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[ONIZABLE CATIONIC LIPIDS AND LIPID NANOPARTICLES,
AND METHODS OF SYNTHESIS AND USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATION

et This application claims priority to and benefit of U.S. Provisional Application No.
3/609, 852 filed December 13, 2023, the disclosure of which is hereby incorporated herein by

reference in its entirety.
REFERENCE TO AN ELECTRONIC SEQUENCE LISTING

[ The content of the electronic sequence listing (183952035540seglist.xml; Size:
166,103 bytes; and Date of Creation: December 6, 2024} is herein incorporated by reference in

its entirety.
FIELD OF THE INVENTION

[REHERY The invention provides ionizable cationic lipids and lipid nanoparticles for the
delivery of nucleic acids to immune cells (e g, macrophages, monocytes, or dendritic cells),

and methods of making and using, such lipids and targeted lipid nanoparticies.

BACKGROUND
[T In recent years, a number of therapeutic modalities have been developed that
involve the delivery of one or more nucleic acids to a subject. Treatment modalities include,
for example, gene therapies where a gene of interest in the form of deoxyribose nucleic acid
{DNA) is introduced into a cell, which is then expressed to produce a gene product, for
example, protein, for treating a disorder caused by or associated with a deficiency or absence
of the gene product. In this approach, the gene is transcribed into a roessenger ribonucleic acid
(mRNA), whereupon the mRNA is translated to produce the gene product. In another approach,
mRNA rather than a gene of interest can be delivered to the cell. The resulting expression
product can ameliorate the deficiency or absence of a particular protein in a subject (for
example, a protein deficiency occurring in certain forrms of cystic fibrosis or lysosomal storage
disorders}, or can be used to modulate a cellular function, for example, reprogramming immune
cells to initiate or otherwise modulate an immune response in the subject (for example, as a
therapeutic agent for ireating cancer or as a prophylactic vaccine for preventing or minimizing

the risk or severity of a microbial or viral infection).



WO 2025/128902 PCT/US2024/059895

R However, the delivery of mRNA to a cell for translation within the cell has been
challenging for a variety of factors, such as nuclease degradation of the mRNA prior to entry

into the cell and then after iwntroduction nto the cell but prior to transiation.

Y RNA may be delivered to a subject using different delivery vehicles, for example,
based on cationic polymers or lipids which, together with the RNA, form nanoparticles. The
nanoparticles are iwntended to protect the RNA from degradation, enable delivery of the RNA
to the target site and facilitate cellular uptake and processing by the target cells. For delivery
etficacy, in addition to the molecular composition, parameters like particle size, charge, or
grafting with molecular moieties, such as polyethylene glycol (PEG) or Hgands, play a role.
Grafting with PEG is believed to reduce serum interactions, increase serum stability and

increase time in circulation, which can be helpful for certain targeting approaches.

e T Compared with DNA delivery technologies used in certain gene therapies, mRNA-
based gene treatment has a number of superior features, for example, ease in manipulation,

rapid and transient expression, and adaptive convertibility without moutagenesis.

R However, the delivery of therapeutic RNAs to cells is difficult in view of the refative
instability and low cell permeability of RNAs. Thus, there exists a need to develop methods

and compositions to facilitate the delivery of RNAs such as mRNA to cells.

SUMMARY
LU The invention provides ionizable cationic lipids, lipid-immune cell targeting group
conjugates, and lipid nanoparticle compositions comprising such ionizable cationic lipids
and/or lipid-immune cell {e.g., macrophage, monocytes, or dendritic cells) targeting group
conjugates, medical kits containing such lipids and/or conjugates, and methods of making and

using, such lipids and conjugates,

RN The lipid vanoparticle compositions provided herein may further comprise a nucleic
acid, such as an RNA, e.g., a messenger RNA or mRNA. The lipid nanoparticle compositions
may be used for mRNA delivery to a cell {e.g,, an immune cell, such as macrophage,
monocytes, or dendritic cells) in a subject. Messenger RNA based gene therapy requires
efficient delivery of mRNA to circulating cells {e.g,, immune cells, such as macrophage,
monocytes, or dendritic cells) tn plasma or to cells in a given tissue. The main challenges

associated with efficient mBNA delivery to attain robust levels of protein expression include:
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{a) ability to protect the mRINA payload against prevalent serum nucleases upon administration
to a subject; {(b) the ability to specifically target mRNA delivery to, and thereby maximize
protein expression n the target cell {(e.g, macrophage, monocytes, or dendritic cells)
population; and (¢} the ability to maximally deliver the mRNA payleoad to the cytosclic
compartment of cells {e.g, macrophage, monocyies, or dendritic cells) for translation into

proteins within the cytoplasm.

[REHRE Y The invention provides ionizable cationic lipids for producing lipid nanoparticle
compositions that facilitate the delivery of a pavload (e.g., a nucleic acid, such as a DNA or
RNA, such as an mRNA) disposed therein to cells, for example, mammalian cells, for example
human cells, for example, immune cells. The lipids are designed to enable intracellular delivery
of 3 nucleic acid, e.g., mRNA, to the cytosolic compartment of a target cell type and rapidly
degrade into non-toxic components. These complex functionalities are achieved by the
iuterplay between chemistry and geometry of the wonizable lipid head group, the hydrophobic
“acyl-tail” groups and the linker connecting the head group and the acyl tail groups in the

ionizable cationic lipids.

R In one aspect, the present invention provides a compound represented by Formula

{t}. A compound of Formula (I):

,ﬂ\ RZ /ﬂ\
R1AT AR \\T/ ™~a R243
R;a/ \\§<R2A2

R 1A3 R2A1

. N O
R3B

RSA RSAS
R3AZ
A9 e
R (0,
or a salt thereof. In some embodiments, R' and R? are each C15 alkylene. In some
embodiments. R* is Ci. alkylene or a bond. In some embodiments, R'* and R** are each a
bound or Crae alkylene. In some embodiments, R is a bond or Cus alkylene. In some
5 > Y
embodiments, R’ R241 R and R**? are each H. In some embodiments, R'? and R?4?

are each H, -(CH2)o-sC(O)ORY, or -(CH2)0-sOC(OR™. In some embodiments, R4 and R?
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are each H, -(CHz2)o-sC(OYOR™, or -(CH2)esOC(OIR™. In some embodiments, R*3 is -
C{OYOR™. In some embodiments, R* and R* are each independently Ci20 alkyl. In some

RSSZ RSB;ZZ?

\N/"

383 : .
R . In some embodiments, R°"' is Ca alkylene. In some

embodiments, R ig
embodiments, R’ and R*™ are each C13 alkyl.

813 In some embodiments, R and R? are each methylene. In some embodiments, R’
and R** are each a bond, -CHz-, -(CH2)-, (CH2)-, -(CHz)s-, -(CH2)s~-, <(CH2)s-, -(CHz7-, -
(CHz3z-, {CHayo-, or {(CH2)i0-. In some embodiments, R' and R** are each a bond, -(CH2)-,
{CH2)s-, {CHz)r-, or {CHz)e-. In some embodiments, R** s a bond, -CHz-, or «(CHzp-. In

some embodiments, R*? is -CHz-.

[i§d]  In some embodiments, R'? and R*? are each -QOC{ONCiss alkyl), -C{OYO(Crais
alkyl), -OCOYWH{Ciao alkylyCiae  allyl), -COYOCH(Cr  alkvi}{Ciae  alkyly, -
(CHOCOYD(Crto alkyd), or (CHOOCONC o alkyl). In some embodiments, R and R
are each -OC(ONCui alkyl), -C(OYO(Crio alkyl), -OC(O)CH(Cs alkyl)(Cs alkyl), -
CIOYOCH{Ca3 alkyD{(Cs-6 alkyl), or -(CHC(OWXC o alkyl). In some embodiments, R'? and

o o

RZAZ are each 5\0)1\/\\//\ . r;\G/LL\//\/\/ )
a Q o

fs\g)l\/\/\/’\ %)L\Q/\v/\/\ "a/ﬁ\o

o)
P AN

N Ap°
LT
,or .
HIBY8]  In some embodiments, R' and R*" are each H, -OC{O¥Cuis alkyl), or -

C(OY3(Cr15 alkyl). In some embodiments, R and R are each H, -OC(OYCs.10 alkyl), -
C(OO{Coro alkyl), or (CH2C(O)YO(C o alky!). In some embodiments, R*** and R** are each
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H, S\E/Q\C\/ , %j\ Q/C\/\/ , f\f}\c:/\ ,

f”\gj\/\/\v/\/ , fi\lf@ |

O

MQW; or a"g\)j\g

{88} In some embodiments, R is -C{OYOCH(Cis alkyI)(Crio alkyl). In some

embodiments, R* is -C{OOCH(Cs alkyl¥Ces alkyl). In some embodiments, R** is

EYO‘C;\
0 o some embodiments, R* is «(CHz-. In some embodiments, R
2,
RIB2 Bl

e
E? \NW

RBBS

and R*™ are each methyl. In some embodiments,

\N’A‘v"\\/”\}; \NW

E , Of I

LT In some embodiments, the compound is selected from Table 1. In some

erabodiments, the compound is lipid 40, Hipid 41, lipid 42, lipid 43, lipid 46, or lipid 52.

RS Also provided hereinis a lipid nanoparticie (LNP). In some embodiments, the LNP
comprises a lipid blend for targeted delivery of a nucleic acid into an immune cell. In some
embodiemnis, the lipid blend comprises a lipid-immune cell targeting group conjugate
comprising the compound of Formula (1) [Lipid] — [optional linker] — [immune cell targeting
group]. In some embodiments, the lipid blend comprises an ionizable cationic lipid such as any

of the lipids described herein. In some embodiments, the lipid blend comprises a nucleic acid,

)
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wherein the nucleic acid is encapsulated in the LNP. In some embodiments, the ionizable

cationic lipid is selected from the lipids described herein.

LR In some embodiments, the immune cell targeting group comprises an antibody that
binds a macrophage antigen, a movnocyte antigen, and/or a deudritic antigen. In some
embodiments, the macrophage comprises an M1 macrophage, an M2 macrophage, or both.In
some ermnbodiments, the macrophage comprises an M2a wacrophage, an M2Zb macrophage, an
M2c macrophage, or any combination thereof. In some embodiments, the macrophage antigen
comprises CDIB, CDo8, CHR0, CD86, TRL-2, TRL-4, iNOS, MHC-IT, CD163, CD206,
CD209, FIZZ21, or Ym1/2, or any combination thereof. In some embodiments, the macrophage

antigen comprises CD206.

[REEH: In some embodiments, the immune cell targeting group 1s covalently coupled to a
lipid in the lipid blend via a polyethylene glycol (PEG) containing linker. In some
embodiments, the lipid covalently coupled to the immune cell targeting group via a PEG
containing hnker is distearoylglycerol {DSG), distearoyi-phosphatidylethanolamine (DSPE},
dimyrstoyl-phosphatidyiethanolamine (DMPE), distearovl-glycero-phosphoglycerol (DSPG),
dimyristoyl-glyeerol (DMG), dipalmitoyl-phosphatidylethanolamine (DPPE), dipalmitoyi-
glycerol (DBPG), or ceramide. In some embodiments, the PEG is PEG 2000 or PEG 3400. In
some embodiments, the lipid-immune cell targeting group conjugate is present in the lipid

blend in a range of 0.001 t0 0.5 mole percent {e.g., 0.002-0.2 mole percent}

[UERS Y In some embodiments, the lipid blend further comprises one or more of a structural

lipid {e.g., a sterol), a neutral phospholipid, and a free PEG-lipid.

(U In some embodiments, the 1onizable cationic lipid 1s present in the lipid blend in a
range of 30-70 (e.g., 40-60) mole percent. In some embodimenis, the sterol is present in the
lipid blend in a range of 20-70 {e.g., 30-50}) mole percent. In some embodiments, the sterol is
cholesterol. In some embodiments, the neuiral phospholipid 1s selected from the group
consisting of phosphatidylcholine, phosphatidylethanolamine, distearoyl-sn-glycero-3-
phosphoethanolamine (DSPE), 1,2-distearoyl-sn-glyveero-3-phosphocholine (DBSPC), 1,2-
dioleoyl-sn-glycero-3-phosphosthanolamine {DOPE}, 1,2-dioleoyl-sn-glycero-3-
phosphocholine (DOPC), and sphingomyelin. In some embodiments, the neutral phospholipid

is present in the lipid blend in a range of 5-15 mele percent.
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[REERAY In some embodiments, the free PEG-lipid is selected from the group consisting of
PEG-modified phosphatidylethanolamines, PEG-modified phosphatidic acids, PEG-modified
,and PEG-modified
dialkyiglycerols. For example, a PEG lipid may be PEG- dicleoylgylcerol (PEG-DOG), PEG-
dimyristoyl-glyeerol (PEG-DMG), PEG-dipalmitoyvi-glycerol (PEG-DPG), PEG-dilinoteoyi-

ceramides, PEG-modified dialkylamines, PEG-modified diacylglycerols

glycero-phosphatidyl ethanolamine (PEG-DLPE), PEG-dimyrstovi-phosphatidylethanolamine

.....

(PEG-DMPE), PEG-dipalmitoyl-  phosphatidyiethanolamine  (PEG-DPPE), PEG-
distearoylglycero]l (PEG-DSG), PEG-diacylglycerol (PEHG-DAG, e.g., PEG-DMG, PEG-DPG,
and PEG-DSG), PEG-ceramide, PEG-distearoyi-glycero-phosphoglycerol (PEG-DSPG),
PEG-dioleoyi-glycero-phosphoethanolamine (PEG-DOPE), 2-[{polyethylene glycol)-2000}-
N, N-ditetradecylacetamide, or a PEG-distearoyl-phosphatidylethanolamine (PEG-DSPE)
tipid. In some embodiments, the free PEG-lipid comprises a diacylphosphatidylethanolamine
comprising Dipalmitoyl {C16) chain or Distearovl (C18) chain, and optionally the free PEG-
Hpid comprises PEG-DPG and PEG-DMG. In some embodiments, the free PEG-lipid is present
in the lipid blend in a range of 1-4 mole percent. In some embodiments, the free PEG-lipid
comprises the same or a different lipid as the lipid o the lipid-iromune cell targeting group

conjugate.

[EELEES: In some embodiments, the LNP has a mean diameter in the range of 50-200 nm. In
some embodiments, the LNP has a mean diameter of about 100 nm. In some embodiments, the
LNP has a polydispersity index in a range from 0.01 to 0.1. In some embodiments, the LNP
has a zeta potential of from about +0 mV to about +10 mV at pH 5.5, or from about -5 mV to

about O mV at pH 7.4,

I In some embodiments, the nucleic acid is BDNA or RNA. In some embodiments, the
RNA is an mRNA. In some embodiments, the mRNA encodes a receptor, a growth factor, a
hormoue, a cytokine, an antibody, an antigen, an enzyme, ot a vaccine. In some embodiments,
the mRNA encodes a polypeptide capable of regulating immune response in the immune cell.
In some embodirents, the wRNA eucodes a polypeptide capable of reprogramming the
immune cell. In some embodiments, the mRNA encodes polypeptide capable of

reprogramming an M2 macrophage to an M1 macrophage.

HaIs] In some embodiments, the immune cell targeting group comprises an antibody, and
the antibody is a Fab or an immunoglobulin single variable domain (e.g, a Vun, such as a

Nanobody®). Nanobody® is a registered trademark of Ablynx N.V. In some embodiments, the
7
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fmrmune cell targeting group comprises a Fab, F{ab")2, Fab’-SH, Fv, or scFv fragment. In some
embodiments, the immune cell targeting group comprises a Fab that is engineered to knock out
the vatural interchain disulfide bond at the C-terminus. In some embodiments, the Fab
comprises a heavy chain fragment that comprises C2338 substitution, and a light chain
fragment that comprises C2148 substitufion, numbering according to Kabat In some
embodiments, the immune cell targeting group comprises a Fab that has a non-natural
interchain disulfide bond (e.g., an engineered, buried interchain disulfide bond). In some
embodiments, the Fab comprises F174C substitution in the heavy chain fragment, and §176C
substitution in the light chain fragment, numbering according to Kabat. In some embodiments,
the immune cell targeting group comprises a Fab that comprises a cysteine at the C-terminus
of the heavy or light chain fragment. In some embodiments, the Fab further comprises one or

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

T In some embodimenis, the immune cell targeting group comprises an
immunoglobulin single variable domain. In some embodiments, the immunogiobulin single
variable domain comprises a cysteine at the C-termivus. In some embodiments, the
immunoglobulin single variable domain comprises a VHH domain and further comprises a
spacer comprising one or more amino acids between the VHH domain and the C-terminal
cysteine. In some embodiments, the immune cell targeting group comprises two or more Vi
domains. In some embodiments, the two or more Van domains are linked by an amino acid
linker. In some embodiments, the immune cell targeting group comprises a first Vi domain
tinked to an antibody CH1 domain and a second Vuy domain linked to an antibody light chain
constant domain, and wherein the antibody CH1 domain and the antibody light chain constant
domain are linked by one or more disulfide bonds. In some embodiments, the immune cell
targeting group comprises a Vuu domain linked to an antibody CH1 domain, and wherein the
antibody CH1 domain is linked to an antibody light chain constant domain by one or more
disulfide bonds. In some embodiments, the CHI domain comprises F174C and C233S
substitutions, and the light chain constant domain comprises S176C and C2148 substitutions,

numbering according to Kabat.

[REERY In some embodiments, the LNP is for delivering a nucleic acid into an immune cell,
and wherein the LNP binds a first macrophage antigen, and also binds a second macrophage
antigen. In some embodiments, the LNF comprises two conjugates, wherein the first conjugate

comprises an antibody that binds the first macrophage antigen, and the second conjugate
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comprises an antibody that binds the second macrophage aniigen. In some embodiments, the
LNP comprises one conjugate, and the conjugate comprises a bispecific antibody that binds
both the first macrophage antigen and the second macrophage antigen. In some embodunents,
the bispecific antibody is an immunoglobulin single variable domain or Fab-ScFv. In some
embodiments, the LNP binds to a first antigen on the surface of the first type of immune cell,
and also binds to a second antigen on the surface of the second type of immune cell. In some
embodiments, the first type of immune cell is a first macrophage, and the second type of
immune cell is a second macrophage, a T-cell, or an NK cell. In some embodiments, the LNP
comprises two conjugates, and the first conjugate comprises a first antibody that binds to the
first antigen of the first type of immune cell, and the second conjugate comprises a second
antibody that binds to the second antigen of the second type of immune cell. In some
embodiments, the LNP comprises one conjugate, and the conjugate comprises a bispecific
antibody, and the bispecific antibody binds to both the first antigen on the first type of immune
cell, and the secound antigen on the second type of immune cells. In some embodiments, the
bispecific antibody is an immunoglobulin single variable domain or a Fab-8cFv. In some
embodiments, the LNP is for deliverivg a nucleic acid into an iwmmune cell, and wherein the
immune cell targeting group comprises a single antibody that binds to CD206. In some
embodiments, the LNP 1s for delivering a nucleic acid into both a macrophage and a T-cell or
both a macrophage and an NK cell, wherein the immune cell targeting group binds to both (i)

CD206 and (i) one of CD3, CD7, CDY, and CD56.

{829y In one aspect, provided is an LNP comprising a lipid blend for targeted delivery of
a nucleic acid into a macrophage, the lipid blend comprising: a lipid-macrophage targeting
group conjugate comprising the compound of Formula (H{-m): [Lipid] — [optional linker] —
Imacrophage targeting groupl; and a nucleic acid, wherein the nucleic acid is encapsulated in

the LNP.

(RN In some embodiments, the macrophage is an M2 macrophage. In some
embodimenis, the macrophage targeting group binds CD206. In some embodiments, the
nucleic acid is mRNA, and the mRNA encodes polypeptide capable of reprogramming an M2
macrophage to an M1 macrophage. In some embodiments, the LNP further comprises an
ionizable cationic lipid. In some embodiments, the ionizable cationic lipid is selected from the

fipids described herein.
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RS §: In some aspect, provided is a method of targeting the delivery of a nucleic acid to
an immune cell of a subject. In some embodiments, the method comprises contacting the

immune cell with the LNP described herein, wherein the LNP comprises the nucleic acid.

a3 In some aspect, provided is a method of expressing a polypeptide of interest in a
targeted immune cell of a subject. In some embodiments, the method comprises contacting the
immune cell with the LNP described berein, wherein the LNP compnises a sucleic acid

encoding the polypeptide.

[LEARRY In some aspect, provided ts a method of modulating cellular function of a target
immune cell of a subject. In some embodiments, the method comprises administering to the
subject the LNP described herein, wherein the LNP comprises a nucleic acid modulates the

cellular function of the immune cell.

B34l In some aspect, provided is a method of treating, ameliorating, or preventing a
syroptom of a disorder or disease in a subject in need thereof. Tn some erbodiruents, the method
comprises administering to the subject an LNP described herein for delivering a nucleic acid

iuto an immune cell of the subject, wherein the LNP coruprises the nucleic acid.

FREER Y In some embodiments, the disorder 13 an immune disorder, an inflammatory
disorder, or cancer. In some embodiments, the nucleic acid encodes an antigen for use in a
therapeutic or prophylactic vaccine for treating or preventing cancer. In some embodiments,

the antibody is a human or humanized antibody.

ekl In some embodiments, the free PEG-lipid comprises a
diacylphosphatidylethanolamines comprising dimyristoyl (Cl4) chain, Dipalmitoyl (C16)
chain or Distearoyl (C18) chain. In some embodiments, the free PEG-lipid ts present in the
lipid blend in a range of 0.5-2.5 mole percent. In some embodiments, the RNA is an mRNA,
IRNA, siRNA, gRNA, or microRNA. In some embodiments, the Fab comprises a heavy chain
variable domain linked to an antibody CH1 domain and a light chain variable domain linked to
an antibody light chain constant domain, wherein the CH1 domain and the light chain constant
domain are linked by one or more interchain disulfide bonds, and wherein the immune cell
targeting group further comprises a single chain variable fragment (scFv) linked to the C-

terminus of the light chain constant domain by an amino acid linker.
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AT In some embodiments, no more than 5% non-immung cells are transfected by the
LNP. In some embodiments, half-life of the nucleic acid delivered by the LNP or a polypeptide
encoded by the nucleie acid delivered by the LNP is at least 10% longer than half-life of nucleic
acid delivered by a reference LNP or a polypeptide encoded by the nucleic acid delivered by
the reference LNP. In some embodiments, at least 10% immune cells are transfected by the
LNP. In some embodiments, expression level of the nucleic acid delivered by the LNP is at

feast 10% higher than expression level of nucleic acid delivered by a reference LNP.

IARE In some embodiments, the nucleic acid is DNA or RNA. In some embodiments, the
RNA is an mRNA, tRNA, siRNA, gRNA (guide RNA), circRNA{circular RNA), ribozymes,
decoy RNA, or microRNA. In some embodiments, the mBNA encodes a receptor, a growth
factor, a hormone, a cytokine, an antibody, an antigen, an enzvime, of a vaccine. In some
embodiments, the mRNA encodes a polypeptide capable of regulating immune response in the
immune cell, In some embodiments, the mRNA encodes a polypeptide capable of

reprogramming the immune cell.

HRE R In some embodiments, no more than 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, or
10% of non~tmunune cells are transfected by the LNP. In some embodiments, no more than
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, or 10% of undesired immune cells that are not meant
to be the destination of the delivery are transfected by the LNFP. The undesired immune cells
may be immune cells not bound by the immune cell targeting group. The undesired immune
cells may be immune cells other than macrophages, for instance wherein the undesired immune
cells are immune cells other than MZ2a macrophages, M2b macrophages, and/or MZ2c
macrophages. The undesired immune cells may be immune cells other than B cells. The
undesired immune cells may be immune cells other than NK cells. The undesired immune cells
may be immune cells other than T cells, for example CD4+ T cells and/or CD&+ T cells. The
undesired imnmune cells may be immune cells other than NK cells and T cells, for example NK
cells and CD4+ T cells and/or CD8+ T cells. In some embodimens, the immune celis are
monocytes. In some embodiments, the innmune cells are dentritic cells. In some embodiments,
the half-lite of the nucleic acid delivered by the LNP to the immune cell or a polypeptide
encoded by the nucleic acid delivered by the LNP is at least 5%, 10%, 15%, 20%, 25%, 30%,
4%, 50%, 60%, T0%, 80%, 90%, 100%, 1.5 times, 2 times, 3 times, 4 times, 5 times, 10 times,
or longer than the half-life of nucleic acid delivered by a reference LNP to the immune cell or

a polypeptide encoded by the nucleic acid delivered by the reference LINP.

11



WO 2025/128902 PCT/US2024/059895

REEA In some embodiments, at least 5%, at least 10%, at least 15%, at least 20%, at least
25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at feast 80%, at least 85%, at least 90%, at least
95% or more immune cells that are meant to be the destination of the delivery are transfected
by the LNP. Immune celis that are reant to be the destivation of the delivery way be immune
cells bound by the tmmune cell targeting group. Immune cells that are meant to be the
destination of the delivery may be macrophages, for example MZa macrophages, M2b
macrophages, and/or M2c macrophages. Immune cells that are meant to be the destination of
the delivery may be B cells. Immune cells that are meant to be the destination of the delivery
may be NK celfls. Immune cells that are meant to be the destination of the delivery may be T
cells, for example CD4+ T cells and/or CD8+ T cells. Immune cells that are meant to be the
destivation of the delivery may be NK cells and T cells, for example NK cells and CD4+ T
cells and/or CD8+ T cells. In some embodimens, the immune cells are monocytes. In some

embodiments, the immune cells are dentritic cells.

R In some embodiments, expression fevel of the nuclei¢ acid delivered by the LNP is
at least 5%, at least 10%, at least 10%, at least 10%, at least 10%, at least 10%, at least 10%, at
feast 10%, at least 10%, at least 10%, at least 10%, at least 10%, at least 10%, at least 10%, at
feast 10%, 1.5 time, 2 times, 3 times, 4 times, 5 times, 10 times, 15 times, 20 times or more
higher than expression level of nucleic acid in the same immune cells delivered by a reference

ILNP.

LR In some embodiments, the antibody is an immunoglobulin single variable (JSV)
domain, and the ISV domain 1s & Vuu. In some embodiments, the free PEG lipid comprises a
PEG having a molecular weight of at least 2000 daltons. In some embodimenis, the PEG has a
molecular weight of about 3000 to 5000 daltons. In some embodiments, the antibody is a Fab.
In some embodiments, the Fab binds CD206, and the free PEG lipid in the LNP comprises a
PEG having a molecular weight of about 2000 daltons. In some embodiments, the Fab is an
anti~-CD206 avtibody, and the free PEG lipid in the LNP comprises a PEG havivg a molecular

weight of about 3000 to 3500 daltons.

[LIHERY: Various aspects and embodimenis of the invention are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS
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44 FIG 1A, FIG. 18, and FIG. 1C depict the structure (FIG. 1A), proton NMR
spectrurn (FIG. 1B), and LC-CAD chromatogram (FIG. 1C) of purified lipid 40.

S FIG. 2A, FIG. 2B, and FIG. 2C depict the structure (FIG. 2A), proton NMR
spectrurn (FIG. 2B), and LC-CAD chromatogrars (FIG. 2C) of purified lipid 41

inads] FIG. 34, FIG. 3B, and FIG 3C depict the structure {(FIG. 3A), proton NMR
spectrum {FIG. 3B}, and LC-CAD chromatogram (FIG. 3C) of purified lipid 42.

[RUIE FIG. 4A, FIG. 4B, FIG. 4C, and FIG. 4D depict the structure (FIG. 4A}, proton
NMR spectrum (FIG. 4B), HPLC-ELSD chromatogramm (FIG. 4C), and LC-CAD

chromatogram (FIG. 4D3) of purified lipid 43.

4B FIG. SA, FIG. 5B, and FIG. 5C depict the structure (FIG. 5A), proton NMR
spectrum (FIG. 5B), and LC-CAD chromatogram (FIG. 5C) of purified lipid 46.

R FIG. 6A, FIG. 6B, FIG. 6C, and FIG. 6D depict the structure (FIG. 6A), proton
NMR  spectrum  (FIG. 6B), HPLC-ELSD chromatogram {(FIG. 6(C), and LC-CAD
chromatogram (FIG. 6D} of purified lipid 52.

