon cancer, ovarian cancer, luhyg cancer, lesticutar cancer, or
paricraatic canoer. In some embodiments, the cancer is melanoma

{00182} i some ambodiments, the disease or disorder is a genetio disease or
disorder sUch as a monogenic genstic dissase. It some instances, the genetic dissase
o disorder s @ hamoghsbinepathy, for example, sickle cell disease or B-thalassemig,

{00193 In some embodiments, the disease or disorder is 3 fibrolic disease or
disorder. In some instances, the fibrotic dissase is cardias fibvosis, arthritis, idicpathic
puimenary fibrosis, and nonglooholic steatohepatilis {ais@ kriown a8 metabaolic
dysfuncion-gssociated steatohepatitis), In diher instances, the disonder involves fumor-
associated fibroblasts.

100194} iy some embodimeants, a 1LNP of this disclosure cortiprises a8 nuclein agsid
gnending a shimeric antigen receplar (CAR): The recepiors gne chimenic because they
combing hoth artigen-binding and T cell sctivating funchions iy & single receptorn. In
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some embodiments, a nuclein acld encoding & CAR refers 1o one or more nucleic acid
spedies encoding ones or more CARS; for sxample, g single of mitiple spécies of nuleis
acid encoding a single CAR species, or multiple species of nudeic acid sncading multiple
CAR species. In some instances, these multiple CAR species have a same spscificity
while in othar instances they have multiple spagificities. In some embodiments, a TAR of
this disclosurs is midtispecific, for example, bispecific, comprising mulliple antigen binding
moielies each specific for separate anfigans. In some embodiments, a CAR may
comprise an axtraceliular binding domain that specifically binds a targst antigen. a
transmembrane domain, and one or maove intraceliular signaling domains. In some
ambodimants, & CAR masay further comise ane oF mare additions! elaments, including
one of mare sighal peptides, ong of more sxdracelidar hings domsing, of one or mare
intracetiular costimulatory domains, Domaing may be direclly adjacent 1 ong anothey, or
there may be one or more amine acids linking the domains, The signal peplide can be
derived from an antibody, & TR, CD8 or other typs 1 membrane proteins, preferably a
protein exprassed in a T or other invnune cell. The transmembrane domam can be ong
sssociated with any of the potential intracslidar domaing or from another type 1
membrane protein, such ag TCR aipha, beta, or zeta chain, CD3 epsgiion, CB4, CO8, or
028G, amongst other possibiliies knower in the ait. The fransmembrans domain can
further comprise 8 hinge domaln {ocsted betweant the extraceliular binding dorain and
the hydrophohic membrane-spanting region of the ranamembrane domain. In some but
nat all smbodiments, the hinge domain and transmembrans domain arg contiguous.
sequences in-the same source protein. In some instances, the hinge and membrans-
spanning domains are derived fram CD28. In other instances, the hinge and mambrana-
spanning domasing are derived from CD8a. The mtraceliular signaling domain can be
danved from the CO3 zela chain, DAPT0, DAF2, FoyRI, FosRi, or animmunorsceptor
tyrosine-baged activation motif (ITAM) bearing cytoplasmic domain, amongst other
possibifities known in the ar. The intracsiiular castimulatory domain can be derived from
CRIT, CD28, 4-1BB, OX40, or ICOS, amangst other possibiities known inthe art

R ER Y in certain ambodiments, CARs are used 1o freat a disegse or condition
sssociated with g target coll that expresses the anligen largeted by the CAR, For
sxamphs, i seme smbodimants, an ant-CD8 or anti-CD20 CAR can beused to {argst
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and treat B cell malignancies or B cell-mediated sutoimmune conditions or diseases{e.g.,
having an imvnune cell targeting mosty, such a8 are arti-CO8 antibody). In other
arbodiments, an anti-FAP CAR can be used 1 target and treat solid tumors or fibrosis
{a.g,, cardiac fibrosis, cancer-gssociated fibrablasts), which can also have an immuns oall
targeting maodety, such as an anti-CDB antibody. Examples of CARs that may be used in
accordance with the smibodiments descrbed hergin include to those disclosed i LS
T A48 190 (ant-C018), US 10,287 38 (anti-0018), USZ08 10383248 {(anti-CD18 and
anti-CD20), US 10543383 (anti-CDIZ), US 10428787 {(anti-CD33), US 10,844,128
{anti-CD123), US 10438141 (anti-ROR1), and US2021/0087388 {arti-FAP), sach of
which is incorporated by referance for all that it teaches about CAR structure and funation
generically and with respect to the CAR’s antigenic specificily and targst indications to
the axtent that it is not inconsistent with the present disclosure.

(001498} Exemplary isrgel antigens against which g CAR, TCR, ar I0E can have
specificity includs, but are not Himited to, B celi maturation agent (BOCMAY, CASH, (D5,
COIeE QD20 (MSIATYE QD22 CD23™W, COA0 {TNFREFB)IME, CD33™H, CD3BY M,
CDA4*, CDTOME CO133Y CD174, CD274 (PD-LAYTY, CU278 (B7-H3)?, CEACAME*,
CLLAY, OSPGA EGFRYY EGFRH, EPCAM Y EPHAZ'Y, ERBERXM FAPHYY FOLHI,
FOLRTE, GRIW GPCIN. GPNMB*, [LIRARR ILIRAY IL13RA™, Kappa®, KDR
(VEGFR2PY, COM71 (LICAMY™, Lambda®, MET™, MSLN {mesctheliny™ ¥, MUGT,
NCAMT (CDSE)®, PD-1 (CDITHT, PSCAY RORTHE, QD138 (SDC1, CD3I9
(BLAMFTYT CDZ4B (TEMDY, ULBP1, ULBPZ, and G-profein coupled receptor family O
group § member D (GPRCEDYY (associated with leukemias), CD319 (SLAMF7Y,
CRIBE CDIS8R. GPRCSDT, CD2B7 (TACH®, and BCMA™ (associated with
myelomas); and GOH, HERS, EOFR'M. EGFRyI, CD278 {(B7THIT, PSMAYE
PSCAY, CAIX {CAQYT, CDITT (L-CAM, CEAM, CBPRG4Y EPHARYW FARME
LRRCISH, FOLRIH, JL-13Ra*™, Mesuthelin®t®, MUCTE MUCTS™™, and RORIM
{associated with solid tumors). (* indicates that exemplary antibodies with the indicated
specificity from which a Bnding moiety could be derved can be fourd in US Patent
11,326, 1823R2 Table @ or 10, T indicates that sxemplary antibodies with the indicated
specificily from which a binding moisty could be derived can be found in Wilkinson & Halg,
Q2R Both refersnces oited and incomorated - by referance above. ¥ indiceles that
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exemplary antibodies with the indicated specificity from which a binding molety could be
denved can be found in the Therspeutic Antibody Database (TABS) at tabs craic.com).
Cther suifable gntibodies can be found in Appendix A} Many ofthess farget antigens are
themssives receptors that could hind to their igand if sxpressed-on gn immuns gell
Accardingly, in some embodiments, the extraceliular binding domain of the CaR
comprises aligand of a receptor axpressed on the targst cell. In sl further embuodirnents,
the sxiraceiiidar binding domain of the CAR comprises g ligand binding damain of 8
receptor for & ligand expressed on tha fargst cell. The advantagss of the aspects and
embodiments disclosed hereint are independent of the speaficity of the binding muoisty.
Ag such, the disclosed aspects and embodiments are generally agnastic i binding
spacficity. In certain smbodintents, a particular binding specificity can be reguired.
[oo1eny i soms embaodiments, the tLNP comprises 3 nudleie acld sncoding an anti-
CD19 chimeric antigen receptor {CAR) In some embodiments, the nudleic acid
comprises mRNA, Examples of anti-CD18 CARs include those incarporating g CD1g
binding moiety derived from the human antibody 47064 or the mouse antbody FMCE3.
FMISS and the derived seFy have been described iy Nicholsors stal, Mol mmun. 340168~
17 11E7-1185 (1987 and PUT Application Publication Nos. WO 2018/213337 and
WO 2015ME7H38, the entire contents of sach of which are incorperated by reference
hergin for all that they teach about antt-CDE CARs and thair use. CAR based on 4754
are disnlosed iy Urited States Patent No. 10,287,350 which s incorporated by reference
herains for all that # teaches sbout anth-CIMG CARS and thelr usg. In same instances, the
anti-CInie CAR s the CAR foundd in tsageniscleucs!, lsocablagene marglsuosi,
axicabtagene ciloleucs!, of trexucattagens autoleucs]. The entire contents of each of
foregoing references in this paragraph are incorperated by reference for all that they teach
ahout the design, structrg, and activity of anti-CD19 CARS. i any of the aforementioned
{LNP embodimants, certain embodiments indlude tLNFs ancapsulating & T8 CAR
payioad encoded by RNA and having 8 T cell targeting moiety, such 85 an anti-GD3
antibady.

{00198} In some embodiments, the (LNP comprises g nucleic adid encoding af anti-
CD20 chimeric andigen receptor (CAR). CL20 & an antigen found on the suface of B
oells as early as the pro-B phase snd progressively al increasing levels untii B coll
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matirity, as well 85 on the cells of most B-cell neoplasms. CD20 positive oslls ars alse
sometimes found in cases of Hodgkin's disease, mysloma, and thymoma. In some
arpbadiments, the nucieic agid comprises mRNA. Examples of anti-CD20 CARs inciude:
those incorporating a CD20 binding moisty derived from an antibody specific to CDRRO,
including, for example, Lewif, IFS, 183, rtuximab, obimutuzumab, ibriftumomab,
ofaturmumab, fositurnumab, odronsxiamab, veliuzunab, ublituxinah, and swrelizumab. In
some embadimants, the antt-CD20 TAR is devived from a CAR speaific fo CD2O,
inciuding, for example, MB-108 (Fred Hutchinson Cancer Research Cenler, ses
Shadman  ef &l Blood 134(Suppl 113385 (3019)) UCART2D  {Cellectis,
www. calibiomedgroup.com, or C-CARDES {Celiitar Biomedicing Group, see liang st &l
J. Cliry, Oricol, 38(158) suppl 2508 (2021)), n some embodiments, the exiracellidar binding
gl of the and-CD20 CAR comprises an sofy defived from the Lawid monodonal
artibody, 'which comprises the heavy chain varabie ragion (Vi) and the light chain
varialie region (Vi) of Lew18 connected by a linker. See Wu et &l Frofein Enginesring.
14{12), 10251033 (20011 The entire contenis of each of foregoing references iy thig
paragraph are. Incorporated by reference for il that they iegch sbout the design,
structre, and: activity of anfi-C320 CARs. in any of tha aforementioned tLNR
embodiments, cerdain embodiments indlude tLNPs encapsulating & CD20 CAR payioad
ancoded by RNA and having g T celf targeting moiely, such as an anti-008 antibody.

189 in-some embodimeants, e ILNP comprises 8 nudlelt acid sncading an anti-
BOMA chimeric antigen receptor {CARYL BUMA Is 8 twmaor necrasis family receptor
{TNFR) member expressed on cells of the B cell lineage, with the highest expression on
terminally differertiated B csils or mature B lymphocytes. BCMA is involvad int mediating
thie survival of plasms-cells formaintaining leng«erm humaorgl immunily. The expression
of BOMA has been recently linked ta a numbsr of cancers, such a8 mudtiple niysdoms,
Hodgkin's and por-Hodgkin's iymphoma, varcus lsukemias, and ghoblastoma. In same
ambodiments, the nusleic adld comprises mRNA. Exgmples of anti-BOMA CARs includs
thase incorporating a BCMA binding moiety derived from C11D5.3, a Mouse maonogianal
antibody as described inCarpenter et al., Clin. Cancer Reg. 1H{8):3048-2080 {2013). Sea
glso POT Application Publication No. WO 2010/104949, In some embodiments, the
xtracaliular binding domain of the BOMA& CAR comprises snvscfy dedved from another
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Mouse rmonecional antibody, C12A3.2, 83 describad in Carpenter et al., Clin. Cancer Res.
TH{RL2048-2080 (2013) and PCT Application Publication No. WOZ010104849. In some
ambadiments, the extraceliular binding domain of the BOMA CAR comprises an scFv
derived frora Mouse monocional antibody with high specificity to human BOCMA, referred
o as BE2121 in Frisdman el g, Hum, Gene Ther. 385} 585-601 {2018}, See also, POT
Application Publication No. WO2M2183805. In sdme smibodiments, the exiraceliular
binding domain of the BOMA CAR comprises single variable fragmants of twa heawy
chains (VHH) that can hind o two epitopes of BOMA as described v Zhao el al,
Hematol Oncol TH{13141 (20418}, alsu referred to as LCAR-BI8M. Ses also, PCT
Application Publication No, WQ 2018/028847 . In some embodiments, the extraceliular
binding domain of the BOMA CAR comprises g fully human heavy-chain variable domain
{FHYH} a8 describad iy Lam et al, Nat Commun, THILRRES (2020, also refarred o as
FHVHAES, Ses algo, PCT Application Publication NMo: WO 20189/008072. iIn somis
smbodiments, the exiraceliular binding domain of the BCMA CAR comprises an scFy
derived from CT103A {or CARQUBR! as described in UB. Patent No. 11,086,975 B2
Further anti-BOMA CARs are disciosed in US. Application Fublication Nuog
2020/0248381 and 30200336899, Further anti-BCMA TARs include Allo-808 (descrbed
i U, Patent Fublication Noo 20200281803), CTOS3 (deswribed in LB, Patent No.
UB11,B25.008), Descarles-OR {desoribed in US. Patent No. 10,834 337y, LCARB38M
{(destribed in U.S. Patent No, 10,834,383}, PersonGen anti-BOMA CAR (dascribed in
CM114763383), Fregene Bio anti-BOMA CAR (described in UL& Patent Pubdication No,
(S202320218748), the CAR in ciltacablagene sutoleuce! (binding molely described in
LIS201700810688), and the CAR inidecablagene viclewss! (descrbed in U 8. Fatent No.
10.5383,,929‘), Further antibodies comprising an ant-BCMA antigen binding domsins that
san beoused in construction a CAR include AMG224 (described with other ani-BOMA
antibodies in UGS, Patent No. §243,0588), EMB-OS {gescribed with ofher anti-BCMA
antibodies it U.S. Patert Publication No. USZ0230002488), HPN217{described in LLS.
Patent No. 11,136403), MEDIE228 (described i UB, Patent No. 10,888,546},
REGNS45¢ (desaribed in WS Patent No. 11,384,152), SAR4458514 {described in LS,
Patent Publitation No, . 20240034818), SEA-BCMA: {described in WS Palent No.
11.078,201), TNBE-382B {describad in U 8. Patent No. 11,508 608), TQRZ934 {described
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in US. Patert Publication No. 20230103202, WVOTE (described in LS. Patent No.

11,482,408), sinuctamab (desoribed in US Patent Noo 10683308}, belantamab
{described in U.S. Patent No. 8,273 141), alranatamab (described in U8 Patent No.

11.814,438), ispectamab (described in U8 Patent Publication Noo 20310130483},

linvosettamab (describad in U S, Patent Na. 11,910,865}, pavurtitamab (describad in LS.

Patent No, 11,418,833), and teclistamab (described in U.S. Patent Na. 10,072.088). The
srtire contents of sach of foregoing references in this paragraph are incorparated by

refergnce for all that they teach about the design, structirs, and’ activity of anti-BCMA
CARs and anti-BOMA antibodies that can provide an antigen binding domain for a CAR

or mmune cell engager. In any of the aforemaentionad. NP ermbodiments, certsin
sribodiments include {LNPs encapsudating a BOMA CAR pavioad encoded by RNA and
having a T call targating moiaty, such as an anli-CD8 antibody.