[RUHSH: FIG. 7A, FIG. 7B, FIG. 7C, and FIG. 7D depict physiochemical characterization
results of parent LINPs comprising lipids 15, 26, 25A, 27, 28, 40, or ALC-0315. FIG. 7TA depicts
hydrodynamic diameter {DLS) pre ("Parent LNPS”) and post ("FT LNPs”) 1x freeze-thaw
cycle. FIG. 7B depicts polydispersity index (BLS) pre (“Parent LNPs”} and post (“FT LNPs”™)
Ix freeze-thaw (FT) cycle. FIG. 7€ depicts charge (zeta potential) of LNPs at pH 5.5 or pH
7.4. FIG. 7D depicts total and dye accessible RNA (Ribogreen Assay) of LNPs.

jBESE FIG. 8SA and FIG. 8B depict physiochemical characterization of parent (“Parent
LNPs”y and aC D200 targeted LNPs (“Targeted LNPs”}), where LNPs comprise lipids 15, 26,
28A, 27, 28, 40, or ALC-0315. FIG. 8A depicts hydrodynamic diameter (DLS). FIG. 8B

depicts polydispersity index (BLS).

FREE FIG. 9A, FIG. 9B, FIG. 9C, and FIG. 9D depict physiochemical characterization of
parent LINPs (DLS), comprising lipids 15A, 17A, 18A, 19A, 21A, 20A, 46, or 40. FIG. %A
depicts hydrodynamic diameter {BLS) of pre ("Zav”) and post ("FT Zav”) 1x freeze-thaw
cycle. FIG. 9B. depicts polydispersity index (BLS) pre (“PDI 4C”) and post ("PDL FT7) Ix

13
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freeze-thaw cycle. FIG. 9C depicts charge (zeta potential) of LNPs, at pH 5.5 or pH 7.4, FIG.
9D depicts total and dye accessible RNA (Ribogreen Assay) of LNPs.

R FIG. 10A FIG. 108, and FIG. 10C depict results of LNPs binding and GFP protein
expression using LNPs comprising comparator lipid ALC-031S; aCD206 targeted LNPs
comprising lipid 15, 15A, 26, 40, 27, or 28; parent (non-targeted) LINPs comprising lipid 15;
and buffer (PBS) control. FIG. 10A depicts %GFP+ Macrophages. FIG. 10B depicts %% Dni+

Macrophages. FIG. 10C depicts mean fluorescence intensity (MFI) of GFP+ Macrophages.

[HEAREY FIG 11A, FIG 11B, FIG. 11C, and FIG. 11D depict results of Parent and aCID206
targeted LNPs binding and GFP protein expression using LNPs comprising Hpmd 15, 40, 174,
IBA, 19A, 21 A, 20A, or 46, and PBS buffer control (“No LNP”) in macrophages derived from
Human PBMC Donor 108. FIG. 11A depicts %GFP+ Macrophages. FIG. 11B depicts % Dil+
Macrophages. FIG. 11C depicts mean fluorescence intensity (MF1} of GFP+ Macrophages.

FI1G. 11D depicts mean fluorescence intensity (MFI) of Dil+ Macrophages.

RS FIG. 12A, FIG. 128, FIG. 12C, and FIG. 12D depict results of Parent and aCD206
targeted LINPs binding and GFP protein expression using LNPs comprising Hpid 15, 40, 174,
18A, 19A, 21A 20A, or 46, and PBS butfer control (“No LNP”} in macrophages derived from
Human PBMC Donor 282, FIG. 12A depicts %GFP+ Macrophages. FIG. 12B depicts % Dif+
Macrophages. FIG. 12C depicts mean fluorescence intensity (MF1) of GFP+ Macrophages.

FIG. 12D depicts mean tluorescence intensity (MFI) of Dil+ Macrophages.

Wase)  FIG. 13A, FIG 13B, FIG 13C, and FIG. 13D depict the physicochemical
characterization of mCherry-mRNA Lipid 40 LNPs and 1.5 mole% and 3.5 mole% DSG-PEG
lipid. FIG. 13A depicts the hydrodynamic diameter (DLS) of parent LNPs pre- and post- 1X
freeze-thaw cycle. FIG. 13B depicts the polydispersity Index (DLS) of parent LNPs pre~ and
post- 1X freeze-thaw cycle. FIG. 13C depicts the charge (Zeta Potential) of parent LNPs at pH
S.5 and pH 7.4 FIG. 13D depicts the total and dye accessible RNA (Ribogreen Assay) of parent
LNPs.

[RUTARY: FIG. 14A, FIG. 14B, FIG 14C, and FIG. 14D depict the physicochemical
characterization of mCherry-mRNA Lipid 40 LNPs and 3.3 moleS DPG-PEG and DSG-PEG
lipids. FIG. 14A depicts the LNP diameter pre- and post- 1X freeze-thaw cycle. FIG. 14B
depicts the polydispersity Index (DLS) of LNPs pre- and post- 1 X freeze-thaw cycle. FIG. 14C

14
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depicts the charge (Zeta Potential) of LNPs at pH 5.5 and pH 7.4. FIG. 14D depicts the total
and dye accessible RNA (Ribogreen Assay) of LNPs.

[REERS 3 FIG. 15A, FIG. 15B, FIG. 15C, and FIG. 15D depict mCherry expression and LNP
uptake (Dil label} in M2 Macrophages using mCherry-mRBRNA LNPs based on Lipid 40 and 1.5
mole % and 3.5 mole % DSG-PEG lipid. LNP and buffer (PBS}) control. FIG. 15A depicts
SomCherry+ Macrophages. FIG. 138 depicts Mean Fluorescence Intensity (MFD of mCherry+
Macrophages. FIG. 15C depicts %Dil+ Macrophages. FIG. 15D depicts Mean Fluorescence
Intensity (MFI} of Dil+ Macrophages.

RS FIG 16A, FIG. 16B, FIG 16C, and FIG. 16D depict mCherry expression and LNP
uptake (il 1abel) in M2 Macrophages using mCherry/Dil-mRNA LNPs based on Lipid 40 and
3.5 mole % DSG-PEG or 3.5 mole % DPG-PEG lipid. LNP and buffer (PBS) comirol. FIG.
16A depicts Y%emCherry+ Macrophages. FIG. 16B depicts Mean Fluorescence Intensity (MFI)
of mCherry+ Macrophages. FIG. 16C depicts %Dil+ Macrophages. FIG. 16D depicts Mean

Fluorescence Intensity {(MFI) of Iil+ Macrophages.

[ FIG. 17 depicts hemagglutinin (HA) expression 20 hours post HA-mRNA LNPs
based on Lipid 40, 46, ALC-0315, CL-1191 and SM-102 lonizable Lipids dosed in vitro (1ug/
1EG cells) to human dendritic cells. HA expression in human dendritic cells, guantified as Mean
Fluorescence Intensity (MFI) of Alexa-647 conjugated secondary Ab, 20 hours post-HA-
mRNA LNP dose of 1 ug/ 1E6 cells: Relative Expression of LNPs based on Lipid 40, Lipid
46, and ALC-0315, SM-102, and benchmark conirol (CL-1191) ionizable lipids,

(U FIG. 18 depicts hemagglutinin (HA) expression 20 hours post HA-mRNA LNPs
based on Lipid 40, 46, and CL-1191 Ionizable Lipids dosed in vitro (lug/ 1E6 cells) to human
Skeletal Muscle Cells. HA expression in human Skeletal Muscle cells, quantified as Mean
Fluorescence Intensity (MF1) of Alexa-647 conjugated secondary Ab, 20 hours post-HA-
mRNA LNP dose of 1 ug/ 1E6 cells: Relative Expression of LNPs based on Lapid 40, Lipid

46, and benchmark control (CL-1191} ionizable lipids.

RUENS: FIG. 19A, FIG. 198, and FIG. 19C depict results of C57BL/6 mice engrafted with
MC-38 tumor (n = 43 dosed (1.5 mg/kg) with Lipid 40 LNPs formulated with 1.5 or 3.5 mole
% DSG-PEG. FIG. 19A depicts lipid concentration {ng/g) in blood 10 minutes, 6 hour and 24

hours post dose. FIG. 198 depicts percent of injected Hipid dose in blood 10 minutes, & hour
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and 24 hours post dose. FIG. 19C depicts lipid concentration in blood, liver, spleen, lung and

tumor tissue 24 hours post dose.

[ 3 FIG. 20A, FIG. 20B, and FIG. 20C depict results of C57BL/O mice engrafied with
MC-38 turnor {(n = 4) dosed (1.0 mg/kg) with Lipid 40 LNPs forroulated with 3.5 mole % DPG-
PEG or DSG-PEG. FIG. 20A depicts lipid concentration {ng/g} in blood 10 minutes, 6 hour
and 24 hour post dose. FIG. 208 depicts percent of injected Hipid dose in blood 10 rotonutes, 6
hour and 24 hour post dose. FIG. 20C depicts lipid concentration in blood, liver, spleen, lung

and tumor tissue 24 hours post dose.

d}  FIG. 21A and FIG. 21B depict results of C37BL/G mice engrafted with MC-38
tumor {0 = 4} dosed (1.5 mg/kg) with Lipid 40 mCherry-LNPs with 1.5 or 3.5 mole % DSG-
PEG. FIG. 21 A depicts mCherry expression monitored (FACS) in tumor, liver, spleen and lung
tissues 24 hour post dose in macrophages. FIG. 218 depicts mCherry expression monitored

{FACS) in tumor, liver, spleen and lung tissues 24 hour post dose in monocytes.

S FIG. 22A and FIG 22B depict results of CS7BL/6 mice engrafted with MC-38
tumor {n = 4} dosed (1.5 mg/kg) with Lipid 40 mCherry-LNPs with 1.5 mole % DSG-PEG.
Fi(3. 22A depicts mCherry expression monitored (FACS}) in relevant cell types 24 hours post
dose in liver. FIG. 228 depicts mCherry expression monitored (FACS) in relevant cell types

24 hours post dose in spleen.

s} FIG. 23A FiIG 238, FIG. 23C, FIG. 23D, FIG. 23K, and FIG. 23F depict results of
CSTBL/6 mice engrafted with MC-38 tumor (n = 4) dosed (1.0 mg/kg) with Liptd 40 mCherry-
LNPs with 3.5 mole % DSG-PEG and 3.5 mole % DPG-PEG. FIG. 23A depicts mCherry
expression monitored (FACS) 24 hours post dose in liver macrophages. FIG. 23B depicts
m{herry expression monitored (FACS) 24 hours post dose in liver monocytes. FIG. 23C
depicts mCherry expression monitored (FACS) 24 hours post dose in spleen macrophages.
FIG. 23D depicts mCherry expression monitored {(FACS) 24 hours post dose in spleen
monocytes. FIG. 23F depicts mCherry expression monitored (FACS) 24 hours post dose in
hung macrophages. FIG. 23F depicts mCherry expression monitored (FACS) 24 hours post

dose in lung monocytes.

BETAILED DESCRIPTION
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R The invention provides ionizable cationic lipids, lipid-immune cell targeting group
conjugates, and lipid nanoparticle compositions comprising such ionizable cationic lipids
and/or hipid-immune cell {e.g., macrophage, monocytes, or dendritic cells) targeting group
conjugates, medical kits containing such lipids and/or conjugates, and methods of making and

ustog, such lipids and conjugates.

U The practice of the present invention employs, unless otherwise indicated,
conventional techniques of organic chemistry, pharmacology, cell biology, and biochemistry.
Such techniques are explained in the literature, such as in “Comprehensive Organic Synthesis”
(B.M. Trost & 1 Fleming, eds., 1991-1992); “Current protocols in molecular biology” (F.M.
Ausubel ef af. | eds., 1987, and pertodic updates); and “Current protocols in immunology” (JE.
Coligan ef af., eds., 1991}, each of which is herein incorporated by reference in 1is entirety.
Various aspects of the invention are set forth below in sections; however, aspects of the

tovention described in one particular section are not to be fimited to any particular section.

{. BRFINITIONS

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

phrases are defined below,

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

interchangeable with ~-C(5)0-.

U The terms “a” and “an” as used herein mean “one or more” and include the plural
unless the context is inappropriate. In some embodiments, “one or more” is 1 or 2. In some
embodiments, “one or more” is 1, 2, or 3. In some embodiments, “one or more” 18 1, 2, 3, or 4,
in some embodimenis, “one or more” is 1, 2, 3, 4, or 5. In some embodiments, “one or more”

18 1, 2, 3,4, 5, or more.
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T The term “alkyl” as used herein refers to a saturated siraight or branched
hydrocarbon, such as a straight or branched group of 1-12, 1-10, or 1-6 carbon atoms, referred
to hereto as Ci-Cralkyl, Ci-Cioalkyl, or Ci-Cealkyl, respectively. In some embodunents, alkyl
is optionaly substituted. Exemplary alkyl groups include, but are not limited to, methyl, ethyl,
propyl, isopropyl, 2-methyl-1-propyl, 2-methyl-2-propyl, 2-methyl-1-butyl, 3-methyi-1-butyl,
Z-methyl-3-butyl, 2 2-dimethyi-1-propyl, 2-methyl-1-pentyl, 3-methyl-1-pentyl, 4-methyl-1-
pentyl, 2-methyl-2-pentvl, 3-methyl-Z-pentyl, 4-methyl-2-pentyl, 2 2-dimethyl-1-butyl, 3,3-
dimethyl-1-butyl, 2-ethyi-1-butyl, butyl, tsobutyl, t-buiyl, pentyl, isopentyl, neopentyl, hexyl,

heptyl, octyl, ete.

FREERRY The term “alkylene” refers to a diradical of an alkyi group. In some embodiments,

alkylene is optionaly substituted. An exemplary alkylene group is ~CH2ZCH2-

FREHERY: The term “haloalkyl” refers to an alkyl group that is substituted with at least one

halogen. For example, -CHoF | -CHF,, -CF3, -CHCF3, -CF2CF3, and the like.

TS “Alkeny!l” refers to an unsaturated branched or straight-chain alkyl group having
the indicated number of carbon atoms {e.g., 2 10 &, or 2 o 6 carbon atoms) and at least one
carbon-carbon double bond. The group may be in either the cis or trans configuration {Z or E
configuration) about the double bond(s). Alkenyl groups include, but are not limited to, ethenyl,
propenyt {e.g., prop-l-en-1-yl, prop-1-en-2-yl, prop-2-en-1-vl {allyl), prop-Z-en-2-yi}, and
butenvl {e g, but-i-en-1-y], but-T-en-2-yl, 2-methyl-prop-1-en-1-yl, but-2-en-1-yi, but-2-en-

I-yl, but-2-en-2-y1, buta-1,3-dien-1-y}, buta-1,3-dien-2-y1}.

(LU “Alkynyl” refers to an unsaturated branched or straight-chain alkyl group having
the indicated number of carbon atoms {e.g., 2 to 8 or 2 to 6 carbon atoms) and at least one
carbon-carbon triple bond. Alkynyl groups include, but are not limited to, ethynyl, propynyl
{e.g., prop-1-yn-1-yl, prop-2-yn-1-yl} and butynyl {e.g., but-1-yn-1-yi, but-1-yn-3-vi, but-3-

yn-1-v1}).

a7y The term “ox0” is art-recognized and refers to a “=(0"” substituent. For example, a

cyclopentane substituted with an oxo group is cyclopentancne.

IDRTR] The term “morpholinyl” refers to a substituent having the siructure of:
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e

, which is optionally substituted.

M7 The term “piperidinyl” refers to a substituent having a structure of!
, which is optionally substituted.

FEEAH: In general, the term “substituted”, whether preceded by the term “optionally” or
not, means that one or more hydrogens of the designated moiety are replaced with a suitable
substituent. Unless otherwise indicated, an “optionally substituted” group may have a suitable
substituent at each substitutable position of the group, and when more than one position in any
given structure may be substituted with more than one substituent selected from a specified
group, the substituent may be either the same or different at each position. Combinations of
substituents envisioned under this invention are preferably those that result in the formation of
stable or chemically feasible compounds. In some embodiments, “optionally substituted” is
equivalent to “unsubstituted or substituted.” In some embodiments, “optionally substituted”
indicates that the designated atom or group is optionally substituted with one or more
substituents independently selected from optional substituents provided herein. In some
embodiments, optional substituent may be selected from the group consisting oft Ciealkyl,
cyano, halogen, ~O-Crealkyl, Cishaloalkyl, Carcycloalkyl, 3- to 7-membered heterocyclyl, 5-
to 6-membered hetercaryl, and phenyl. In some embodiments, optional substituent is alkyl,
cyano, halogen, halo, azide, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, alkoxyl, amino,
nitro, sulfhydryl, imino, amido, carboxylic acid, -C{(Qhalkyl, -CQaalkyl, carbonyl, carboxyl,
alkylthio, sulfonyl, sulfonamido, sulfonamide, ketone, aldehyde, ester, heterocycelyl, aryl, or
heteroarvl. In some embodiments, optional substituent is -OR®, -NRYRY, -C(ORY, -
C(OORY, C{ONR¥RY, -OC{ORS, -OC(OYORY, -OC{OINRRY | -NR¥IC(O)RY, or -
NRSMC(OYOR®Y, wherein R R¥2, R, R R®) R RY, RS RY, RO ReUL RS2 ReU) RS,
and R°V are each independently H, Cis alkyl, Ca-o cycloalkyl, Ce14 aryl, 5- to 10-nmembered

heteroaryl, or 3~ to 10-membered heterocyclyl, each of which is opticvally substituted.

iBaRY The term “haloalky!” refers to an alkyl group that is substituted with at least one
halogen. For example, -CHaF, -CHF>, -CFs, -CH:CF;, -CF2CF3, and the like.

LI The term “cycloalkyl” refers to a monovalent saturated cyclic, bicyclic, bridged
A 3 Yy 3 g

cyclic {e.g, adamantyl), or spirocyclic hydrocarbon group of 3-12, 3-10, 3-8, 4-8, or 4-6
19
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carbons, referred to herein, e.g., as "Cascycloalkyl," derived from a cycloalkane. In some
embodiments, cycloalkyl is optionally substituted. Exemplary cycloalkyl groups include, but
are not limied to, cyclohexanes, cyclopentanes, cyclobutanes and cyclopropanes. Unless
specified otherwise, cycloalkyl groups are optionally substituted at one or more ring positions
with, for example, alkanovl, alkoxy, alkyl, haloalkyl, altkenyl, alkynyl, amido, amidine, aminoe,
aryi, arylalkyl, azido, carbamate, carbonate, carboxy, cyane, cycloalkyl, ester, ether, formyl,
halogen, haloalkyl, hetercaryl, heterocyclyl, hydroxyl, imino, ketone, nitro, phosphate,
phosphonato, phosphinato, sulfate, sulfide, sulfonamido, sulfony! or thiocarbonyi. In certain

embodiments, the cycloalkyl group is not substituted, i.¢, it is unsubstituted.

(RS The terms “heterocyclyl” and “heterocyclic group” are art-recognized and refer to
saturated, partially unsaturated, or aromatic 3- to 10-membered ring structures, alternatively 3-
to 7-membered rings, whose ring structures include one to four heteroatoms, such as nitrogen,
oxygen, and sulfur. In some embodiments, heterocyclyl is opticually substituied. The vurober
of ring atoms in the heterocyclyl group can be specified using C«-Crx nomenclature where X is
an integer specifying the number of ring atoms. For example, a C3-Crheterocyclyl group refers
to a saturated or partially unsaturated 3- to 7-membered ring structure containing one to four
heteroatoms, such as nitrogen, oxygen, and sulfur. The designation “Cs-C7” indicates that the
heterocyclic ring contains a total of from 3 to 7 ring atoms, inclusive of any hetercatoms that
occupy a ring atom position. One example of a Csheterocyclyl 1s aziridinyl. Heterocycles may
be, for example, mono-, bi-, or other multi-cyclic ring systems (e.g., fused, spiro, bridged
bicyclic). A heterocycle may be fused to one or more aryl, partially unsaturated, or saturated
rings. Heterocyclyl groups include, for example, biotinyl, clromenyl, dihydrofuryl,
dihydroindolyl, dihydropyranyl, dihydrothienyl, dithiazolyl, homopiperidinyl, imidazolidinyi,
isoquinolyl, isothiazolidingl, isooxazohdinyl, wmorpholinyl, oxolanyl, oxazolidinyl,
piperazinyl, piperidinyl, pyranyl, pyrazolidinyl, pyrazolinyl, pyridyl,

phenoxanthenyl

pyrimidinyl, pyrrolidinyl, pyrrolidin-2-onyl, pyrrolinyl, tetrahydrofuryl, tetrahydroisoquinolyl,
tetrahydropyranyl, tetrahydroquinolyl, thiazolidinyl, thiolanyl, thiomorpholinyl, thiopyranyl,
xanthenyl, lactones, lactams such as azetidinones and pyrrolidinones, sultams, sultones, and
the like. Unless specified otherwise, the heterocyclic ring is optionally substituted at one or
more positions with substituents such as alkanoyl, alkoxy, alkyl, alkenyl, alkynyl, amido,
amidino, amino, aryl, arvlaltkyl, azido, carbamate, carbonate, carboxy, cyano, cycloalkyl, ester,

ether, formyl, halogen, haloalkyl, heteroaryl, heterocyclyl, hydroxyl, imino, ketone, nitro, oxo,
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phosphate, phosphonato, phosphinato, sulfate, sulfide, sulfonamido, sulfonyt and thiocarbonyl.

In certain embodiments, the heterocyclyl group is not substituted, 1.¢, it is unsubstituted.

e The term “aryl” is art-recognized and refers to a carbocyclic aromatic group. In
some embodiments, aryl is optionally substituted. Representative aryl groups include phenyl,
naphthyl, anthracenyl, and the like. The term “aryl” includes polycyclic ring systems having
two or more carbocyclic rings in which two or more carbous are coramon to two adjoining
rings {the rings are “fused rings™) wherein at least one of the rings is aromatic and, e.g., the
other ring(s} may be cycloalkyls, cycloalkenyls, cycloalkynyls, and/or aryls. Unless specified
otherwise, the aromatic ring may be substituted at one or more ring positions with, for example,
halogen, azide, alkyl, aralkyl, alkenvl, alkynyl, cyeloalkyl, hydroxyl, alkoxyl, amino, nitro,
sulfhydryl, imino, amido, carboxylic acid, -C{Galkyl, CCaalkyi, carbonyl, carboxyl, alkylthio,
sulfonyl, sulfonamido, sulfonamide, ketone, aldehyde, ester, heterocyelyl, aryl or hetercaryl
moieties, -CFa, -CN, or the like. In certain embodiments, the aromatic ring is substituted at one
or more ring positions with halogen, alkyl, hydroxyl, or alkoxyl. In certain other embodiments,
the aromatic ring is not substitued, i.e, it is unsubstituted. In certain embodiments, the arvl
group is a 6- to 10-membered ring structure. In some embodiments, the aryl group is a Ce-Cia

aryl.

(R The term “heteroaryl” is art-recognized and refers to aromatic groups that include
at least one ring heteroatom. In some embodiments, hetercarvl is optionally substituted. In
certain instances, a heteroaryl group comains 1, 2, 3, or 4 ring heteroatoms. Representative
examples of heteroaryl groups include pyrrolyl, furanyl, thiophenyl, imidazolyl, oxazolyl,
thiazolyi, triazolyl, pyrazolyl, pyridinyl, pyrazinyl, pyridazinyl and pynimidinyl, and the like.
Unless specified otherwise, the heteroaryl ring may be substituted at one or more ring positions
with, for example, halogen, azide, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl,
alkoxyl, amino, nitro, sulfhydryl, imino, amido, carboxylic acid, C{(O)alkyl, ~COzaikyi,
carbonyl, carboxyl, alkylthio, sulfonyl, sulfonamido, sulfonamide, ketone, aldehyde, ester,
heterocvelyl, aryl or heteroary] moieties, -CFa, ~-CN, or the like. The term “heteroaryl” also
includes polycyclic ring systems having two or more rings in which two or more carbons are
comyuon to two adjoining rings (the rings are “fused rings”) wherein at least one of the rings is
heteroaromatic, e.g., the other cyclic rings may be cycioalkyls, cycloalkenyls, cycloalkynyls,
and/or aryis. In certain embodiments, the hetercaryl ning is substituted at one or more ring

positions with halogen, alkyl, hydroxyl, or alkoxyl. In certain other embodiments, the
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heteroary! ring is not substituted, 1 e, itis unsubstituted. In certain embodiments, the heteroaryl
group is a S- to 10-membered ring structure, alternatively a 5- to 6-membered ring structure,

whose ring structure includes 1, 2, 3, or 4 heteroatoms, such as nitrogen, oxygen, and sulfur,

5

RN The terms “amine” and “amino” are artrecognized and refer {0 both unsubstituted
and substituted amines, e.g, a moiety represented by the general formula ~NR'©YR'),
wherein R'0 and R'! each independently represent hydrogen, alkyl, cycloalkyl, heterocyciyi,
alkenyl, aryi, aralkyl, or (CH2)m-R'; or R'® and RY, taken together with the N atom to which
they are attached complete a heterocycle having from 4 to 8 atoms in the ring structure; R
represents an aryl, a cvcloalkyl, a cycloalkenyl, a heterocycle or a polycycle; and m is zero or

an integer in the range of 1 to 8. In certain embodiments, R'® and R'' each independently

represent hydrogen, alkyl, alkenyl, or {(CH2)m-R'2

RN The terms “alkoxyl” or “alkoxy” are art-recognized and refer to an alkyl group, as
defined above, having an oxygen radical attached thereto. In some embodiments, alkoxyl is
optionally substituted. Representative alkoxyl groups include methoxy, ethoxy, propyloxy,
tert-butoxy and the like. An “ether” is two hydrocarbons covalently linked by an oxygen.
Accordingly, the substituent of an alkyl that renders that alkyl an ether is or resernbles an
alkoxyl, such as may be represented by one of -O-alkyl, -O-alkenyl, G-alkyayl, ~-O-(CH2 -
RY where m and R'? are described above. The term “haloalkoxy!l” refers to an alkoxyl group
that is substituted with at least one halogen. For example, ~O-CHz¥F, -O-CHFz, -0-CF3, and the
like. In certain embodiments, the haloalkoxyl is an alkoxyl group that is substituted with at
feast one fluore group. In certain embodiments, the haloalkoxyl is an altkoxyl group that is

substituted with from 1-6, 1-5, 1-4, 2-4, or 3 fluoro groups.
[T S The symbol “ .~ 7 indicates a point of attachment.

HINAYY The compounds of the disclosure may contain one or more chiral centers and/or
double bonds and, therefore, exist as stereotsomers, such as geometric isomers, enantiomers or
diastereomers. The term “stereoisomers” when used herein consist of all geometric isomers,
enantiomers or diastereorners. These compounds may be designated by the symbols “R” or
“8)” depending on the configuration of substituents around the stereogenic carbon atom. The
present invention encompasses varicus stereotsomers of these compounds and mixtures
thereof. Sterecisomers include enantiomers and diastereomers. Mixtures of enantiomers or
diastereomers may be designated “(£)” in nomenclature, but the skilled artisan will recognize

~
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that a structure may denote a chiral center implicitly. It is understood that graphical depictions

of chemical structures, e.g., generic chemical structures, encompass all sterecisomeric forms

=il

of the specified compounds, unless indicated otherwise.

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

known asymmetric synthetic methods.

R Geometric isomers can also exist in the compounds of the present invention. The

symbol ” denotes a bond that may be a single, double or triple bond as described herein.
The present invention encompasses the various geometric isomers and mixtures thereof
resulting from the arrangement of substituents around a carbon-carbon double bond or
arrangement of substituents around a carbocyclic ring. Substituents around a carbon-carbon
double bond are designated as being in the “Z” or “£” configuration wherein the terms “Z” and
“E7 are used 1n accordance with TUPAC standards. Unless otherwise specified, structures

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

R Substituents around a carbon-carbon double bond alternatively can be referred to as
“cis” or “trans,” whete “cis” represents substituents on the same side of the double bond and
“trans” represents substituents on opposite sides of the double bond. The arrangement of
substituents around a carbocyclic ring are designated as “cis” or “trans.” The term “cis”
represents substituents on the same side of the plane of the ring and the term “{rans” represents

substituents on opposite sides of the plane of the ring. Mixtures of compounds wherein the
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substituents are disposed on both the same and opposite sides of plane of the ring are designated

“cis/trans.”

LY The invention also embraces isotopically labeled compounds of the invention which
are identical to those recited herein, except that one or more atoms are replaced by an atom
having an atomic mass or mass number different from the atomic mass or mass number usually
found i nature. Examples of 1sotopes that can be incorporated into compounds of the invention
include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, flucrine and chioring,

such as ZH, “H, BC, M, PN, 20, 170, 3P, 3P, 338, ¥R and 3°Cl, respectively.

a8 Certain isotopically-labeled disclosed compounds (e g, those labeled with 3H and
14C) are usefl in compound and/or substrate tissue distribution assays, Tritiated (e, 3H) and
carbon-14 {i.e., 14C) isotopes are particularly preferred for their ease of preparation and
detectability. Further, substitution with heavier isotopes such as deuterium (i.e., 2H} may afford
certain therapeutic advantages resulting from greater metabolic stability (e.g., increased in vivo
hatf-life or reduced dosage requirements) and hence may be preferred in some circumstances.
Isotopically labeled compounds of the invention can generally be prepared by following
procedures analogous to those disclosed in, e.g., the Examples herein by substituting an

isotopically labeled reagent for a non-isotopically labeled reagent.