[003003 Celiular therapy involving the administration of genetically engineerad cells
o 2 patient has gensrally required depleting or ablative conditioning to facilitate
aengraftmant of the engineerad cealls (for example, T cells or MSC). Inthe conmtext of in vive
gngineeting and reprogramming such conditioning would be cowtterpraductive s the
conditioning would eliminate the very cells that are {0 be enginesrad. Instead, one can
utilize activaling andfor adjuvant condiioning 1o inoresse the nutber of celis amanahbie
to shgineering, to mabilize them o the locus of pathology, fo make tha focus of pathology
{for example, a tumar micrognvironnent) Mmore susceptible to reatmeant, 1 augmernt the
therapeutic effedd, ele., as sppropriate for the particutar diseagse and primary reatment,

Conditioning agenis include bislogical responsg modifiers {(BRMs) that caint be delivered
dirgatly 10 & subject or ancoded i nicleic acid molecules, including as mRNA, ard
defiverad 1o & subjsct using the LNP and LNP compogitions and farsulations disclosed
herain.

jonzaqy Agcardingly, cartain gspects are methods of conditioning & subject who
recaives an engineering agent comprising providing & ILNP comprising 8 nudhaic acid
maiscule sncading a condiioning agent to the subject prior o, concurrently with, o
subsaquent 1o administration of the angineering agent. I vatdous smbadiments, an
sneoded conditioning agent comgises a y-chain rsceptor agonist, an inflammatory
chemoking, 8 pan-activating cylokine, an antigen presenting cell activity enhanger, an
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imming checkpoint inhibitor, or an anti-CCR4 antibody. In some embodiments, the y-
cham receptor oytokine comprises 1L-15, L2, 1L-7, or lL-21. In some smbodiments, the
immune chackpoeint inhibitor comprises an anthCTLAG, anthPDA, ant-PRALT, anti-Time
3 o anti-LAG-3 antibody, In some smibodiments, the inflarmmatory chemoking comprises
CoLe, COL3, CCLY, COLS, L1, CHCLY, CXCLE, CXCL-8, CHCLY, CXCLIQ, or
CXCL11. In some embodiments, the antigen presenting cell activity enhancsr comprisas
FH-8 figand, gm-C&F, or LB In some embodiments, a pan-activating  cytokine
comprises 1L-12 of L 18 In certain smbodiments, & conditioning ggerd comprises a
transcription factor, for xample, ons selected from the group consisting of nudiear factor
of activated T-celis (NFAT), NF-B, T-bet, signal transducer and agtivator of transcription
4 {STAT4), Blimp-1, ¢-dun, and Eomssadetmin (Eomes) and the UNF s targeted to a T
cell in some embodiments, a (LNR encapsulating the nucksic adid-ancadad canditioning
agent is administersd systemically, for exampie, by intravencus or subtutsnesus infusion
or injection. In other smnbodirments, the ILNP is administersd locally, for example, by
intratesional or intraperitoneat Injection or infusion. In some smbodiments, nucleic avid
motecules encoding the conditioning agent and the enginesting agent are snicapsidated
ire the sarme LNF while in gther embodiments they are ancapsulsted in separats (LNPs
These two modes of delivery of conditioning agents ars desaribed in greater detailin PCT
application PCTAUS 2023/07 2426 which is incorparated by referance for all that it teschas
about conditioning agents and their dehvery of LNFs or (LNPs that is not incansistent with
the prasent disclosure. i some smbodiments, the nudels acid comprises mRNA

(00808 The ferm “trealing” or “teatment” broadly includes any kind of treatment
activity, incliding the mitigation, cure or pravention of diseass, of aspact thersof, i man
or-other snimals, or any activity that otherwise affedts the structure or any funclion of the
bady of mare-or ather ammals, Treatmen! activity incldes the sdministration of the
medicamants, dosage forms, and pharmacsutical compasitions described herein o @
patient, especially according to the various misthods of trestment disclosed hersin,
whethey by g heslthcare professional, the patient histherself, or any othey persan.
Treatment activities include the orders, instructions, and advice of healthcars
professionals such as physicians, physician's assistants, nurse practiionars, and the jiks,
that are then auted upon by any other parsan including other heatthoare professionals or
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the patienthinvhersall. In some embodiments, the orders, instructions, and advice aspeat
of treatrent activity can also include sndodraging, induding, or mandating that a particular
medicanmeant, or combination thereef be chosen for treatment of @ condition ~ and the
medicamernt is actually used - by approving inswrance coverage for the madicament,
denying coverage for an sitemative medicament, including the medicamant on, or
sxcluding an altermnative nedicament, front a drug formudary, or offering a financal
incentive o use the meadicameant, g8 might ke done by gy insurance company or &
pharnmacy benefits management cormpany, and the lika. In some srmbodiments, reatiment
activity c8n also indluds encouraging, induchyg, of mandating thal & padicdar
redicament be chosen for reatment of 8 condition - and the medicament is aclually usad
- by & policy or practice standard as might bs established by a hospital, dlinie, health
maintenance organization, medical practice or physicians group, and the like. All such
orders, instructions, and advice are 10 be saen a8 conditioning recsipt of the benefit of the
treatment oy complignee with the instrgction. in some instances, a financial benefl is.also
received by the patient for comphiance with such arders, instructions, and advice. Insoma
instances, a finandial banefit i3 also received by the hesithcare professional for
compliarice with such orders, instrictions, and advice.

[00203% Some smbodiments of these methods of treatment comprise administration
of an effective amount of & compound or & compasition disclosed harein. Some instances
relata 10 g therapeudically {or prophylactically) effective amount, A therapeutically sifective
grmount s not necessarlly 8 olinically effective amount, that & while there can be
therapeutic benefit as comparad o ne treatment, & method of freatment may not be
equivalent or supsrior 1o a standard of care traatiment existing at same pointin timea. Othey
Nstances refate 1o 8 phamnacologically effective amount, that i an amount or dose that
produces an sffect that correlates with or i3 regsonably predictive of therapeutic {or
prophylacticy utility. As used herain, the term “therapeutically effective amount® is
synonymous with “therapentically gifective dose” and means &t least the minimum dose
of a compound or composition disclosed hersin necessary o achieve the desired
therapeutic or prophylactic effect. Similarly, a pharmacologicatly effective dose means at
feast the minimur dose of & compound of composition disclosed hereln necessary 1o
achisve the desied phamacsiogic effect Some embodiments refer o an amount
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sufficient fo pravent ¢ disrupt g dissase process, or o reduce the sxient or duration of
pathiology. Some embodiments refer 1o a dose sufficient (o reduce g symptont associated
with the disease or condition being thastad. An effective dosage oramount of & compound
or & composition disclogad hereiy can readily be determined by the person of ordinary
siilt in the art considaring all oriteria (for axampla, the rate of excretion of the compound
or composition used, the phamacodynamics of the sompound o comiposiion tsed, the
rature of the ofher compounds o ke included in the carmposition, the particular rouls of
adrinisiration, the particular characteristivs, history and risk factors of the individual, such
as, e.g., age, weight, gensral health and the ke, the responss of the individual to the
traatment, or sy combination theraaf) and uliizing his best judgment an the individual's
behalf Exemplary dosages are also disclossd in the Examplss herein balow.
Talsrability

[o0gad} Conventional LNPs deliver rimarily 1o the ver. Liver toxicity has been the
mapyr dose fimiting paramstsr obiserved with LNF-containinyg pharmaceuticals. For
exampte, ONPATTRI®, compriging the jonizable lipid MU3, has a NOAEL {no observed
advarss effect level) of only 0.3 mgfkg for multiple dosing in rats. A henchmark LNP
comprising the ionizable cationic lpid ALC-0215, usad in the SARSB-CoV-2 vaccine
COMIRNATY®, causes slevated levals of livey encymes and acute phase proteing at
single dosesof 21 mg/ky in the rat. Merely attaching an antibody o the benchmark LNP
partially reverses that elevation and the reversal is greater if the antibody directs the LNP
o some other tissue (that is, 3 LNP) However, use of an lonizable calionic lipid disclosed
herein raduced delivery to the liver and associated fiver enzymie and acute phase protein
jevels o a grealer etent for LNF, aptibedy-conjugated LNP, and (LNF. HLNR
compaositions comprising CICL T wera ganerally well tolerated in both rat and notvhuman
primate (NHP} at single doses of up to at least 3 mgikg.
EXANMPLES

[00205) The following examplas are intended to Hlustrate vanous embodiments
of the mvention. As such, the specific embodiments discusssed are not to be
constructed as Hmitations on the scope of the invention. {t wilt be apparent ta ons
skilled in the art that various squivalants, changes, and modifications may he made
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without departing from the scope of invention, and it is understood that such
sguivalent smbodimants are tobs ingluded hersin, Further, all references citedin the
disctosure are hereby incorpurated by reference in their entirety, as ¥ fully set forth
herain, o the gxtent that they do not contradict oF are not inconsistarit with this
disclosurs, Some examples make use of dongr material and donors are numbersd
separately in sach Example so that Donor 1 i one Example is not nacessarily the same
as Donor 1 or different than Donor 2 of ancther Example, uniess eoplicitly stated
atherwise,
Example 1: Establishing Benchmarks

{00208} Thare is relatively little exparience in the fleld with {LNF and much of that
relving on compositions and formudations developsd for untargeted LNP. A first step in
sbtaining supsrior pedormance is establishing a bageline from which improvement ofone
or another paramater might be judged. One of the major determinants of an LNP's
encapsulation efficlency and transfection sfficiency is the cationic lipid used. Accordingty,
ILNP incorporating CIOLT i 8 basic lipld compasition plus a funddionalized PEG-ipid was
compared 4o HLNPs comprising ong of seven ionizable cationc lipids kirowe in the art in
the same lipid composition. The payload was a CleanCap® mCherry S-methoxyiriding
{Gmolly mRNA sncading the fluorsscent proteiry mCherry (Trilink).

[poraTy The lonizable calionic liptds used for benchmarking included {4~
Hydroxyhutyhazanediviidi(haxana-g, 1-divh  bis{2-hexylidecanoatgl {(ALC-0318), 82~
Hydraxyethyhi{B-uxo-S-{undecyloxy ihexyllaminolostanaic acid, T-odyinonyt ester (SM-
1623, (82,67 28Z 313 )-Heptatrisconta-6,8 28 3-tetrearn-19yl L
{dimsthylamingbutanoate (MC-3), each of which is 8 componeant of an FDA-gpproved
product, and tas(2-butytociyl) T0-{N-{3-

{dimethylaming)prapylinenanamideinonadecansdicate (Lipid A8). The ionizable sationic
fipids 10a, 10f, and 10p were also used. They are desaribed inJ Maed, Chem, 8312862-
1312, 2020 which is incorporated by reference for all that it teaches abut the struchure
and propertiss of these lipids,

{60208 The common lipid compositicsy i this experiment was jonizaeble cationic
Hpid DERPC chalesterol DMGFEG-2000DSPE-PEG-2000naleimide ) g ratio of
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01038 51401 The terminal grotip of the nondunctionalized PEG was mathoxy
throughout the Examples uniess stated othenwise. The N/R ralin {the ratio of positivaly~
chargeabls lipid amine (N = mifrogen) groups o negatively-chargad oucleic acid

phosphate (P} groups) was 8. After initial LNP formation a SATA-modified anti-CDS
antibudy was reacted with the malsimide moiety to provide the final tLNP.

pnang Tha mRNA was encapstisted in LNP incomporsting the DERPE-PEG-2000-
maleimide using a selif-assembly procass in which an agusaus sajution of mRNA at pH =
2.5 was rapidly mixed with & solution of the lipids dissclved in ethanal, then Tollowed by
stepwise phosphate and Tris buffer diludion and tangential fiow Hiftration {TFF ) puniication,
LNPs were stored gt 47°C until conjugation. Naxt, the anti-CD8 mADb was conjugated ©
the above LNF 10 generate tLNF. Purfied ral anti-mouss CDS antibody, done 53-7.3
{BicLegend}, was ooupled to LNP vig N-sucdnimidy! S-acetylthioacefate (SATA)~
maleimide conjugation chemistry. The antibody was modified with BATA {Sigma-Aldrich)
o indrpduce  sulthydogl groups al aocessible lysine residusy glifowing conjugation o
malelmide. SATA was deprotectad using 0.5 M hydraxylamine foliowed by removal of the
unreacied comporents by G-25 Sephadex Quick Spin Froteirs columns (Roche Applied
Science, Indianapolls, IN). The reactive sulfhydiryl group on the antibody was then
canjugated to mialeimids moleties on the LNFs wsing thiosther conjugation chemisiey.
Purification was performed using Sephaross CL-4B gel filtration colurans (Sigrma-Aldrich).
HLNPs (LNPs conjugsted with & targeting antibody) were frozen st -R0°C. Others had
somugated  aantibody o fres funclionsiized PEGHipd and then incorparaied  the
conjugated lipid into pre-formed LNF. However, the procedure disclosad hersin was morg
cantrollable and producsd morg consistent resuits.

{00218 Tha particle size (hydrodynaric dismeter) and polydispersity index of the
targeted lipid nanoparticles were determined using dynanic light scaltering (DLSY on &
Malvem Jetgsizer Nano Z8 (Malvern Instruments, Worcestesrshire, UK) Size
maasuremeant was cartiad out in pH 7.4 Tris bulfer at 28°C in disposable capifiary celis
Anon-nvasive back scatter system (NIB&) with a scatlering angle of 173" was wsed for
size measurements, mRNA contant was determined using 8 QuantiT™ RiboGreen RNA
sssay kit {Invitrogen™), Encapsulation efficiency was caiculated by dstermining the
unencapsulated MRNA content by measuning the fluorsscance intensity (F) upon the
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addition of RiboGreen® reagent o the LNP and comparing this valug 1o the tofal

fluorescence intensity {FI of the RNA content that is obtained upon lysis of the LNPs by
1% Tetton X~100, where % encapsulation = (Ft = FiyFt = 100)

Table 1A. Physicochemical properties of the tLNP

Catic;_n?c; Ii pxd Ain Part_éc,ga ksize PO Enc_a?sqigtipn
sompositian {nmj Efficiancy (%)
&Lcmqsy gg o . 94 yyoe

MC-3 108 014 87
SM-102 85 .20 24
Lipid Ag 101 0.08 a8

108 88 014 8&
10f @1 019 &3
10p 77 a8 ag
CICLYE 93 0.1 g6

* polydispersity index.
T This cosmiposition is referred o as BF1 in subsequent Examplas
T This composition I8 refefred (o as F1 in subsequent Examples

{00211} Ax geernt in Table 1, all of these LNF compositions had hydrodynamic
digmeters and polydispersity indices within the acceptabde ranges of 50-180 mm and 0.2
for FDL Encapsulation efficiency is acceptable at 280% aithough 285% and 280% are
preferrad.

FUFE RS TO assesy the performance of LR they ware used fo ransfect molise T
cells by infecting the NP inte ve mice and evaluated for thelr ability o generate murnine
T cells that expressed the mCherry reporier gene i wvg All ILNP test artidles were
thawsd at rocm temperature for 30 minutes and then diluted 1:3 with sterile water for
injection to achisve & final dose concentration of 100 pg MRNA/ML. 100 Bl (10 jg mRNA)
of wach tsst article was then injscled vig the tall vein info S-wesk-oid femiale CH7EIS mics.
Al treated mice were then sacrificed ab 24 hours postireatment and their splaens
pollected. Bach splesn was then dissodiaied o singte cell suspension and stained with
antibodies fo dentify T cells, B oelis, monooytes, and noi-hematopoiatic cells, Stained
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samples were then analyzed by fow tytametry for expression of mCharry in immune cell
subsels, ard nondrematopoietic. cells. Data anslysis wag performed dsing Flowde
{Version 10.8.1) and GraghPad Prism (3.4.1.).

{00213y Ag geen in Figure TG, all of the tLNP compositions successfully transiected
splanic T cells, although with different transfection rates {the proportion of celis
sxpressing mCherry’ and levels of exprassion (as judgsd by mean flutrescence intensity
{NMF1} of the mCherry signat), The tLNR composition incorporating CICLY (FY) achisved
comparable or superior performance (o the ILNP compositions “incorporating ihs
henchmark ionizable cationic ipids with respect o both ransfestion rate and exprassion
feval. Tha NP composition comprising ALG-0316 was chosean for use as a benchmark
sornipasition in further esperintents (BF 1L

{90214} A numbey of lipid compositions tased aground CICLT have been made
{Table 1B below) and found o successiully form LNPs. The properties of many of these
LNPs and ILNF made from them ars demanstrated in the subsequent sxamples.

Table 1B. LNP Compaositions

Code Lipid Conyesition {Ratios] Nip
ar ALD-0218:08PC.CHOL DMG-PEG(2K) DEPE-PEG(2K)-MAL N
[S010:38.5:1.4:.0.1)
£ SICLEDEPCCHOLIDNG-PEGZELDERE-PEGE-MAL &
[B0:10:38.51.40.4
Fo CICLLDSRCIHOL DNMG-PEGEZEL DEPE-PEG 2N -MAL 5
[50:10:38.5:1.3:.0.2]
£ CICLLDSPC:CHOL DMG-PEG(2K). DSPE-PEG(ZK)-MAL 5
' [GU10:38.5:1 4258:0.078] b
Fq &
F3 [68:10:30.51.4:0.1] 5
Fa DICLTDSPCCROGLDSG-PEG(RKY DSPE-FEG{RK)-MAL &
(351083 .81 2011
e CICLLDSPC:CHOL DSG-PEG (2K DEPE-PEG2E)-MAL 4
' fzi0def1.40.4
P QICLLDBPQCHOLDSG-PEG2R) DBPE-PEG{ZKF-MAL 5
‘ [(50:10:38.5:1.4:0.1
Fo CICLTDSPCCHGL DSG-PEG(2k: DSPE-PEG{K-MAL "
15813081 .4:0.11 )
. CICLTDSPC CHOL DEG-PEG (3K DSFE-FEG2K)-MAL 8
' [B230:38.5:14:0.4
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i»cng;zzgtmn Lipid Composition [Ratios] NP
- CICLTDRPC:CHOL DMG-RPEG 2K DSPE-PEG2K-MAL 5
883350401 i
£y7 CICLEDEPL:CHOLIDPG-PEG K DSPE-PEGEIKMAL &
188:7:33.5:1.4:0.1) -
1 CICLTDSFC:.CHOL DSG-PEG{K) DSFE-FEG{K-MAL &
188: 738,51 404
14 CICLY DESPLCHOL DMG-PEG{RK: DSPEPEG{SK-MAL &
[58:7.34.0.9:0. 11 .
£15 CICLTDSPC . CHOLIDEG-PEG(2K L DESPE-PEG{ZK-MAL &
IBeI30 804
£16 CICLLDERC.CHOL DSG-PEG R DSPE-PEG ZK)I-MAL s
) (50:10:38.5:0.4:0.1 ,
17 CICLTDSPC.CHOLDSG-PEG(2k) DSPE-PEG2E)-MAL 5
: B3 1338 0.9:0.9 ’
Fis CICLYOBPC OHOL DSG-PEG{2R) IBPE-PEGIZR-MAL 6
B1038.5:1.4.0.11
£1g - CICLLDSPC:CHOL DSG-PEG(2K): DSPE-PEG{ZK)-MAL & '
: 50:10:38:1.9:0.1
20 CICLTDEPC .CHGL DSG-PEG(SK) DSPE-FEG{RK)-MAL &
' B 108752 401
£91 CICLTDSPC.CHOL DSR-PEG(ZE); DERE-REG{ZE]-MAL &
7 [BO10372.8.0 _ '
Fa GISLLDBPCOHOL REE-PEGZK) DEPE-PEG{ZK-MAL. 8
R R SERIUEI KK | %
£23 QICLLDERPCOHOLDBG-PEGRKL DSPE-PEGZK-MAL &
* [5810:301.9:0.1]
£24 SIGLA iOS-PE:GHC'Li DSG-PEGRK)DIPE-FEGRK-MAL 8
(881028 52401
£98 QICLTRSPO.CHOL: QSF’EF‘EG{O TEKLDS PE-PEG{IKMAL 8
s (G805 401 >
26 SHHLHDSPC.CHOLDSPE-PEGIKYDSPE-PEGRK-MAL &
= 158 1830.5:1.4:0.1}
£y QICLY:DSPC:CHOL DMPE-PEG{1K); DSPE-PER(ZKI-MAL &
o - _ _sginse 5140 1 7 N
Fog CICLTDSPCICHOL DSG-PEG(SK) DSPE-PEG{5K)-MAL 5
C [BEI031 40501
a0 CICUT OB PG CHOL DM PEG(2K) DEG-PEG{ER-MAL R
5 [58:10:38.5:1.4:0.1
£31 CHCLEDESRC . CHOL DSG-PEGIIKEDEG-FEGRR)-MAL 8
' [58:11:230.5:1.4:0. 1
£z GICLLDEPCCHOLRSPE-PEGZR)DSPE-PEG(2K]-MAL &
' (58:10:30.8:1.4:0.1
£ CICLTDSPC.CHOU DRG-PEG(Zk) DSFE-FEGISE)-MAL &
o (BRS04 '
Fag CICLLDEPCCHOLDSG-PEGRR) DSPE-PEG{ZK)-MAL &
- [(58:12:27.5:1.4:0.1] '
£35 CICLTDMRPC.CHOL DEG-FES{ZEY DEFE-PEGEZE-MAL 5
(5813051 4018
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%em&gx@gtma Lipid Composition [Ratios] NP
f:aé CICLLDPPC CHOL DSG-PEG(2K) DSPE-PEG(ZK)-MAL &
(58:10:30.5:1.4:0.1] ~
£57 CIGLLDAPC: CHOL DEG-FPEG Ky DSPE-PEG{ZK-MAL &
"~ 158103081 0.1 ‘
38 CICL1:18:1 PACHOL DSG-PEG(SK) DSPE-PEGRK-MAL a
" (581030 51401
F40 CICL 1 DSPCICHOL Z0{S)-Hydroxychulesterol DSG- &
PEGIKNDSPE-PEQZK-MAL [55:10:32. 9.7 8:1.4:0.1) :
Fd GICLEOSPLCHOLR-Sitosterct REG-PEGK Y DEPE-PEG(K 8
‘ MAL [BR 10387 81,408
Fay CICLTDSPLCHOL B-Sitosterpb DSG-PEG (2K DSPE-PEQ(SK)- &
MAL [58:10:18.25:15.25:1.4.0.1)
Example 2: Assessment of the Effect of Binder Presence and Dansity
{p0R183 To assgss the affect of the presence of g binding maisty o the LNPs and

the effect of the amount of tonjugated hinding molsty (binder density} various amoums
of the ant-CDS antibody were conjugated to LKNP with the BF1 lipid and mRNA
composition, including 2 composition with no antibody. Antibody was added to the
canjugation reaction {essentially as described in Example 1) at antibody:mRNA rativs
ovar the range of 0 10 2 (wiw), The maleimide in the zero antibody samplée was unreacted,
After conjugation final NP ardibody fo mRBRNA ‘weight ratio (binder density) was
determinad with the BCA (bicinchoninic actd) totel protein assay and Ribogresn@: assay
of mRNA catitert, The LMNFs wers alzso characterized by DLE. As seenin Table 2 (below),
the BF 1-based LNP and tLNPs had-similar physicochemicad praperties and encapstilation

sificiency.
Table 2A, Physicochemical proparties of the tLNP
input Binder | Measured  Final | Particls Bise PO Encapsuiation
Ratio Binder Ratio {nm} Efficieny (%)
0 Kot Applicable 78 4.8 b4
0,20 0.27 76 414 a5
.30 138 T 820 83
§.50 0.48 &0 818 83
1.00 071 83 .13 g5

80



WO 2024/249954 PCT/US2024/032141

input Birdar | Measured  Final | Particle Slzg PO Encapsulation
Ratio Binder Rativ {nm} ' Effivisncy (%)
1.80 1,38 82 215 g7
2.00 1.84 &g 917 13}
* polydispersity indgx
jRli At
{07y The BFt-basad LNP and HLNPs were avalugtad on mouse splenic T oalls

irrviiro, Without antibody conjugation, BF 1-bassed LNP showsed ng mCherry sxprassion
in mouse splenic T cells. Transfection rate was essentially the same for tLNP with
anthody mRNA ratios (wiw) of 02 o 0.5 but decreased as bindsr densily increased
above that range (Figures ZA-B). Expression tevel {as judged by mean fluorescence
intensity (MF!)) decreased with the increasing antibody density. These data damonstrated
a desinzd rangs of 0.2 fo 0.8 for bath input antibady ratio and measured NP binder ratio
for the tested embodiments of LNFs,

[an218} The same LNP and tLNF wers glso evaluated in vivo in wild type CETBLE
roice Without antibody conjugation, BF 1-based LNF showsd nd mCherry sxprassion in
mouse splean T eells inwive (Figures 2C), but higher fransfection rales and at legst simitar
exprassion levels inliver CD4S calls (hepalocyte staining) and tiver CD45* COTR* cells
{Rupffer cell staining) as compared to the CDS-targeted ILNP (Figures 20-E}. In contrast,
ihe ILNF showed substaniial transfaction rates and jevels of eopression in the splenic T
celis. i liver G4 oalls and tiver CD4E COMIET walls, off BF1:based ILNPs had
comparable mGherry sypression, although both transfection rate and expression levet
wers somewhat reduced in hepatacytes as was transfection rate in Kupffer calls (Figurss
20-E) compared fo the LNP. Thus, conjugation of antibody to an LNF suppressed
transfection rate i liver-in addiion I increasing fransfection rate in cells expressing the
target antigen (T cells, which express CDS, in this example). Transfection rate showed 8
hell curve with increasing antibody density in mouse spleent T celis, with the pesk
anourring in the range of 0.8 to 1 for input antibody ratio and sbout 0.5 o sbout QL7 fur
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the measured ratio in the HLNPs (Figure 2B, Table 28). However, values of B2 10 2.0 for
input antibody to payload ratios provided useful ILNF {(Figures 2B8-C).

oy To confiemn the applicability of the preferred binder density soross species,
additional LNPs were prepared with input antibody: mRNA ratios (wiw) in the range of 0.1
to 1.0, but the antibody was chimeric BD7 (chBD7). 8DY is a mousse antibody that
rgcogizes human snd non-human primate (NHP: at legst thesus and cynomolgus
macague} GHS Inihe chimeric anibody the mouss constant domains were replaced with
human seguences. The tLNPs were evaluated as before, inciuding fingl measured binder

ratio, and as shown in Table SB (balow).

Tabde 2B, Physicochemical properties of the tLNP

mpgi Bindsr M_easure:& . Final Eariicie Sizs EO -En:cg;:isuiaiﬁeﬁ.
Ratin Rinder Ratio {rm Efficiency %)
.16 024 78 .15 4

(.30 .35 i7 0.18 g5

0.50 0.43 77 .13 123

100 077 2 014 o7

[002238% These tLNPs wers thern testad for their ability 1o tansfect NHP bload T cells

in vitro, Transtection rate was sssentially the sama for input binder ratios of 0.340 1.0 with
sxprassion level being the Mghsstior tLNPS with input bindey ratios of 0.3 and Q.8 (Figure
SFY This demonstrated affoctivaly the same preferred binder densities in the two speadies.
for input hinder ratio for full tength 1gG antibody.
j00221} in light of all thase data an input binder ratio 1 0.5 W 7 was usad for all
LNP for the subsequant Examples,

Example 3 Assessment the Effect of N/P Ratio

ikt in general, ons warts o maximize the amount of paylead (MRNAY inadoss,
hut one also neads to have sufficlent lipid, particularly the ionizable cationic lipid, for the
ILNF o function optimally as & delivery vehicle reledsing the payload inte the cytoplasm.
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To sstablish the sensitivity of (LNP performance to varations i mRNA conternt the NP
ratio was varisd white holding the other paramsters constant.

08y To aidin comparability within and between experiments, @ fixed dosage
of mMRNA wag used. Thus, i the lipid ratios were held constant, & changs in N/F ratio
would lead t¢ @ greater or lssser amount of sach lipid in & dese, incdluding the
fundtionatized PEGHIpd. This wolld lead fo dosages having greater or lesser
amounts of conjugated binding moisty withowt a compensatary  adjustment,
Canseguently, while the {otal amount of PEGHpd was held wonstant iy this
experiment, the amount of functionalized PEGHipid, that was, DSPE-FEG-2000-
maliemide, was adjusted 1o at least partially mitigate any such effext. Thus, for the
genaral ipid composition of CICLTDSPC cholestersl DMG-PEG-2000.DSPE-PEG-
2000 the lipid ratic was 50:10:38.5:(1.8-X1 X, When NF was 3, % was 0.2, when NP
was 8§, X wasg 0.1 ard whan NP was @, ¥ was 0.075. Formation of the tLNP and

cotjugation of the anti-CD& antibody was as described abovs,

Table 3. Physicochemical properties of the tLNP

Composition NP gfggc'e Size | oy g;;g;gigﬁ;gy
BF 1 & 775 @ 4

Fe 3 9Y3 a1 a3

F1 & 88.8 0.1 a8

Fa 2 &28 & 28

[o6224} As showr in Table 3, all of the HLNPs had similar physicochemical

properiies and encapsulation efficienoy. 1t was found that varying NP ratio in this
range had ittle effect on T-call expression (Figure 34}, although the differance
betwsen these compositions and the benchmark composition (BF1) was graater than
thase in the previous sspariment.

foazas} ir1 addition to maximizing expression in T celis, §is offen desirable to
mirdmize exprassion in the liver. Therefare, mCheyry expression in liver CO45 culls
{hapatooyies) and liver COME® CD1IHY calls (Rupifer cellsy were assessed, Here, NP
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ratio had & surprisingly pronounced effect with the tLNF with N/F ratios of 3 and 8
producing substartially lower levels of expression in both hepatocytes and Kupffer
cells than the tLNP with an N/P ratio of 8 or the benchmark tILNP incorporating ALCs
0315 {Figures 3B-C). Thus, considering exprassion in the tiver as wall as in T celis,
NAR ratios of rom 3 {0 6 wers saan as supsrior o an NP ratio of 8. Compositions
with N/P=8 produced somawhat better encapsulstion efficiency and ware chossn for
sysluation of further parameters.

Example 4: Assessment of the Effect of lonizable Cationic Lipid Content

[0022861 Ag noted above, one of the major detsminants of (HLNP performancs
is the ionizakde cationic Hpld: Here we varied the proportion ionizable cationis Hpidin
the composition making ILNF comprising CICLT DSPC cholesterol DMG-FEG-
SCOODSPE-PEG-2000 mataimide in & ratic & YOIOBR.5Y 1401, whers Y was 42
{F4), B0 (F1). or BB (F&), NP was & Formation of the tLNP and conjugsation of the anti-
CDE antibody was as describsd above.

{66227} Tha apparent {dhat is, mesasured) pKa of jonizable lipid in the Hpld
nangpatticle was determined using &-{p-loluidine)-2-naphthalenesutfonic acid sodiuny salt
{TNS salf, Torento Ressarch Chemicals, Torento, ON, Canada). Lipid nanoparticles ware
difuted in TxDulbscod’s PBS o a conceniration of 1 mi tolgl lipids, TNS salt was
prepared as @ 1 mghmb stock solution in DMSC and then further diluted using distiled
water 108 working solulion of 80 pg/ml (178 mi). Diluted lipid nanoparticle samples
weare further difuted to 30 M total hpids it 188 b of budfered solution containing 10 mM
HERES, 10 mM MES, 10 mM ammonium acetate, 130 mi NaCl, and fingl TNS
concentration of 1.33 pgdmi (4 pM) with the pH ranging from 3.5 to 13,8, Following pipetts
miing and incubation at reom temperature in the dark o 15 min, fluorescence infensity
was measured al room lemperaiurg ina BioTek Synergy H1 plate reader using sxcitation
and emission wavelengths of 321 and 448 nim, respectively. The fluorescence signal was
blank sublracted and plotted as a funclion-of the pH, then analyzed using a nonlinesr
{Ballemann) ragression analysis with the apparent pia delermined as the pH giving riss
to half maximal fluorescence intensity as calculated by the Henderson-Hasselbaloh
gyuation.
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Table 4. Physicochemical properties of the tLNP

Composition Description Particle Size {(nm) - P E?f?ggigi?;;z? ;ﬂ;:i:.rgiggid
BEY 7.5 0.1 Q4 .48
Fa 86.1 0.1 98 673
1 83,8 0.1 a7 6.65
F5 hots 0.1 02 Ba5
[pozasy Tha physicocharmical progerties of these NP were comparable,

including measurad pia. The measured pKa of the lonizahle cationiclipid in the tLNE
in the range of 8 v 7, which aliowed nizetion as the endoseme acidified and
promuoted endosomal release of the contants of the (DLNF im0 the cytoplasm, The
propottion of jonizable cationic lpld in the ILNP might affect the obssrved pKa,
though as seen in Table 4, in this case the effect was minor. There was 2 trend of
increasing particle size with increasing lonizable cationic lipid, but & remained within
2 preferrad rangs.