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

preferably humans.

RSk As used herein, the term “pharmaceutical composition” refers to the combination
of an active agent with a carrier, inert or active, making the composition especially suitable for

diagnostic or therapeutic use 7 vive or ex vive.

e As used herein, the term “pharmaceutically acceptable excipient” refers to any of
the standard pharmaceutical carriers, such as a phosphate buffered saline solution, water,
emulsions {e.g., such as an cil/water or water/oil emulsions), and various types of wetting
agents. The compositions also can include stabilizers and preservatives. For examples of
carriers, stabilizers and adjuvants, see Remington's The Science and Practice of Pharmacy, 21st

Edition, A. R. Gennaro; Lippincott, Williams & Wilking, Baltimore, MD, 2006,
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RS As is known to those of skill in the art, “salts” of the compounds of the present
invention may be derived from inorganic or organic acids and bases. Examples of acids include,
but are not liraited to, hydrochloric, hydrobromic, sulfuric, mitric, perchloric, furmaric, maleic,
phosphoric, glycolic, lactic, salicylic, succinic, toluene-p-sulfonic, tartaric, acetic, citric,
methanesulfonic, ethanesulfonic, formic, benzoic, malonic, naphthalene-2-sulfonic,
benzenesulfonic acid, and the like. Other acids, such as oxalic, while not in themselves
pharmaceutically acceptable, may be employed in the preparation of salts useful as
intermediates in obtaining the compounds of the invention and their pharmaceutically

acceptable acid addition salts.

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

formula NWa™, wherein W is Cia alkyl, and the like.

gy Examples of salts include, but are not limited to: acetate, adipate, alginate, aspartate,
benzoate, benzevesulfonate, bisulfate, butyrate, citrate, camphorate, carophorsulfonate,
cyclopentanepropionate,  digluconate,  dodecylsulfate,  ethanesulfonate,  fumarate,
flucoheptanoate, glycerophosphate, hemisuifate, heptancate, hexancate, hydrochlonde,
hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate, methanesulfonate, 2-
naphthalenesulfonate, nicotinate, oxalate, palmoate, pectinate, persulfate, phenylpropionate,
picraie, pivalate, propionate, succinate, iartrate, thiocyanate, tosylate, undecanocate, and the
like. Other examples of salts include anions of the compounds of the present invention
compounded with a suitable cation such as Na’, NHa", and NW4" {wherein W is a C14 alkyl

group), and the like.

[HETH Abbreviations as used herein include diisopropylethylamine (DIPEA), 4-
dimethylaminopyridine (DMAP), tetrabuiylammonium  iodide (TBAIL),  I-ethyl-3-(3-
dimethylaminopropylicarbodiimide (EDC); benzotriazol-1-yi-oxytripyrrolidinophosphonium
hexafluorophosphate (PyBOP), 9-Fluorenylmethoxycarbonyl (Frooc), tetrabutyldimethylsilyl
chloride (TBDMSCI), hvdrogen fluoride (HF), phenyl (Ph), bis(trimethylsilyDamine (HMDS),
dimethylformamide (DMF}), methylene chlioride (DCM), tetrabydrofuran (THFY, high-
performance liquid chromatography (HPLC), mass spectrometry (MS), evaporative light
scattering detector (ELSD), electrospray (ES)) nuclear magnetic resonance spectroscopy

{NMR).



WO 2025/128902 PCT/US2024/059895

iR EERS: As used herein, the term “effective amount” refers to the amount of a compound
{e.g., a nucleic acid, e.g., an mRNA) sufficient to effect beneficial or desired resuits. An
effective amount can be administered in one or more administrations, applications or dosages
and is not intended to be limited to a particular formulation or administration route. The term
effective amount can be considered to include therapeutically and/or prophylactically effective

amounts of a compound.

ey The phrase "therapeutically effective amount” as used herein means that amount of
a compound {e.g., a nucleic acid, eg., an mRNA), matenal, or composition comprising a
compound (e.g., a nucleic acid, e.g., an mRNA} which is effective for producing some desired
therapeutic effect in at least a sub-population of cells in a mammal, for example, a human, or
a subject {e.g., a2 buman subject) at a reasonable bepefit/risk ratic applicable to any medical

treatment.

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

ratio applicable to any medical treatment.

EERNAS

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

thereof.

[HEIH The phrase "pharmaceutically acceptable” is emploved herein to refer to those
compounds, matetials, coropositions, and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of human beings and animals
without excessive toxicity, irritation, allergic response, or other problem or complication,

commensurate with a reasonable benefit/risk ratio.

HE TR In the application, where an element or component is said to be included in and/or

selected from a list of recited elements or components, it should be understood that the element
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or composnient can be any one of the recited elements or components, or the element or
component can be selected from a group consisting of two or more of the recited elements or

components.

B8] Further, it should be undersiood that elements and/or features of a composition or a
method described herein can be combined in a variety of ways without departing from the spirit
and scope of the present invention, whether explicit or fraplicit herein. For example, where
reference is made to a particular compound, that compound can be used in varicus
embodiments of compositions of the present invention and/or in methods of the present
invention, unless otherwise understood from the context. In other words, within this
application, embodiments have been described and depicted in a way that enables a clear and
concise application to be written and drawn, but it is intended and will be appreciated that
embodiments may be variously combined or separated without parting from the present
teachings and invention{s). For example, it will be appreciated that all features described and
depicted herein can be applicable to all aspects of the invention(s) described and depicted

herein.

(R It should be understood that the expression “at least one of” includes individually
each of the recited objects after the expression and the various combinations of two or more of
the recited objects unless otherwise understood from the context and use. The expression
“and/or” in connection with three or more recited objects should be understood to have the

same meaning uniess otherwise understood from the context.

3

[E RN The use of the term “include,” “includes,” “including,” “have,” “has,” “having,”

2 4¢

“contain,” “contains,” or “containing,” including grammatical equivalents thereof, should be
understood generally as open-ended and non-limiting, for example, not excluding additional

unrecited elements or steps, unless otherwise specifically stated or understood from the covtext.

2 RN Where the use of the term “about” is before a quantitative value, the present
invention also includes the specific quantitative value itself, uniess specifically stated
otherwise. As used heretn, the term “about” refers to a £10% variation from the sominal value

unless otherwise indicated or inferred.

[R5 S As used herein, unless otherwise indicated, the term “antibody” means any antigen-

binding molecule or molecular complex comprising at least one complementarity determining
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region (CDR) that specifically binds to or interacts with a particular antigen. It is understood
the term encompasses an intact antibody {e.g., an intact monocional antibody), or a fragment
thereof, such as an Fe fragment of av antibody {e.g., an Fc fragment of a monoclonal antibody},
or an antigen-binding fragment of an antibody {(e.g, an antigen-binding fragment of a
monoclonal antibody), including an iotact antibody, antigen-binding fragment, or Fe fragment
that has been modified or engineered. Examples of antigen-binding fragments include Fab,
Fab’, (Fab’ )z, Fv, single chain antibodies {e.z., scFv), minibodies, and disbodies. Examples of
antibodies that have been modified or engineered include chimeric antibodies, humanized
antibodies, and multispecific antibodies {(e.g., bispecific antibodies). The term also
encompasses an immunoglobulin single variable domainfe g., a Vuu}. The numbering of amino
acid residues in antibodies disclosed herein 1s according to Kabat, unless otherwise explicitly

stated.

[ R As used here, an “antibody that binds to X7 (i.e, X being a particular antigen), or

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

[ R As used herein, a “buried interchain disulfide bond” or an “interchain buried
disulfide bond” refers to a disulfide bond on a polypeptide which is not readily accessible to
water soluble reducing agents, or is effectively “buried” in the hydrophobic regions of the
polypeptide, such that it is unavailable to both reducing agents and for conjugation to other
hydrophilic PEGs. Buried interchain  disulfide bonds are  further desciibed 1in

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

[N RAY As used herein, specificity of the targeted delivery by an LNP is defined by the ratio
between % of a desired immune cell type that recetves the delivered nucleic acid (e.g., on-
target delivery), and % of an undesired immune cell type that is not meant to be the destination
of the delivery, but receives the delivered nucleic acid (e.g., off-target delivery). For example,
the specificity is higher when more desired immune cells receive the delivered nucleic acid,
while less undesired immune cells receive the delivered nucleic acid. Specificity of the targeted
delivery by an LNP can also be defined the ratio of amount of nucleic acid being delivered to
the desired imumune cells {e.g., on-target delivery) and amount of nucleic acid being debivered
to the undesired immune cells {e.g., off-target delivery}. Specificity of the delivery can be
determined using any suitable method. As a non-limiting example, expression level of the

nucleie acid in the desired immune cell type can be measured and compared to that of a
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[HEREY As used herein, in some embodiments, a reference LNP is an LNP that does not
have the immune cell targeting group but is otherwise the same as the tested LNP. In some
other erobodiments, a reference LNP is an LNP that has a different ionizable cationic lipid but
is otherwise the same as the tested LNP. In some embodiments, a reference LNP comprises D-
Lin-MC3-DMA as the ionizable cationic liptd which is different from the ionizable cationie

lipid in a tested LNP, but is otherwise the same as the tested LNP.

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

CL domains.

jHLER] As used herein, the termn “structural lipid” refers fo sterols and also to lipids

containing sterol moieties.

[NERR The “percent identity” between two sequences is a function of the number of
identical positions shared by the sequences (e, % identity = number of identical
positions/total number of positions x 100}, taking into account the number of gaps, and the
length of each gap, which need to be introduced for optimal alignment of the two sequences.
The percent identity between two amino acid sequences may be determined using the algorithm
of E. Mevers and W. Miller (Comput. Appl. Biosct. 4: 11-17 (1988)) which has been
tncorporated into the ALIGN program (version 2.0), using a PAMI120 weight restdue table, a
gap length penalty of 12 and a gap penalty of 4. In addition, the percent identity between two
amino acid sequences may be determined using the Needleman and Wunsch (Mol Biol.
48:444-453 (1970)) algorithm which has been incorporated into the GAP program in the GCG
software package {available at www geg com), using either a Blossum 62 matrix or a PAM2350

mairix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, §, or 6.
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Rz I it should be undersiood that the order of steps or order for performing certain
actions is immaterial so long as the present invention remain operable. Moreover, two or more

steps or actions may be conducted simultaneously.

B2y At various places in the present specification, substituents are disclosed in groups
or in ranges. {t is specifically intended that the description include each and every individual
subcombination of the members of such groups and ranges. For example, the term “Cre alkyl”
is specifically intended to individually disclose C1, Ca, Cs, C4, Cs, Co, C1-Cs, C1-Cs, C1-Cy, Ci-
Cs, Ci-Ca, C2-Co, Ca-Cs, Co-Ca, Ca-Ca, Ts-Cs, C3-Cs, Ca3-Cy, Cs-Cs, Ca-Cs, and C5-Co alkyl By
way of other examples, an integer in the range of 0 10 40 is specifically intended to individually
disclose 0, 1,2,3,4.5,6,7.8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26,27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, and 40, and an integer in the range of 1 {0
20 is specifically intended to individually disclose 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15,

16,17, 18, 19, and 20.

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

present invention.

B3y Throughout the description, where compositions and kits are described as having,
including, or comprising specific components, or where processes and methods are described
as having, including, or comprising specific steps, it is contemplated that, additionally, there
are compositions and kits of the present invention that cousist essentially of, or consist of, the
recited components, and that there are processes and methods according to the present

invention that consist essentially of, or consist of, the recited processing steps.

PSS As a general matier, compositions specifying a percentage are by weight unless
otherwise specified. Further, if a variable is not accompanied by a definition, then the previous

definition of the variable controls.

Immunogiobulin single variable domain

{35 In some embodiments, the immune cell targeting group of the LNPs as described

herein comprise an immunoglobulin single variable domain, such as a Van.
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R0 Y The term “immunoglobulin single variable domain” (ISV), interchangeably used
with “single variable domain,” defines immunoglobulin molecules wherein the antigen binding
site is present on, and formed by, a single tmumunoglobulin dovwain. This sets immunoglobulin
single variable domains apart from “conventional” immunoglobulins (e.g., monoclonal
antibodies) or their fragments (such as Fab, Fab’, F{ab™h, scFv, di-scFv), wherein two
immunoglobulin domains, in particular two variable domains, interact to form an antigen
binding site. Typically, in conventional immunoglobuling, a heavy chain variable domain (Vn)
and a light chain variable domain (V1) interact to form an antigen binding site. In this case, the
complementarity determining regions (CDRs) of both Vi and Vi will contribute to the antigen
binding site, i.e. a total of 6 CIRs will be involved in antigen binding site formation. In view
of the above definition, the antigen-binding domain of a conventional 4-chain antibody (such
as an IgG, IgM, IgA, IgD or IgE molecule; known in the art) or of a Fab, a F(ab'): fragment,
an Fv fragment such as a disulfide linked Fv or a scFv fragment, or a diabody {(all known in the
art) denived from such conventional 4-chain antibody, would normally not be regarded as an
immunoglobulin single variable domain, as, in these cases, binding to the respective epitope of
an antigen would notmally vot occur by ouve (single) immunoglobulin domaio but by a pair of
{(associating) immunoglobulin domains such as light and heavy chain variable domains, i.e, by
a Vu-Vi, pair of immunoglobulin domains, which jointly bind to an epitope of the respective

antigen.

R In contrast, immunoglobulin single variable domains are capable of specifically
binding to an epitope of the antigen without pairing with an additional immunoglobulin
variable domain. The binding site of an immunoglobulin single variable domain ts formed by
a single Vg, a single Van or single Vi domain. Hence, the antigen binding site of an

imrounoglobulin single variable dorsain is formed by no wore than three CDRa.

(G138 As such, the single variable domain may be a light chain variable domain sequence
{e.g., a Vi-sequence) or a suitable frapment thereof, or a heavy chain variable domain sequence
{e.g., a Vo-sequence or Vi sequence) or g suitable fragment thereof, as long as it is capable
of forming a single antigen binding unit (i.e., a functional antigen binding unit that essentially
consists of the single variable domain, such that the single antigen binding domain does not

need to interact with another variable domain to form a functional antigen binding unit).

3% An immunoglobulin single variable domain (ISV) can for example be a heavy chain

ISV, such as a Vi, Vun, including a camelized Vy or humanized Van. In one embodiment, it
31



WO 2025/128902 PCT/US2024/059895

is a Vun, including a camelized Vi or humanized Vi Heavy chain ISVs can be derived from

a conventional four-chain antibody or from a heavy chain antibody.

[HE RN For example, the immunoglobulin single variable domain may be a (single) domain
antibody {(or an amino acid sequence that is suitable for use as a single domain antibody}, a
"dAb" or dAb (or an amino acid sequence that is suitable for use as a dAb) or a Van; other

single variable domains, or any suitable fragment of any ove thereof.

(R In particular, the immunoglobulin single variable domain may be a Vun {e.g., a

humanized Yuu or camelized Vu) or a suitable fragment thereof.

{133 “Vuu domains”, also known as Vuns, Van antibody fragments, and Vuu antibodies,
have originally been described as the antigen binding immunoglobulin variable domain of

o~

“heavy chain antibodies” (i.e., of “antibodies devoid of light chains”; Hamers-Casterman ¢t al.
1993 (Nature 363 446-448). The term “Vuu domain” has been chosen in order to distinguish
these variable domains from the beavy chain variable domains that are present in conventional
4-chain antibodies (which are referred to herein as “Vu domains”) and from the light chain
variable domains that are present in conventional 4-chain antibodies (which are referred to
herein as Vi, domains”™). For a further description of Vuy's, reference is made to the review

article by Muyldermans 2001 (Reviews in Molecular Biotechnology 74: 277-302).

R R For the term “dAb’s” and “domain antibody”, reference is for example made to
Ward et al. 1989 (Nature 341: 544}, to Holt et al. 2003 (Trends Biotechnol 21: 484); as well
as to for example WO 2004/068820, WO 2006/030220, W0 2006/003388 and other published
patent applications of Domantis Lid. It should also be noted that, although less preferred in the
context of the present invention because they are not of mammalian origin, single variable
domains can be derived from certain species of shark (for example, the so-called “IgNAR

domains”, see for example WO 2005/18629).

[HEREY Typically, the generation of immunoglobulins involves the immunization of
experimental avimals, fusion of immunoglobulin producing cells to create hybridomas and
screening for the desired specificities. Alternatively, immunoglobulins can be generated by

screening of vaive, iromune or synthetic libraries, e.g., by phage display.

13 The generation of immunoglobulin sequences, such as VHHSs, has been described
extensively in various publications, among which WO 1994/04678, Hamers-Casterman ef /.
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1993 (Nature 363: 446-448) and Muyldermans et al. 2001 (Reviews in Molecular
Biotechnology 74: 277-302, 2001). In these methods, camelids are immunized with the target
antigen in order to induce an imumune response against said target antigen. The repertoire of
VHHs obtained from said immunization is further screened for VHHSs that bind the target

antigen.

{138 In these instances, the generation of antibodies requires purified antigen for
immunization and/or screening. Antigens can be purified from vatural sources, or in the course
of recombinant production. Irnmunization and/or screening for immunoglobulin sequences can

be performed using peptide fragments of such antigens.

(RN Immunoglobulin sequences of different origin, comprising mouse, rat, rabbit,
donkey, human and camelid immunoglobulin sequences can be used herein. Also, fully human,
humanized or chimeric sequences can be used in the method described herein. For example,
camelid immunoglobulin sequences and humanized camelid immunoglcbulin sequences, or
camelized domain antibodies, e.g, camelized dAb as described by Ward et al. 1989 (Nature
341 544y WO 1994/04678, and Davis and Riechmann (1994, Febs Lett., 339:285-290; and
1996, Prot. Eng., 9:531-537) can be used herein. Moreover, the ISVs are fused forming a
multivalent and/or multispecific construct (for multivalent and muliispecific polypeptides
containing one or more Vaun domains and their preparation, reference is also made to Conrath
etal. 2001 (J. Biol. Chem., Vol 276, 10. 7346-7350) as well as to for example WO 1996/34103
and WO 1999/23221).

s RRY A “humanized Van” comprises an amino acid sequence that corresponds to the
aming acid sequence of a naturally occurring Vuu domain, but that has been “humanized”, i.e.
by replacing one or more amino acid residues in the amino acid sequence of said naturally
occurring Ve sequence {and in particular in the framework sequences) by one or more of the
amino acid residues that occur at the corresponding position{s} in a Va domain from a
conventional 4-chain antibody from a human being {e.g., indicated above). This can be
performed in a manner known per se, which will be clear to the skilled person, for example on
the bamis of the prior art {e.g, WO 2008/020079). Agan, it should be noted that such
humanized Vuns can be obtained in any suitable manner known per se and thus are not strictly
Hmited to polypeptides that have been obtained using a polvpeptide that comprises a naturally

occurring VHH domain as a starting material.
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3% A “camelized Vi comprises an amino acid sequence that corresponds fo the amino
acid sequence of a naturally occurring Vu domain, but that has been “camelized”, 1.e by
replacing one or more amino acid residues in the amino acid sequence of a naturally occurting
Vi domain from a conventional 4-chain antibody by one or more of the amino acid residues
that occur at the correspounding position(s) in a Vuun domatn of a {camelid) heavy chain
antibody. This can be performed in a manner known per se, which will be clear to the skilled
person, for example on the basis of the description in the prior art {e.g., Davies and Riechman
1994, FEBS 339: 285; 1993, Biotechnol. 13: 475; 1996, Prot. Eng. 9: 531, and Riechman 1999,
I, Immunol. Methods 231 25). Such “camelizing” substitutions are inserted at amino acid
positions that form and/or are present at the Vu-Vyu interface, and/or at the so-called Camelidae
hallmark residues, as defined herein (see for example WO 1994/04678 and Davies and
Riechmann (1994 and 1996, supra) In one embodiment, the Vi sequence that is used as a
starting material or starting point for generating or designing the camelized Vi is a Vi sequence
from amammal, such as the Vi sequence of a human being, such as a Vi3 sequence. However,
it should be noted that such camelized Va can be obtained in any suitable manner known per
se and thus are not stricily limited to polypeptides that have been obtained using a polypeptide

that comprises a naturally occurring Vu domain as a starting material.

[ R The structure of an immunoglobulin single variable domain sequence can be
considered to be comprised of four framework regions (“FRs”), which are referred to in the art
and herein as “Framework region 17 ("FR1”), as “Framework region 27 (“FR2"), as
“Framework region 37 (“FR3”); and as “Framework region 47 ("FR4™), respectively; which
framework regions are interrupted by three complementary determining regions ("CDRs™),
which are referred to in the art and herein as “Complementarity Determining Region 17
(“CDR1”); as “Complementarity Determining Region 27 ("CDR2”); and as “Complementarity

o

Determining Region 37 (“"CDR3”), respectively.

(NEEEY In such an immunoglobulin sequence, the framework sequences may be any
suitable framework sequences, and examples of suitable framework sequences will be clear to
the skilled person, for example on the basis the standard handbooks and the further disclosure

and prior art mentioned herein.

{143} The framework sequences are (a suitable combination of) immunoglobulin
framework sequences or framework sequences that have been derived from immunoglobulin

framework sequences (for example, by humanization or camelization). For example, the
34



WO 2025/128902 PCT/US2024/059895

framework sequences may be framework sequences derived from a light chain variable domain
{e.g., a Vi-sequence) and/or from a heavy chain variable domain (e.g., a Va-sequence or Van
sequence). In one particular aspect, the framework sequences are either framework sequences
that have been derived from a Vum-sequence (in which said framework sequences may
optionally have been pattiaily or fully humanized) or ate conventional Vi sequences that have

been camelized (as defined herein).

{143 In pasticular, the framework sequences present in the ISV sequence described
herein may contatn one or more of hallmark residues (as defined herein), such that the ISV
sequence is a Vuy, {e.g, 3 humanized Vuu or camelized Vu). Non-limiting examples of
(suitable combinations of} such framework sequences will become clear from the further

disclosure herein.

[RER RS The total number of amine acid residues in a Vu domain and a Vuu domain will
usually be in the range of from 110 to 120, often between 112 and 115. It should however be

noted that smalier and longer sequences may also be suitable for the purposes described herein.

{9143 However, it should be noted that the ISV described herein is not limited as to the
origin of the ISV sequence {or of the nucleotide sequence used to express it), nor as to the way
that the ISV sequence or nucleotide sequence is {or has been) generated or obtained. Thus, the
18V sequences may be naturally occurring sequences (from any suitable species) or synthetic
or semi-synthetic sequences. In a specific but non-limiting aspect, the ISV sequence is a
naturally occurring sequence {(from any suiiable species) or a synthetic or semi-synthetic
sequence, including but not limited to “humanized” {as defined herein) immunoglobulin
sequences (such as partially or fully humanized mouse or rabbit immunoglobulin sequences,
and in particular partially or fully humanized Var sequences), “camelized” (as defined herein)
immunoglobulin sequences {and n particular carnelized Vi sequences), as well as ISVs that
have been obtained by techniques such as affinity maturation (for example, starting from
synthetic, random or naturally occurring immunogiobulin sequences), CDR grafting,
veneering, combining fragments derived from different immunoglobulin sequences, PCR
assembly using overlapping primers, and similar techoiques for engineering immunoglobulin
sequences well known to the skilled person; or any suitable combination of any of the

foregoing.
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[H1d6} Similarly, nucleotide sequences may be naturally occurring nucleotide sequences
or synthetic or semi-synthetic sequences, and may for example be sequences that are isolated
by PCR from a suitable naturally occurring template {e.g., DNA or RNA isolated from a cell},
nuclectide sequences that have been isolated from a library {and in particular, an expression
library}, nucleotide sequences that have been prepared by introducing mutations into a naturally
occurring nuclectide sequence {using any suitable technique known per se, such as mismatch
PCR), nucleotide sequence that have been prepared by PCR using overlapping primers, or
nucleotide sequences that have been prepared using techniques for DNA synthesis known per

S€.

BE4T Generally, Van sequences (including (partially) humanized Vun sequences and
camelized Vi sequences) can be characterized by the presence of one or more “Hallmark
residues” {as described herein) in one or more of the framework sequences {again as further
described herein). Thus, generally, a Vun, can be defined as an imarounoglobulin sequence with

the {general)} structure

FRI-CDR1-FR2-CDR2 -FR3 -CDR3 - FR4
in which FR1 to FR4 refer to framework regions 1 to 4, respectively, and in which CDR1 to
CDR3 refer to the complementarity determining regions 1 to 3, respectively, and in which one

or more of the Hallmark residues are as further defined herein.
[REEEY In particular, a Vaucan be an immunoglobulin sequence with the {general)} structure

FR1-CDR1-FR2-CDR2 -FR3 -CDR3 - FR4

in which FR1 to FR4 refer to framework regions 1 fo 4, respectively, and in which CDR1 (o
CDR3 refer to the complementarity determining regions 1 to 3, respectively, and in which the
framework sequences are as fusther defined herein.

(R E L More in particular, a Vaacan be an immunoglobulin sequence with the {general)

structure

FRI-CDR1-FR2-CDR2-FR3 - CDR3 - FR4
in which FR1 to FR4 refer to framework regions 1 to 4, respectively, and in which CDR1 to
CIR3 refer to the corplementanty determining regions 1 to 3, respectively, and in which: one

or more of the aming acid residues at positions 11, 37, 44, 45, 47, 83, 84, 103, 104 and 108
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according to the Kabat numbering are chosen from the Hallmark residuss mentioned in Table

A below.

Table A: Hallmark Residues in Vaas

Position | Human Va3 Hallmark Residues

i1 LV predominantiy L |L S V.M W.F. T OB AR G K Y NPT
preferably L

37 V. L F, usually V FO V. V. LA HGS LW C.N G D, TP,
preferably FP or ¥

S4® TG EO G0 GO D A K RLP SV HTN W,
M. T.
preferably G, E® or Q% most preferably G or
Q('})l

5| L IO RO P HF GO SETLYCLDV,
preferably L™ or R

& TTTW Y FO L0 o WG LS A V. MR Y. EP.T.C H
K, Q, N, D; preferably W' LU or F

83 R or K. usually R RKOTEV QNS LV GMLAD Y H
preferably K or R; most preferably K

84 A, T, D predominantiy A | PO, S, L LAV, LT F, DR Y, N, QG E:
preferably P

103 W WO RS G S K AMYLETNVY, QPO E
C; preferably W

i04 G G, A S, T,D, PN E, C, L; preferably G

108 L, Mor T, predominantly | Q, L7, R, P, E, K, 8, T, M, A, H; preferably Q or

i Lo
Notgs:

In particular, but not exclusively, in combination with KERE (SEQ 1D NO: 103) or KQRE (SEQ
1D NG 104) at positions 43-46.

Usnally as GLEW (SEQ ID NG: 103) at positions 44-47.

Usually as KERE (SEQ ID NO: 103} or KQRE (SEQ ID NG 104) at positions 43-46, ¢.g., as
KEREL (SEQ ID NO: 106), KEREF (SEQ 1D NO: 107), KQREL (SEQ 1D NO: 108}, KUREF
(SEQ IDNO: 109), KEREG (SEQ ID NG: 110), KQREW (SEQ IDNG: 111 or KQREG {(SEQ ID
NG 112) at positions 43-47. Alternatively, also sequences such as TERE (SEQ 1D NG: 113) (for
example TEREL (SEQ ID NG: 114y, TORE (SEQ ID NO: 115} (for example TQREL (SEQ ID
NO: 116)), KECE (SEQ ID NO: 117) (for example KECEL (SEQ 1D NO: 118) or KECER {(SEQ
D NG 119)), KQCE (SEQ 1D NO: 120) (for example KQCEL (SEQ 1D NG: 121)), RERE (SEQ
10 NO: 122) (for exameple REREG (SEQ ID NO: 1233, ROQRE (SEQ 1D NO: 124) (for example
RGREL (BEQ ID NO: 125}, RQREF (SEQ ID NO: 126) or RQREW (SEQ ID NG 127)), QERE
(SEQ 1D NO: 128) (for example QEREG (SEQ 1D NO: 129)), QORE (SEQ 1D NG 130), (for
example QOREW (SEQ ID NG 131}, QQREL (SEQ ID NO: 132) or QQREF (SEQ 1D NG: 133)),
KGRE (SEQ D NO: 134) (for example KGREG (SEQ D NO: 135)), KDRE (8EQ 1D NO: 136)
{for example KDREV (SEQ ID NO: 137)) are possible. Some other possible, but less preferred
sequences faclude for example DECKL (SEQ 1D NO: 138) and NVCEL (SEQ ID NO: 139).
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With both GLEW (SEQ 1D NOG: 103) at positions 44-47 and KERE (SEQ 1D NO: 103) or KQRE
(SEQ ID NG: 104) at positions 43-46.