[z The NP ware administsred to CETBLAS mice by tail veln injection, splsen
and liver harvesled and disaggregatad, and sxpression of mtherry in splenic T calls,
hepatooytes, and Kupfier cells sssessed by flow cylomigiry, Thers was & oliear trand of
noreasing transfection rate and level of Sypression with inoreaging CICL T cordent, with
the 58% CICL1 composition (F5) exhibiting perdormance superior o the previous 50%
CICL1 compostiion (F1) and the benchmark camposition (Figure 4A}. The same trend
wag. obhserved i hepatooyles  and Kupffer cells but the difference between the
compositions was muah reducead and both fransfection rate and axpression level wers
mivch less than with the benchmark BF 1 {Figures 4B-C). This demaonstrates that ionizable
cationic lipid content is an important factor in T cell-targeted delivery by tLNP with higher
content within the tested range being favorable. Accordingly, §8% CICLH{FS) was used
as a bassling in the evaluation of further parameters.

Exampls §: Assessment of PEGJipid anchor length

{06238} To assess the effect of PEG-lipids with varying anchor carbon chain lengths
NP with the general composition CICLEDEPC CHOLPEG-LIPIDDSPE-PEG-2000-
MAL [BR7.33.51.401] were made sssentiglly as described above, i which
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unfunctionalized FEG-LIPID was DMG-PEG-2000 (F11), DPG-PEG-2000 (F12) or DBG-
PEG-2000 {F13) As before, NP was 8, the mRNA was CleanCap® mCheny 5
mathoxyuriding (Smold) mRNA encoding the fluorescend protein mCherry (Trilink), and
whole 1gG recognizing mouse CDE was conjugated to the DSPE-PEG{2K)-MAL,
Fhysicochemical characterization is reportad in Table 54,

Table 5A, Physicochemical properties of the tLNP

Compasition Unfunctionalized Particle &ize PpIt Encapsulaton
Bescription PEG-Lipid anchor {nm} Efficiency {%)
F11 14 i1 .08 21
F12 18 .y (.06 g1

A F13 18 08 0.9 B3

{00231 The ability of these tLNF fo transfect cells 0 vivo was lested by injection

into CS7BLA mice, For splenic T cells, both transfection rate end expression levsl
{Molecules of Equivalent Soluble Fluorochrome (MESF) markedly improved with
inGreasing anchor chain lergth with the WNF cornprising BSG-FEG-2000 {F13) achieving
almost thres imes the transfection rate and exprassion level as tha NP comprising
DMG-PFEG-2000 (F11) (Figure SA), Al the same time thers was minimal expression
{fransfection rate <3%) with compositions F12 and F18 in hepatocytes (CDEE lver celis)
{Figure 58). Transfection of Kupffer cells (CD4SHCDTY" liver calls) was similarly reduced
with F12 and F13-and was only about haif that of hepatocytes with F11, though expression
levels in transfected Kupffer cells appearsd to be substantially greater than in hepatooytes
{Figures 5B-C}). The improved transfaction rate and exprassion level achisved in T cells
(increased)y and liver cells (decressed) with Increasing anchor chain length for the
unfunchionalized PEG-pid may reflect increased circulation time of the NP due fo
reduced shedding of the PEG-lipid and resulling inhibition of spoB-mediated dalivery to
the ey

{86233} Whareas the tLNP i previous Examples had comprisad 10% DSPC, the
composition of F11-F13 comprised 7% DSPE with compensatary reduction of cholesteral
pontent, The effect of PEG-pd anchor carbon chain length was evaluated in LR it the
contaxt of & 10% DSPC content using the F5 lipld combination In comparison @ ang in
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which the DMG-PEG-2000 of F& was replaced with DEG-PEG-2000. That is, the lipid
composition of the ILNP was CICL1.DSPC.CHOL PEG-LIPID:DSPE-PEG-2000-MAL.
[583:10:30.5:1.4:0.1] where PEG-LIPID was DMG-PEG-2000 (F8) or DEG-PEG-2000
{F9). These (LNF differed from those described above in that they encapsulated a Ni-
methyipssudouridine {mTy) substititad mRNA encoding the fluorascant protein mCherry.
MRNA substitided with miy were generally sxpressed at higher levels than those
subrstituted with Smaold, but there was no apparent ragson this change should have 8
substantial impact on ransiection rate. As before, N/Fwas & and whoie 1gG recognizing
mouse G5  was conjugated o the DSPE-PEG-IROO-MAL.  Physicochemioad
charactarization s reported in Table 88,

Table SB. Physicochemical properties of tha tLNP

Composition Unfunctionalized ‘ Particle Size eo Encapsulation
Deseription PEG-Lipid anchor {amy} Efficiency (%)
FS 14 a0 400 88
F2 118 88 o3 1

{00238} Upor injection inte O57BLIG mite the improved performance of the {LNP

with the longer chain PEG-lipid was again cbserved in both spleen and liver cells (Figure
SQ-F}.

Example 8: Assesament of PEGlipid content

[ 34y The effect of Increasing the content of unfunctionalized and tolal PEGHIpId
oontent was assessed by comparitig ILNP with Higid composttion 11 with ang in which
the urunclionatized lipid content was reduged from 1.4% 1o 0.8% with g compensatory
reduction in cholesteral and consequent reduction in total FEG-lipid. Specifically, the lipid
content Was CICLLDSPC.CHDL PEG-DMG2000:DSPEPEG-2000-MAL
[S8:7:33.51.4:0.1] {F11) and [BRT3GAQR0N] (F14). As beforg, NP was 8, the mRNA
wag GleanCap® mCherry S-methoxyuriding (Smoll) mRNA ancoeding the fucrescent
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proteir mCherry (Trilink), and whole IgG recognizing mouse CDS was conjugated to the
DSPE-PEG-2000-MAL. Physicochemical charactenzation is reported in Table 8.

Table 8. Physicochemical properties of the tLEP

Composition Particle  Size | 50, Encapsulation
Descriptian {nm} Eficiency {%)
Fi1 112 §.0% 81
Fi4 11k 0:04 34
FEEREY Lipen injecticar ity CSTBLE mice the two compositions had similar

transfechion rates and expression lsvels i mouse spleen T cally and liver Kupfler cselis
but F14 tLNF provided & lower transfection rate and sxpression level (Figurss 8A-C).
However, i considerstion: of other factors including favorable: physicochemical
properties, potential toxicitiss, and stabilty, and our other strategiss fo avoid ey
hepatocytas uptake, we continued to use 1.5% as our lotal PEGHipid ratic.
Example 7. Assessment of Various Functionalized/Non-functionalized PEG-lipid
Combinations

[O02 383 There were several polenfial cholcss for the functionalized and non-
furctionalized PEG-lpid 10 use in 8 tLNF. The PEGipid could hiave a-longer or shorter
and the ipid could be a diacyl glyeeral or a diacy] phosphalipid. To gain some insight into
the effect of these variables various combinations ware selected for testing. With respect
@ the funclionalized PEGHipid which anchiored the hinding moiety (afler conjugation) #
was inporiant that the lipid not be shed from the LNF. Thug, only fonger carbon chain
lipids were selacted, specifically DSPE {a diacy! phosphalipid) and DSG {a diacyl glyceral)
based PEGHipids. For the non-funclionalized lipid DMG-FEG-2000 {a shortsr carbon
chain lipid) was used in addition 1o DSG-PEG-200 and DSPEFEG2000,

fo0237y HLNF were made sncapsulating the mig-substitited mCherry mRNA with
an NI ratio of 8 and the gensral lipid composition CICLTDSPL CHOL PEG-LIPID: PEG-
MaL LIRID [58:7.33.5,1.4.0. 1] Whole 1gG recognizing mouse CDS was conjugated ta the
PEG-MAL LIPID essentiglly as described ghove. The particular FEG-LIPID and PEG-
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MAL LIPID combinations and the physicochemical charactenization of the HLNPs are
repotied in Tabla 7.

Tabie 7. Physicochemical properiies of the LR

ConpostON | PEGAIPID | PEG-MAL LIPID %g%;w PpI E?gggﬁﬁ?g‘
F5 DIMG-PEG2000 | DSPE-PEG2000-MAL | 90 0.3 96
F30 DMG-PEG2000 | DSG-PEG2000-MAL | 94 09 o4
Fa DSG-FEGI000 | DSPE-PEG2000-MAL | 88 goa 97
Fa1 DSG-FEG2000 | DSG-PEG2000-MAL | 87 004 96
Fa2 DSPE-PEG2000 | DSPE-FEG2000-MAL (90 101 93
QD ERER As spen in the table, all of these particlss had similar physicachsemical

properties. However, aggregation was sesn during purification of the FR2 1ILNP indicating
the ligid combination may riot be optimal to form stable nanoparticles.

00238} Upon injection inte CSTBLAE mice ths LNPs with the F9 and F3
composiions performed  markedly hetter than the other thres Sompositions for
transfection rate and exprassion lsval in splenic T celis {(Figure 7A). Both F8 and F31
contained the longer carbon chain discyl glycerol, RSG-REGI000, as #ts non-
functionalized PEG-ipid indicaling that not only the jipid tail length but also the glycerol-
based as opposed 10 phosphatidyl scaffeld was imporant for the performance.
Comparison of the FS and F9 ILNF with the F20 and F31 ILNP, rsspectively, shows that
there was no major effect fram using the DEPE- versus the USG-based functionalised
FEG-ipid on performance in T celis in the tested embodiments.

foo248} However, my hepatocytey, ILNPs with the F31 compesition, along with
LNPs with the Fa0 provided substantial transfection rates and expression jevels, thal is,
the two containing a fiunctionalizaed disoy! glycersl, whereas ILNPs with the FY or F32,
hathy of which contair the discyl phospholipid DSPFE, provided vary low levels of
transfaction and sxprassion. Thus, use of the phospholipid in the funchionalized FEG-lpid
appearad o be critical in avoiding hapatic transfection. ILNPg with the composition F§,
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which also contained 8 DSPE-based functionalized lipid but also the shorter carbon chain
DMG-Daged non-funcionalized lipid, provided intermediate performance (Figure 78)
reflacting the importance of lipid carbon chaln fangih seen in Example §, but further
indicating that the lipid's scaffold (plyceral o phosphatide) had Hile imporiance, for
avoiding uptake by hepatacytes.

{02413 in Wupfier celis tILNPs with the F2, F31 and F32 compositions provided low
levels of transfection and expressgion; sgain reflecting the importance of fanger carban
chain length in the nonfunclionatized PEGHipid for avoiding fiver uptake of the tLNPs,
The somewhat lower sxpression provided the F8 tLNPs than the F32 {LNPs supported
the preference noted above for a givcerolbased lipid scaffold it the non-functionalized
PEG-ipid toavoid iver uptake. tLNPs with the F5 composition showed intermediate levels
and tLNP with the F30 compasition, quite substantial levels (Figure TC) of transfection of
and expression in Kupffer celis, Qomparison of the performance of the F& and FROILNPs,
which incorporated different nen-funclionalized PEG-lipid, showed the impodanos of their
common component DSPE-FEG-MAL, the phosphatidyl “funcionalized PEGHipId, in
avading liver dptake of the tLNPs,

[00248 Ovarall, the FSILNPs, comprising DSG-PEG2000 and DSPE-PEGRO00~
MAL, showed the best performances in transfecting T cells but avoiding uptake in the fiver,
Exampla 8. Assessmant of the Effect of Phosphatipid Content

{00243 Phospholipid content can influence the Tormation, structure, and siability
of LNPs, among other characteristics. Here the proportion of DSPC was varied and
compensatory adjustments o the cholesterol content were made in the contaxt of
sither DMG-PEGINON or DRG-PEG2000 gs the non-functionalized PEG-ipid.
Spacifically, the NP comprised CICL1DSPCCHOLDMG-PEGRU00.DSRE-
FEGZO00-MAL in the ratio of [58 MI{40.5-ML T 4.0 1 where Mwas 10 (F5Y or 7 (F11)
or CICLTDBSPCCHOL DEG-PEGRODCDSPEFEG2000-MAL  in the ratio of
(58 N{40.5-N1 1 4:0. 1 where N was 10 (F8hor 7 (F18). ILNP were made encapsulating
the miy-substituted mCherry mRNA with an N/F ratio of 8 Formation of the tLNF and
corjugation of tha anti-COS antibody was ag described above. The particular PEG-
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lipid and DSPC combmations and the physicochemical characterization of the {LNPs are
reporied in Table &

Table B. Physicochemical properties of the tHLNP

F11 DMG-FEG2000 | 7 | a5 .09 56
F5. DMG-PEGE000 | 10 o5 0.05 45
F13 DSG-PEGI000 | 7 100 0.05 92
Fg BSG-PEGROGG 10 = a0 .67 o7
[00244) ' - ' '

[00245) As sesn in Table &, the tLNFs with only 7% DERC (F11 and F13) had lower
MRNA encapsulation efficiency, snd slightly larger particle sizes, suggesting 7% DSPC
may not be sulficient fo provide a stable structure for the LNPs.

[E4sy Upon inection nto CS7BLA mice, (LNPs comprising 10% DEPL (FS and
F&y and sither DMG- or DSG-based non-funclionaliced PEG-lipid provided much higher
mChearry sxprassion in mouse splenic T cells compared to the coresponding 7% DSPC
version (F11 and P13, respectively; Figura 84 This better performance may be dug, at
feast in part, 1o the greater stability of the {LNPs comprising 10% DSPC as compared o
those with 7% DSPC. Comparing the two pairs of DMG- and DEG-based NP with the
same DEPC vonient again demonstrates the supsriorty of the longer carbon chain
anchaor on the PEGHipid. The F11 {LNPs had much higher mCherry transfection ang
exprassion leveals in both hepatocyies and Rupfier cails than FS {LNPs indicating 10%
RSPC was mors favorable for avoiding tivey uptake (Figures 88-C) The F13 tLNPs had
comparable or slightly diminished performance than the T8 LNPs in the Hver calls
However, dis o the alrgady fow level of fransfection and expression resulting from the
uses of DEG-PEG2000, and considering the suparior performance in T cells of ihe F@
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campasition aver the F13 compasition, the F@ 1LNPs remained the overall better choice
for delivery to 7T calis.

Example 9. Effects of Antibody Conjugation on Delivery Locus

002473 Conventional LNPs deliver their payload primarily to the liver following
mtravenous administration. Here we sxplored the effect of decorating LNRP with antibody
on. paylcad delivery. Using the BF1T and F& compositions, undecorsted LNP, LNP
decorated with wrelevant G, and tLNP decorated with the artmouse COS andibody
were prapansd and administared to CETBLE mice by tail veininjection. Only the tENP
with the anti-CRE antibady provided substantial transfection rates in splenie T cells
{Figura 84). With respact lo CD45 liver cells (hepatocytes) the BF1 LNP had a
transfection rate of nearly 38%. Decorating the BF 1 LNF with an ivslevant 190 reduced
the transfection rate of hepatocyies by ahout half and decorating the BF 1 LNF with the
anti~-CD5 antibody {a trua HNP) reduced the hepatocyte transfection rate o less than
10% (Figure 88). The FS LNP alrsady had a low transfsction rate on hepatocytss, lesg
than 5% and addition of antibody did not further reduce it in this experimeant. Thus, adding
antibody or changing the jonizable lipid both reduced delivery to the fiver

{80248} v 8 further study, nine-week-old famala CETBIS mioe weare intravenously
ijacted with BF1 or F8 LNPs or CDE-argeted {LNPs encapsulating mRNA encoding
luciferase at @ dose of 2 ug mRNAanimal via the tal vein. At S hours postinjection, proneg
and supine bioluminescense images were collectad Trome all mice (Figure 8C). Following
whole-anitial imaging, the mice wers sacrificed, perfused and the following tissues
collected: fiver, spleen, lung, kidnays (both), heart and brain. Tisstues were placed info
luciferin pre-filled black polystyrene well plates with spacing between tissuss and
binluminescent images were collscted {(Figure 8C). Quantilative resulls {Figure BD; data
from right kidney (not shown) is similar (o the left Kidney data) show that use of CiCL1
reduced bictluminescence in the liver abouwt @ logs compared 1o the BF T compasitions yst
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for the ILNP incorporating CICLYT bioluminestence in the spleen was similar to the BFY
compasitions and about 1 log greater than its administration led 1o in the liver.