Often as KP or EP at posttions 83-84 of naturally occurring Vun domains.

In particular, but not exclusively, in combination with GLEW (SEQ 1D NO: 1053) at posttions 44~
47,

With the proviso that when positions 44-47 are GLEW (SEQ ID NG: 105), position 108 1s always
Q in (non-humanized) Vaun sequences that also contain a W at 103,

The GLEW group also containg GLEW-like sequences at positions 44-47, such as for example
GVEW (SEQ ID NO: 140), EPEW (SEQ 1D NO: 141), GLER (SEQ 1D NO: 142), DOQEW (SEQ
1D NG: 143), DLEW (SEQ 1D NO: 144), GIEW (SEQ 1D NG: 145), ELEW (SEQ ID NG: 146},
GPEW (SEQ ID NO: 147), EWLP (SEQ 1D NO: 148), GPER (SEQ ID NO: 149), GLER (SEQ 1D
NO: 142) and ELEW (SEQ 1D NO: 146},

s ey In one embodiment, the immunoglobulin single variable domain has certain amino
actd substitutions in the framework regions effective in preventing or reducing binding of so-
called “pre-existing antibodies” to the polypeptides. ISVs in which (i) the amino acid residue
at posttion 112 is one of K or Q; and/or (i1} the amino acid residue at position 89 is T, and/or
(1it) the amino acid residue at position 89 is L and the amino acid residue at position 110 is one
of K or Q; and (iv) in each of cases (i) to (iti), the amino acid at position 11 is preferably V

have been described in WOZ015/173325.

Polypeptides

[HERRY The immunoglobulin single variable domains may form part of a protein or
polypeptide, which may comprise or essentially consist of one or more {at least one)
immunoglobulin single variable domains and which may optionally further comprise one or
more further amino acid sequences (all optionally linked via one or more suitable linkers). The
term “immunogliobulin single variable domain” may also encompass such polypeptides. The
one ot more inununoglobulin single variable domains may be used as a binding unitin such a
protein or polypeptide, which may optionally contain one or more further amino acids that can
serve as a binding unit, so as to provide a monovalent, multivalent or multispecific polypeptide
of the invention, respectively {for multivalent and multispecific polypeptides containing one or
more VHH domains and their preparation, reference 1s also made to Conrath et al. 2001 (1.
Biol. Chem. 276: 7346}, as well as to for example WO 1996/34103, WO 1999/23221 and WO
2010/115998).

R R The polypeptides may comprise or essentially consist of one immunoglobulin single
variable domain, as cutlined above. Such polypeptides are also refesred to herein as monovalent
polypeptides.

38



WO 2025/128902 PCT/US2024/059895

FHERRY: The term “multivalent” indicates the presence of multiple ISVs in a polypeptide. In
one embodiment, the polypeptide is “bivalent”, 1.e., comprises or consists of two ISVs. Inone
embodiment, the polypeptide 18 “trivalent”, L.e., comprises or consists of three ISVs. Tn another
embodiment, the polypeptide is “tetravalent”, i.e. comprises or consists of four ISVDs. The
polypeptide can thus be “bivalent”, “trivalent”, “tetravalent”, “pentavalent”, “hexavalent”,
“heptavalent”, “octavalent”, “nonavalent”, etc., 1.e., the polypeptide comprises or consists of
two, three, four, five, six, seven, eight, nine, etc., ISVs, respectively. In one embodiment the
mutdtivalent ISV polypeptide is trivalent In another embodiment the multivalent ISV
polypeptide is tetravalent. In still another embodiment, the multivalent ISV polypeptide is

pentavalent.

R In one embodiment, the multivalent ISV polypeptide can also be multispecific. The
term “multispecific” refers to binding to multiple different target molecules (also referred to as
antigens). The wultivalent ISV polypeptide can thus be “bispecific”, “irispecific”,
“tetraspecific”, etc., i.e, can bind to two, three, four, etc., different target molecules,

respectively.

R LAY For example, the polypeptide may be bispecific-trivalent, such as a polypeptide
comprising or consisting of three 18Vs, wherein two ISVs bind to a first target and one ISV
binds to a second target different from the first target. In another example, the polypeptide may
be trispecific-tetravalent, such as a polypeptide comprising or consisting of four ISVs, wherein
one ISV binds to a first target, two ISVs bind to a second target different from the first target
and one ISV binds to a third target different from the first and the second target. In still another
example, the polypeptide may be trispecific-pentavalent, such as a polypeptide comprising or
consisting of five ISVs, wherein two 18Vs bind to a first target, two I8Vs bind i0 a second
target different from the first target and one ISV binds to a third target different from the first

and the second target.

[EknY In one embodiment, the muliivalent ISV polypeptide can also be multiparatopic.
The term “multiparatopic” refers to binding to multiple different epitopes on the same target
molecules (also referred to as antigens). The wultivalent ISV polypeptide can thus be

“biparatopic”, “triparatopic”, etc,, i.e., can bind to two, three, etc., different epitopes on the

same target molecules, respectively.
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ST In another aspect, the polypeptide of the invention that comprises or essentially
consists of one or more immunoglobulin single variable domains {or suitable fragments
thereof), ray further comprise one or more other groups, residues, moieties or binding units.
Such further groups, residues, moieties, binding units or amino acid sequences may or may not
provide further functionality to the immunoglobulin single variable domaiu (and/or to the
polypeptide in which it is present) and may or may not medify the properties of the

immunoglobulin single variable domain.

({4

or more additional amino acids, such that the compound, construct or polypeptide is a (fusion)

188} For example, such further groups, residues, moieties or binding units may be one

protein or {fusion) polypeptide. In a preferred but non-limiting aspect, said one or more other
groups, residues, moieties or binding units are immunoglobulins. Even more preferably, said
one or more other groups, residues, moieties or binding units are chosen from the group
cousisting of domain antibodies, amino acids that are suitable for use as a domain antibody,
single domain antibodies, amino acids that are suitable for use as a single domain antibody,

“dAb”s, amino actds that are suitable for use as a dAb, or Vuns.

JHE8%] Alternatively, such groups, residues, moieties or binding uniis may for example be
chemical groups, residues, moieties, which may or may not by themselves be biologically
and/or pharmacologically active. For example, and without limitation, such groups may be
finked to the one or more immunogiobulin single variable domain so as to provide a

“derivative” of the immunoglobulin single variable domain.

Bt In another embodiment, said further residues may be effective in preventing or
reducing binding of so-calied “pre-existing antibodies” to the polypeptides. For this purpose,
the polypeptides and constructs may contain a C-terminal extension O0n (SEQ ID NO: 130)
{in which nis 1 to 10, preferably 1 t0 5, such as 1, 2, 3, 4 or § (and preferably 1 or 2, such as
1}, and each X is an (preferably naturally cccurring) amino acid residue that is independently
chosen, and preferably independently chosen from the group consisting of alanine (A), glycine
{3}, valine (V), leucine (L} or isoleucine (1}, for which reference is made to WO 2012/175741.
Accordingly, the polypeptide may further comprise a C-terminal extension {X)n (SEQ ID NO:
151), inwhichnis 1to 5, suchas 1, 2, 3, 4 or 5, and 1n which X is a naturally occurring aming

acid, preferably no cysteine.
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164} In the polypeptides described above, the one or more immunoglobulin single
variable domains and the one or more groups, residues, moieties or binding units may be linked
directly to each other and/or via one or wore suitable linkers or spacers. For example, when the
one or more groups, residues, moieties or binding units are amino acids, the linkers may alse

be av arvino acid, so that the resulting polypeptide is a fusion protein or fusion polypeptide.

iH163] Asused herein, the term “linker” denotes a peptide that fuses together two or more
18Vs into a single molecule. The use of linkers to connect two or more {polyipeptides is well
known in the art. Further exemplary peptidic linkers are shown in Table B. One often used
class of peptidic linker are known as the “Gly-Ser” or “G8” linkers. These are linkers that
essentially consist of glycine {(G) and serine (8) residues, and usually comprise one or more
repeats of a peptide motif such as the GGGGS (SEQ ID NO:134) motif {for example, having
the formula (Gly-Gly-Gly-Gly-Serin (SEQ ID NG: 152 in whichnmay be 1,2, 3, 4,5, 6,7
or more). Some often-used examples of such GS linkers are 9GS linkers (GGGGSGGGS, SEQ
D NO: 157), 15GS linkers (n=3) and 35GS linkers (n=7}. Reference is for example made to
Chen et al. 2013 (Adv. Drug Deliv. Rev. 65(10): 1357-1369) and Klein et al. 2014 (Protein
Eng. Des. Sel. 27 (10): 325-330).

Table B: Linker sequences (“113” refers to the SEQ I NO as used herein)

Name 1) Amine acid sequence

3A linker 153 |AAA

5G5S linker 154 | GGGGS

768 linker 185 | SGGSGGS

&GS linker 156 | GGGGSGGS

9GS linker 187 | GGGGSGGES

10GS linker 188 | GGGGSGGGGS

15GS linker 159 | GGGGSGGGGSGGGES

I8GS linker 160 | GGGGSGGGGESGGGGSGES

20GS linker 161 | GGGGSGGGGSGGGGSGGGGS

25GS linker 162 | GGGGSGGGGSGHGGSGGHESGGGES

30GS linker 163 | GGGGSGGGGSGGGGSGGGGSGGGGSGGEGES
35GS linker 164 | GGGGSGGEGSGGGESGGGGSGHGEGSGGHGSGGGEES
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40GS linker 165 | GGGGSGGGEIGHGHSOGGOGEEGGGESGGEEEGEGESGE
GGS

Gl hinge 166 |EPKSCDKTHTCPPCP

9GS-Gl hnge 167 | GGGGSGGGSEPKSCDRETHTOPPCP

Llama uvpper long| 168 |EPKTPKPQPAAA
hinge region
(33 hinge 169 |ELKTPLGDTTHTCPRCPEPKSCDTPPPCPRCPEPKSCDTPP
PCPRCPEPKSCDTPPPCPRCP

%3 In one aspect, the disclosure also relates to such amino acid sequences and/or
Vunsthat can bind to and/or are directed against CD8 and that comprise CDR sequences that
are generally as further defined herein, to suitable fragments thereof, as well as to polypeptides
that comprise or essentially consist of one or more of such Vumsand/or suitable fragments. In
some aspect, the disclosure refates to Vuus with SEQ ID NO: 77. In particular, the disclosure

in some specific aspects provides:

) amino acid sequences that are directed against CD8 and that have at least 80%, preferably at

feast 85%, such as 90% or 95% or more sequence identity with SEQ 1D NG: 77,

i} amino acid sequences that cross-block the binding of the amino acid sequence of SEQ ID
NG: 77 to CD8 and/or that compete with at least the amino acid sequence of SEQ ID NG: 77
for binding to CD8;

[Bied] Such amino acid sequences may be as further descnibed herein {and may for
example be Vuus); as well as polypeptides of the disclosure that comprise one or more of such
amino acid sequences {(which way be as further described herein), and particularly bispecific
(or multispecific) polypeptides as described herein, and nucleic acid sequences that encode
such amino acid sequences and polypeptides. Such amino acid sequences and polypeptides do

not include any natrally occurring ligands.

{HE6R] In some embodiments, the CD8 is derived from a mammalian animal, such as a
human being. In one specific, but non-limiting aspect, the disclosure relates to an amino acid

sequence directed against U3, that comprises:

a} the amino acid sequence of SEQ ID NO: 77,
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b} amino acid sequences that have at least 80% amino acid identity with a SEQ 1D NO: 77, or

5
¢} amino acid sequences that have 3, 2, or 1 amino acid difference with SEQ 1D NO: 77,
or any suitable combination thereof.

166} In some embodiments, disclosed is a Vuu against CD8, which counsist of 4
framework regions (FR1 to FR4 respectively) and 3 complementarity determining regions

{CDR1to CDR3 respectively). In some embodiments, in such a Vi

(I) CDR1 comprises or essentially consists of an amino acid sequence of GSTFSDYG (SEQ

3 NGO 100),

or aming acid sequences that have at least 80%, at least 90%, at least 95%, at least 99% or more
sequence identity with GSTFSDYG (SEQ ID NO: 100), in which (1) any amino acid
substitution is a conservative amino acid substitution; and/or {2) said amino actd sequence only
contains amino acids substitutions, and no amino acid deletions or insertions, compared to

GSTFSDYG (SEQ ID NO: 100},

and/or froro the group consisting of amino acids sequences that have 2 or only 1 amino acid

difference(s}) with GETFSDYG (SEGQ 1D NO: 100), in which
any amino acid substifution is a conservative amino acid substitution; and/or

said amino acid sequence only contains amino acid substitutions, and no amingc acid deletions

or insertions, compared to GSTFSDYG (SEQ 1D NO: 100).

(I} CDR2 comprises or essentially consists of an amino acid sequence of IDWNGEHT (SEQ
D NG: 101y,

or amine acid sequences that have at least 80%, at least 90%, at least 95%, at least 99% or more
sequence identity with IDWNGEHT (SEQ ID NO: 101}, in which (1) any amino acid
substifution is a conservative amino acid subsiitution; and/or (2) said amino acid sequence only
contains amino acids substitutions, and no amino acid deletions or insertions, compared to

IDWNGEHT (SEQ ID NO: 101y,

and/or from the group consisting of amino acids sequences that have 2 or only 1 amwino acid
difference(s) with IDWNGEHT (SEQ ID NO: 101), in which
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any aming acid substitution is a conservative amino acid substitution; and/or

said amino acid sequence only contains amino acid substitutions, and no amino acid deletions

or insertions, compared to IDWNGERT (SEQ 1D NG: 101}

(ifhy CDR3 comprises or essentially consists of an aminc acid sequence of

AADALPYTVRKYNY (SEQ ID NO: 102),

or amino acid sequences that have at least 80%, at least 90%, at least 95%, at least 99% or wore
sequence identity with AADALPYTVREKYNY (SEG ID NO: 102), in which {1} any aming
actd substitution is a conservative amino acid substitution; and/or (2) said amino acid sequence
only contains aming acids substitutions, and no amino acid deletions or insertions, compared

to AADALPYTVREKYNY (SEQ ID NG: 102);

and/or from the group consisting of amino acids sequences that have 2 or only 1 amino acid

difference(s) with AADALPYTVRIKYNY (SEQ 1D NO: 102), in which
any amino acid substitution is a conservative amino acid substitution; and/or

said amino acid sequence only contains amino acid substitutions, and no amino acid deletions

or insertions, compared to AADAL PYTYRKYNY (SEQ ID NO: 102},

CD8 Vuusas disclosed herein may comprise one, two or all three of the CDRs explicitly listed

above. In some embodiments, the CD§ Vmncomprises:

CDRI: GSTFSDYG (SEQ ID NO: 100), based on IMGT designation;

CDR2: IDWNGEHT (SEQ 1D NO: 101), based on IMGT designation; and
CDR3: AADALPYTVRKYNY (SEQ ID NO: 102), based on IMGT designation.

jBE6TH In the Vans of the disclosure that comprise the combinations of CDRs mentioned
above, each CDR can be replaced by a CDR chosen from the group consisting of aming acid
sequences that have at least 80%, preferably at feast 90%, more preferably at least 95%, even

more preferably at least 99% sequence identity with the mentioned CDRs; in which:

{1} any aroino acid substitution is preferably a conservative amino acid substitution; and/or
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{2} said amino acid sequence preferably only contains amino acid substitutions, and no amino

acid deletions or insertions, compared to the above amino acid sequence(s);

and/or chosen from the group consisting of amino acid sequences that have 3, 2 or only 1 {as
indicated in the preceding paragraph) “amino acid difference(s)” with the mentioned CDR(s)

one of the above amino acid sequences, in which:
(1} any amino acid substitution is preferably a conservative amino acid substitution; and/or

(2) said amino acid sequence preferably only contains amino acid substitutions, and no amine

actd deletions or insertions, compared to the above amino acid sequence(s).

[H16R} In one embodiment, the CD8 Vyu is BDSn:

Anti-CBE BDSn Nb sequence (CDRI, CDR2Z, CDR3 undeddined based on IMGT
designation):
EHTSYADSVKGRFATSRDNAKNTAYLOMNSLKPEDTAVYYCAADALPYTVRKYNY
WEOQGTOVTVSSGGCGGHHHHHE (SEG ID NG 77)

FRESY: In some embodiments, a CD8 Vuy of the present disclosure binds to CD8 with a
dissociation constant (D) of 1077 to 107 ¥ moles/titer (M) or less, and preferably 10710 10-12
moles/liter (M) or less and more preferably 107% to 1077 moles/liter (M), and/or with an
association constant (KA) of at least 107 M1, preferably at least 10° M, more preferably at
feast 10° M, such as at least 10’ M\ and in particular with a KD} less than 500 nM, preferably
less than 200 nM, more preferably less than 10 oM, such as less than 5 nM. The KD and KA
values of the Vun of the disclosure against vWF can be determined in a manner known per se,
for example using the assay described herein. More generally, the Vmms described herein
preferably have a dissociation constant with respect to vWF that is as described in this

paragraph.

IBETH Generally, it should be noted that the term Vuu as used herein in its broadest sense
is not limited to a specific biological source or to a specific method of preparation. For example,
as will be discussed in more detail below, the Vuus can be obtained (1) by isclating the VHH

domain of a naturally occurring heavy chain antibody; {2} by expression of a nucleotide
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sequence encoding a naturally occurring VHH domain; (3) by “humanization” (as described
below} of a naturally occurring VHH domain or by expression of a nucleic acid encoding a
such humanized VHH domain; (4) by “camelization” {as described below) of a naturally
occurring VH domain from any animal species, in particular a species of mammal, such as
from a human being, or by expression of a nucleic acid encoding such a camelized VH domain;
{5) by “camelisation” of a “domain antibody” or “Dab” as described by Ward et al (supra}, or
by expression of a nucleic acid encoding such a camelized VH domain; (6) using synthetic or
semi~-synthetic techniques for preparing proteins, polypeptides or other amino acid sequences;
(7) by preparing a nucleic acid encoding a VHH using techniques for nucleic acid synthesis,
followed by expression of the nucleic acid thus obtained, and/or (8) by any combination of the
foregoing. Suitable methods and techniques for performing the foregoing will be clear to the
skilled person based on the disclosure herein and for exarople include the methods and

techniques described in more detail hereinbelow.

TR In some embodiments, the CD8 Vuus of the present disclosure do not have an amino
actd sequence that is exactly the same as (i.e. as a degree of sequence identity of 100% with)
the amino acid sequence of a naturally occurring VH domain, such as the amino acid sequence

of a naturally occurring VH domain from a mammal, and in particular from a human being.

[ Bt One class of CD8 Vans of the disclosure comprises Vans with an amino acid
sequence that corresponds to the amino acid sequence of a naturally cccurring VHH domain,
but that has been “humanized”, 1.e. by replacing one or more amino acid residues in the amino
actd sequence of said naturally occurring VHH sequence by one or more of the amino acid
residues that occur at the corresponding position(s) in a VH domain from a conventional 4-
chain antibody from a human being (e.g., indicated above). It should be noted that such
humanized CD8 Vuus of the present disclosure can be obtained in any suitable manner known
per se {1e. as indicated under points (1)-(8) above) and thus are not strictly limited 1o
polypeptides that have been obtained using a polypeptide that comprises a naturally occurring

VHH domain as a starting material.

ST Another ¢lass of CDB8 Vuns of the present disclosure comprises Vaus with an amino
acid sequence that corresponds to the amino acid sequence of a naturally cccurring VH domain
that has been “camelized”, 1.¢. by replacing one or more amino acid residues in the amino acid
sequence of a naturally occurring VH domain from a conventional 4-chain antibody by one or

more of the amino acid residues that occur at the corresponding position(s) in a VHH domain
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of a heavy chain antibody. This can be performed in a manner known per se, which will be
clear to the skilled person, for example on the basis of the further description below. Reference
18 also made to WO 94/04678. Such camelization may preferentially occur at amino aad
positions which are present at the VH-VL interface and at the so-called Camelidae hallmark
residues (see for example also W 94/04678), as also mentioned below. In sore embodiments,
the VH domain or sequence that is used as a starting material or starting point for generating
or designing the camelized Vuy is a VH sequence from a mammal, e.g VH sequence of a
human being. It should be noted that such camelized Vuus of the present disclosure can be
obtained in any suitable manner known per se and thus are not strictly Hmited to polypeptides
that have been obtained using a polypeptide that comprises a naturally occurring VH domain

as a starting material.

{1174} For example, both “humanization” and “camelization” can be performed by
providing a nucleotide sequence that encodes such a naturally occurring VHH domain ot VH
domain, respectively, and then changing, in a manner known per se, one or more codons in
said nucleotide sequence such that the new nucleotide sequence encodes a humanized or
camelized VHH of the present disclosure, respectively, and then expressing the nucleotide
sequence thus obtained in a manner known per se 50 as to provide the desired VHH.
Alternatively, based on the amino acid sequence of a naturally occurring VHH domain or VH
domain, respectively, the amino acid sequence of the desired humanized or camelized VHH of
the present disclosure, respectively, can be designed and then synthesized de novo using
techniques for peptide synthesis known per se. Also, based on the amino acid sequence or
nucieotide sequence of a naturally occurring VHH domain or VH domain, respectively, a
nuclectide sequence encoding the desired humanized or camelized VHH can be designed and
then synthesized de novo using techniques for nucleic acid synthesis known per se, after which
the nucleotide sequence thus obtained can be expressed in a manner known per s¢ $o as to

provide the desired VHH.

(18 Other suiigble ways and techuiques for obtaining VHHs and/or wvucleotide
sequences and/or nucleic acids encoding the same, starting from (the amino acid sequence of}
naturally occurring VH domains or preferably VHH domains and/or from nucleotide sequences
and/or nucleic acid sequences encoding the same will be clear from the skilled person, and may
for example comprising combining one or more amino acid sequences and/or nucleotide

sequences from naturally occurring VH domains {such as one or more FR's and/or CDR's) with
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one of more one or more aming acid sequences and/or nuclectide sequences from naturally
occurring VHH domains {such an one or more FR's or CDR's), in a suitable manner so as to
provide {a nucleotide sequence or nucleic acid encodingy a VHH. Also provided are
compounds and constructs, and in particular proteins and polypeptides that comprise or
essentially consists of at least one such amino acid sequence and/or VHH of the disclosure (or
suitable fragments thereof), and optionally further comprises one or more other groups,
residues, moieties or binding units. In some embodiments, such further groups, residues,
moieties, binding units or amino acid sequences may or may not provide further functionality
to the amino acid sequence and/or VHH (and/or to the compound or construct in which it is

present} and may or may not modify the properties of the amino acid sequence and/or VHH.

B176] The disclosure also encompasses any polypeptide of the present disclosure that has
been glveosylated at one or more amino acid positions, usually depending on the host used to
express the polypeptide. A polypeptide can comprise an amino acid sequence of & CD8 VHH
of the present disclosure, which is fused at its amino terminal end, at its carboxy terminal end,
or both at its amino terminal end and at its carboxy terminal end with at least one further amino
actd sequence. Such further amino acid sequence may comprise at ieast one further VHH, so
as to provide a polypeptide that comprises at least two, such as three, four or five, VHHs, in
which said VHHs may optionally be linked via one or more linker sequences {(as defined
herein). Polypeptides of comprising CD8 VHH of the present disclosure and one or more
another multivalent polypeptides. In a multivalent polypeptide, the two or more VHHs may

be the same or different. For example, the two or more VHHs in a multivalent polypeptide:

# may be directed against the same antigen, i.e. against the same parts or epitopes of said
antigen or against two or more different parts or epitopes of said antigen; and/or:

# may be directed against the different antigens;,

& or a combination thereof.

Thus, a bivalent polypeptide, for example:

& may comprise two identical VHH;

e may comprise a first VHH directed against a first part or epitope of an antigen and a second
VHH directed against the same part or epttope of said antigen or against another part or epitope
of said antigen;

or may comprise a first VHH directed against a first antigen and a second VHH directed against
a second antigen different from said first antigen;
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whereas a trivalent Polypeptide of the Invention for example:

# may comprise three identical or different VHHs directed against the same or ditferent parts
of epitopes of the same antigen;

# may comprise two identical or different VHHSs directed against the same or different parts or
epitopes on a first antigen and a third VHH directed against a second antigen different from
said first antigen; or

e may comprise a first VHH directed against a first antigen, a second VHH directed againsta
second antigen different from said first antigen, and a third VHH directed against a third antigen
different from said first and second antigen.

TR The CD& VHHSs and polypeptides as disclosed herein can also be introduced and
expressed in one or more cells, tissues or organs of a multicellular organism, for example for
prophylactic and/or therapeutic purposes {(e.g., as a gene therapy). For this purpose, the
nucleotide sequences encoding the CD8 VHHs or polypeptides as disciosed berein can be
introduced into the cells or tissues in any suitable way, for example as such {e.g., using
liposomes) or after they have been inserted into a suitable gene therapy vector (for example
derived from retroviruses such as adenovirus, or parvoviruses such as adeno-associated virus).
As will also be clear to the skilled person, such gene therapy may be performed in vivo and/or
in situ in the body of a patent by administering a nucleic acid of the invention or a suitable gene
therapy vector encoding the same to the patient or to specitic cells or a specific tissue or organ
of the patient; or suitable cells {often taken from the body of the patient to be treated, such as
explanted lymphocytes, bone marrow aspirates or tissue biopsies) may be treated in vitro with
a nucleotide sequence of the invention and then be suitably (re-}introduced into the body of the
patient. All this can be performed using gene therapy vectors, techniques and delivery systems
which are well known to the skilled person, for Culver, K. W, “Gene Therapy”, 1994, p. xit,
Mary Ann Liebert, Inc., Publishers, New York, N.Y.}. Glordano, Nature F Medicine 2 (1996),
534-539; Schaper, Circ. Res. 79 (1996), 911-919; Anderson, Science 256 {1992), 808-813;
Verma, Nature 389 (1994}, 239, Isner, Lancet 348 (1996}, 370-374; Muhlhauser, Circ. Res. 77
(1995), 1077-1086; Onodera, Blood 91; (1998), 30-36; Verma, Gene Ther. 3 {(1998), 692-699;
Nabel, Ann. NY. Acad. Scic 811 (1997}, 289-292, Verzeletti, Hum. Gene Ther. 9 (1998),
2243-51; Wang, Nature Medicine 2 (1996}, 714-716; W0 94/29469;, WO 97/060957, UK. Pat.
No. 5,580,859, 1 U8, Pat. No. 5,589,5466; or Schaper, Current Opinion in Biotechnology 7

(1996), 635-040. For example, in situ expression of ScHv fragments {Afanasieva et al., Gene
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Ther., 10, 1850-1859 (2003}) and of diabodies (Blanco et al, J. Immunol, 171, 1070-1077

{2003)) has been described in the art.

TR Accordingly, nucleic acid sequences enceding the CD8 YVHHSs as described herein,

and expression construct and host cells corprising the nucleic acid sequence are also provided.

[HIE Also disclosed are methods of using CD8 VHHs and polypeptides of the present

disclosure.

(R In some embodiments, a polypeptide comprising a CD8 VHH can be used in the
lipid nanoparticles of the present disclosure for delivering a nucleic acid into an immune cell,
as described herein. In some embodiments, CD8 VHHsand polypeptides of the present
disclosure can be used to treat a condition or a disease in a subject in need thereof. In some
embodiments, such conditions or diseases include, but are not himited to, cancer, infections,

immune disorders, autoimmune diseases.

IERE} In some embodiments, a polypeptide comprising a CD8 VHH can be used in an
imaging agent. In some embodiments, the imaging agent allows for the detection of human
CD8 which is a specific biomarker found on the surface of a subset of T-celi for diagnostic
imaging of the immuone system. Imaging of CD8 allows for the n vivo detection of T-cell
localization. Changes in T-cell localization can reflect the progression of an immune response
and can occur over time as a result of various therapeutic treatments or even disease states. In

some embodiments, it s used for imaging T-cell localization for immunotherapy.