DR These compositions displayed the general pattem that bioluminascence in
splean > lung > kidney > heart > brain, with the CICLT containing LNF composition
generally producing the Isast bictuminescence in each of the non-target organs,

Example 10, Comparison of tLNP targeting G5 and CDE in 1 Mouse Tumor Model

fonesey LWP with the T8 compuosilionr wers prepared and conjugated with either'a
humanized SO7 (ant-CO8) antibody or & chimeric RPA-TE {(ani-CDE) antibody to
generate ILNP. The {LNP ancapsulated Nl-amethyipseudowidine-substittted mRNA
encoding an ant-BD1g CAR (G056~ and COB-largeted NP} or B-methoxyuridine-
substituted mRNA encoding mGherry {CDS-targeted (LNP only),

28} NEG mice (approxunately 10 waeks old) wers purchaged from The Jacksan
Laboratory and acclimated for al jsast § days. Ten million human T cells ware injected
intravenously via the tail vein. After 10 days of the T cell sngraftment, 5x10° Nalm6 cells
canstitulively expressing Firefly Luciferase (Naim8-Luc) were injected infravenously, Five
days following tumar cell engraftmend mice were evaluated for T uall engrafiment
{frequency of human CD4E+ pells in ciroulation} and twmor burden (assessed by
uciferase signal) and staged In groups with similar sverages of Both readouts. From the
18th day following T cell engrafiment, groups of mice were injscted intravenously with
one of the tLNFs comprising 20 yg mRNA twice weekly for a total of & doses. Tumor cell
burden was evaluated by bioluminescence imaging (BLE of the lucHerase signal twice
weekly. Additionally, at 34 hrs after the third dose, pevipheral blood samples were
anslysed by flow oylonetry for mCherry expression gnd CAR exprassion (tising g PE-
canjugated antibody against the scFv linkeryon T cells.

{00252} The ILNP decorgled with the ani-CDS and anti-CDR antibodies aohieved
sintilar transfection rates in CO8" blood T cells. As comparsed 1o the COS-argated (LNP
{F3 CDS, solid virgle), the transfection rate on T cells over all was radused for the CD8-
targeted (LNP (Fo CDB, solid tiangle) dus to their inability fo transfect CD4Y T cells
{Figqure 10A}, PBS (solid syuare) was administered as 8 negative control. The CDE-
targeted ILNP (F8 DS, solid triangle) provided higher exprassion levels in CDEY and total
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T cells than did the COE-targeted ILNP (FR CD5, solid circla) likely reflecting the greater
density of CD8 thant CD5 on the cell surface (Figure 108). Similar pattems were abserved
i splenic T cells (Figures 100-D). The anomalous exgression in CD4* T cells trested with
the CD8-targeted tLNP sgen in blood (Figure 10B) was an artifact of the small number of
avents in the flow oytometry and was not sesrn in the results for the splanic T cells where
& much greater nuimber of svents were collecied (Figurs 10D), These data support the
relevance of dats obtained with CDSHargetad LNF (o tLNPtargeted t othey oell surface
antigans.

j002583% For the CAR, the transfsction efficisncy was highsr with the CD8-targsted
WNF (F8 CDRYin both total T cells and CD8Y T calls than willt the CDSargated tLNR (F9
CDE} (Figure 10E), although the rates of transfection were substantislly less than seen
with the mCherry mRNA. This likely reflects that the CAR miRNA had not be aptimized for
in vivi fransfection using 1LNP.

[00254) Evalugtion of tuhor burdsn via lugiferase signal demonstrated fhat, in
general, tumors grew in the mCherry treated groups while there was @ significant
rduction of fumor burdent in the groups receiing the sencaded anti-CD1Q CAR,
irrespectiva of whather they were trealed with CD5 (CDE) or CD8 {CDE) targeting tLNPs
of composition FY (Figure 10F). Indeed, in most of the treated mice apparently complate
clearance was achievad by the 3% day fallowing the first adminisiration of the tLNFs.

Example 1. Tolerability of BF1 LNP, BF1 tLNP and F§ LNP and tLNP

[oR2a5) Uipon admirnistration 1o rats, the undecorated BF 1 LNF showed asignificant
dase-effect incraase {(>1000 HNL at 3 ma/kg) in tiver enzymes {data not shown} and acute
phase proteins with substantial elevations for doses 21 mgikg (Figures 11A-CY A second
study in rats comparing compasitions BF 1 and F8 head-to-head confinmed the elevation
of liver enzymes seen with BFY, howaver g similar elevation of fiver enzymes was not
ohserved for FS LNP (Figures 11D-E). For BF 1 tLNP the elevations were largsly reduced,
though thare was still some elevsgtion of goute phase proteins, especially &t 3 mg/kg. In
cantrast, the F&ILNP showed no significant incrsase in liver snzymes or acule phass
proteing up ¢ 3 mgfkg, the highest dosage tested {Figurs 11F-J) The binding molaty i
this experimant was he ant-CDS antibody mentionsd In Example 2 which did not
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recogrize rat COS so that there was no targeting effect here and the simple presence of
conjugated antibody accouniad for a large part of the greater tolershility of the ILNPg,
consistent. with the effec! seen with 1gG in Example 9 However, the antibody was &
neutral factor with respect to the difference in tolerability betwesry the BF 1 {LNP and the
FRILNP. Thus, the different ionizable cationic Hipld was Hksly to account for the superior
tolerability of the F5 WLNP over the BF 1 {LNP.

fonassy A further study i which various dosages of a rat UDStargeted F9 ILNP
ancapsulating mCherry mENA {up to & mg/kg) and a human CD8argeted F8 tLNP
encapsulating an ant-CD19 CAR mRNA (up 1o 8 mg/kg) wers adminisiered to rats. Again,
liver engymes and acute phase protain levels were assessed. The CD8 binding moiety
Wwas net cross reactive with rat CD8. Results for ALT (Figure 11K} and AGP {(Figure 11}
demonstrate that aven at thess greater doses tLNPs incorporating CICLT were wall
{olerated.

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

(2SN A Tirst study was conducted 1o evaluate the tolerabifty and engineering
afficiancy of g single administration of CDSargeted NP with an BNA payload encoding
mCheny, CRS&targsted, composition BF1 and F5 1LNPs were adminisiared as & singls
dose ranging from 0.5 mg mRNAKG to 3.0 mg mRNAKg. Clircal observations, clirical
pathology, and toxicology biomarkers were evaluated 10 assess safely and tolerability,
Pharmacological assessment was camisd out by flow cytametry detection of mGhearry in-
immune cell subsets in paripherst blood and tssuss (spleen, bone marow, lymph node,
angd liver).

joa2s8y For each COS-targeted {LNF of somposition BFY or F5, pairs of cynomalgus
MACSGHES werg administerad doses containing 0.5, 1.0, 2.8 or 3.0 mg mRNAKkg as & 1~
four intravenous infusion at 8.25 mlkghr and an additional control animal received FES.
Whole blond, serum, and plasma were collected at baseline and following test article
administration at 4-, &, and Sd-hours post-dose. Under sadation, biopsy samples werg
collected at 34-howr post-dese adminisiration of lymph nade, liver, and bone marrow
tissiigs. 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 Example 2 decorating the NP
fecognized gynomolgus macague GDA, the (LNP provided trus fargeting i this model.

[0Ese Liver function fests showed elevations of ALT at 24 hours and of AST st 4
and 24 hours post-infusion for the 2.0 and 3.0 mgikg doses of the BF1 composition which
cantained the lonizable cationic lipid ALC-0318 (Figure 124, upper panels). incontrast,
for the FScomposition, containing the ignizable cationic iipid CICLT, was weli-lolerated
gven-at 3 mg/ky, the highest dossage tested, with no or only minor slevations observed
{Figure 124, lower panels). {An anomatous elevation of AST i one animal receiving a 1

mgfka dose way likely procedurs rather than test adicls-related).

{00280) Cytokine secretion following administration of the {LNFs was aiso assessed
for -8, MOP-1, -2, IFNy, ThFo, TGFg, -8, and gin-08F. There were minimal to mild
transient slevations of IL-§ and MCP-1 following administration &f the (LNPs but 1o sill
fow tevals (Figurs 13B)

100281} Transfection efficiency was assessed by flow aylomelry as the percaniage
of mherry® T oslls in blood at 4 and 34 hours after infusion for animals recelving the
CD&-targeted NP of F5 composition. As many as around 30% of fotal T cells were
mChery® at 4 hours, Al HLNP-reated animals had about 4-6% mCherry® T cells at 24
hours demonsirating successid fransfection with sorme dagres of durability of sxprassion
{Figura 12C). Transfection efficiency was also assessed in splean | lymph node, and bong
manrow T cells in dssue collected dwring necropsy, 24 houdrs affer infusion: There was a
slear trand 0 higher frequency of exprassion with crsasing doss, with betwsen 9 and
18% miCharry® T cails it splean gt the two highest dosages {Figure 130) demonstrating
doss-proportional transfection. Either the (LNP successilly reaches and transfects T
cells in these tissues or transfected T cells migrate into the tissues following transfoction.
[eu2s2y A second study was conducted with F2 ILNF to evaluate the tolerability and
%ngin&‘ering efficiency of (1) a single administration of a CD5-targeted ILNP (humanized
5D7 targeting antibody) with an mRNA payload encoding an anti-0018 CAR, (2} 3 single
administration of a CD8-targsted NP (chimeric RPA-TS targsting antibody} with an
mMRNA payivad also encoding the anti-0EH 8 CAR, and {3} repeat administration (3 doses)
of the CDS-targeted ILNP. The ChE-targeted tLNF was administerad as a single dose at
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3.0 mglkg (Group 2, n= 2) or 85 g repest dose of 1.0 mglkg st 72-howr intervals (QF8h)
for thees doses (Group &, n = 2). The CD8argsted t(LNP was administered a5 3 single
dase at 3.0 mo/ky with terminal take down at 24 hours post dose (Group 4, fi=3) or 86
hours post dose (Group 3, n= 2} As a conlrol, PBS was administered {(Group 1, o= 1)
AHILNE tested in the second study utilized compaosition F8. The ILNP formulations {tLNFP
compestions  plus bidfers and  excipierds] wete administersd by IV infusion st
£.28mbLAkghr and total duration of administration was 1 hour. Glinical obsarvations,
glimical pathology, and ioxicology biomarkers were avaluated (o assess safely and
tlerabifity. Fharmgcological assessmenit wag canied sul by flow sytometey detection of
anti-CD18 CAR In imimung tell subsetls in paripheral blood and tissuss (spleen, bone
marrow, fymph nade, and liver). i showld be noted that the ant-human CDIR CAR has
nc significant pharmacalogical activity In NHR so the (olarability indicated by the studies.
i this Example relate only to the bigthemical composition of the LNPs {ncluding
encapsulated mRNA) and do not reflect any impact of immunological activity of the CAR.

fao28y Liver function tests showed transient elevations of AST andfor ALT ina
minorily of animals receiving a single admimistration of ILNF 3t 8 dosags ¢f 3 mg
mRNAKG, g the highest slevations were in the PBS conirgl animals, suggesting that
the slevations were procsdure-related rather than test article-related (Figure 12E), No
glavation of ALT or AST was observed in the animals receiving 3 doses of the CDEH-
targeted UNP at g dosage of 1 mgmRNAKg (Figure 12F) These data again indicate that
the ILNR, and particularly the ionizable cationic lipid CICL1, was well folerated.

{0364y Transfection efficiency was gssessed by flow cylomelry as the percentage
of anti-CDE CART T cealls i blood st 8 and 34 hours gfter infusion for the animals
receiving 8 single administrgtion and at 24 hours. The general pattern seen with
sxprassion of the mCherry mRNA payioad was repeatad here with higher percantages of
CAR* T cells seen at the earfier time point, but 3t & substantial number of CARY T cells
ohserved 24 hours giterinfusion (Figure 12G). CARYT salls were also cbearved inspleen,
bone marrow, and lymph nodes, as well as in liver, suggesting that the ver dstargeting
effact of the herein disclosed NP compositions may have been iimited and did not
sxtend to liver residert T calis (Figurs 12H). Repsat administration was sbis to mairtsin
or increase the proportion of CAR™ T calls over the course of the expariment, 24 hours
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after the third infusion (Figure 121} At the 3 my/kg dosags. transfection with both CDS-
targeted and CD8targeted ILNF lad to expression of a similar number of CAR molecules
across g varety of immune cell subtypes in spleen including helper T cells, cylotoxde T
cells, B oells, MK calls, and lingags negative cells (Figure 124, With the anti-CD1e CAR
encoding MRNA usad in this experiment the number of CAR molecules par cell was about
10Q-1000 38 nivlecUiss of squivalent soluble flugrachrhme (MESF). However, it should
be noted that the anti-C1e CAR encading mRNA had not bean aptimizad for use in
tLiNP-meadiated in vivo transfection and several fold higher levels of expression can be
achirved with optimized mRNA.

{00288} & third study in NHP with FO (LNP targeted-to QOB and encapsulating an
mMRNA encoding an anti-CD18 CAR was also conducted and the single dose liver enzyme
resulis of all thres studies {dosas ranging from 3.8 fo 3.0 mig mRNAKY) compiled into
single plots of AST and ALT levels for a more global assesament (Figure 121). For AST
mary of the monkeys sxhibited mild elevations  {anything undsr 1000 UA) above the
nominst normal range (the grey shaded srea) and indead several of the monkeys had
glevated AST levels privr o admiistration of tLNP which generally decreased after
dosing. ALT levals in most of the monkeys were within the normal range or were slightly
alevated prior to administration of tLNP (Figure 12K} None of these results indicale a

substantial toxicity related to administration of FS or FSILNF campositions.

fou2ee} Two additions! studies o futher assess repeat dosing utilized three
administrations gt 72-hour dntervals of CDS-targeted 1LNP with composition F9 and
ancapsulating mRNA encoding an anti-CD18 CAR. Dosages ranged from 01 - 2.0 mg
mBENAKg. Mild or moderate transiant AST or ALT elsvations wers abssrvad in sdme
monkays (Figure 12L) These slevations do not detract from the generally good
biachemioal {olerability of the tLNP and their components.

Example 13. Biodegradability of CICL1 in Non-human Primate and Mouse

00287} A detarminant of tolerability o ILNPs is the ionizable cationic lipid. Whareas
the ather lpid compunsnts it the tLNP wers sither already pressnt in the body or dist, or
vary similar to ones that are; the ionizable cationic lipids were not. This study was
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conducted to assess and compare the chearance of ionizabis cationic Hipids in bingd, Hver,
and splean after administration of ILNPs comprising them.

[nzesy The CICL stucture was designed to promote biodegradation without
necessarily involving oxidative degradation i the fiver-as fllustrated in the corveptugl
bivdegradation schéma of Figure 134, Althaugh this study does not demonstrata that #
iz corrent the data below are consistent with the conseptlial biodegradation schame.