B8} In addition, CD8 plays a role in activating downsiream signaling pathways that are
important for the activation of cytolvtic T cells that function to clear viral pathogens and
provide immunity to tumors. CD8 positive T cells can recognize short peptides presented
within the MHCI protein of antigen presenting cells. In some embodiments, a polypeptide
comprising a CD8 VHH can potentiate signaling through the T cell receptor and enhance the
ability of a subject to clear viral pathogens and respond to tumor antigens. Thus, in some
embodiments, the antigen binding constructs provided herein can be agonists and can activate

the CDS target.

iL foNIZABLE CATIONIC LIPIDS
1R Provided herein are ionizable catiomic lipids that can be used to produce hipid

nanoparticle compositions to facilitate the delivery of a payload {e.g,, a nucleic acid, such as a
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DINA or RNA, such as an mRNA) disposed therein to cells, e.g., mammalian cells, e.g., human
cells, e.g, immune cells. The ionizable cationic lipids have been designed to enable
wntracetivlar delivery of a nucleic acid, e.g, mRNA, to the cytosolic compartment of a target
cell type and rapidly degrade into non-toxic components. The complex functionalities of the
ionizable cationic lipids are facilitated by the interplay betweeun the chemistry and geometry of
the 1onizable lipid head group, the hydrophobic “acyl-tail” groups and the linkers connecting
the head group and the acyl tail groups. Typically, the pK. of the ionizable amine head group
is designed to be in the range of 6-8, such as between 6.2-7 4, or between 6.7-7 2, such that it
remains strongly cationic under acidic formulation conditions {e.g., pH 4 — pH 5.5}, neutral or
slightly anionic in physiological pH {7.4) and cationic in the early and late endosomal
compartments {e.g., pH 5.5 — pH 7). The acyl-tail groups play a key role in fusion of the lipid
nanoparticle with endosoral membranes and membrane destabilization through structural
perturbation. The three-dimensional structure of the acyl-tail {(determined by its length, and
degree and site of unsaturation} along with the relative sizes of the head group and tail group
are thought to play a role in promoting membrane fusion, and hence lipid nanoparticle
endosomal escape (a key requirement for cytosolic delivery of a nucleic acid payload). The
linker connecting the head group and acyl tail groups is designed to degrade by physiclogically

prevalent enzymes {e.g., esterases, or proteases) or by acid catalyzed hydrolysis.

[RER R In one aspect, the present invention provides a compound represented by Formula

< /ﬂ\
R1AT jL\ / \T/ \ R2A3

R RZAZ
R1 A3 RZA’I

pN (9]
RﬁB

RSA R3A3

R3A2

P 3A1 e
(. R (0,

or a salt thereof, wherein:
' and R? are each Ci.3 alkylene;
R*1s C13 alkylene or a bond;

R'* and R** are each a bond or Ci.10 alkylene;
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R**is a bond or C1s alkylene;

RIM R R and R7 are each H;

R'2 and R*™ are each H, -(CH2)o.sC{OYOR™, or (CH2)osOC(OR™,
R and R*™ are each H, -(CH2)osC(OYORY, or «(CH2)o-sOC(OIR™,
R s -C(OYOR™;

R* and R* are each independently Cia0 alkyl;

R3 B2 RSB;}Z?

\N/

53R - 383
R%Pis R

R¥! is Cus alkylene; and

RP? and R’™ are each Cia alkyl.

{185} Any of the variables or substitutents provided herein is unsubstituted or substituted
with one or more substituents. In some embodiments, any of the variables or substituents
provided herein is optionaly substituted. In some embodiments, any of the variables or
substituents provided herein i3 optionaly substituted with one or more substituents
independently selected from the group consisting of -OR®, -NRYR® -C{(OIR™, -C{OYOR®,
COINR¥RY, -OC(OR®, -OC(Q)ORY®, -OC(ONRSRY,  NR*EC(OR™, and -
NREHO(DIORSS, wherein R¥L RS2 RS, R RS, RS R, R38R, Re10) ot Rel2) Rei3) pet4,
and R*? are each indpenednetly H, Cis alkyl, Ca.10 cycloalkyl, Ces aryl, 5- to 10-membered

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

[BI8s] In some embodiments, R! and R? are each C13 alkylene. In sore embodiments, R!
and R? are each methylene. In some embodiments, R is Ci3 alkylene or a bond. In some
embodiments, R® is a bond. n some embodiments, R! and R? are each methylene, and R? is a

bond.

I8} In some embodiments, R' and R** are each a bond or Cro alkylene. In some
embodiments, R?* is a bond or C1.3 alkylene. In some embodiments, R'* and R** are each a
bond, -CHz-, {(CH2)-, -(CH2 k-, -(CH2 -, (CH2)s-, -{(CH2)s-, -(CH2)-, ~{(TH2)s-, (CH2)s-, or
-(CHz)io-. In some embodiments, R* and R** are each a bond, (CHa -, «(CHz)s-, -(CHz)r-, or
-(CHz)-. In some embodiments, R** is a bond, -CHz-, ot (CHzp-. In some embodiments, R**

is ~CHa-.
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[188]  Insome embodiments, R4 R?A R34 and R* are each H. In some embodiments,
R4 and R* are each H, -{CH2)osC{OYOR, or {CHz2)0-sO0C(O)R™. In some embodiments,
R and R are each H, -(CH2)o-sC{OYORY, or ~{(CH2)o-sOC{OR™. o some embodiments,
RO is .C{OYOR™.

[OI8%]  In some embodiments, R*** and R** are each -OC(O)Ci-1s alkyl), -C{OYHCis

akyl),  -OC(O)CH(Crio alkyD(Crio alkyl), -C(OOCH(Crio alky(Crpo alkyl), -

({CH)C{OYO(Cr10 alkyly, or (CHYOC(OX Cr10 alkyl). In some embodiments, R' and R*M

are ecach -OC{OXCrio alkyl), -C{O)O(Crio alkyl), -OC(O)CH(Cs alkyl}(Cs alkyl), -

C(OYICH(C23 alky ) Cses alleyl), or {({CHC(ODYO(C 1o alkyl). In some embodiments, R and
O3

s i’s\g)i\/\/\ i’i\g/u\/\/\/

R+ are each s

o o o
.gf\@ W ’;}{/JL\UW E/J‘}\O
9]
T :
O
A° e
o $Ci/\, o © \C\/ﬁ cach of which is optionally substituted.

{188 In some embodiments, R™ and R™ are each H, -OC(O)}Ciis alkyl), or -
C{OYO(Cro15 alkyl). In some embodiments, R and R?*? are each H, -OC{ONTs.i0 alkyh), -
C{OYO(Coor0 alkyly, or {CHDCOYO(Cro alkyl). In some embodiments, R'* and R*™ are each

EY\C\/ EA/C\N Wi;\

¥ i ’ f\ofk,/\/\

g\g(c 1 j\Q)J\\/\/'\/\
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& \Qj}L\/\/\/\\/ 5\11/6

> >

A G~~~ AN,

which is optionally substituted.

, each of

{188  In some embodiments, R’ is -C(O0OCH(Cis alkyD)(Crio alkyl). In some
embodiments, R* is -C{OYOCH(Cs alkyl¥Ces alkyl). In some embodiments, R* is

fi\?f’ Qa/\
O C . .
, which is optionally substituted.

{1821 In some embodiments, R™' is Cae alkylene. In some embodiments, R%? and R’ -

are each Cra alkyl In some embodiments, R*® is (CHza)-. In some embodiments, R¥! is -
{CHa2)s-. In some embodiments, R*"! is -(CHzJs-. In some embodiments, R*™ and R are each

methyl. In some embodiments, R¥? and R are each ethyl In some embodiments,

2
R3B2 R3B1
E N Nst

383 .
R is | , | . or
N N
N
| , each of which is optionally substituted.
83 In some embodiments, R*' i unsubstituted or substituted. In some embodiments,

R¥*! is optionally substituted. In some embodiemnts, R3® is unsubstituted. In some

embodiennts, R*P! is not substituted with oxo.

RS B2 R?»B‘???
N N ~

383 . B -
R . In some embodiments, R*® is H In

HH84]  In some embodiments, R is
some embodiments, R*Y is unsubstituted or substituted. In some embodiments, R*® is

unsubstituted.
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{188}  In some embodiments, R™? and R are each independently and optionally
substituted. In some embodiments, R* and R*™ are each independently H or Crs alkyl
optionally substituted with one or more substituents each wdependently selected from the
group consisting of -OH and -0-(Cis alkyl). In some embodiments, R% and R*™ are each
independently H or Cie alkyl optionally substituted with ove or more substituents
independently selected from the group consisting of -OR®!, -NR¥R® -.C(OR¥, -C{OYOR®,
C{OINR*RY,  -OC(OR®, -OC(Q)OR®, -QC(ONRMRYM  NRC(OR'P, and -
NRUCIOOR™S, wherein R¥, R, RS2, RS RS, RO, RY, R, R, RS0 ReHL Re1T o3, Ret4)
and R°' are each independently H, Ci.s alkyl, Ca.o eycloalkyl, Ceas aryl, 5- to 10-membered
heteroaryl, or 3- to 10-membered heterocyclyt, each of which is optionally substitsted. In some
embodiments, R°P? and R are each independently H, methyl, ethyl, propyl, butyl, or pentyl,
each of which is optionally substituted with one or more substituents each independently
selected from the group consisting of -OH and -O-(C1.s alkyl). In some embodiments, R?% and
R*™ are each independently methyl or ethyl, each optionaily substituted with one or more -
OH. In some embodiments, R™ and R*™ are each methy! or each ethyl, each optionally
substituted with one or more -OH. In some embodiments, R¥? and R™ are each unsubstituted

methyi.

(R In one aspect, the present invention provides a compound represented by Formula

(Ia):
O O
RIAT ijl\\g/\r/\\o)i\ R4 R2A%
R;‘E( N O \?<R2A2
R1A Y R2A1

) ﬁ&‘\ R3A3

2-4
RSAZ

RS}U

N
AN (1a),

. RIA p2A pIA plaA 2 RIAS p2Al AL pIA3 R3AL [3A2 3A3
or a salt thereof, wherein R'A, R?4, R34 RIAL RIAZ RIAS R2AL RIAZ R2AT R3AL R3AT and RIA

are as defined for Formuda {13 or any variation or embodiment thereof

iRiRT] In some embodiments, provided is a compound of Formula (f}:
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O

O
R’ R? //u\\
R1AT Rm/ll\{)/ \r’ \0 RZA R2A3

R‘i A2 RS RQF\Z
R1 A3 E R2A1

N 9]
R?:B

R3A RSAS

R3A2

R3AL {11}, or a salt thereof.

{198} In some embodiments, RY, R? and R® are each independently a bond or Ci
alkylene. In some embodiments, R'*, R** and R are each independently a bond or Crio
alkylene. In some embodiments, R141 RIA2 RIAS R2A1 R2AZ RIAT R3AL RIAZ and R are
each independently H, Ciao alkyl, Cro alkenyl, (CHz2)o-1oC(OYOR, or -(CH2)o-100C{ORY.
In some embodiments, R* and R™ are each independently Ciao atkyl or Cr.20 alkenyl. In some

R3E2 ;%

R?eB
\N/

383

embodiments, R™ is _In some embodiments, R* is Cas alkylene. In some

embodiments, R™ and R*™ are each independently H or Ci.6 alkyl.

{188 In some embodiments, R, R% and R are each independently a bond or Cis
alkylene. In some embodiments, RY, R?, and R? are each independently a bond or methylene.
in some embodiments, R' and R? are each methylene and R” is a bond. In some embodiments,
RY R and RY are each methylene In some embodiments, RY R% and R? are each
independently unsubstituted or substituted. In some embodiments, R', R* and R’ are

unsubstituted.

28] In some embodiments, R'* R* and R** are each independently a bond or Ciao
alkylene. In some embodiments, R’ R*® and R** are each independently a bond or -(CHa )i
16-. In some embodiments, R and R2* are each independently a bond, -CHa-, (CH2)p-, -
(CHap-, (CH)-, -(CH2)s-, (CH2)s-, (CHa)r-, or {CH2)s-. In some embodiments, R’ and
R?» are each a bond, each -CHa-, each ~(CHzy-, each -(CHz)s-, each -(CH2)s-, each -(CHz)s-,

each -(CH2)e-, each «(CHayr-, or each -(CHz)s-. Tn some embodiments, R} and R*® are each
o El , S 2 7 k
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independently a bond, -(CHzj-, ~(CH2)a-, -(CHa)e-, ~(CHz}~, or -(CHi}e- In some

embodiments, R’ and R** are each a bond, each -(CHz)-, each -(CHa)s-, each -(CHz)o-, each
-{(CHzy7-, or each -(CHz)s-. In some embodiments, R* is a boud, -CHz-, -(CHzk-, or {CHz)r-.
In some embodiments, R'* R** and R* are each independently unsubstituted or substituted.

In some embodiments, R', R™ and R* are unsubstituted.

2881 In some embodiments, R4, RIA2 RIAI R2AL R2AZ R2A3 R3AL R3AZ and R3S are
each independently H, Ciao atkyl, Ciao atkenyl, «(CH2)o-10C(OYOR™,) or «(CH2)o-100C(ORY.
In some embodiments, R'A, RIAZ R R RZAZ RIS R R gnd B3 are each
independently H, Cras alkyl, ~-CH=CH-(C1.15 alky!}), -CH=CH-CH2-CH=CH-(C1-10 alkyt}, -
(CH2)0-aC{OYOTH(Crao alkyDy(Cras alkyl), ~(CH2osOCOYCH(Ciao alkyl}Cias alkyl), -
{CH2)o4C(OYOTHACr15 alkyl), or (CH2o+OC{OY H2(Cras alkyl). In some embodiments,
RIAL RIAZ RIA3 R2AT R2A2 RN RIALRM2 RIS R RZ RE R R and R are each
independently unsubstituted or substituted. Tn some embodiments, RIA RI4Z RIA3 R2AL R242
R¥RIA R RIS R RE R, R'A R® and R are each unsubstituted. In some
embodiments, RIAT RIA2 RIAI R2AL R2AZ RIAI RSAL RIAL and R?A are each independently
unsubstituted or substituted. In some embodiments, R4, R4 R4 R4 R#42 R3S RIAY
R32 and B3 are cach unsubstituted. In some embodiments, R!, R?, RY, R R?A and R* are
each independently unsubstituted or substituted. In some embodiments, R, R?, R?, R R*,

and R are each unsubstituted. In some embodiments, R, R?, and R? are each unsubstituted.

2831 In some embodiemnts, R*®! is unsubstituted. In some embodiemnts, R*®! is not

substituted with oxo.

[8283] o some embodiments, R and R* are each independently -CH=CH-(C1.15 alkyl},
CH=CH-CHa-CH=CH~(C1.10 alkyl), (CH2)o4C{O)OCH(C 110 alkyl)(Ci1s alkyl), or -(CHa)o.
SOCIOYCH(Crro alkyl}Crs alkyl); and RY R RIM ) and R*™ are each H. In some
embodiments, R and R*! are each -CH=CH-(Ci.s5 alkyl), -CH=CH-CH:-CH=CH-(C1.10
alkyl), -{(CH2}o«C(OYOCH(Croio allyl{Crais alkyl), or -(CH2)o.4OCOYCH(C 10 alkyD¥{Ciass

alkyl}); and R R R242 and R* are each H. In some embodiments, R and R*Y are

each ‘SSS N N N

e

S
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e £ o o
T\C\/\/\T

Al

embodiments, R and R**! are cach . In

some embodiments, R’ R R*M and R* are each H.

{9284} In some embodiments, R’ and R™ are each Ciis alkyl; R'? and R*** are each
Cias atkyl; and R' and R** are each H. In some embodiments, R'* and R*™! are each
LE?;" and R and R*™  are  each
LE;L" . In some embodiments, R'*® and R**® are each H. In some

embodiments, R and R* are each a bond.

{2851 In some embodiments, R™! and R? are each ~(CH2)oaOC(ONCHAC s alleyl);
R* and R*™ are each -{CH2)o4C{OYOCH2ACras alkyly; and BRI and R* are each H. In some

EOP PNPN

embodiments, R' and R*! are each :and R?A gnd R¥M

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

are  each In  some

2081 In some embodiments, RI* and R*A! are each -C{OYOCH2(Cris alkyl); R¥? and
R* are each -(CHzyoC{OYOCH2ACras alkyl)y;, and R'™ and R*™ are each H. In some

_555\\1(0\//\\//\/
embodiments, R and R** are each 8] and R’ and
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RZAZ

are each In some

embodiments, R™! and R** are each G . and

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

hond.

R and R*? are each > In

WI28% In some embodiments, R*M B3 and R* are each independently H, Cr.s alkyl,
{CH)oC(O)OCH(Crs alkyl)(Crao alicyl), «(CHposOCOICH(Crs allky)(Cro alkyl), -
{CH2osC(OYOCHACiovo alkyly, or -(CH2)o-eOC(O)YCH2A(Ty-10 alkyl),

[B288]  In some embodiments, R7*! and R** are each independently Ci.s alkyl; and R
is H. In some embodiments, R and R?*? are each independently ethyl, propyl, butyl, pentyl

hexyl, or heptyl. In some embodiments, R*' and R*? are each independently ethyl
% % % .
l??? . In some embodiments, R¥ is H. In some embodiments,

R**is a bond.

2% In some embodiments, R¥ is Cras alkyl; and R¥? and R* are each H. In some

embodiments, R is ‘?27 _In some embodiments, R34 and

R are each H. In some embodiments, R is a bond.

[2I8]  In some embodiments, R* is -C(OYOCH(Crs alkyl}Crio alkyl); and R and

SSS YO\C\\J
R are each H. In some embodiments, R™ is Q or
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. In Soue e]’nb@difnent@, R\:;Al i 3
ff\\ﬂ/ m
. In some emb@dimaﬂts, }{SA is ethyiene Qor “((ji‘iZ}Z"A In

some embodiments, R*? and B are each H

{288} In some embodiments, R°Y is -(CH2)0sOC(OYCH(Cio alkyl)y, R™ is «(CHao.

L g

H{OYOUHAC o0 alkyl); and R** is H. In some embodiments, R* s G
‘q%/Q\Tr//W “;??,A\H/GW\//
or o ; and R*4% is O .

In some embodiments, R is H. In some embodiments, R** is a bond.

{282} In some embodiments, R¥ {s -(CH2)oC(OYOCH{(Crwo alkyly, R¥*? is -(CHajo-
JC{OYOCHACrao alkyl);, and R is H  In  some embodiments, R s
LLZ;/”\\ET/ N N //Ji\\
OM
8 %

; and R g or

o]
%EQE\\OAM . e
In some embodiments, R s H In some

embodiments, R™ is a bond.
283 In some embodiments, R°Y R**? and R** are each H.

24} R*" and R™ are each independently Ciao alkyl or Ciao alkenyl In some

embodiments, R* and R* are each independently -(CH2)o.1sCHz or -CH{Cr.10 alkyl}{(Cias

:

alkyl). In some embodiments, R*! and R* are each independently
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)

> >

k > >

g , or % ‘ ‘ . each of

which is optionally substituted. In some embodiments, R* and R* are each independently

unsubstituted or substituted. In some embodiments, R* and R*? are unsubstituted.

Rﬁ B2 R?;E;?z?

\N/’

383 , . e o
R . In some embodiments, R*" is H. In

Wi218]  In some embodiments, R* is
some embodiments, R is unsubstituted or substituted. Tn some embodiments, R is

unsubstituted.

288l In some embodiments, R™ is Cas alkylene. In some embodiments, R* is

unsubstituted or substituted. In some embodiments, R*®! is optionally substituted.

2171 In some embodiments, R™? and R’ are each independently and optionally
substituted. In some embodiments, R*™ and R are each independently H or Cie alkvl
optionally substituted with one or more substituents each independently selected from the
group consisting of -OH and -O-(Crs alkyl). In some embodiments, R¥™ and R*™ are each
independently H or Cis alkyl optionally substituted with one or more substituents
independently selected from the group consisting of -OR*!, -NRYR®, -C(O)R™, -C{OYORY,
COINRSRY, -OQCORY, -OCOORY®, -OCOINRIRY NRCORS, and -
NRUC(OIORYS, wherein R¥L R¥, R, R RS, R, R, R, R, R0, oM Re1Z Re83 Ro14)
and R are each indpenednetly H, Cis alkyl, Caao cycloalkyl, Coa4 aryl, 5- to 10-membered
heteroaryl, or 3~ to 10~-membered heterocyelyl, each of which is optionally substituted. In some
embodiments, R™ and R* are each independently H, methyl, ethyl, propyl, butyl, or pentyl,
each of which is optionally substituted with one or more substituents each independently
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selected from the group consisting of -OH and -0-(C1s alkyl). In some embodiments, R¥? and
R are each independently methyl or ethyl, each optionally substituted with one or more -
OH. In some embodiments, R™ and R* are each methyl or each ethyl, each optionally
substituted with one or more -OH. In some embodiments, R?P? and R*™ are each unsubstituted

methyl.

X3
RIB2 R 381
\N -~ e N’/\/\
|

R?s 83

R R In some embodiments, is ! ,

TN &??9 HG\\,/A\ PN
I //J HO\/J
; : or
HO /\/\\
! , each of which is opticnally substituted.

L Lipm~-IMMUNE CeLL TARGETING GROUP CONJUGATES

3G As discussed herein, the LNPs may be targeted to a particular cell type, ez, an
immune cell, e.g., a macrophages, monocytes, or dendritic cells. This can be accoruplished by
using one or more of the lipids described herein. Furthermore, targeting can be enhanced by
including a targeting group at a solvent accessible surface of an LNP particle. For example,
targeting groups may include a member of a specific binding pair, e.g., an antibody-antigen
pair, a ligand-receptor pair, etc. In certain embodiments, the targeting group is an antibody.
Targeting can be implemented, for example, by using lipid-immune cell targeting group

conjugates described herein.

R2IE Optionally, the targeting moiety is an antibody fragment without an Fc component.
Previous attempts to target circulating immune cells with LNPs have employed full antibodies
(W 2016/189532 Al). Liposomes or lipid based particles with conjugated full antibodies clear
more quickly from the circulation due to engagement of the Fe, reducing their potential for
reaching the target cell of interest {Harding et al. {1997) Biochim Biophys. Acta 1327, 181~
192; Sapra et al. {2004) Chin Cancer Res 10, 1100-1111; Aragnol et al,, (1986} Proc Natl Acad
Sci USA B3, 2699-2703). Liposomes targeted with antibody fragments retain their long

Ty
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circulating properiies, like those targeted to EGFR (Mamot et al., (20053 Cancer Res 65, 11631-
11638), ErbB2 (Park et al. (2002) Clin Cancer Res 8, 1172-1181), or EphA2 (Kamoun et al,
2019 Nat. Biomed. Eng 3, 264-280). In addition, hipid based carriers can be prepared using a
micellar insertion process that allows for the nearly quantitative incorporation of the antibody
conjugation following its separate manufacturing (Nellis et al. (2005) Biotechnol Prog 21, 221-
2323, compared to a highly mefficient insertion when conjugating full IgGs (Ishida et al. (1999)
FEBS Lett. 460, 129-133) or the need to complete conjugation directly on an intact LNP (WO
2016/189532 Al). sclv, Fab, or VHH fragments can also be directly conjugated to activated

PEG-lipids to make insertable conjugates.
B2 In some embodiments, PEG-(lipid) is equivalent to (limd)-PEG.

je2I In certain embodiments, a targeting group may be a surface-bound antibody or
surface bound antigen binding fragment thereof, which can permit tuning of cell targeting
specificity. This is especially useful since highly specific antibodies can be raised against an
epttope of interest for the desired targeting site. In one embodiment, multiple different
antibodies can be incorporated into, and presented at the surface of an LNP, where each
antibody binds to different epitopes on the same antigen or different epitopes on different
antigens. Such approaches can increase the avidity and specificity of targeting interactions o

a particular target ceil.

Y A targeting group or combination of targeting groups can be selected based on the
desired localization, function, or structural features of a given target cell. For example, in order
to target a T-cell, T-cell population or T-cell subpopulation, one or more antibodies or antigen
binding fragments or antigen binding derivatives thereof may be selected that target a T-cell,
such as via a T-cell surface antigen. Exemplary T-cell surface antigens include, but are not
fimited to, for example, CD2, CD3, CD4, CD5, CD7, CDY, CD28, €39, CD69, CD103,
CD137, CD45, T-cell receptor (TCR) B, TCR-a, TCR-a/b,TCR-g/d, PD1, CTLA4, TIMS,
LAG3, CD18, IL-2 receptor, CD1ia, GL7, TLR2, TLR4, TLRS and IL-15 receptor. In order
to target an NK cell, or NK cell population, one or more antibodies, antigen binding fragments
or antigen binding derivatives thereof may be selected that target an NK cell such as via a NK
cell surface antigen. Exemplary NK cell surface antigens include, but are not Hmited to, {148,
CD56, CD85a, CD85¢, CDR3d, CD8Se, CD85E, CDRSH, CDRSI, CD158b2, CDI61, CD244,
CD16a, CD16b, 1L-2 receptor, (D27, CD28, CD48, CD69, €70, CD86, CD112, CD122,

CD155, CD16, CD244, CD2oo, CD314 / NKG2ZD, CD336 / NKP44, CD337 / NKP30. In
03
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order to target a B cell or B cell population, one or more antibodies, antigen binding fragments
or antigen binding derivatives thereof may be selected that target a B cell such as via a B cell
antigen. Exemplary B cell antigens include, but are not limited to, CIDI9S for all B cells except
plasma cells, CD19, CD25, and CD30 for activated B cells, CD27, CD38, CD78, CD138, and
CI319 for plasma cells, CD20, CD27, CD40, D8O and PDL-2 for memory cells, Notch2,
CD1, CD21, and CD27 for marginal zone B cells, CD21, CD22, and CD23 for follicular B
cells, and CD1, CD3, CD21, CD24, and TLR4 for regulatory B cells.

FRHRES Y] In order to target a macrophage, macrophage polulation or macrophage
subpopulation, one or more antibodies or antigen binding fragments or antigen binding
derivatives thereof may be selected that target a macrophage, such as via a macrophage surface
antigen. In some embodiments, the antigen 15 a M1 macrophage specific antigen. In some
embodiments, the antigen is a M2 macrophage specific antigen. Exemplary macrophage
surface antigens include, but are not limited to, for example, CDIB, CDR0, CDRG, HLA,
CDoe8, CD163, CD206. In some embodiments, tumor macrophages are targeted, and the

antigen is CD206.

RS In order to target a monocyte, monocyte population or monocyte subpopulation,
one or more antibodies or antigen binding fragments or antigen binding derivatives thereof may
be selected that target a monocyte, such as via a monocyte surface antigen. Exemplary
monocyte surface antigens include, but are not limited to, for example, CD 14, CCR2, CCRS,

CD62L, HLA, CD68, CXCR1, CXCR3, and CD11c.

jB23s] In order to target a dendritic cell, dendritic cell population or dendritic
subpopulation, one or more antibodies or antigen binding fragments or antigen binding
derivatives thereof may be selected that target a dendritic cell, such as via a dendritic surface
antigen. Exewplary dendritic surface antigens include, but are not limited to, for example,

DEC205 (see Katakowski, 2016:24(1):146-155, Molecular Therapy).

T In certain embodiments, targeting can be implemented, for example, by using lipid-
imroune cell targeting group conjugates described herein. Exermplary lipid-immune cell

targeting group conjugates can include compounds of Formula (11,
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[Lipid] -~ [optional linker] - [immune cell targeting group, e.g., macrophage targeting molecule,
e.g., anti-CDIIB antibody, anti-CD80 antibody, anti-CD86 antibody, anti-CD68 antibody, anti-
CD163 antibody, and/or anti-CD206 antibody ]

{(Formula I},

K] In some embodiments, the irmroune cell targeting group is a polypeptide, and the
lipid is conjugated to the N-terminus, C-terminus, or anywhere in the middle part of the

polypeptide.

jH2I% In certain embodiments, the targeting group or targeting molecule is a T-cell
targeting agent, for example, an antibody, that binds o a T-cell antigen selected from the group
consisting of CD2, CD3, CD4, CDS, CD7, CD8, CD28, CD137, CD45, T-cell receptor
(TCRIP, TCR-a, TCR-a/b, TCR-g/d, PD1, CTLA4, TIM3, LAGS, CD18, HL.-2 receptor, TR 14,
TLRZ, TLR4, TLRS, IL-7 receptor, or IL-15 receptor. In certain embodiments, the T cell
antigen may be CD2, and the targeting group can be, for example, an anti-CD?2 antibody. In
certain embodiments, the T cell antigen may be CD3, and the targeting group can be, for
example, an auti-CD3 antibody. In certain embodiments, the T cell antigen may be CD4, and
the targeting group can be, for example, an anti-CD4 antibody. In certain embodiments, the T
cell antigen may be CD3, and the targeting group can be, for example, an anti-CDS antibody.
In certain embodiments, the T cell antigen may be CD7, and the targeting group can be, for
example, an anti-CDY7 antibody. In certain embodiments, the T cell antigen may be CDR, and
the targeting group can be, for example, an anti-CD8 antibody. In certain embodiments, the T
cell antigen may be TCR B, and the targeting group can be, for example, an anti-TCR §

antibody. In some embodiments, the antibody is a human or humanized antibody.

RN An exemplary CD2 binding agent can be an antibody selected from the group
consisting of 9.6 {https://academic.oup.com/intimmv/article/10/12/1863/744536), 9-1
{(hitps://academic.oup.com/intimm/article/10/12/1863/744536), TS2/18 1.1 (ATCC HB-19S5},
Lo-CD2Zb (ATCC PTA-802), Lo-CD2a/BT1-322 (US Patent 6849258B1), Sipilzumab/MEDI-
507 {US Patent 6849238B1/en), 351 (ATCC HB-222), OKT11 (ATCC CRL-8027), RPA-2.1
{(PCT Publication WQO2020023559A1), AF1856 (R&D Systems), MAB 18562 (R&D Systems),
MABIR561 (R&D Systems), MABIES6 (R&D Systems), PAB30359 (Abnova Corporation),
10299-1 (Abnova Corporation), and antigen binding fragments thereof. In certain

embodiments, the binding agent comprises a heavy chain variable domain (Vu) and a light
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chain variable domain (V1) of an antibody selected from the group consisting of AFI856 {R&D
Systems), MABIR562 (R&D Systems), MABISS61 (R&D Systems), MABIRSS (R&D
Systems), PAB30359 (Abnova Corporation), and 10299-1 {(Abnova Corporation). In certain
embodiments, the binding agent comprises the heavy chain CDRy, CDR;, and CDR3 and the
light chain CDR:, CDR2, and CDRs, determined under Kabat (see, Kabat et af, {1991)
Sequences of Proteins of Immunological Interest, NiH Publication No. 91-3242, Bethesda),
Chothia (see, e.g., Chothia C & Lesk A M, (1987, J. MOL. BIOL. 196: 901-917), MacCallum
(see, MacCallum R M er of, (1996} J. MOL. BIOL. 262; 732-745), or any other CDR
determination method known in the art, of the Vu and Vi sequences of an antibody selected
from the group consisting of AF1856 (R&Dd Systems), MABI8562 (R&D Systems),
MAB18561 (R&D Systems), MABI856 (R&D Systems), PAB30359 (Abnova Corporation},

and 10299-1 {Abnova Corporation).

A3 An exernplary CD2 binding agent cau also be selected from antibodies or antibody
fragments employing CDRs of clones 9.6, 9-1, TS2/18.1.1, Lo-CD2b, Lo-CD2a, BTI-322,
sipilzumab, 35.1, OKT11, RPA-2.1, SQB-3.21, LT2, TS1/8, UT329, 4F22, OX-34, UQ2/42,
MU3, U7.4, NFN-76, or MOM-181-4-F(E}).

232 An exemplary CD3 binding agent (CD3v/d/e, CD33y, CD36, CD3y/e, CD38/e, or
CD3e) can be an antibody selected from the group consisting of MEM-57 (CD3v/8/e, EnzoLife
Sciences), MAB100 (CD3e, R&D Systems), CD3-HS (CD3g, Abnova Corporation), C3-12
(CD3g, Cell Signaling Technology), LE-CD3 {CD3e, Santa Cruz Biotechneology, Inc.), NBP1-
31250 (CD3y, Novus Biologicals), 16669-1-AP (T34, Invitrogen) and antigen binding
fragments thereof. In certain embodiments, the binding agent comprises a Va domain and a Vo
domain of an antibody selected from the group consisting of MEM-S7 (C133y/8/g, Enzol.ife
Sciences), MAB100 {(CD3g, R&D Systems), CD3-HS {CD3e, Abnova Corporation), CD¥3-12
(CD3s, Cell Signaling Techuology), LE-CD3 (CD3g, Santa Cruz Biotechnology, Inc.), NBPI-
31250 (CD3y, Novus Bidlogicals), and 16669-1-AP (CD38, Invitrogen). In certain
embodiments, the binding agent comprises the heavy chain CDR:, CDRz, and CDRs and the
light chain CDR:, CDR2, and CDRs, determined under Kabat (see, Kabat ef of, (1991}
Sequences of Proteins of Immunological Interest, NIH Publication No. 91-3242, Bethesda),
Chothia (see, e.g., Chothia C & Lesk A M, (1987), J. MOL. BIOL. 196: 901-917), MacCallum
{see, MacCallum R M ef of, (1996) J. MOL. BIOL. 262: 732-745), or any other CDR

determination method known in the art, of the Vi and V1 sequences of an antibody selected
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from the group consisting of MEM-57 (CDP3v/0/¢, Enzol.ife Sciences), MAB100 (C1¥3g, R&D
Systems), CD3-HS (CD3e, Abnova Corporation), CD3-12 (CD3¢g, Cell Signaling Technology),
LE-CD3 (Ch3e, Santa Cruz Biotechnology, Inc.), NBP1-31250 (CD3y, Novas Biologicals),
and 16669-1-AP (CD38, Invitrogen).

[RERRY: An exemplary CD3 binding agent can also be selected from antibodies or antibody
fragments emploving CDRs of clones hap34, OKT-3, UCHTI, 38.1, HIT3a, RFTS, SK7, BC3,
8P34-2, HU291, TRX4, Catumaxomab, teplizumab, 3-106, 3-114, 3-148, 3-190, 3-271, 3-350,
4-10, 4-48, H2C, F12G, 12C, SP7, 3F3A1, CD3-12, 301, RIVY, JB38-29, JE17-74, GT0013,
482, TA4, 4D10AS, SPV-T3b, M2AB, IC(-90, 30A1 or Hu38E4 vl (US Patent Application
20200299409A1), REGN5458 (US Patent Application 20200024356A1), Blinatumomab

(hitps://so.drugbank com/drugs/DBOSO52/Mmolvpentide sequences.fasta). in some

embodiments, the conjugate comprises a Fab, wherein the Fab comprises (a} a heavy chain
fragment comprising the amivo acid sequence of SEQ 1D NG 1 and & light chain fragment

comprising the amino acid sequence of SHQ IDNG: 2 0r 3.

[RERE An exemplary CD4 binding agent can be an antibody selected from the group
consisting of Ibalizumab (hitps://'www. genome jp/dbget-bin/www _bget7D09575), AF1856
{(R&D Systems), MABSS4 (R&D Systems), BFO174 (Affinity Biosciences), PAB3111S
{Abnova Corporation), CAL4 (Abcam), and antigen binding fragments thereof In certain
embodiments, the binding agent comprises a Vu domain and a Vi domain of an antibody
selected from the group consisting of AF1856 (R&D Systems), MABSS4 (R&D Systems),
BF0174 (Affinity Biosciences), PAB31115 {Abnova Corporation), and CAL4 (Abcam)}. In
certain embodiments, the binding agent comprises the heavy chain CDR:, CDRz, and CDRs
and the light chain CDR:, CDDR2, and CDR;, determined under Kabat (see, Kabat e af, (1991)
Sequences of Proteins of Immunological Interest, NIH Publication No. 91-3242, Bethesda),
Chothia (see, e.g., Chothia C & Lesk A M, (1987), J. MOL. BIOL. 196: 901-917), MacCallum
{see, MacCallum R M ef o/, (1996} J. MOL. BIOL. 262 732-745), or any other CDR
determination method known in the art, of the Vu and Vi sequences of an antibody selected
from the group consisting of AF1856 (R&D Systems), MAB554 (R&D Systems), BF0174
(Affinity Biosciences), PAB31115 (Abnova Corporation), and CAL4 {Abcam).

FHERRRY: An exemplary CD4 binding agent can also be selected from antibodies or antibody
fragments employing CDRs of clones Ibalizumab, OK'T4, RPA-T4, 83.5, SK3, N1UGO, RIV6,
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OTIHBEZ, MEM-241, B486A1, RFT-4g, 7TE14, MDX 2, MEM-115, MEM-16, ICO-86, Edu-

2, or ilbalizumab.

{2364 An exemplary CDS5 binding agent can be an antibody selected from the group
cousisting of He3, MAB1636 (R&D Systems), AF1636 (R&D Systems), MABI15 (R&D
Systems), €5/473 + CDS5/54/F6 (Abcam), CD5/54/F6 (Abcam), 65152 (Proteintech), and
antigen binding fragments thereof In some embodiments, the binding agent comprises a Vi
domain and a Vi of an antibody selected from the group consisting of MAB1636 (R&D
Systems), AF1636 (R&D Systems), MAB115 (R&D Systems), C5/473 + CD5/54/F6 (Abcam},
CD5/54/F6 (Abcamy), and 65152 (Proteintech). In certain embodiments, the binding agent
comprises the heavy chain CDR., CDRz, and CDRs and the light chain CDRy, CDRy, and
CDRs, determined under Kabat (see, Kabat e¢f «of, (1991} Sequences of Proteins of
Immunological Interest, NIH Publication No. 91-3242, Bethesda), Chothia (see, e.g., Chothia
C & Lesk A M, (1987, J. MOL. BIOL. 196: 901-917), MacCallum (see, MacCallum R M e/
al., (1996} 1. MOL. BIOL. 262: 732-7435), or any other CDR determination method known in
the art, of the Vi and Vi sequences of an aniibody selected from the group consisting of
MAB1636 (R&D Systems), AF1636 (R&D Systems), MAB115 (R&D Systems), C5/473 +
CD5/54/F6 (Abcam), CD5/54/F6 (Abcam), and 65152 (Proteintech).

L An exemplary CDS binding agent can also be selected from antibodies or antibody
fragments employing CIRs of clones of zolimomab, 3D7, L17F12, and UCHT2, 108, 3121,
4H10, 8123, 504, 4H2, 5G2, 8G8, 6M4, 2E3, 4E24, 4F10, 719, 7P0, 8E24, 6L18, 7TH7, 1E7,
&I21, 7HIL, 8MO, 1P21, ZHIL, 3M22, 5M6, SHR, 7119, 1A2, BE1S, 8C10, 3P16, 43, SM24,
5024, 7B16, 1E8, 2H16, BLal, 1804, DK23, Crisl, MEM-32, H65, 4C7, OX-19, Leu-1, 53-
7.3, 4HBEG, T101, EP2952, -9, H-3, HK 231, N-20, Y2/178, H-300, CD5/34/F6, 3-20, CC17,
MOM-18539-8(P), or MOM-18885-8(P).

[REEALY: An exemplary CD7 binding agent can be an antibody selected from the group
consisting of MAR7S79 (R&D Systems), AF7579 (R&D Systems), EPR22065 (Abcam),
1G16D8 (Protetntech), NBP2-32097 (Novus Biclogicals), NBP2-38440 (Novus Biologicals},
and antigen binding fragments thereof. In certain embodiments, the binding agent comprises a
Vi domain and a VL of an antibody selected from the group consisting of MAB7579 (R&D
Systems), AF7579 (R&D Systems), EPR22065 {Abcam), 1G10D8 (Proteintech), NBP2-32097
{Novus Biologicals), and NBP2-38440 (Novus Biclogicals). In certain embodiments, the

binding agent comprises the heavy chain CDRy, CDRz, and CDRs and the light chain CDRy,
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CDR2, and CDRs, determined under Kabat {(see, Kabat e7 o/, (1991) Sequences of Proteins of
Immunological Interest, NIH Publication No. 91-3242, Bethesda), Chothia (see, e.g., Chothia
C & Lesk A M, (1987}, J. MOL. BIOL. 196; 901-917), MacCallum (see, MacCalium R M e/
af., (1996) 1. MOL. BIOL. 262: 732-745}, or any other CDR determination method known in
the art, of the Vi and Vi sequences of an antibody selected from the group consisting of
MAB7579 (R&D Systems), AF7579 (R&D Systems), EPRZ2065 {(Abcam), 1GI0DS
{Proteintech), NBP2-32097 {(Novus Biologicals), and NBP2-38440 (Novus Biologicals).

335 An exemplary CD7 binding agent can also be selected from antibodies or antibody
fragments emploving CDRs of clones TH-69, 3Af11, T3-3A1, 124-1D1, 3A1L, CD7-6B7, or
VHHG.

JH24E An exemplary CD8 (CD8a, CD8w/u, CD8a/p or CD8P) binding agent can be an
antibody selected from the group consisting of 2.43 {(lavitrogen), Du CD8-1 (CDE&q,
Invitrogen), 9358-CD (CDSo/B, R&D Systems), MAB116 (CD8a, R&D Systems), ab4055
(CD8a, Abcam), C8/144B (CDB8a, Novus Biologicals), YTS105.18 (CD8u, Novus
Biologicals), TRX2 (hitps://patents justia.com/patent/20170198045), and antigen binding
fragments thereof. In certain embodiments, the binding agent comprises a Vu domain and a VL
domain of an antibody selected from the group consisting of 2.43 (Invitrogen)}, 51.1 (ATCC
HB-2303, Du CDS-1 {CD8q, Invitrogen), 9358-CD (CDSw/B, R&D Systems), MAB116
(CD8%a, R&D Systems), ab405S (C8a, Abcam}, £8/144B {CI8g, MNovus Biologicalsy, and
YTS8105 18 {CD8a, Novus Biologicals). In certain embodiments, the binding agent comprises
the heavy chain CDRy, CDRz, and CI3Rs and the light chain CDRy, CDRz, and CDRj,
determined under Kabat (see, Kabat ¢7 o/, {1991} Sequences of Proteins of Immunoclogical
Interest, NIH Publication No. 91-3242, Bethesda), Chothia (see, e.g., Chothia C & Lesk A M,
(1987}, J. MOL. BIOL. 196: 901-917), MacCallum (see, MacCallum R M ef af., (1996} J. MOL.
BIOL. 262: 732-745), or any other CDR determination method known in the art, of the Vu and
Y1 sequences of an antibody selected from the group consisting of 2.43 (Invitrogen), Du CDS-
1 {CD8g, Invitrogen), 9358-CD (CD8o/B, R&D Systems), MAB116 (CD8«, R&D Systems),
ab4055 (CD8%a, Abcam}, C8/144B {CDgg, Novus Biologicals), and YTS105.18 (CD8g, Novus

Biologicals).

je24E An exemplary CDR8 binding agent can also be selected from antibodies or antibody
fragments employing CDRs of clonss OKT-8, 51.1, S6F1, TRX2, and UCHT4, SP16, 3B5,

(8-144B, HIT8a, RAVB3, LTS8, 17D8, MEM-31, MEM-87, RIV11, DK-25, YTC141 1HL, or
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YTC182.20. In some embodiments, the conjugate comprises a Fab, wherein the Fab comprises
a heavy chain fragrment comprising the amino acid sequence of SEQ 1D NQO: 6 and a light chain

fragment comprising the amino acid sequence of SEQ D NG: 7.

D243 An exemplary CD137 binding agent can be selected from antibodies or antibody
fragments emploving CDRs of clones 4B4-1, P56¢, or Urelumab. An exemplary CD28 binding
agent can be selected from antibodies or antibody fragments employing CDRs of clone TABOS.
An exemplary CI4S binding agent can be selected from antibodies or antibody fragments
employing CDRs of clones BCS, 9.4, 4BZ, Tull6, or GAPB.3. An exemplary CD18 binding
agent can be selected from antibodies or antibody fragments employing CDRs of clones 1B4,
TS1/18, MEM-48, YFC118-3, TA-4, MEM-148, or R3-3, 24. An exemplary CD11a binding
agent can be selected from antibodies or antibody fragments employing CDRs of clone
MHM?24 or Efalizumab. An exemplary IL-2 receptor binding agent can be selected from of
antibodies or antibody fragments employing CDRs of clones YTH 906.9HL, IL2R. 1, BCS6,
B-B10, 216, MEM-181, ITYV, MEM-140, ICO-105, Daclizumab, or from the group consisting
of IL2 or fragmeunts of IL2. An exemplary IL-1SR binding agent can be selected from
antibodies or antibody fragments employing CDRs of clones JIM7A4, or OTI3DS, or from the
group consisting of IL15 or fragments of IL15. An exemplary TLRZ binding agent can be
selected from antibodies or aniibody fragments employing CDRs of clones JM22-41, TL2.1,
11G7, or TLR2.45. An exemplary TLR4 binding agent can be selected from antibodies or
antibody fragments employing CDRs of clones HTA125, or 76B357-1. An exemplary TLRS
binding agent can be selected from antibodies or antibody fragments employing CDRs of
clones BSB152-5, or 9D759-2. An exemplary GL7 binding agent can be selected from

antibodies or antibody fragments employing CDRs of clone GL7.

243 An exemplary PD1 binding agent can be selected from antibodies or antibody
fragments employing CDRs of clones MIH4, J116, 1150, OTIB11, OTHTBIC, OTI3AL, or
OTH6D4. In addition, exemplary anti-PD-1 antibodies are described, for example, in U.S.
Patent Nos. 8,952,136, 8,779,105, 8,008,440, 8 741,295, 9205148, 9,181,342, 9,102,728,
9,102,727, 8,952,136, 8,927,697, 8 900,587 8,735,553, and 7,488 802. Exemplary anti-PD-1
antibodies include, for example, nivolumab {(Opdivo®, Bristol-Myers Squibb Co.),
pembrolizumab  (Keytruda®, Merck Sharp & Dohme Corp), PDRO01  (Novariis
Pharmaceuticals), and pidilizumab (CT-011, Cure Tech). Exemplary anti-PD-L1 antibodies are

described, for example, in U8, Patent Nos. 9,273,135, 7,943,743, 9,175,082, 8,741,295,
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8,552,154, and 8,217,149, Exemplary anti-PD-L1 antibodies include, for example,
atezolizomab {Tecentriq®, Genentech), durvalumab (AstraZeneca), MEDI47306, avelumab,

and BMS 936559 (Bristol Myers Squibb Co.).

[HREEY An exeroplary CTLA-4 binding agent can be selected from antibodies or antibody
fragments employing CDRs of clones ER4.7G.11 [7G11], OTI9G4, OTIOF3, OTI3AS,
A3 AH2 HI2, 14D3, OTI3ALZ, OTITALL, OTIES, OTI3B, OTBD2, OTIIOCE, OTIZES,
OTI6F1, OTI7D3, OTI8SB, OTH2C6. Exemplary anti-CTLA-4 antibodies are described in
U.8. Patent Nos. 6,984,720, 6,682,736, 7,311,910, 7,307,064, 7,109,003, 7,132,281, 6,207,156,
7,807,797, 7,824,679, 8,143,379, 8,263,073, 8,318,916, 8,017,114, 8,784,815, and 8,883,984,
International (PCT) Publication Nos. WQO98/42752, WO00/37504, and W(O01/14424, and
Furopean Patent No. EP 1212422 B1. Exemplary CTLA-4 antibodies include ipilimumab or

tremelimumab.

{245 An exemplary TCR P binding agent can be an antibody selected from the group
consisting of H57-597 (Invitrogen}, 8BA3 (Novus Biologicals), R73 (TCRo/ 3, Abcam), E6Z3S
(TRBCU/TCR, Cell Signaling Technology), and antigen binding fragments thereof. In certain
embodiments, the binding agent comprises a Vi domain and a Vi of an antibody selected from
the group consisting of H37-397 (Invitrogen), BA3 (Novus Biologicals), R73 (TCRe/ B,
Abcarn), and E6Z3S (TRBCI/TCRE, Cell Signaling Technology). In certain embodiments, the
binding agent comprises the heavy chain CDRy, CDR2, and CDRs and the light chain CDRy,
CDRy, and CDR;, determined under Kabat (see, Kabat ef ¢/, (1991) Sequences of Proteins of
Immunological Interest, NIH Publication No. 91-3242, Bethesda}, Chothia (see, e.g., Chothia
C & Lesk A M, (19873, J. MOL. BIOL. 196: 901-917), MacCallum (see, MacCallum R M ef
af, (1996) 1. MOL. BIOL. 262: 732-745), or any other CDR determination method known in
the art, of the Va and V1. sequences of an antibody selected from the group consisting of H57-
597 (Invitrogen), 8A3 (Novus Biologicals), R73 (TCRe«/ B, Abcam), and E6Z38
{TRBCUTCRE, Cell Signaling Technology).

{246} An exemplary CD137 binding agent can be selected from antibodies or antibody

fragments employing CDRs of clones 4B4-1, PSo6, or Urelumab.

247 In some embodiments, the immune cell targeting group comprises an antibody
selected from the group consisting of a Fab, F{ab")2, Fab’-SH, Fv, and scFv fragment. In some
embodiments, the antibody is a human or humanized antibody. In some embodiments, the

71



WO 2025/128902 PCT/US2024/059895

fmmune cell targeting group comprises a Fab or an immunoglobulin single variable domain,
such as a VHH. In some embodiments, the immune cell targeting group comprises a Fab that
does not comprise a natural interchain disulfide bond. For exarple, in some embodiments, the
Fab comprises a heavy chain fragment that comprises a C2338 substitution, and/or a light chain
fragment that comprises a C2145 substitution, vumbering according to Kabat. ln some
embodiments, the immune cell targeting group comprises a Fab that comprises one or more
non-native interchain disuifide bonds. In some embodiments, the interchain disulfide bonds are
between two non-native cysteine residues on the light chain fragment and heavy chain
fragment, respectively. For example, in some embodiments, the Fab comprises a heavy chain
fragment that comprises F174C substitution, and/or a light chain fragment that comprises
S176C substitution, numbering according to Kabat. In some embodiments, the Fab comprises
a heavy chain fragment that comprises F174C and C2338 substitutions, and/or a light chain
fragment that comprises S176C and C2148S substitutions, numbering according to Kabat. In
somwe embodiments, the immune cell targeting group comprises a C-terminal cysteine residue.
in some embodiments, the immune cell targeting group comprises a Fab that comprises a
cysteine at the C-terminus of the heavy or light chain fragment. In some embodiments, the Fab
further comprises one or more amino acids between the heavy chain of the Fab and the C-
terminal cysteine. For example, in some embodiments, the Fab comprises two or more amino
actds derived from an antibody hinge region (e.g., 3 partial hinge sequence) between the C-
terminus of the Fab and the C-terminal cysteine. In some embodiments, the Fab comprises a
heavy chain variable domain linked to an antibody CH1 domain and a light chain variable
domain linked to an antibody light chain constant domain, wherein the CHI domain and the
Hght chain constant domain are linked by one or more interchain disulfide bonds, and wherein
the immune cell targeting group further comprises a single chain variable fragment (scFv)
finked to the C-terminus of the light chain constant domain by an amino acid linker. In some
embodiments, the Fab antibody is a DS Fab, a NoDS Fab, a bDS Fab, a bDS Fab-ScFv, as

demonstrated in FIG 47,

P24} In some embodiments, the immune cell fargeting group comprises an
immunoglobulin single variable domain, such as a Van. In some embodiments, the Van
comprises a cysteine at the C-terminus. In some embodiments, the Vuu further comprises a
spacer comprising one or more aminge acids between the Vun domain and the C-terminal
cysteine. In some embodiments, the spacer comprises one or more glycine residues, e.g., two

glycine residues. In some embodiments, the immune cell targeting group comprises two or
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more Yau domains. In some embodiments, the two or more Vuu domains are linked by an
amino acid linker. In some embodiments, the amino acid linker comprises one or more giycine
and/or serine residues {e.g., ome or more repeats of the sequence GGGGR) In some
embodiments, the immune cell targeting group comprises a first Vuu domain linked to an
antibody CHI domain and a second Vin domain linked to an antibody light chain constant
domain, and wherein the antibody CH1 domain and the antibody light chain constant domain
are linked by one or more disulfide bonds {e.g., interchain disuifide bonds). In some
embodiments, the immune cel targeting group comprises a Vuu domain Hinked to an antibody
CH1 domain, and wherein the antibody CH1 domain is linked to an antibody light chain
constant domain by ong or more disulfide bonds. In some embodiments, the CHI domain
comprises F174C and C2338 substitutions, and the light chain constant domain comprises
S176C and C2148 qubstitutions, numbering according to Kabat. In some embodiments, the
antibody is a ScFv, a Vin, 2 2xViy, 8 Var-CHVempty Vk, or a Vuul-CH1/Van-2-Nb bDS, as

demonstrated in FIG. 31,
248 An exemplary targeting moiety may bave an amino sequence as set forth below:

Anti-CD3 hSP34-Fab sequences:

h$P34 heavy chain (HC) sequence (SEQ 1D NO: 1)
EVQLVESGGGLYVQPGGSLKLSCAASGEFTENKYAMNWVROAPGKGLEWYARIRSKY
NNYATYYADSVEDRFTISRDDSKNTAYLOMNNLKTEDTAVYYCVRHGNFGNSYISY
WAYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVEWN
SGALTSGVHTFPAVLQSSOLY SLSSVVTVPSSSLOGTOTYICNYVNHKPSNTKVDKKVEP
KSSDKTHTC

hSP34-miam hight chain (ILC) sequence {mouse lambda) (SEQ 1D NO: 2):
QTVVTQEPSLTVSPGGTVTLTCGSSTGAVTSGNYPNWVQOKPGOAPRGLIGGTKFLA
PGTPARFSGSLLGOKAALTLSGVOPEDEAEYYCVLWYSNRWVFGGGTKLTVLGQOPK
SSPSVTLFPPSSEELETNKATLVCTITDFYPGVVTVDWERVDGTPVTQGMETTQPSKQS
NNKYMASSYLTLTARAWERHSSYSCOVTHEGHTVEKSLSRADSS

SP34-hlam LC (human lambda) (SEQ 1D NO: 3):
QTVVTQEPSLTVSPGGTVTLTCGSSTGAVTSGNYPNWVQOKPGOQAPRGLIGGTKFLA
PGTPARFSGSLLGGKAALTLSGVOPEDEAEYYCVLWYSNRWVFGGGTKLTVLSQPK
AAPSVTLFPPSSEELQANKATLVCLVSDFYPGAVIVAWKADGSPVEVGVETTKPSK
QSNNKYAASSYLSLTPEQWKSHRSYSCRVTHEGSTVEKTVAPAESS

Anti-CD3 Hu29%1-Fab sequences:

Hu291 HC (SEQ 1D NO: 4y
QVQLVOSGAEVEKKPGASVKVSCKASGYTFISYTMHWVYRQAPGOGLEWMGYINPRS
GYTHYNOGKLKDKATLTADKSASTAYMELSSLRSEDTAVYYCARSAYYDYDGFAYW
GOGTLVTYSSASTKGPSVEPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALT
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SGVHTFPAVLOSSGLYSLSSVVTVRSESLGTOTYICNVNHKPSNTRKVDKKVEPKSSDK
THTC

Ho 201 LC (SEQ ID NG: 5)
MDMRVPAQLLGLLLLWLPGAKCDIOMTQSPSSLSASYVGDRVTITCSASSSVSYMNW
YOOKPGKAPKRLIYDTSKLASGVYPSRESGSGSGTDFTLTISSLOPEDFATYYCQQWSS
NPPTFGGGTKVEIKRTVAAPSVEIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKY
DNALGSGNSQESYVTEQDSKDSTYSLSSTLTESKADYEKHKVYACEVTHQGLSSPVTK
SFNRGES

Apti-CD8 TRX2-Fab sequences:

TRX2 HC (SEG ID NO: 6}
QVOLVESGGGVVOPGRSLRLSCAASGFTFSDFGMNWVROAPGKGLEWVALIYYDG
SNKFYADSVKGRETISRDNSKNTLYLOMNSLRAEDTAVYYCAKPRYDGYYHEFDS
WGOGTLVTVSSASTRGPSVIPLAPSSESTSGGTAALGCLVEDYFPEPVTVSWNSGAL
TSGVHTFPAVLQSSGLYSLESVVTVPSSSLGTOQTYICNVNHKPSNTKVDKKVEPKSSD
KTHTC

TRX2Z LC (SEQ ID NO: 7x:
DIOMTQSPSSLSASVODRVTITCKGSQDINNYLAWYQOQKPGKAPKLLIVNTBHEHTG
VPSRESGSGSGTDFTFTISSLOPEDIATYYCYQYNNGYTFGOGTKVEIKRTVAAPSVEL
FPPSDEQLKSGTASVVCLLNNFYPREAKVOWEKVDNALQSGNSQESVTEQDSKDSTY
SLESTLTLSKADYEKHKVYACEVTHOQGLSSPVTRSFNRGES

Anti-CD8 OKTE-Fab sequences:

OKT8 HC (SEQ ID NO: &)