Fh IS Samples werg  taken  front qynomolgus  macaques that had been
intravenousty administersd aither BFT or FE HILNPs (wo sach) at a dosage of 3 09
mRNAZKg in the precading example. The tLNPs were conjugated lo anti-CDS mentioned
in Bxample 3 as the targeting molety. 24 hours after administration the animals were
sacrificed and plasma, liver, and spleean issue collectad from two animals in sach gioup
and assessed by mass spectrametry for presence of these onicable cationic lipids in
order o assess biodegradability and biodistribution of these onizable cationic lipids.

foo27a} Briefly, plasma was stabilized for mass spectrametry by addifion of 10 pl of
formic aoid per mil of KEDTA plasma. Spleen and liver tissue wers homogenized in 18
parts of homogerization buffer (50:40:10 0.1% formic acid in 1:1 methanolacstona/10
mM arrnonium formate with 0.2% formic acididimethyifaonniamide (DMFY © 1 part tissue
{whw) using a Seno/Grinder® (SREX® SamplePrep) set o fwo minutes st 1500 ipms.

o Calibration curves, and quality conlral samples were prepared by spiking
control matrix {plasna or homogenate) with CHCLT or ALC-Q31E In DMF. The extraction
was petformed on wel ice by adding 300 ub of crashing sohent (0.1% formis acid In 111
methanol acetonitrite) 1o 35 pl of samiphs o which 50 pl of infernal standard was added
{11 isopropy! alcchobwatern). The exdracts were mixed for four minules at 1500 rpms and
then centrifuged at 3000 xg for tery minutas, 300 pL of supernatant was fransferred o g
clear 96 well plate Tor LO/MSMS analysis.

e Chromatography was perfonmed on 8 Waters XBrdge BEM G8 column (130
A, 2.5 pim, 2.1 € 30 mm) using the following gradisnt. Mabile phase A (10 mM ammorium
format i water with Q2% formic sdid} was held at 20% for 0.3 minutes before baing
reduced to §% over 1.2 mingtes. This condition weas held for one mirnule before being
returned 10 80% B (0.13% formic acid it 11 methanohacetonitrile) in Q1 minutes. The
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columnwasthen held ot 80% Bfor 1.4 minwtes. LC flow raté was held at 0.5 mbdmin and
the autosampler beld at 2-8 “C. The mass spectium was obtained with a triple guadrupole
apparatus using atmosphedds pressure jonization (Sokex},

{00273 Quantitation was performsd using 8 X2 quadralic regression using the
peak arsa for ransition 1013.8 < 888 4 {CICLT) or 7TE8 8 — 748 4 (ALC-0315) over psak
area of transition 1040.6 — §85.4 of the intermal standard.

{2743 By 24 hours after administration, CICLT was prassnt iy blood, liver, and
splearn i only very small amounts. A substantially larger concartration, sbout 8-fald
grester, of ALC-031E (the lonizable cationic lipid used in Comirnaty®) remained it blood
at this time. The concentrations of ALT-031E in liver and splsen wara gpprodmately 14~
and 11-fold greater, respectively. In contrast, the concentrations of CICLY in bload, fiver,
and spleen wers within 2-fald of sach other and the liver and splesr soncentralions were
approximately 127~ and 35-fold less than for ALC-0318, respectively {(Figure 13B).

100275} These clearanue data indicate that CICLT was much more biddegradable
than ALC-0318, at least af the initial step. Morsover, these data are consistent with the
greater tolerability of CICLT over ALC-0318 seen in Examples 11 and 12,

{0027y T abtainy more detaited data g similar sxpeariment was canducted s yrice
where it was possible to obtainy g time Course of dissppearance of the lonizable cationic
lipid and the encapsulated mRMNA as well Mice wers intravenously administered 2 mg/kg
NP of composition BFY {comprising ALG-O31S) or FS {tompiising CICLY) targeted
mpuse CD8 and encapsulating an anti-hurman CDB CAR, and montored through 7 dayg
Al gach timepoint, 3 mics were sacrifiosd, and liver, splean, and plasma were provessad
for LC-MB8-based detection of lipid concentration and digital PCR deteclion of the mRNA,
it plasma, mBNA levsl was normalized {o a known amaunt of mRNA spiked v & sontrsl,
In spleen and liver mRNA level was normalized to mRNA for the housekeeping gene
GAPDH.

{00277} Iy plasma, both lipids initistly disappearad al a similar rate, butl by 34 hours
the gurves had hegun 1o separals and CICLY was dearly disappeanng faster. Al the
canclusion of the study at 7 days, plasma isvels of CICLYT had refumed o baseline whils
a substantial about ont ALG-0315 was still detected (Figure 13C). In spleen and liver ALC-
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0315 jevels remained simost unchanged throughout the 7 days while CICLY levels were
falling By 3 and 2 hours aller administralion in the gpisen and Hver respectively (Figures
130-E}). The levals of mRNA in these three tissues did not correlate with ionizabla cationic
ipid. Iy plasma, mRNA lava! for the FEILNP {comprising CICLT) parsisted with relalively
little changes for about & howrs ang then rapidly decayed while mRNA fevet for the BFY
NP {comprising ALC-0315) was substantially lower and decayed mors rapidly from
initiation {Figurs 13F). mRNA levels in spleen were largely similar batweer the twa lipid
compositions (Figure 133}, Substantially more mBNA was deliversd (o the liver by the
BF 1 {LKP than the FE ILKNP degpite both ILNPs being largeted 1o CD8. The reduced livey
delivery characteristics of CICLY combined with ity bicdegradability properties and the
targeting of the NP 0 CDE T cells provided an expeciation of minimized foxicity
auadciated with ionizabla ipid scoumutation in the liver
Example 14, Delivery of mRNA to T celis can be Mediated by ILNP Targeted to a
Variety of T Call Surface Antigens

[3TRY To assess whether hersin disclosed LNP compositions perform similarly
well with gifferent T cell targsting molebiss, FS ILNPs, encapsulating mChery mRNA,
ponjupated  individually 1o ani-CD2, anti-CD&, anii-CD4, and anti-0D8 antibodies were
prepared. The tLNPs were used 1o transfect human T calls frars two donors {(Danor 1 and
Doner 2, not necessarily relsted to similarly identified donors in other examplas) using
NP providing 0.8ug mRNA per well containing 2105 cells. 24 hours after transfaction
tha cells were stained with anti-CD3/anti-Ch4 antibodies or ant-CO¥anti-COS antibodies
and analyzad by flow eytometry for mCherry exprassion

100278} Adl four tLNPs targeted o the four differamt 7 cell markers, CD2, CD§, CD4,
and CD8, performed similardy wall on OD3% CD4%, and CO8* T cells for both transfection
sfficiency (% mCherry® cellsy and mChany sxpression level (gMFl. As expected the
CD4«and COR-targeted LLNF provided only minimal ransfection of CD& and CO4* cells,
respactivaly (Figure 14} While this does niot meart that alt antibodiss targeting CD2, CD§,
S, COE, orother T cell markers will transfact T cells similarly wall, as antibody affinity
and epitops recognized can impact transfection efficiency. {dats not shown), it does
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indicate that NP composition is permissive with respect o the target of the targeting
mgiety.

Example 15, Delivery of CRIBPR Gene-Editing Components /it Wiro

00280 To daliver geng sditing companents into a osl generally witk require delivery
of gt ieast two species of nuclelc acid, for example an MRNA encoding an enzyme and &
guide RNA&. The sizes of these fwo components are disparate, for example, Cas @ from
Staphyiooocous pyogsnes. Cas © (SpCash) requires an mRNA approaching § kb
{kilobases) while a guide RNA may e on the order of 100 bases. Both are diferent in
ze from e mCherry and CAR mBNA ussd inthe Examples above. Morswgr, the
aenzymes usead in base-gditing, prime editing, and simitar techniques are generally fusions
of two or more enzymes, We therefore tested the ability of a disclosed 1LNP composition
to sncapsulate and deliver tva BNA species of disparate sizes targsr and smaller than
the mRNA glready uliliced, Spacifically, the F5 lipid composition was used to encapsulate
Splasd mRNA and a single guide RNA (sgRNA) specific for the T Cell Receptar Alpha
Constant (TRAC) focus. Transfection and knock-out efficiency were gssessed.

sy T culls were isolated from fresh leukopaks with EasySep™ Humean T Gall
Isclation it (#100-08858, STEMCELL Technologies) following manufacherer’s manust.
Briefly, a Leukopak was freated with ammoniwm chlondea solution (07800, STEMCELL
Technologies) o lyse residual red bicod cells and platelets and washead with EasySep™
Buffer (420144, BTEMCELL Technologies) with gentle centrifugations. The EasySep™
procedure invalhved magnstic beads and antibody complexes that rsoognized non-T cell
artigens ao that T cellswere isolated after removing non-T cells in g magnet (Easy 280
EasySep™ magnet; #100-0821, STEMCELL Technologies. isolated T cells were frozen
in CryoStar® CS10 (#210802, STEMCELL Technologies) and sored in LNZ for future
usage. T cell purity and phenatyps were analyzed and confirrned by flow cytometry (Table
8}

Table 9. Phenotyping Antibody Raneld

Antigen | Clong Fluore dilution Campany | Cat#
- AmMTyan” | nia hwittogen | L34957
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Antigen | Clone | Fluora i:;i?:gfy Canmpany | Cat#

chd OKT4 | BVBS0 [T 100 Biolegend | 317436
G045 | HIZe | Gdot 800 (BV786) | 1:400 Biolegend | 304048
cos HIT8a ' FITG | 1300 Biclegend | 300808
co2 {RPA210 | PE {1100 | Siolegend | 200208
cDs | 507 | aPC 1108 | Thermo | MHCDOS05
LS B SPag-2 | APC-Cy7 IR RN Bl ) BDBSSTTET

“to disgriminale Hve versus dead cells using Live/DsadTM Fikable Agua Desd Cell
Stain ¥t
[anzed Lipid composition F5 was used fo encapsulate mRNA encoding SpCas8
and a single guide RNA {sgRNA) with an NIP ratio of 8. The sgRNA had & targst sequence
of GLICUCUCAGCUGGUACA (SEQ 1D NQ.2), modifications of 2-0-Methy! at the thres
first and last bases, and & phosphorothicate bonds between first three and last tvo bases
{ordered from Synthego, CRISPRevolution sgRNA EZ kitmodified), essentially as
described above, The SpCasg mRNA was appraximately 4.7 kb inlergth and the sgRNA
100 nucleotides in fength, substantially longer and shorter, respectively, thar the CAR
mMRNA (approvimately 1.9 kb and mCherry mRNAs {approximatsly 1 and 1.1 kb) used in
Examiples 1-11 above. Ary anti-CDS antibody {chimeric 8071 was conjligated fo the LNP
0 provide the NP {chSD74LNPY which was frozen until use essentially as descnbed
above. The N/P ratio was § and the ralio of mANASgRNA was X1 (wiw} or given the
difference in sixe, approximately 347 (miokmol), Frevious work had ghown that
mRNARgRNA ratic of 81 and 17 (wiw) resulted in transfection rates of apgroximately &
third less than 371 {whw) (data not shown),
FHEERSY Three days prior fo transisction with the tLNP, isclated T calls from two
donors wearg thawed and piaced i culture i complete T cell media containing
Quimizer™ T-cell Expansion basal Medium (A10485, Giboy), OpTimizer™ T-cell
Expansion Supplement (A10484, Giboo), human serum hesatinactivated {(HP1032HI,
Valley Biomead), GlutsMax™ Supplement (35080081, Gibeo), Pen/Strep (1514032,
Giboo), and humart IL-2 (20241, RRD) immadiately after thawing, T cells were activated
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with DynaBeads™ Muman T-activator CD3/CD2R for T celt Expansion and Activation
#111810, ThermoFisher) at 11 (beadicell) ratio for 3 days. On the day of {LNP
transfection, activated T cells were first de-beaded using Easy 250 EasyBep™ muagnat
F100-0821, STEMCELL Technologies) end resuspended in complete T cell media al
1x10° callsiml. Ceils ware further sesded in to 88-well plates at 200 pliwsll (2 2108
celisiwell} prior to HLNP fransfection. To maintain cell culture, T oells were passaged st 2
0t 1 K108 mL with complete T cell media every 2-3 days.

fo0284) Oncthe day of experimant, tLNPs were thawed and aquilibrated fo room
temperaturs on the benchiop, Once complstely thawed, WLNFs were dituled in sterls
watler for injaction. Amounts of tLNFs that provided 0 (that is, no iLNF), 0.1, 0.3, 0.9, 27,
or 8.} ug payioad were introdiced {o cells sesded in 86-well plate at 1x10% celisil. After
Thr, 2k, dhr, or 24 by incubation, cells wers washed with PES three times to ramove free
{LNPs {there was no 8.1 g dose for the 4- gnd 24-howr timepoints). Transiscted T cells
wers passaged and maintained in complete T cell media ot @ x10% {o 1 «10%mL for 4 days
before collection for knock-out ansiysis.

[I2RE Four days after NP transfsction, T calls were collected and stained with
Agua Live/Dead (#L34068, invitrogen), anti-CD3-APCKyT (BDBSEETYS, BDY, anti-CD4-
BVESD (317438, BivLegend), and antt-CD8-FITC (300808, BivLegend) {(see Table 8), and
analyzed by mudticclor flow oytometry. i the absence of TOR a chain G023 was not
expressed st the cell swface, Thus knock-out of TRAC can be assessed by staining for
CD3.

{ooaesy Agseanin Figure 15, a1 howr the 0.8 pg dose schieved approximately 9%
knock-out it QR T celis. Larger dosages did increase knock-out bt not in proportion o
the incrsased dose, possibly reflecting saturation of CDS8 binding at the higher dosages.
Prolonged sxposurg increased knock-out 1o approximately 15% in CDEY T cells and the
UGS response was more pronounced.

Example 16, Redosing of CRISPR Gene-Editing Components In Wire

[00287) Whether 2 2% exposure 10 ILNPs as described in the preceding Example
would increase knock-dDut frequancy was asssssed. The tLNPs were thawed and
gyidlibrated o room temperaturg on e benchion. Qnee complately thawed, the t(LNPs
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wera dilited in sterile water for injection. Amaunts of the tLNPs that provided 0 {that is,
o WNFG 001, 03,08 2.7, or 8.1 4g paylvad were introduced 1o cells seeded in B6-well
plate at 10% celisiml. Aftar 1 b, incubation cells ware washed with FBS thres imes o
remove free tLNPs. For thoss wells being redosed, 24 hr after the first transfection, calls
wera transfected with a 3 dose of {LNPs providing 0.3 or 2.7 yg of payload, again
incubsated for 1 hr, and then washed with PBS as before. Transfected 7 cells ware
passaged and maintained in complete T celf media at 2 x10% {6 1 x10%ml for ¢ days after
ihe redosing heforg collection for knock-out analysis by flow oytomelry sssentially as
destibed abave.

[a028Ry As seen in Figura 16, at each dosage tested, a sevond dose increasad the
% krock-out with the larger sscond dose having a greater effect. Thess results suggest
that any limitation on ransfection due o saturation of the target cell surface anligen, and
tn:arei:iy on % knock-out, may be overcome by repeated dosing.

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

[IRAS This experiment svaluaied knock-out efficiency using CD8-targeted tLNP
and using 8 combination of CD8- and CDS{argatad tLNP as well ag redosing. Human T
call isolstion and culture were as desatibed above, as wire the (LNP with the excaption
that some LNF encapsulating the Splast mRNA and sgRNA payload were conjugated
to an anti-CD8 antibody {shimeric RPAWSS also referred to as chRPA-TE) ihstead of an
anti-C 08 antibody (8.9, ch&R7),

{00288y O the first day of transfection, {LNFs were thawsad and equilibrated o reom
temperatire on the benchiop. Once completely thawed, the tLNPs were diluted in sterile
water for injection. Anti-CDEALNFS (chRPA-TS-WLNP, Figure 17) that provided O {that is,
1o NP, Q03, 0.3, or 3 pg of paylead wera infroduced 1o celis seeded in 35-well plate at
1 X108 mi. For anti-C BS%LNP and anti-COBKLNP co-delivery, 1LNPs were preJamixed at
31 witwt payload ratio and dosed at 0, 0.3, 0.8, or 3 pg wial payload. After 1 hr tLNR
incubation, cslis were washed with PRE three times to ramiave free tLNPs. 24 hrs after
the first transfection, cslls were transfected with a 3% dose of tLNPs comprising 3 ug of
payioad. This second LNP administration was also incubstsd with the celis for 1 by
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followed by PBS washes Transfected T oslls were passaged and maintained in complets
T celt media at 2 x10° to 1 x10%mL for & days following the 2 transfection before
soflection for kaock-out analysis.

foozeny Six days aiter the first ILNP fransiection, T celis were collected and sigined
with Aqua Live/lsad (#L.348688, ThermoFishern), anti-CDX-APC/Cy? (BUBBETTE, BOY,
anti-CDA-BYBED (317438, Rictegend), and snii-CREFITC (300808, BioLegsnd), and
analyzed by multicolor flow cytormatry.

0028y A% sean in Figure 188 {Upper left panal), a single 8.3 pg dose of payload in
the G-tﬁsftar‘gated NP (chRPA-TEALNP) was able to achisve between 30 and 40% CR3
knock-outin COEY calls but Increasing the single dosage o 3.0 gg did not further increase
the % CD3 knovk-out. A secord dose of 3.0 4g howsver increased % CD3 knock-out o
about S0% i CD8" cells for both the 0.3 and 3.0 g inilial dusage (Figure 184, upper laft
panell. Co-delivery of both CO8- and CDSAargetad tLNP {ch8D7LNE + chRPA-T8-
HLNP) achisved approxnataly 38 1o 80% COS knock-gut it CRE* cells, depending on
donar for both the 8.8 and 5.0 g dossges (Flgure 17, upper middie paneh), Redosing with
3.0 pg of the combination of 1LNPs inproved D3 knock-out 10 gpproximately S0-70%,
depanding on donor, for both the 0.3 and 3.0 pg initial dosages (Figure 188, upper middle
panel}. rihe right pans! of Figure 17 ars rspresantative flow oytometry histograms from
each of the four conditions. As compared 1o the single dose histograms, the histograms
for the redosad cells have a broader peak reaching to higher brightness reflecting the
stow tumnover of CD3Z and one fewsr days having elapsed since the last exposwrs o the
tLMPs ab the time of assessment. As axpecied, there was no significant CD3 knock-out
in G4 calls transfected with the CD8argeted (LNPs alone (Figurs 17, lowsr st paned),

Example 18, Dalivery of CRISPR Gene-Editing Components in Vive

[au2sy To assess the abiiity of the disclosed (LNP fo defiver gene-aditing
sompansnts fo buman T cealls # vive, NSG mice with engrafied tuman T cells were
administered CDS- and D8 argated tLNPs, slone or i combination, in ane or two
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doses. As i1 the other gene-editing Examples, the (LNP used the F5 lipid composition
with and overall Nip ration of 8 and-a 3.1 {whw) SpCas:sgRNA payload, as above.

{0294} NG mice were engraffed with 110° human T cells at day -20 (tha mice
were also infused with 0.5 mitlion Naim8, which was not relevant to this experiment).
Groups of five mice were each fransfected with CDB- or CD8targeted tLNPs or a 31
rribvtire of CRE-CDS-targeted 1LNPs (wiw of payload) and there was a group of thres
untreated mice. At day 0, ILNPs contatning 30 pg of payload in storage buffer were diluted
to 100 w with sterile water for injection and then infused into the {ail vein of the mice. For
the repeat dosing, LNFs conlaining 30 ug of payload were infusied 24 hrs after the first
infusian it three of the five mice par groug, Five days affer the firstinfusion, blood samples
were ollected and stained with anti-human CD4E, CD2, D4, CDB antibodies. Total
hurman T cells wers gated as CD4S calig, Satingon CD4Y and CD8 T calls were used
to investigate T and CDAT cell subssts. TRAT knock-out T cells were gated as Oy
from the whals human T oell population, CDAYCDE, or CDBYCDY T calls. The
percertage of TRAC {CD3) knock-out cells was calculated from CRICD4AE, CDR
CDAYCRAST, CRICDRYCDAS calls for total, CE4®, and CD8™ T calls, respethively,

[002983 The resulls are presented ih Figura 18 and demonstrate effective delivery
of Spllast and the sgRNA into T cells i wiva, In this expariment the edifing of CD4™ T
cells was less than 10% and redosing had minimal effect. Editing of total T or CD&* calis
was approximately 15% or 20%, respectively, with a single dose of either CUS- {chaD7 -
HNPY or CDRtargeted (chRPA-TE-HLNPY LNPs ar & mixture of the two tLNPs. Redosing
increasad the percentage of COJ knock-aut in alt cases but was most pronounced in the
SR8 popudation for freatments incding COBYargeted ILNF for which adifing was
approximately 40% (Figura 18},
Example 19, Transfection of CHH{T Cells In Vikre

[o0296) To as885s the ahbility of the disclosed HLNP compositiong o deliver mBNA
o human MSC NP encapsulating mhery mRN& and having various anti-QD 117
antibodies as the binding molely were used to trapsfect CD34% wslis i witro, ILNP of
composition FS were prepared essentiglly as Jdescribed above with four different anti-
COIT antibodies, 10402 (#1), JOP191 (#2), CKE& (#3), and ADBS (#4). 10402 does not
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blogk the action of BCF {the ligand of CD117) whils the other three anti-CD117
antihodies are blocking antibodies. ILNPs of composition F5 conjugatad to teropavimab
{an anti-HIV-T gp 120 antibody) were prepared as a negative cantrol.

{00287} Plerixafor-mobiized human peripheral blood CD34% hematopoiatic stem
cells were obtained from STEMCELL Technologies (#70075.1) One day before NP
transfection, cells were thawed in X-VIVO 10 madia (#8P04-743Q, Lonzs) containing 3%
human AB ssrum #HP1032, Valley Biomsd). Gslls were then gently spun down and
resuspended in G034 pre-stimutation media, which consists of XV 10 miedia ($RPO4-
7430, Lonza), 3% human AR serum #HP1032, Valley Biomed), 100 ngdmb FRZ-L (#308-
FKICF, R&D Systems), 10 ngiml TPO (#130-096-478, Millenyl), 80 nghmb 1L-3 (#130-
085-089, Miltenyl), TulM UMT28 (#73332, STEMCELL Techi and 1uM StemRegenini
{H72344, STEMCELL Tech),

[o2asy O the day of t1LNP transfection, celis were re-sapded in fresh CDO34 pre-
simulation media at 2x10° celis/ml, NP were thawed and equilibrated to room
tarnperature on the benchitop, Once cumpletaly thawed, HLNP ware diluted in sterile watar
for injection. Amounts of tLNPs that provides § (that is, no (LNPY, 2.8 wg. 5 g, of 8 ug
payioad were introduced to cells in 48-well plate at 1x10% celtsiwall. After thr of ILNP
incubation, cslls were washed with FES three times to removs free tLNPs. Transfected
cells were passaged into a new 48-well tissue cullure plate and maintained in CD34
expansion media that is, StemBpan SFEM I (00655, STEMCELL Tech)y with 11X
StemBpan CH34* Expansion Supplemsent (026801, STEMCELL Techy.

[pozeyy The 48-weall plate then was placed in a live cell imager {incuCyte Live-Call
Analysis System, Sarorius) for image acquisition with 10y magnification on phass and
red charmels for 72 hours. Image analysis was performad an inculyie software,

caloulsting %mCherry® as {{iotal Red Area {per well) Total Phase Area {per wall)) (%),
and MF as {integrated Intensily of Rad {per well) / total Red Arsa (per well}).

o208 The ILNF largeted to CDUIT cells with 104D2 showed productive
transfection of the HSCs with clear dose sffect with the % mCherry* cells peaking 84 to
38 hours aftey introduction of the LNPs at around 30 o §5% for the thyee incrsasing
duses (Figure 194}, Expression level also peaked in the same time frame (Figure 18B),
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The three anti-CD17 blocking antibodies had transfection rates less than approximately
4% Thus, the distiosed NP compositions can be used to transfedt HSC in additiont to
T calls,

Example 20, Comparison of Binding Molety Conjugation Chemistries

18036813 Meltipls chamistries are gvaiiable for conjugsling a binding mcisty o an
LNR. Here three chemislries for conjugating an antibody for an NP comprising &
mateimidefunctionalized PEG-inid were compared. One of the chemistnss, AJCAP was
site selective while the other two, SATA and TCEP, were not.

[oosey For antibody activation by SATA chernistry and tLNP conjugation, anti-CDS
{ch5D7) antibody was coupled to LNF encapsulating mCherry mRNA via N-succinimidy!
S-acetylthioacetate (SATA)~maleimide conjugation chemiatry, The anti-CDS antihody in
phosphate buffered saling {PBS) was modified with SATA {Sigma-Aldrich) (SATAAD
molar ratic 8) o introduce sulthydryl groups st accessible lysine residuss sliowing
conjugation to malsimide. BATA was deprotected using sufficient 0.5 M hydroxylaming
Tollowed by removal of the unrsacted components by Jeba Spin Desalting. Columns
{Thermo Scientific, Rockiord, i) The reaclive sulfhydryl group on the antibody was then
sofjugated o mslaimide moietisg on the LNPs using thicether conjugation cheamistry.
Conjugated LNF (LNP conjugated with a fargsting antibody) purification was performed
using Sepharose CL-48 gel filtration columns {Sigma-Aldrichy, tLNPs were frozen at ~
8070 untif use,

RIS O For antibody activation by TCEPR chemistty and {LNP conjugation, anti-CDS
antibody in PEE was conjugated by first partially reducing cysting bonds in an antibody
with tris(S-carboxyiphosphine {TCEP, TCER:Ab molar ratio 0.25) to generate thiol groups
followed by removal of the unreacted components by Zeba Spin Desalting Columns
{Thermo Scientific, Rockiord, L), The reactive sulfhydryl group on the antibody was then
comugated 1o malteimide moieliss on the LNPs using thioether conjugation cheymistry.
Conjugated ILNP (LNP conjugsted with a targeting antibody) purification was performed
using TFF {tangential flow filtration). NFs were frozen al -80°C untit use.

003043 For ABCAP tLNF conjugation, thiolated antibody was prepared by
Ajinormoto Bio-Pharma Services genersily as desaribed in WOR019240,387. Anti-CDE&
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AjiCap mono or bis thiolated antibodies were in 20 mM Acetate pH5.5, and ready for
conjugation. The antibodies were thiolated at Lys248 of the heavy chain (EU numbering,
or see Fujii T et al., Bioconjugate Chem. 2023, 34, 4, 728-738). To obtain antibody in
which only one of the heavy chains has been thiolated (monothiol) the desired species
was purified from an incomplete reaction. Both antibodies were conjugated through the
maleimide moieties of the LNP using thioether conjugation chemistry. Purification of the
conjugated tLNP (LNP conjugated with a targeting antibody) was performed using
Sepharose CL-4B gel filtration columns (Sigma-Aldrich). tLNPs were frozen at -80°C until

use.

[00305] Physicochemical properties of the tLNP were within acceptable limits and

are presented in Table 10.

Table 10. Physicochemical Properties of the tLNP

Z-ave - o Ab:mRNA
Composition Description (hm) | PDI Ent.:a'psulatlon RNA Purity (%) by Ratio (wt:wt)
Efficiency (%) | Fragment Analyzer
by BCA
F; 88 | 0.03 9% 95 0.52
SATA:Ab 5; Ab:mRNA 0.5 | '
F; 87 | 0.5 9% 95 0.36
monothiol Ab:mRNA 0.3 ’ ’
FS; 88 | 0.03 9% 89 0.42
bisthiol Ab:mRNA 0.3 ’ ’
FS; 86 | 0.07 97 94 0.47
TCEP:Ab 0.25 Ab:mRNA 3.2 ) '
[00306] The ability of these tLNP to deliver the mCherry mRNA into human T cells
was tested in vitro and in an in vivo model.
[00307] To assess transfection in vitro, human T cells from one healthy donor were

activated by anti-CD3/CD28 antibodies (Dynabeads® Human T-Activator CD3/CD28)
and transfected with CD5-targeting tLNP loaded with mCherry mRNA payload to provide
0.6 ug mRNA per 0.2 million cells in vitro. The tLNPs were incubated with the T cells for
1 hour inside a 37°C COz incubator and then was washed-off by using media (RPMI11640
+ 10% FBS supplemented with 100 IU/mL hIL-2). The T cells were then incubated with
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media inside a 37°C Q02 incubator for 24 hours and then mChemry expression in CDA* T
cells was assessed by flow oytometry. Comparable transfection efficiency (% mCheny?
GDE T cells) and exprassion level (mean fuorsscence ntensily) was seen with all four
NP preparations (Figures 2088}

[003683 To assess tansfection in vive, NSG mice (approximately 10 weeks old)
wers purchased from The Jdackson Laborstory and scdimated for af lsast & days Ten
mition human FBMCs wers injectad intravenously vis the tall vein, Ninaeteen days after
PRMU transfer, the frequency of human CD48* cells in circdation was evaluated by fiow
pytometry and animals were staged in graups with simitar sverages of human CR45% cells

in the hiced.

{00308 On day 20, the mice were injected intravenously with tLNPs comprising 10
pg mRNA {05 mog). 24 hours post injection, spleen samplas were obtained,
processed, and analyzed by fow cylomstty far the présencs of mCherry exprassion on
hurman T oslis. Comparable trensfection efficency (% mChery™ GRS T'maiis} and
axpression leval {mean flugrescence intensity) was seen with all four tLNP preparations
{Figurss 20C-0).

Exariple 21 Dusl Conjugation of Argibody and Peptide to an LNP
fousty LNP decorated with two distine peplide moleties wers formed by
comjugation W two  distinet  functionalized PEG-ipid NP components - using
complemantary chemistries fo demonstrate this capability. Specifically, an antb-mouse
G5 binding motaty and a peplide fragment of mouse Q4T were conjugated to an LNP
comprising CICLY DSPC.CHOL DMG-FEG(ZK) DSPE-PEG(ZK)-Mal: DSPE-PEG(2K)-
DBCE at a ratio of 88:H30.5:1.3:0.1.0.1, However, this strategy can alse be used to
conjugste an LNP to two antibodias sach having g distingt specificity .
[o03i} The anti-CD& antibody can serve as the targeling moiaty for the tbNF. Using
an antibody 16 target T celis s also sxpacied 1o reduce uptake by Hver hepatacytes
consistent with results above.

3T {047, a protein that promotes a “dont eat me” signal, binds o signal
reguiatory protein a (SIRPa) on macrophage to avoid phagocytosis [Tsal ef al, 2008, J
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Cell 8ol 180(5y.088-1003. doi 10.1083/ch 200708043 PMID: 18332220, PMCID:
PMCI26854071 The interaction of CD47- SIRPa is highly conserved among various
mammahan spacies, anabling the leverage of CD47 modification on drug delivery cariers
to improve delivery sfficacy. A shoit peptide sequence in CDAT has been reported to have
10-fold stronger binding affinity o SIRPY than full-dength CD4Y protein [Rodrigues ot 8l
2013, Sclence I3VEI1ENGT-5, dob Q1136cience 1320568, PMID: 23430657,
PMCILY PMC668479] Thus, conjugating this chaz paptids,
NYTCEVTELEREGRTVIELK (SEGQ 1D NG: 3), io the ILNF could extend the i wivo
gircidation by nhibiting macrophage uplaks.

FROREKI] The CD47 peplide was synthesized with an azide moiety, a functiopal group
that is conjugatable with 2 dibenzooyclooctyne (DBCOY moiety by copperfrea strain
pramoted azide alkyne {SFAAC) click reaction. The azide was sttached to the Nderminus
of the peplide separated by & polysthylene glycol (PEGY) linker o that the structurs is
Ne-PECGE-NYTUEVTELSREGKTVIELK-NHz (SEQ 18 NO: 4}, The azide moiely on the
{047 peptide therefore gllowad covalent conjugation to LKP containing & DBEO
functionalized lipid. The advantages of wtilizing these functional groups {e.g., azide and
DRCO) for a olick chemistry reaction in tLNR formulation include: 1) fast reaction kinetics
without additional catalysts to initiate the reaction, £} a biocompatible reaction tolerant to
a wide pH range, and 3) providing arr additional or alternative conjugation sirategy to the
thiok-maleimide chemiztry applied above for antibody conjugation to LNPs.

fanatdy LNP intermediate was formsd essentially as described in Example 1. The
LMNP comprised Q1 mol % DSPE-PEG (2000)-DBECO and 0.1 mol % DEPE-PEG (2000
mialsimida and had good physicochemical propsrties (Table 11).

Table 11, Physicochamical Properties of the LNP intenmediate

Fded Fesvrrss ilatisa S Size Enaapsuf&tiﬁﬂz
Lipid fonnulation Motar ratic {rvm) PO Efficiency (%)

- CIGLY: DSRC CHOL: RMG-
FEG(2K): DSFE-PEG{ZE) | 5311030513000 | 80 | 0.07 85
| Mal DSPE-PEG2R)-DRCG
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iR L The antibody was modifisd with SATA sssenfially as desaribed shove and

8

with the malsimidedunctionslized: PEG-ipid. The antibody was successfully addsed
without significant change in the physicochemical properties of the LNP (Table 12},
Protein {(antibodyrmRNA ratio was determined by BCA assay,

Table 12. Physicochemical Properties of the LNP affer a Single Conjugation

Azide- " . o ;
Batch CO47: TArQRt AR Sige Envapsulation &b‘m’?ﬁg
PaRNA . P ;o ratic
# DRCG wiiwt ratio {nm} Efficiensy (%} fwtinet)
molar ratia | .
1 0 0.8 93 .04 9% 0.60
2 0.8 85 0.06 48 0.6
3 g 0.8 94 Q.08 A 0.587
4 0 0.8 g% G058 88 £ .58
[0U318} A sagond conjugation step was usad ko attach the CD4ET peplide. The

system was designed for the the szide-modifisd peptide © rest with the RBCO-
functionalized PEG-ipid in a <lick chemistry reaction. The conjugation was. carried ol
with peptide fo DBCO molar ratios of 1.5 110, and 1:20. Succsssiul conjugation is
reflected by the increase iy particle size and profeiiimRNA ratio (Tabde 13), the protein
part of the ratio indicating the suny of antibody and C047 peplive.,

Table 13. Physicochemical Properties of the LNP after Dust Conjugation

Agide- - .
CD47: %?\i,& & fat Protein:mRNA |
o R RN - ok Encapsulation voteinmmiRNA |
Batch (D | DBEO 1 e |51 PRU 0 errciency (%) | ratio (wtiwt)
miclar . :
g3 ratin
ratio I D S R
# § { 87 | o0 a5 166
3 10 ) 100 | .08 04 0.88
4 20 0 1130 0.08 gy {180
13
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T Successful dual conjugation was observed only whan mCODE was
conjugated first followed by conjugation of the CD47 peptide {contrary data not shown).

EMBODIMENTS
O REE Embodiment 1.4 lipid nanaparticle (LNP) comprising a ipid composition
OIS

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

L
T
A\
: T
\x\_x % ' 4 =03
ot \E} Q’) K‘MX'F‘ {9
-
Q ),wf T,
,,««\MJ!\ }\mo, R
~ Y
3 {}i__
-
N f e

Nt {QICLY),

EAY A A N
e, NN N > ND“GH
wharsii R ig N\, ey, N ar 5

about 0.5 to about 2 mol% PEG-lpid comprising funclionalized PEG-lipid and
nor-dunctionalized PEG-lipid,

about 7 te about 13 mol% a phospholipid, and
abouwt 37 to abold 50 mol% a sterol.

Rl RE R Embodiment 3 The LNF of smibodiment 1, firther comprising a payload
with-a nat negative charge selected from g peplide, & polypeplide, & protein, g small
moksculs, 8 nucleic acld, snd sombinstions thereaf.
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[o032e Embodimant 30 The LNF of embodiment 2, wherein the payload camiprises
& fuclele acld molsouls,

[opaay Embodiment 4 The LNP of embodiment 3, wherein the N/F ralio is from
about 3 to about 8. shout 3 to abowt 7, about 3 to about 8, about 4 to ahout 7. or about &

{00323 Embadiment & The LNP of embodimant 3 or 4, wherein the nucleic acid
compnses an mRNA,

{3y Embodiment 8 The LNP of embodiment 3 of 5, whersin the nudleic add
molecule comprises @ circular RNA, a seif-raplicaing RNA, @ microRNA {miRNAY, an
SIRNA, an antisanse RNA, & tragr (URNA}, a single guide RNA (sgRNAY a DNA, of a
genetic anginesring systam.

03243 Embadimant 7: The LNP of embodiment 8§ or §, wherein the mRNA ancodss
a T cell recaptor (TCR), a chimeric antigen receptor {CAR), or an immune cell engagesr.

[OO3 35y Embodiment & The LNF of embadiment Sor 8, wherain the mRNA encodes
a polypaptide comptising & gene aditing nucleass,
{00328} Embodiment 8 The LNF of any ane of embodimants 1 {0 & whersin the

PEG-pid comprises about 0.1 1o about 0.3 mol% funclionalized PEGHipid.
ey Embodiment 10! The LNPof smbodiment 8, whersin the nonsfunctionalized
PEGHipId and tha funclionslized PEG-PEG-ipld are not the same PEG-ipid.

R Embodiment 11 The LNF of embodimant 10, wherain the funclionalized
FEG-lipid comprises a diacyl phdsphatidyl sthanolamine and the non-functionglized
PEG-ipid comprises a diacyl glyoeral,

n32ey Embodimert 18 The LNP of embodiment 11, wherein the funclionalized
PEG-ipid comprises distearoy) phosphatidy! sthanolamine (DEFE)
o33y Embodiment 13 The LNP of ambodiment 11 or 18, wherein the non-

functionalized PEGHipid comprises distearayl glyceral {DSG)

{00331} Embodiment 14 The LNP of any one of smbodiments 1413, whetsin the
PEG moiety of the PEG-lipids has a molecular weight of about 1000 to about 5000.
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{00338 Embodimant 18 The LNF of embodimant 14, wherein the PEG moiely is
PEGIO0 for both the funclionalized and non-funclionalized PEGHIDIAL

00333 Embodiment 18 Tha LNF of embodiment 18, wherein the PEG maisty of
the functionalized PEG-ipid is larger than the PEG malely of the nondunctionalized PEG-
liidl,

RDRKEY Embodiment 17 The LNP of any ohe of embodiments 9 1o 18, wharsin FEG

miaty of the functionalized PEG-ipid comprises a tarminal malsimids moiety,

UER Embodiment 18 The LNR of any one of embodiments 8 fo 17, furdher
comprising a binding moisty conjugated o the funclionalized FEG-ipid.

{00338} Embuodiment 18 The LNF of smbodiment 18, wharein the functionalized
PEG-lipid s conjugated o the binding moisty through the succinimide molely, a
hydrolyzed succininiide modaty, or a thiomaleimide moiety.

{00337 Embodiment 30 The LNP of smbodiment 18 or 18, wherein the binding
moiety comprises antibody or antigen binding domain thereof.

{00338% Embodiment 21 The LNP of embadiment 20, wherein the binding moiety is
a while antibody, 2 minibody, an Flak)s, an Fisb), a disbady, a single chain Fy (scFv), or
& tanobody.

{00339 Ermbodiment 230 The LNP of any one of smbadimeants 1821, wherein the
hinding moisty specifically binds {o;
a) an immune cell sutface protein salected from the group congisting of CO2, CDJ,
G4, CDR CD7, CD8, CD28, 4-1BB, 188, CTLA-4, GITR, LAG-S, OX40, FD~
1, TIM-3, CD25, fow affinity 1L-2 receptor, 1L-7 raceptor, 1L-13 receptor, IL-18
renspfor, 118 veceptor, 127 receptor, CD8, CD16a, £D32, CD40, CDvtb
{Mac1), CDed, DEC205, and TREMZ,

By a hematopoistic stem call (H&C) swiace protein selected from the groug
cansisting of COMT, CD34, CR44, CR4E, GRG0, CO0E, CDI133, BMPRZ, and
Sca-1 or wherein the binding moiety spsaifically binds to 3 mesenchymal stem csll
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{MSC} surface protein selected from the group consisting of COT0, CD10S, TOTS,
Stro-1, S8EA-4, CD271, CD146, GD2, SSEA-3, 8USD2, Stra-4, MBCA-T, CDES,
CD200, PODXL, CD13, CD28, GD44, and GG, or

€} & mesenchymal stem call (MBC) surface profein selected from the group
censisting of CD70, CD108, D73, Stro-d, 8SEA, CDET1, D148, GO, S8EA-
3, BUBDR2, Sto-4, MRCA-1, CDSS, CRI00, POLXL, D13, CD2g, CD44, and
oG

00348y Ernbodiment 23 The LMNP of any one of embodimarts 1831, wharain the
hinding maoisty spscifivally binds o & hematopoietic stem call (HSC) surface pratein
selachad fram the group consisting of COVYY, CD34, CD44, CD4E CDS0, CD0E, CLAS,
BMPRE, and Bea-1.

{341y Embodiment 24 The LNF of any one of embuadimeants 18-21, whersin the
hinding moiety specifically binds to a mesenchymal stem call (MSC) surface protain
selected from the grodp consisting of CO7G, CDI0S, COT3, Stro-1, SSEA, COETY,
G146, GD2, SSEA-3, BUSDZ, Stro-4, MEBCA-1, $DSE, CLR00, FODXL, CD13, $D2g,
G4 and GEIIGL

fou3dy Embodiment 3% The LNF of any one of ambodiments 124, wherein the
fipid cormposition has sbout T1o aboutl 3 mol% total PEG-ip.

{00343} Embuodiment 28 The LEP of any one of embodiments 1-25, whersin the
lipld compaosition has about 0.1 mai% functionstized PEG-ipid,

{03441 Embadiment 27 The LNF of any one of smbodiments 1538, wharein the
fipid composition has about 40 1o sbout 60 mol% jonizable cationic lipid,

100348} Embodiment 28 The LR of embodiment 27, wherein the lipid composition
has sboul 58 mal% fontzsble cationic lipid.

{003483 Embodiment 28 The LNP of any ons of embodiments 1-28, whergin the
lipid contposition has about 10 mol% phospholipid,

{03473 Embodimant 30; The LNP of ambodiment 38, wherein the phospholipid is
digtegroy! phiosphaticyicheline.

117



WO 2024/249954 PCT/US2024/032141

(0348} Embodimant 31 The LNP of ambodiment 29, wherein the phospholipid is
diarachidoy! phosphatidyichalins.
03483 Embodiment 32: The LNP of any one of ambodimeants 1-31, whareit the:

Hipid composition comprises about 33 {o about 38 mol% sterol

{00380} Embadiment 32 The LNP of any one of embodiments 1-32, whersin the

sterad compnses cholasterol.
[RS8 Embodiment 34: The LNP of any one of claims 1-33, wherein the stgral
comprises & phytostern!

00388 Embodiment 25. The LNFP of embodiment 34 whersin the phylostere!

comprises campesterof, sitosierol, or stigmasteral, or combinations thareof.

{00353} Embodiment 36 The LNP of embodiment 3%, whersin the sterol is
chiciestercl.
fHEIR4Y Embodiment 37, The LNP  of arbodimert 4 combasing

CICLTDEPC cholesterol DSG-PEGROOD.DEPEPEG200G-melimide. v & rativ of
SR:7:33.51 40.1 or S81030.81.40 1.

{00385} Embadimant 3% The LNP  of  embodiment 4 comprising
CICL1DERPC cholastaral DPG-PEGROQD:DEPE-PEG200G-maleimide i & ratic of
BRTAI5 L0 T or BRIGBLET A0 L

[00358} Embodiment 38: The LNP of any one of ambodiments 1-38, comprising: (3
a payload comprising an mRNA sncoding a chimeric antigen receptor specific for human
GO, human CD20, human CO18 and human CDR0; human BOMA; hurman FAP; or a
payioad compriging an mRNA encuding an RNA-guided nuclease andfon 8 guide RNA,
and (b} a hinding molety camprsing an antibody or an antigen-binding fragmaent thereof
spacific for human CDS, human C08, or human CD2, wherein the antibody or antigen-
binding fragment thereof is covalently attached {o the funclibnalized PEG-ipid vig a lysine
o eysteine residue of the antibady or binding fragment thereot.

PHEIEN Embaodiment 40: The LNP of any one of smbodiments 1-38, comprising {8}
a payload camprising an mRNA encoding an RNA-guidsd nucleass and- a guide RNA;
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and (b} 8 binding molety comprising an antibody or an antigen-binding fragment thereof
specific for hurran CDE, human €08, or human CD2, wherein the antibody or antigen-~
binding fragment thereof is covalently attached o the functionalized PEG-ipid vig & lysine
ar ey stegine residue of the antibody or binding fragment thereof.

{00358} Embodiment 41 A composition comprsing the LNP of any ong of
gmbodinents 1-4Q, Turdher comprising one or mors pharmacsutivally gocepiable carriers

or excipients,

(00359 Embodimeant 43 A mathad of delivering a paylosd info ar immune oall or
stem call comprising contagiing the LNP of sny one of smbodiments 1-40 with the immiuing
cell or stem call of a subject.

fou3eny Embadimant 43 The method of embaodiment 42, whersin delivering the
pavioad comptises transfecting the immuns cell or stern cell.

fogasqy Embodiment 440 The method of embadiment 42 g 43, whersin the
contacting takes place in vivo, extracorpareally, or 8x vivo.

{00383 Embadiment 48 A method of reprogramming an immuns cell or stem
comprising admimstration of the LNP of any one of embodiments 1~40 or the compaesition
of embodiment 41 16 a subject.

{90383} Embodiment 46: The method of any ene of embodiments 4245, wherain
the stem cell is 8 hematopoietic stem cell (HSC) or MSC.

{o0364} Embudiment 47 The methad ofany one of simbodiments 4346, wherein
the immuna cellis g 7 cel

FOIRINY Embodiment 48 A mathad of freating a disgase comprising sdministration
of the LNP of any ane of smbodiments 1-40 or the somposition of embodimant 41 {c a
subject in need thereof.

[o0368} Embodiment 49 A method of condilioning & subjeet who receives an
enginegring agent comprising providing the LNF of any one of embodiments 1-38

comprising @ nudleic ackd encoding 3 conditioning agent 1o the subjeat prior g,
soreureenty with, or subssguent to administration of the engineaning agert.
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{poeny Embodimant S0 The method of embodiment any ane of embodiments 42~
48, comprising intrgvenous adminmsiration {o the subject.

{0368} Embodiment 51 A methad of reprogramming an immune. oelt .or an
hernatopaietic stem cell {(HSCcomprising contacting the LNP of any one of embodiments
1-30 with the immune celt or HSC, wherein the reprogrammed immune cell or HBC doss
not comprise DNA enceding the reprogramming agant,

[D0IRYY Embodiment 5% The wmethod of embodiment &1 wherem the
reprogrammed immung cell s 9 CAR-T call,

003783 Embodiment B A reprogrammed immung cell mads by the msthod of
embodiment 51 or 53

3T Embadimant 54 A method of reprogramming an HEC - comprising
contacting the LNP of any one of embodiments 140 with the HSC, wherein the
reprogrammed HSC does not carmprise DNA encoding @ component of a gens editing
system.

00373} Al publications, patents, and patent applications mentioned in this
spenification areherain incorporated by reference 1o the same axtent as if sach individual
publication, patent, and patert application was specifically and individually indicatad to
be incorporated by reference.

003733 While some ambodiments have been iliustrated and described in detait in
the appsnded drawings and the foregoing description, such lustrstion and desacription
are 1o be considered fustralive and not restrictive. Gther varistions 1o the disclosed.
gmbadiments can be understood and effected in practicing the claims, fram a study of the
drawings the disclosure, andthe appended claims. The mere facl that cerfain measures
or features sre recited in mutuslly different dependent daimis does not indicste that the
cambination of these measures or features cannot be used. Any referance signs in the
claims shotild not be constiued as limiting the scope.
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CLAIMS
1. A lipid nanoparticle (LNP) comprising a lipid composition comprising:

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

(CICL),

v
. NN N N OH
wherein Ris '\, \—, ,or ,

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

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 (frRNA), 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 clam 11 or 12, wherein the non-functionalized PEG-lipid

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.

163

SUBSTITUTE SHEET (RULE 26)



WO 2024/249954 PCT/US2024/032141

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)z, 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 TREMZ;

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-Ilipid.

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 58:7:33.5:1.4.01 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 58:7:33.5:1.4.01 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 mRNA 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 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.

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 cellisa 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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