OVOLVOSGAEDKKPGASVEVSCKASGEFNIKDTYIHW VROAPGOGLEWMGRIDPAN
DNTLYASKFQGRVTITADTSSNTAYMELSSLRSEDTAVYYCGRGYGY YVRFDHWG()
GTTVTVSSASTKGPSVFPLAPSSKSTSGOGTAALGCLVKDYFPEPVTVEWNSGALTSG
VHTFPAVLOSSGLYSLESVVTIVPSSSLGTOTYICNVNHKPSNTKVDRKVEPKSSDKTH
TC

OKT8 LC (SEQ ID NG: 9y
DIVMTOSPSSLSASVGDRVTITCRTSRSISQYLAWYQEKPGRKAPKLLIYSGSTLOSGVP
SRESGSGSGTDFTLTISSLGPEDFATY YCOQHNENPLTFGQGTKVEIKRTVAAPSVFIF
PPSDEQLKSGTASVVULLNNFYPREAKVOWEKVDNALQSGNSQESVTEQDBSKDSTYS
LESTLTLSKADYEKHKVYACEVTHOGLSSPVTRSFNRGES

Anti-{CD4 Ibalizumab-Fab sequences:

Ihalizumab HC (SEQ 1D NO: 10):
QVQLOOSGPEVVKPGASVEMSCKASGY THFTSY VIHWVROKPGOGLDWIGYINPYND
GIDYDEKFKGRKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWEFAY
WOEQGTLVTVSSASTEGPSVEPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGAL
TSGVHTFPAVLQSSGLYSLESVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSSD
KTHTC

thalizomab LOC (SEQ D NG 11):
DIVMTOSPDSLAVSLGERVTMNCKSSQSLLYSTNOQENYLAWYQOKPGOSPKLLIYW
ASTRESGVPDRESGSGSGTDFTLTISSVOAEDVAVYYCQOQYYSYRTFGGGTKLEIKRT
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YVAAPSVEIFPPSDEGQGLKSGTASVVCLLNNFYPREAKVOWRYDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOQGLSSPVTKSFNRGES

anti~CD5 He3-Fab sequences:

He3 HC (SEQ ID NG: 12):
EIGLVQSGGGLYEPGOSVRISCAASGYTFINYOMNWVROQAPGKGLEWMGOWINTHT
GEPTYADSFKGRFTFSLDDSKNTAYLOINSLRAEDTAVYFCTRRGYDWYFDVWGQG
TTVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVH
TFPAVLOSSGLYSLSSVVYTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSSDKTHTC

He3 LC (SEQ 1D NO: 13):
DIGMTOSPSSLSASVGDRVTITCRASQDINSYLSWHRGQOQKPGKAPKTLIYRANRLESGVP
SRESGSGSGTDYTLTISSLOYEDFGIYYCQOQYDESPWTFGGGTKLEIKRTVAAPSVEIFP
PSDEGLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHOGLSSPYVTKSFNRGES

anti-CD7 TH-69-Fab sequences:

TH-69 HC (8EQ ID NO: 14
EVOLVESGGGLVKPGGSLKLSCAASGLTFSSYAMSWVYRGTPEKRLEW VASISSGGET
YYPDESVEKGRFTISRBNARNILYLOMSSLRSEDTAMY YCARDEVRGYLDVWGAGTTY
TVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEP
AVLGSSGLY SLSSVVTVPSSSLGTOTYICNYNBKPSNTRKVDKKVEPKSCDKTHTC

TH-69 LC (SEQ ID NO: 15):

DIOMTQTTSSLSASLGDRVTISCSASQGISNYLNW YQOKPDGTVKLLIY Y TSSLHSGVP
SRFSGSGSGTDYSLTISNLEPEDIATY YCOQYSKLPYTFGGGTKLEIKRTVAAPSVFIFP

PSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHOQGLSSPVTKSFNRGEC

anti-CD2 T82/18.1-Fab sequences:

T82/18.1 HC (SEQ ID NO: 16}
EVOLVESGGGLVMPGGSLELSCAASGFAFSSYDMSWVYROQTPEKRLEWVAYISGGGE
TYYPDTVKGRFTLSRDNAKNTLYLOMSSLKSEDTAMYYCARQGANWELVYWGQGT
LVTVSAASTEKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT
FPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSSDKTHTC

TS2/18. 1 LC (SEQ D NG 17y
DIVMTQSPATLSVTPGDRVELSCRASQSISDFLHWYQOQKSHESPRLLIK YASQSISGIPS
RESGSGIGSDEFTLSINSVEPEDYGVYFCONGHNFPPTFGGOTRLEIKRTVAAPSVEIFPP
SDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSS
TLTLSKARDYEKHKVYACEVTHOGLSSPYTKSFNRGES

anti-CD2 9.6-Fab sequences:
9.6 HC (SEQ 1D NO: 18):

QVOLOQPGAELVRPGSSVKLSCKASGYTFTRYWIHW VKQRPIQGLEWIGNIDPSDSE
THYNQKFKDKATLTVDKSSGTAYMOLSSLTSEDSAVYYCATEDLYYAMEYWGQGT
SVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPYVTVSWNSGALTSGVHT
FPAVLGQSSGLYSLSSVVTVPSSSLGTQTYICNVNHEPSNTK VDKK VEPKSSDKTHTC
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9.6 LC (SEQ ID NO: 19):
NIMMTOSPSSLAVSAGEKVIMTCKSSQSVLYSSNOKNYLAWYQOKPGOSPKLLIYW
ASTRESGVPDRFTGSGSGTDFTLTISSVQPERLAVY YCHQYLSSHTFGGGTKLEIKRTV
AAPSVFIFPPSDEQLKSGTASVVCLENNFYPREAKVOWEVDNALQSGNSQESVTEQD
SKDSTYSLSSTLTLSKADYEKHKVYACEVTHOGLSSPYTKSFNRGES

anti-Ch2 9-1-Fab sequences:

9-1 HC (SEQ 1D NO: 20):
QVOLOOPGTELVRPGSSVKLSCKASGYTFTSYWVNWVKQGRPDOGLEWIGRIDPYDS
ETHYNQKFTDKAISTIDTSSNTAYMOLSTLTSDASAVYYCSRSPRDSSTNLADWG(OG
TLVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVH
TFPAVLOQSSGLYSLSSVVTVPRSSSLGTOTYICNYNHKPENTKVDKKVEPKSSDKTHTC

9-1 LC (SEQ ID NO: 21):
DIVMTQSPATLSVIPGDRVSLSCRASQSISDYLHWYQOK SHESPRLLIK Y ASQSISGIPS
RFSGSGSGSDFTLSINSVEPEDVGYY YCQNGHSFPLTFGAGTKLELRRTVAAPSVEIFP

PSDEQLKSGTASVVCLLNNFYPREAK VOWK VDNALOSGNSQESVTEQDSKDSTYSLS
STLTLSKADYEKHK VYACEVTHQGLSSPVTKSFNRGES

mutOKT8-Fab sequences:

mutOKT8 HC (SEQ ID NG: 22):

OVOLVGSGAEDKKPGASVEVSCKASGINIKDTYIHW VROAPGOGLEWMGRIDPAND
NTLYASKFQGRVTITADTSSNTAYMELSSLRSEDTAVYYCGRGAGAYVFDHWGOGT

TVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT

FPAVLOQSSGLYSLSSVVTVPSSSLGTOTYICNVNHEPSNTKVDKK VEPKSSDKTHTC

mutOK T8 LC (SEQ ID NO: 23):
DIVMTOSPSSLSASVGDRVTITCRTSRSISAALAWYOQEKPGKAPKLLIYSGSTLOSGVP
SRFSGSGSGTDFTLTISSLOPEDFATY YCQQHNENPLTFGQGTKVEIKRTVAAPSVFIFP
PSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGES.

Anti-CD56 A1 ¥ab sequence

Al bDS HC (SEQ ID NO: 26):
QVQLGOSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSNWIRQSPSGLEWL
GRTYYRSKWYNDYAVSVKSRITINPDTISKNQFSLOENSVTPEDTAVYYCARENIAA
WTWAFDIWGQGTMVTVSSASTKGESVFPLAPSSKSTSGGTAALGCLVKDYFPEPVT
YSWNSGALTSGVHTCPAVLOSSGLYSLESSVVTVESSSLGTQTYICNYNHKPSNTKVD
KKVEPKSSDKTHTCGGHHHHHE

A1 bDS LC (SEQ ID NG: 27):
EIVMTOQSPGTLSLSPGERATLSCRASQOSYSSSYLAWYQOKPGLAPRLLIVETSLRATDI
PDRESGSGSGTAFTLTISRLEPEDFAVYYCQQYGSSPTFGOGTKVEIKRTVAAPSVEIF
PPSDEQLKSGTASYVCLLNNFYPREAKVOWRKVDNALQSGNSQESVTEQDSKDSTYS
LCSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSEFNRGES

Anti-CDS6 A2 Fab seguence
A2 bDS HC (SEQ ID NO: 28):
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EVQLVOQSGAEVEKKPGISVKVSCRKASGGTFTGY YMHEWVROAPGOQGLEWMGWINPN

SGGINYAQKFQGRVTIMTIRDTSISTAYMELSRLRSDDTAVYYCARDLSSGYSGYFDY
WGOQGTLVTVSSASTKGPSVIPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGAL
TSGVHTCPAVLOSSGLY SLSSVVTVPSSSLOGTOTYICNYNHEKPSNTKVDKEVEPKSSD
KTHTCGGHHHHHHE

A2 bDS LC (SEQ ID NO: 29):
DVVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLNWYLQKPGQSPOLLIYLGSN
RASGVPDRFSGSGSGTDFTLKISRVEGEDVGDY YCMGQALQSPFTFGQGTKLEIKRTY
AAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEGD
SKDSTYSLCSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGES

Anti-CDS36 A3 Fab seguence

A3 bDS HC (SEQ 1D NO: 30}
EVOLVQOSGAEVKEPGSSVEVSCKASGGTFTGYYMHWVRQAPGQGLEWMGWINPN
SGOETNYAQKFQGRVTMTRDTSISTAYMELSRLRSDDTAVYYCARDLSSGYSGYFDY
WEOGTLYTVSSASTKGPSVEPLAPSSKSTSGGTAALGULVKDYRPEPVTVSWNSGAL
TSGVHTCPAVLOSSGLYSLESVVTVPSSSLGTOTYICONVNHKPSNTKVDEKVEPKSSD
KTHTCGGHHHHHH

A3 D8 LC (SEQ ID NO: 31):
DVVMTOSPLSLPVTPGEPASISCRSSOSLLHSNGYNFLDWYLOKPGQSPOLLIYLGSN
RASGVPDRFSGSGSGTDFTLKISRVEADDVGVYYCMOSLOTPWTFGHGTK VEIKRTV
AAPSVFIFPPADEGLKSGTASVVCLLNNFYPREAKVOWK VDNALGQSGNSQESVTEQD
SKDSTYSLOSTLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGES

Anti-CDS6 Lorvotuzumab Fab sequence

Lorvotuzumab DS HC (SEQ ID NO: 32):

QVQLVESGGG VVOQPGRSLRL SCAASGFTFS SFGMHWVRA
PGKGLEWVAYISSGSFTIVY ADSVKGRFTI SRDNSKNTLY LOMNSLRAED
TAVYYCARMR KGYAMDYWGQ
GTLVTVSSASTRKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSG
VHTCPAVLOSSGLYSLSSVVTVPSSSLGTOQTYICNVNHKPSNTKVDKKVEPKSSDKT
HTCHHHHHEH

Lorvotuzumab bDS LC (SEQ ID NO: 33y
DVVMTOSPLSLPVTLGQPASISCRSSQUIHSDONTYLEWFQQRPGQSPRRLIVKVSNR
FSGVPDRFESGSGSGTDFTLEKISRVEAEDVGVYYCFQGSHVPHTFGQGTRKVEIKRTVA
APSVFIFPPSDEGLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDS
KDSTYSLCSTLTLSKADYEKHEVYACEVTHOGLSSPVTKSEFNRGES

Anti-CD2 RPA-2.16v1 Fab sequence

RPA-Z.10v1 bDS HC (SEQ ID NG: 34
EVKLVESGGGLVKPGGSLKLSCAASGFTFSSYDMSWVRQTPEKRLEWVASISGGGFL
YYLDSVRKGRFTISRDNARNILYLHMTSLRSEDTAMYYCARSSYGEIMDYWGQOGTRV
TYVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTSGVHTCP
AVLQSSGLYSLSSVVTVPSSSLOTOTYICNVNHEPSNTKVDKEKVEPKSSDRTHTCHH
HHHH

RPA-2.10v1 bDS LC (SEQ ID NO: 35):
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DILLTOSPAILSVSPGERVSFSCRASQRIGTSIHWYQORTTGSPRLLIKYASESISGIPSR
FSGSGSGTDFTLSINSVESEDVADYYCQOSHGWPFTFGGGTKLEIERTVAAPSVEIFPP
SDEQLKSGTASVVCLLINNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLC
STLTLSKADYEKHKVYACEVTHQOGLSSPVTKSFNRGES

Anti-{CD137 484-1 Fab sequence

4B4-1 b3S HC (SEQ ID NG: 36}
QVQLGOPGAELVKPGASVKLSCKASGYTFSSYWMHWVKQRPGOVLEWIGEINPGN
GHTNYNEKFKSKATLTVDKSSSTAYMQLSSLTSEDSAVYYCARSFTTARGFAYWGH
GTLVTVSASTKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGY
HTCPAVLGSSGLYSLSSVVTVPSSSLGTQTYICNYNHKPSNTKVDKKVEPKSSDKTHT
CHHHHHH

4B4-1 bDS LC (SEQ ID NO: 37):
DIVMTQSPATQSVTPGDRVSLSCRASQTISDYLHW YQOKSHESPRLLIK YASQSISGIP
SRFSGSGSGSDFTLSINSVEPEDVGVYYCQDGHSFPPTFGGGTKLEIKRTVAAPSVEIF
PPSDEQLKSGTASYVCLLNNFYPREAK VOWK VDNALOSGNSQESVTEQDSKDSTYS
LCSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGES

hSP34-hlam NoDS HC (SEQ ID NO: 38):
EVOQLVESGGGLVQPGGSLKLSCAASGFTFNKYAMNWVROAPGKGLEWVARIRSKY
NNYATYYADSVKDRFTISRDDSKNTAYLOMNNLEKTEDTAVYYCVRHGNFGNSYISY
WAYWGOQGTLVTIVSSASTKGPSVEPLAPSSKSTSGGTAAL GCLVKDYFPEPVTIVSWN
SGALTSGVHTFPAVLOSSGLY SLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEP
KSSDRETHTC

h8P34-hiam NoDS LC (SEQ 1D NO: 39):
QTVVTQEPSLTVSPGGTVTLTCGSSTGAVTSGNYPNWVQQKPGQAPRGLIGGTKFLA
PGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCVLWYSNRWVFGGGTKLTVLSQPK
AAPSVTLFPPSSEELQANKATLVCLVIDFYPOAVIVAWKADGSPYKVGVETTKPSK
QSNNKYAASSYLSLTPEQWKSHRSYSCRVTHEGSTVEKTVAPAESS

hSP34-hlam DS HC (SEQ ID NO: 40y
EVOLVESGGGLVQPGGSLKLSCAASGFTFNKYAMNWVRQAPGKGLEWVARIRSKY
NNYATYYADSVKDRETISRDDSKNTAYLOMNNLKTEDTAVYYCVRHGNFGNSYISY
WAYWGOQGTLVTVSSASTKGPSVIPLAPSSKSTSGGTAALGCLVEKDYFPEPVTVSWN
SGALTSGVHTFPAVLGQSSGLYSLSSYVVTVPSSSLGTQTYICNYNHKPSNTKVDKKVEP
KSCDKTHTC

hSP34-hlam DS LC (SEQ ID NO: 41):
OTVVTQEPSLTVSPGGTVILTCGSSTGAVISGNYPNWVOOK PGOAPRGLIGGTKFLA
PGTPARFSGSLLGGKAALTLSGVOPEDEAEYYCVLWYSNRW VEGGGTKLTVLSOPK
AAPSVTLFPPSSEELQANKATLVCLVSDFYPGAVTVAWKADGSPVKVGVETTKPSK
OSNNKYAASSYLSLTPEQWKSHRSYSCRVTHEGSTVEK TVAPARCS

Anti-CD2 T82/18.1 DS Fab

TS2/18.1 DS HC (SEQ 1D NG: 42):
EVQLVESGGGLVMPGGSLEKLSCAASGFAFSSYDMSWVROQTPEKRLEWVAYISGGGE
TYYPDTVEKGRFTLSRDNAKNTLYLOMSSLEKSEDTAMYYCARQGANWELVYWGQG
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TLVTVSAASTKGPSVEPLAPSSKSTSGOTAALGCLVEDYFPEPVTVSWNSGALTSGY
HTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT
C

TS2/18.1 DS LC (SEQ ID NO: 43):

DIVMTQSPATLSVIPGDR VFLSCRASQSISDFLHWYQOQKSHESPRLLIK YASQSISGIPS
RFSGSGSGSDFTLSINSVEPEDVGVYFCQONGHNFPPTFGGGTKLEIKRTVAAPSVFIFP

PSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSL

SSTLTLSKADYEKHK VYACEVTHQGLSSPYTKSFNRGEC

Anti-CD2 9.6 DS Fab

9.6 DS HC (SBQ ID NO: 44);

QVOLOQPGAELVRPGSSVKLSCKASGYTFTRYWIHW VKQRPIQGLEWIGNIDPSDSE
THYNGKFKDKATLTVDKSSGTAYMOQLSSLTSEDSAVYYCATEDLYYAMEYWGQGT
SVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT
FPAVLQSSGLYSLSSVVTVPSSSLGTQOTYICNVNHEPSNTK VDKK VEPKSCDK THTC

9.6 DS LC (SEQ ID NO: 45);

NIMMTOQSPSSLAVSAGEK VIMTCKSSQSVLYSSNQKNYLAWYQQKPGQSPKLLIYW
ASTRESGVPDRFTGSGSGTDFTLTISSVOPEDLAVY YCHOYLSSHTFGGGTKLEIKRTV
AAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEGD
SKDSTYSLSSTLTLSKADYEKHKVYACEVTHOGLSSPYTK SFNRGEC

hSP34-hlam bDS HC (SEQ ID NO: 46).

NNYATYYADSVEKDRFTISRDDSKNTAYLOMNNLKTEDTAVY YCVRHGNFGNSYISY
WAYWGQGTLVTVSSASTRGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVEWN
SGALTSGVHTCPAVLOSSGLYSLSSVVTVRSSSLOTOTYICNVNHEPSNTK VDKKVEP
KSSDKTHTCHHHHHH

hSP34-hiam bDS LC (SEQ ID NG: 47):
QTVVTOQERSLTVSPGGTVTLTCGSSTGAVTSGNYPNWVQOKPGOQAPRGLIGGTKFLA
PGTPARFSGSLLGGKAALTLSGVOPEDEAEYYCVLWYSNRWVFGGGTKLTVLSGPK
AAPSVTLFPPSSEELQANKATLVCLVSDFYPGAVIVAWKADGSPVEKVGVETTKPSK
QSNNKYAACSYLSLTPEQWKSHRSYSCRVTHEGSTVEKTVAPAESS

Anti-CD3 TR66 bDS Fab sequence

TRO6 bDS HC (SEQ 1D NG: 48):
QVOLOQSGAELARPGASVKMSCRTSGYTFTRYTMHW VK QRPGOGLEWIGYINPSR
GYTNYNQKFKDKATLTTDKSSSTAYMQLSSLTSEDSAVYYCARYYDDNYSLDYWG
OCTTLTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPYTVSWNSGALTSG
VHTCPAVLOSSGLY SLESVVTVPSSSLGTOTYICNYNHKPSNTKVDKKVEPKSSDKT

TRG66 bDS LC (SEQ 1D NO: 49y
QIVLTQSPSSLSASLGEKVTMTCRASSSVSYMNWYQOKPGTSPKRWIYDTSKVASGY
PDRFSGSGSGTSYSLTISSMEAEDAATYYCOQOQWSSNPLTFGAGTKLELERTVAAPSY
FIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESYTEQDSKDST
YSLCSTLTLSKADYEKHKVYACEVTHOQGLSSPVTKSFNRGES
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Anti-CD3 TRX4 bDS Fab sequence

TRX4 bDS HC (SEQ 1D NO: 50):
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSFPMAWVROAPGEKGLEWVSTISTSGGR
TYYRDSVKGRFTISRONSKNTLYLOMNSLRAEDTAVYYCAKFROYSGGFDYWGOG
TEVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTSGY
HTCPAVLQSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKEKVEPKSSDKTHT

TRX4 bDS LC (SEQ ID NO: 51):

DIQLTGPNSVSTSLGSTVKLSCTLSSGNIENNY VHWYQLYEGRSPTTMIYDDDKRPD
GVPDRFSGSIDRSSNSAFLTIHNVAIEDEAIYFCHS Y VSSFNVEGGGTRLTVLGOPK AN
PTVTLFPPSSEELQANKATLVCLISDFYPGAVTIVAWKADGSPVE AGVETTKPSKQSN
NKYAACSYLSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTESS

Anti-CD3 HzUCHT! bDS Fab sequence

HzUCHTI{Y59T) bDS HC (SEQ ID NG: 52}
EVOQLVESGGGLVOQPGGSLRLSCAASGYSFIGYTMNWVRQAPGKGLEWVALINPTK
GVSTYNQKFKDRFTISVDKSKNTAYLOMNSLRAEDTAVYYCARSGYYGDSDWYFD
VWOOGTLVTVSSASTKGPSVEPLAPSSKSTRSGGTAALGULVKDYFPEPVTVSWNSGA
LTSGVHTCPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHEPSNTKVDKEKVEPKSS
DKTHTCHHHHHEH

HzUCHT1 bDS LC (SEQ ID NG: 53):
DIOMTOSPSSLSASVODRVTITCRASGDIRNYINWYQOQKPOKAPKLLIYYTSRLESGY
PSRESGSGSGTDYTLTISSLOPEDFATYYCOQQGNTLPWTFGOOTKVEIKRTVAAPSVET
FPPSDEQLKSGTASVYVCLLNNFYPREAKVQWEKVDNALQSGNSQESVTEQDSKDSTY
SLCSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGES

Anti-CD3 Teplizumab bDS Fab sequence

Teplizumab bS8 HC (SEQ H3 NG 54):

QVOLVQSGGGVVOPGRSLRLSCKASGYTFTRY TMHW VRQAPGKGLEWIGYINPSRG
YINYNQKVKDRFTISRDNSKNTAFLOMDSLRPEDTGVYFCARYYDDRHYCLDYWG(O

GTPVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVEKDYFPEPVTVSWNSGALTSGV
HTCPAVLOSSGLYSLSSVVTVPSSSLGTOQTYICNVNHKPSNTKVDKEKVEPKSSDKTHT
CHHHHHH

Teplizumab bDS LC (SEQ 1D NO: 55}
DIGMTOSPSSLSASVGDRVTITCSASSSVEYMNWYQOQTPGEKAPKRWIYDTSKLASGY
PSRFSGSGSGTDYTFTISSLOPEDIATYYCOQOQWSSNPFTRFGOGTRKLOITRTVAAPSVEIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQGDSKDSTYS
LCSTLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGES

Apti-CD8 TRX2 bDS Fab sequence
TRX2 b3S HC (SEQ 1D NG: 56y
QVQLVESGGGVVQPGRSLRLESCAASGFTFSDFGMNWVROAPGKGLEWVALIYYDG
SNKFYADSVKGRETISRDNSKNTLYLOMNSLRAEDTAVYYCAKPHYDGYYHEFDS
WGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGAL
TSGVHTCPAVLOSSGLYSLSSVVTVESSSLGTOQTYICNVNHKPSNTKVDKKVEPKSSD
KTHTC
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TRX2 bDS LC (SEQ ID NO: 57y
DIOMTOSPSSLSASVGDRVTITCKGSODINNYLAWYQOKPGKAPKLLIYNTDILHTG
VPSRFSGRGSCGTDFTFTISSLOPEDIATYYCYQYNNGYTHFGOGTR VEIKRTVAAPSVEL
FPPSDEQLKSGTASVYVCLLNNFYPREAKVQWEKVDNALQSGNSQESVTEQDSKDSTY
SLCSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGES

Anti-CD2 Lo-CD2b bDS Fab sequence

Lo-CD2Zh bS8 HC (SEQ ID NO: 58):
EVQLVESGGGLVOPGASLKLSCVASGFTFSDYWMSWVRQTPGEKPMEWIGHIKYDGS
YINYAPSLKNRFTISRDNAKTTLYLOMSNVRSEDSATYYCAREAPGAASYWGQGTL
YTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLYKDYFPEPVTVSWNSGALTSGVHT
CPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHEPSNTKVDKKVEPKSSDKTHTC

Lo-CD2h bDS LC (SEQ ID NG: 39
DVVLTQTPVAQPVTLGDOASISCRSSQSLYVHSNGNTYLEWFLQKPGQSPOLLIYKVS
NRFSGVPDRFIGSGSGSDFTLKISRVEPEDWOVYYCRFQOGTHDPYTFGAGTKLELKRT
VAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWEKVDNALQSGNSQESVTED
DSKDSTYSLCSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSEFNRGES

Anti-CD2 35,1 bDS Fab sequence

35.1bDS BC (SEQ ID NO: 60):;

EVQLOOQSGAELVEKPGASVEKLSCRTSGFNIKDTYIHWVKQRPEQGLKWIGRIDPANGN

TKYDPKFQDKATVTADTSSNTAYLQLSSLTSEDTAVYYCVTYAYDGNWYFDVWGA
FTAVIVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTYVSWNSGALTSG
VHTCPAVLQSSGLYSLESVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSSDKT

HTC

35.1bDS LC(SEQ 1D NG 61):
DIKMTOSPSSMYVSLGERVTITCKASGDINSFLSWEFQQKPGKSPKTLIYRANRLVDGY
PSRESGSGSGODYSLTISSLEYEDMEINY YCLQYDEFPYTFGOGGTKLEMKRTVAAPSVE
IFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTY
SLCSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSEFNRGES

Anti-CD2 OKT1H1 bDS Fab sequence

OKT11 bDS HC (SEQ ID NO: 62y
OVOLOQOQPGAELVRPGTSVELSCKASGYTFTSYWMHWIKQRPEQGLEWIGRIDPYDS
ETHYNEKFKDKAT SVDKSSSTAYIQLSSLTSDDSAVYYCSRRDAKYDGYALDYWG
QGTSVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTRG
YHTCPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHEPSNTKVDKK VEPKSSDKT
HTC

OKT11 bDS LC (SEQ ID NO: 63}
DIVMTQAAPSVPVTPGESVSISCRESKTLLHSNGNTYLYWFLQRPGQSPOQVLIYRMSN
LASGVPNRFSGSGSETTHFTLRISRVEAEDVGIYYCMOQHLEYPYTFGGGTKLEIERTVA
APSVFIFPPSDEQLKSGTASVVCLENNFYPREAKVOWEKVDNALQSGNSQESVTEQGDS
KDSTYSLCSTLTLSKADYEKHKVYACEVTHOQGLSSPVTKSFNRGES

Apti-CH1ia HzMEM24 bDS Fab sequence
HzMHM24 bDS HC (SEQ 13 NG: 64):
&1
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EVQLVESGGGLVQPGGSLRLSCAASGY SFTGHWMNWYVROQAPGKGLEW VOMIHPSD
SETRYNGKFKDRFTISVDKSKNTLYLOMNSLRAEDTAVYYCARGIYFYGTTYFDYW
GOGTLVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVEWNSGALT
SGVHTCPAVLQSSGLYSLESVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSSD
KTHTCHHHHHH

HzMHM24 bDS LE (SEQ ID NO: 65):
DIOMTOQSPSSLSASVGDRVTITCRASKTISKYLAWYQOKPGKAPKLEIYSGSTLQSGY
PSRESGSGSGTDFTLTISSLOPEDFATYYCQQHNEYPLTIFGOGTKVEIKRTVAAPSVEL
FPPSDEQLKSGTASVVCLLNNFYPREAKVQWEKVDNALQSGNSQESVTEQDSKDSTY
SLCSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSEFNRGES

Anti-CD18 hiB4 bDS Fab sequence

hiB4 bDS HC (SEQ 1D NO: 66):
EVOQLVESGGDLVQPGRSLRLSCAASGFTFSDYYMSWYROAPGKGLEWVAAIDNDG
GSISYPDTVKGRETISRDNAKNSLYLOMNSLRVEDTALYYCARQGRLRRDYFDYWG
QGTLVTVETASTKGPSVEPLAPSSKSTRGGTAALGCLYVKDYFPEPVTVSWNSGALTS
GVHTCPAVLQSSGLYSLESVVTVPSSSLGTOTYICNVNHKPSNTRKVDKKVEPKSSDK
THTCHHHHHH

h1B4 bDS LC (SEQ ID NO: 67):
DIOMTOSPSSLSASVGDRVTITCRASES VDS YGNSFMHW YOOKPGKAPKLLIYRASN
LESGVPSRFSGSGSGTDFTFTISSLOPEDIATY YCOOQSNEDPLTFGOGTKLEIKRTVAA
PSVFIFPPSDEGLKSGTASVVCLLNNFYPREAKVQOWK VDNALQSGNSQESVTEQDSK
DSTYSLOSTLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGES

Anti-CD18 Erlizumab bDS Fab sequence

FHrlizumab bDS HC (SEQ 1D NO: 68}

EVOQLVESGGGLVOQPOGGSLRLSCATSGYTFTEY TMHWMRQAPGKGLEWVAGINPKN
GOTSHNGREFMDRFTISVDKSTSTAYMOQMNSLRAEDTAVYYCARWRGLNYGFDVRY
FDOVWGOGTLVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTCPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHEPSNTRKVDKRKVER

KSSDKTHTYTCHHHHHH

Ertizumab bDS LC {(SEGQ ID NO: 69):
DIQMTOQSPSSLSASVGDRVTITCRASGDINNYLNWYQOKPGKAPKLLIYYTSTLHSG
VPSRESGRGIGTDYTLTISSLOPEDFATYYCQOGNTLPPTFGOOGTRKVEIKRTVAAPSVE
FPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTY
SLCSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGES

Anti-CD4/CD8 Ibalizumab/TRXZ bDS Fab-ScFv sequence

tbalizumab/TRX2 bDS Fab-ScFv HC (SEQ ID NG: 70):
OVOLQOSGPEVVEPGASVEMSCKASGYTFTSY VIHWVRQKPGQGLDWIGYINPYND
GTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWFAY
WOOQGTLVTVSSASTKGPSVEFPLAPSSKSTRSGGTAALGCLVKDYFPEPVTVSWNSGAL
TSGVHTCPAVLQSSGLYSLESSVVTVPSSSLGTQTYICNYNHKPSNTKVDKKVEPKSSD
KTHTCHHHHHH

{balizumab/TRX2 bDIS Fab-8cFv LC (SEQ ID NO: 71
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DIVMTOQSPDSLAVSLGERVIMNCKSSOSLLYSTNOKNYLAWYQOKPGOSPKLLIYW
ASTRESGVPDRFSGSGSGTDFTLTISSVOAEDVAVYYCQGYYSYRTFGGGTKLEIKRT
VAAPSVFIFPPSDEQLK SGTASVVCLLNNFYPREAK VOWK VDNALQSGNSQESVTEQ
DSKDSTYSLCSTLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGESGGGGSGGG
GSGGGGSQVOLVESGGGYVOPGRSLRLSCAASGFTFSDFGMNW VROAPGKGLEWY
ALIYYDGSNKFYADSVKGRETISRONSKNTLYLOMNSLRAEDTAVY YCAKPHYDGY
YHFFDSWGOGTLYTVSSGGGGSGGGGSGEGGSGGGGSDIOMTOSPSSLSASVGDRY
TITCKGSQDINNYLAW YQGKPGK APKLLIYNTDILHTGVPSRFSGSGSGTDETFTISSL
OPEDIATY YCYOYNNGYTFGQGTKVEIK

Anti-CDB4 Thalizumab NeDS Fab sequence
Ihalizumab NoDS LC (SEQ ID NG: 72):

OVOLOQOSGPEVVEPGASVEKMSCKASGYTFTSYVIHWVROKPGQGLDWIGYINPYND
GTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWEFAY
WOOGTLVTVSSASTRKOGPSVFPLAPSSKSTSGGTAALGULVKDYFPEPVTVSWNSGAL
TSGVHTFPAVLOSSGLYSLSSVVTVESSSLGTOTYICNVNHKPSNTKVDKKVEPKSSD
KTHTC

fbalizumab NobS HC (SEQ ID NO: 73y
DIVMTOSPDSLAVSLGERVIMNCKSSQSLLYSTNQKNY LAWY QOQKPGOSPKLLIYW
ASTRESGVPDRFSGSGSGTDFTLTISSVOAERDVAVYYCOQOYYSYRTFGGGTKLEIKRT
VAAPSVEIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWEVDNALQSGNSQESVTEG
DSKDSTYSLSSTLTLSKADYEKHEKVYACEVTHOQGLSSPVTKSFNRGES

Anti-CB4 OKT4 bDBS Fab sequence

OKT4 bDS LC (SEQ ID NG: 74y

EVOLVESGGGLYOQPGGSLRLSCAASGFTFSNY AMSWVROQAPGKRLEW VSAISDHST
NTYYPDSVKGRETISRDNAKNTLYLOMNSLRAEDTAVYYCARKYGGDYDPFDYWG
QGTLVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVEWNSGALTS
GVHTCPAVLOSSGLY SLESVVTVPSSSLGTOTYICNYNHKPSNTRVBKKVEPKSSDK
THTCHHHHHH

OKT4 bDS HC (SEQ ID NO: 75):

DIGMTQSPSSLSASVGDRVTITCOQASGDINNYIAWY QHKPGKGPKLLIHYTSTLQPGIP
SRESGSGSGRDYTLTISSLOPEDFATYYCLQYDNLLFTFGGOGTRKVEIKRTVAAPSVEIF
PPSDEQLKSGTASYVVCLLNNFYPREAKVOWEVDNALQSGNSQESVTEQDSKDSTYS
LCSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSEFNRGES

Anti-CDB4 T823200008 Nb sequence (SEQ ID NO: 76)

CER1, CDR2, CDR3 underlined based on IMGT designation:
EVOLVESGGGSVOPGGSLTLSCOGTSGRIFNVMGWERFRQAPGKEREFVAAVRWSSTGE
YYTOYADSVKSRFTISRDNAKNTVYLEMNSLKPEDTAVYYCAADTYNSNPARWDG
YDFRGOQGTLVTVSSGGCGGHHHHHH

Anti-CD8S BDSn Nb sequence (SEQ ID NO: 77)

&3



WO 2025/128902 PCT/US2024/059895

CDRI, CDR2, CDR3 underlined based on IMGT designation:

EVQLVESGGGLYQAGGSLRLSCAASGSTESDYGVOWFROQAPGKGREFVADIDWNGE
HISYADSVKGRFATSRDNAKNTAYLOMNSLEKPEDTAVYYCAADALPYTVREKYNYW
GQOTQVTVSSGHGCGGHHHHHH

Anti-CD3 TOI70117G63-A Nb sequence (SEQ 1D NOG: 78)

EVQLVESGGGPVQAGGSLRLSCAASGRTYRGYSMGWIROQAPGKEREFVAAIVWSG
GNTYYEDSVKGRFTISRDNAKNIMYLQMTSLKPEDSATY YCAAKIRPYIFKIAGQYD
YWOQOTLYTVSSAGGGSGGHHEHHHC

Anti-CD3 TO176660E11 Nb sequence (SEQ 1D NG 79)

EVOLVESGGGLVOQPGGSLRLSCAASGDIYKSFDMGWYRQAPGKORDLVAVIGSRGN
NRORTNYADRSVKORFTISRDGTONTVYLLMNKLRPEDTAIYYCNTAPLVAGRPWGR
GTLVTVSSGGGSGGHHHEHHC

Ant-CD7 V1 Nb sequence (SEQ ID NO: 80)

DVOLQESGGGLVOAGGSLRLSCAVSGYPY SSYCMOWFROQAPGKEREGVAAIDSDG
RIRYADSVKGRFTISQDNAKNTLYLOMNRMKPEDTAMYYCAARFGPMGCVDLSTL
SFGHWGQGTQVTVIITGGGCHHHHHHHH

Anti-TCR TO17000700 Nb sequence (SEQ 1D NG: 81)

CDR1, CBR2, CDR3 underlined based on IMGT designation:
EVQLVESGGGVVQPGGSLRLSCVASGYVHEKINFYGWYRQAPGKEREKVAHISIGDO
TOYADSAKGRFTISRDESKNTVYLOMNSLRPEDTAAYYCRALSRIWPYDYWGQGTL
VIVSSGGCGGHEHEHM

Anti-CD28 28CDO63GE1 Nb sequence (SEQ 1D NO: 82)
EVOLVESGGOLVOPGGSLRLSCAASGSIFREHTMEWYRRTPETOREWVATITSGGTT
NYPDSVKGRFTISRDDTKKTVYLOMNSLKPEDTAVYYCHAVATEDAGFPPSNYWG
QGTLVTVSSGGCOGGHHHHHH

Anti-CD3 TO1706661C09 Nb sequence (SEQ 1D NO: 83)
EVOLVESGGGPYVQAGGSLRLSCAASGRTYRGY SMGWEFRQAPGREREFVAAIVWSD
GNTYYEDSVKGRFTISRDNAKNTMYLOMTSLKPEDSATYYCAAKIRPYIFKIAGQYD
YWEOOGTLYTVSSGGUGGHHHHHE

Apti-CD3 12B2 bDS Fab sequence

1202 bDS HC (SEQ ID NO: 841
EVELVESGGGLVQPGRSLRLSCAASGFNFYAYWMGWVROAPGKGLEWIGEIKKDG
TTINYTPSLKDRFTISRDNAQNTLYLOMTKLGSEDTALYYCARFERDGYFDYWGQG
VMVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTSGY
HTCPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHEPSNTKVDKKVEPKSSDKTHT
COGHHHHHH
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12822 6DS LOC (SEQ 1D NG: 85):

QFVLTOPNSVSTNLGSTVEKLSCKRSTONIGSNY VNWYQOHEGRSPTTMIYRDDKRPD
GVPDRFSGSIDRSSNSALLTINNVQTEDEADYFCQSYSSGIVFGGGTKLTVLSQPKAA
PSVTLFPPSSEELOQANKATLVCLVIDIYPGAVTVAWEKADGSPYKVGVETTEPSK(SN
NKYAACSYLSLTPEQWKSHRSYSCRVTHEGSTVEKTVAPAESS

Anti-CD28 8GS8A Fab sequence
8GSA bDS HC (SEQ 1D NO: 86):
EVQLOOSGPELVEPGASVEMSCKASGYTFTSYVIQWVKOKPGOGLEWIGSINPYND
YTKYNEKFKGKATLTSDKSSITAYMEFSLTSEDSALYCARWGDGNYWGRGTLTVSS
ASTEKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTSGVHTCPAVL
QSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPENTEVDKEVEPKSSDKTHTCGGHHH

8GBA BDS LC (SEQ ID NO: 87}

DIEMTQSPAIMSASLGERVTMTCTASSSVSSSYFHW Y OQKPGSSPKLCIYSTSNLASGY
PPRIESGSGSTSYSLTISMEAEDAATYFCHOYHRSPTFGOGGTKLETKRTVAAPSVFEIFPP
SDEGLKSGTASVVCLLNNFYPREAKVOWKVDNALOQSGNSQESVTEQDSKDSTYSLC
STLTLSKADYEKHKVYACEVTHQGLSSPYTKSFNRGES

Anti-CD28 2E12 Fab sequence

2E12 DS HC (SEQ 1D NG: 88):
OVOLKESGPGLVAPSQSLAITCTVIGFSLTGYGVNWVROPPGKGLEWLGMIWGDGS
TDYNSALKSRLSITKDNSKSQVFLKMNSLOTDDTARYYCARDGYSNFHYYVMDYW
GOGTSVTVSSASTRGPSVEFPLAPSSKSTSGGTAALGULVEDYFPEPVTVSWNSGALTS
GVHTCPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSSDK
THTCGGHHHHHH

2E12 bDS LC (SEQ ID NO: 89y
DIVLTQSPASLAVSLGQRATISCRASESVEYYVTSLMOW YQOKPGOPPKLLISAASNY
ESGVPARFSGSGSGTDRSINIHPVEEDDIAMYFCQOSRKVPWTFGGGTKLEIKRRTVA
APSVFIFPPSDEQLKSGTASVVCLENNFYPREAKVOWEKVDNALQSGNSQESVTEQGDS
KDSTYSLCSTLTLSKADYEKHKVYACEVTHOQGLSSPVTESFNRGES

Anpti-CD28 CD28.9.3 Fab sequence

CI328.9.3 b8 HC (SEQ 1D NO: 90):
QVKLOQSGPGLVTPSOSLSITCTVSGEFSLSDYGVHWVROSPGOGLEWLGVIWAGGG
TNYNSALMSRKSISKDNSKSQVFLKMNSLOADDTAVYYCARDKGYSYYYSMBYW
GOGTTYVTVSSASTRKGPSVIPLAPSSKSTSGOTAALGCLVEDYFPEPVTVSWNSGALT
SGVHTCPAVLOQSSGLYSLSSVVTVPSSSLGTOQTYICNVNHKPSNTKVDKKVEPKSSD
KTHTCGGHHHHHH

CD28.93 bDS LC (SEQ ID NG: 91y

DIVLTOSPAS LAVSLGORAT ISCRASESVEYYVTSLMOQWY QORPGOPPKL
LIFAASNVES GVPARFSGSG SGTNFSLNIHPVDEDDVAMY FCQOSRKVPY
TFGOGGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVYVCLLNNFYPREAKVQWEKVDNA
LOSGNSQESVTEQDSKDSTYSLCSTLTLSKADYEKHKVYACEVTHQGLSSPYVTKSEN
RGES
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Anti-CD28 Hz'TN228 Fab sequence
HeTN228 bDS HC (SEQ ID NG: 92y

QVOLQESGPGLVEPSETLSLTCAVSGEFSLTSYGVHWIRQPGKGLEWLGVIWPGTNEN
SALMSRLTISEDTSKNQVSLEKLSSVTAADTAVYCARDRAYONYLYAMDYWGQGTL
VIVSSASTKGPSVEPLAPSSKSTSGOGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT
CPAVLOSSGLYSLESVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSSDKTHTC
GOHHHHHH

HzTN228 bDS LC (SEQ 1D NG: 93):

DIGMTOSPSLSASVGDRVTITCRASESVEY VTSEMOWY QKPGKAPKLLIYAASNYDS
GVPSRESGSGTDFTLTISLGPEDIATYCOSRKVPFTFGGGTEKVEIKRTVAAPSVEIFPES
DEQLKSGTASVVCLLNNFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSLCS
TLTLSKADYEKHEKVYACEVTHQGLSSPVTRSFNRGES

Anti-CD28 TGN2I22.( Fab sequence

TGN2122.C bDS HC (SEQ ID NG 94y
QVQLVOSGAEVKKPGASVKVSCKASGYTFTDYKIHWVRQAPGOQGLEWIGYIYPYSG
SSDYNOGKFKSRATLTVDNSISTAYMELSRLRSDDTAVYYCARGGDAMDYWGQGTL
VIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT
CPAVLQSSGLYSLESSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSSDKTHTC
GGHHHHHH

TGN2122.C b3S LC (SEQ ID NO: 95y
DIQOMTQEPSSLSASVGDRVTITCGASENIYGALNWYQRKPGKAPKLLIVGATNLADG
VPSRESGSGSGRDYTLTISSLOPEDFATYFCONILGTWTFGGGTKVEIKRTVAAPSVFL
FPPSDEQLKSGTASVVCLLNNFYPREAKVOWEKVDNALQSGNSQGESVTEQDSKDSTY
SLCSTLTLSKADYEKHEKVYACEVTHOQGLSSPYTKSFNRGES

Anti-CD28 TGN2122.H Fab sequence

TGMN2122. HbDS HC (SEQ ID NOG: 96):
EVQLVESGGGLVQOPGGSLRLSCAASGFTFNIY YMSWVROQAPGKGLELVAAINPDGG
NTYYPDTVKGRFTISRDNARKNSLYLOMNSLRAEDTAVYYCARYGGPGFDSWGQGT
LVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTSGVH
TCPAVLOSSGLY SLSSVVTVPSSSLGTOTYICNVNHKPSNTRKVDKKVEPKSSDKTHTC
GGHHHHHE

TGN2122 H bDS LC (SEQ ID NO: 97y
ENVLTOSPATLSLSPGERATLSCSASSSVSYMHWYQOKPGOAPRLWIYDTSKLASGIP
ARFSGSGSRNDYTLTISSLEPEDFAVYYCFPGSGFPFMYTRFGOGTKVEIKRTVAAPSY
FIFPPSDEQLKSGTASVVCULLNNFYPREAKVOWRKVDNALQSGNSQESVTEQDSKDST
YSLCSTLTLSKADYEKHKVYACEVTHOQGLSSPVTKSFNRGES

Anti-CD8 TRXZ ScFv sequence (SEQ ID NO: 98):
OQVOLVESGGGVYVQPGRSLRLSCAASGEFTFSDFGMNWVRQAPGKGLEWVALIYYDG
SNKFYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKPHYDGY YHFFDS
WGEOGTLVTVSSGGGGSGGGGSGGGHSGGGGSDIOMTOSPSSLSASVGDRVTITCKG
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SODINNYLAWYQOKPGKAPKLLIYNTDILHTGVYPSRESGSGSGTDFTFTISSLOPEDIA
TYYCYQYNNGYTFGOGTKVEIKGGGSGGCGGHHHHHH

V1 VHH-CHI bDS HC (REQ 1D NO: 99):
DVQLQESGGGLVOAGGSLRLSCAVEGYPYSSYCMGOWERRGAPGKEREGVAAIDSDG
RIRYADSVKOREFTISQDNAKNTL YLOMNRMEKPEDTAMYYCAARFGPMGUVDLSTL
SFGHWGOQGTOVTVIITASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSW
NSGALTSGVHTCPAVLQSSGLYSLSSVVTVPSSSLOGTOTYICNYVNHKPSNTKVEKKY
EPKSSDKTHTCGGHHHHHHE

R In some embodiments, the targeting moiety comprises a polypeptide sequence as
disclosed herein. In some embodiments, the targeting moiety comprises all six CDRs of a
polypeptide sequence as disclosed herein. In some embodiments, the targeting moiety
comprises CDR1, CDR2, and CDR3 of an immunoglobulin single variable domain (ISVD) as
disclosed herein. In further embodiments, the targeting moiety binds to the same epitope on the
targeting molecule that a polypeptide sequence as disclosed herein binds to. In further
embodiments, the targeting moiety competes with a polypeptide sequence as disclosed herein

to bind to the same epitope on the targeting molecule.

RS Y Inn certain embodiments, the targeting group or immune cell targeting group (e.g.,
macrophage targeting agent) may be covalently coupled to a lipid via a polyethylene glyeol

(PEG) containing linker.

EERAS: In other embodiments, the lipid used to create a conjugate may be selected from

distearoyl-phosphatidylethanolamine (BSPE):

O

)1\/\/”\/’\/\\,/\/’“\/’\\/\

H O
O&?‘ XG\)\/OWWW\fA\/\W
HEN\’/\Q’P\OH 0

dipalmitoyl-phosphatidylethanolamine (DPPE):
'S
N NP N Y N NN
e
SN NP O\[r/\/\/\/\/\/\/\/
O

HaN- Pl

5

dimyrstoyl-phosphatidylethanolamine (DMPE):
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distearoyl-glycero-phosphoglycerol (B3SPG):
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distearoylglycerol (DSG):
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O ,and

N-palmitoyl-sphingosine {(C16-ceramide)

H OH

\Mf’\/’\\/\v/\//\ﬂ/”“
o]

[EUEARY! The immune cell targeting group can be covalently coupled to a lipid either directly
or via a linker, for example, a polvethylene glycol (PEG) couotaining linker. In certain
embodiments, the PEG is PEG 1000, PEG 2000, PEG 3400, PEG 3000, PEG 3450, PEG 4000,
or PEG 5000 In certain, embodiments, the PEG 13 PEG 2000
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R In some embodiments, the lipid-immune cell targeting group conjugate is present
in the lipid blend in a range of 0.001-0.5 mole percent, 0.001-0.3 moele percent, 0.002-0.2 mole

percent, 8.01-0.1 mole percent, 0.1-0.3 mole percent, or 0.1-0.2 mole percent.

RS In certain embodiments, the lipid immune-cell targeting agent conjugate comprises
DSPE, a PEG component and a targeting antibody. In certain embodiments, the antibody is a
T-cell targeting agent, for example, an anti-CD2 antibody, an anti-CD3 antibody, an anti-CD4
antibody, an anti-CDS antibody, an anti-CD7 antibody, an anti CD8 antibody, or an anti-TCR

[ antibody.

TS An exemplary lipid-immune cell targeting group conjugate comprises DSPE and
PEG 2000, for example, as described in Nellis ef af. {2005) BIOTECHNOL. PROG. 21, 205-220.
An exemplary conjugate comprises the structure of Formula (IH), where the scFv represents
an engineered antibody binding site that binds to a target of interest. In certain embodiments,
the engineered antibody binding site binds to any of the targets described hereinabove. In
certain embodiments, the engineered antibody binding site can be, for example, an engineered
anti-CD3 antibody or an engineered anti-CDE& antibody. In certain embodiments, the
engineered antibody binding site can be, for example, an engineered anti-CD2 antibody or an

engineered anti-CD7 antibody.

[ An example of a compound of Formula (1) is as shown below:

gy

¢

5

3 3
o 3
&

X
e
S

N

: 0 16

(TI).

it is contemplated that the scFv in Formula (IH) may be replaced with av intact antibody or an

antigen fragment thereof (e.g., a Fab).

[REATY Another example of a compound of Formula (IV) is as shown below:
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(v,

the production of which is described in Nellis et af. (2005) supra, or U.S. Patent No. 7,022,336.
1t 13 contemplated that the Fab in Formula (IV) may be replaced with an intact antibody or an
antigen fragment thereof {e.g, an (Fab™ ) fragment) or an engineering antibody binding site

e "~ N
{e.g., an scFv}.

1385} Other lipid immune cell target group conjugates are described, for example, in U.S.
Patent No. 7,022,336, where the targeting group may be replaced with a targeting group of
interest, for example, a targeting group that binds a T-cell or NK cell surface antigen as

described hersinabove.

[B2e In certain embodiments, the lipid component of an exemplary conjugate of Formula
{1} can be any of the lipids described herein. In some embodiments, the lipid component of a
conjugate of Formula (i1} 15 based on an ionizable, cationic lipid described heren, for example,
an icnizable, cationic lipid of Formula (I), Formula (Ia), Formula (Ib), or a slat thereof. For

example, an exemplary 1onizable, cationic lipid can be selected from Table 1, or a salt thereof.

juiel} In certain embodiments, the conjugate based on a lipid of the present disclosure

may include:

, where scFv represents an engineered antibody

binding site that binds a target described hereinabove, e.g., CD2, CB3, CD7, or CDB.
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In certain embodiments, the lipid blend may further comprise free PEG-lipid so as to reduce
the amount of non-specific binding via the targeting group. The free PEG-lipid can be the same
or different from the PEG-lipid included in the conjugate. In certain embodiments, the free
PEG-lipid ts selected from the group consisting of PEG-distearoyl-phosphatidylethanolamine
(PEG-DSPEY ot PEG-dimyrstoyi-phosphatidyvlethavolamine  (PEG-DMPE), N-
{Methylpolyoxyethylene  oxycarbonyl}-1,2-dipalmitoyl-sn-glycero-3-phosphoethanolamine
(DPPE-PEG)  1,2-Dimyristovl-rac-glycero-3-methylpolvoxyethyiene (PEG-DMG), 1,2-

Dipalmitoyl-rac-glycerc-3-methvlpolyoxyethvlene  (PEG-DPG), 1,2-Dicleoyl-rac-glycerol,

methoxypolyethylene Glycol (DOG-PEG) 1,2-Distearoyl-rac-glveero-3-
methyipolyoxyethyiene {PEG-DSGy, WN-palmitoyl-sphingosine-1-

{succinyl{methoxy{polyethyiene glycol}] (PEG-ceramide), DSPE-PEG-cysieine, or a
derivative thereof, all with average PEG lengths between 2000-5000, with 2000, 3400, or 5000
A final composition may comprise a mixture of two or more of these pegylated lipids. In certain
embodiments, the LNP composition compnises a mixture of PEG-lipids with myristoyl and
stearic acyl chains. In certain embodiments, the LNP composition comprises a mixture of PEG-

fipids with palmitoy] and stearoy! acyl chaius.

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

or a carboxylic acid end group at the PEG terminus.

B8 3 The lipid-immune cell targeting group conjugate can be incorporated into LINPs as
described below, for example, in LNPs coraprising, for example, an ionizable cationic lipid, a
sterol, a neutral phospholipid and a PEG-lipid. It is contemplated that, in certain embodiments,
the LNPs comprising the lipid-immune cell targeting group can comprise an ionizable cationic
lipid described herein or a cationic lipid described, for example, in U.S. Patent No. 10,221,127,
10,653,780 or U.S. Published application No. US2018/0085474, US2016/0317676,
Internatioval Publication No. W(2009/086553, or Miao ef of. {(2019) NATURE BIOTECH
37:1174-1185, or Jayaraman ef of. (2012) ANGEW CHEM INT. 51: 8529-8533.

{364 In some embodiments, the cationic lipid can be selected from an ionizable cationic

fipid set forth in Table 1, or a salt thereof

Table 1. Lipids Structures
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R In some embodiments, the cationic lipid is lipid 40, lipid 41, lipid 42, lipid 43, lipid

46, or lipid 52, or a salt thereof In some embodiments, the cationic lipid 1s lipid 40

{I266]  Any variation or embodiment of R', R* R R R* R RIM RIAZ RN R
RZAQ’ RZA?% RSAI, RBA;Z,, R.3A3, Ral’ RaZ, R3B> RBBl,, R»}BZ’.’“’ RSB3, Rs‘i,, }%‘52’e Rﬁ’ Rs-‘@ﬁ R.SS, R.SG,, RS7, RSX,
RPRHO R RV ROY R or R provided herein can be combined with every other
variation or embodiment of R', R2 RY R4 R24 RIA RIAL RIAZ RIAS R2A1 R2A2 R2A3 pIAl
}{34\2} RSAB’ :R‘ﬂ, Rflz, 1{38‘ R3Bl7 R\SBZ’ }{%B%’ :Rx RSZ’ }{sf‘%} Rxsi‘, RSS: Rsé} ;Rs’l’ :RSS’ ng’ }{S‘.O’ E{S]l’

RS2 RS RSM or RSP asif each combination had been individually and specifically described.

{93RTY The LNPs can be formulated using the methods and other components described

below in the following sections.

iv. Lirip NANOPARTICLE COMPOSITIONS

AT The invention provides a lipid nanoparticle (LNF) composition comprising a lipid
blend that comprises an ionizable cationic lipid described herein and/or a hipid-unmune cell
targeting agent conjugate described herein. In certain embodiments, the lipid blend may
comprise an ionizable, cationic lipid described herein and oue or more of a sterol, a neutral

phospholipid, a PEG-lipid, and a lipid-immune cell targeting group conjugate.

RS In certain embodiments, the ignizable, cationic lipid described herein may be
present in the lipid blend in a range of 30-70 mole percent, 30-60 mole percent 30-50 mole
percent, 40-70 mole percent, 40-60 mole percent, 40-50 mole percent, 50-70 mole percent, S0-
60 mole percent, or of about 30 mole percent, about 35 mole percent, about 40 mole percent,
about 45 mole percent, about 50 mole percent, about 535 mole percent, about 60 mole percent,

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

LU In certain embodiments, the lipid blend of the lipid nanoparticle may comprise a
sterol component, for example, one or more sterols selected from the group consisting of
cholesterol, fecosterol, [B-sitosierol, ergosterol, campesterol, stigmasterol, stigmastancd,

brassicasterol. In certain embodiments, the sterol is cholesterol.

2T The sterol {e.g., cholesterol} may be present in the lipid blend in a range of 20-70
mole percent, 20-60 mole percent, 20-50 mole percent, 30-70 mole percent, 30-60 mole
percent, 30-50 mole percent, 40-70 mole percent, 40-60 mole percent, 40-50 mole percent, 50-
70 mole percent, 50-60 mole percent, or about 20 mole percent, about 25 mole percent, about
30 mole percent, about 35 mole percent, about 40 mole percent, about 45 mole percent, about

50 mole percent, about S5 mole percent, about 60 mole percent or about 65 mole percent.

NEUTRAL PHOSPHOLIPID

AT In certain embodiments, the lipid blend of the lipid nanoparticle may comprise one
or more neutral phospholipids. The neutral phospholipid can be selected from the group
cousisting of phosphatidyicholine, phosphatidylethanolamine, distearoyl-su-glycero-3-

phosphoethanclamine  (DSPE),  1,2-distearoyl-sn-glycero-3-phosphocholine  {(DSPC),

hydrogenated 80V phosphatidylcholine (HSPC), 1,2-dicleoyl-sn-glveero-3-
phosphoethanolamine  (DOPE),  1,2-dioleoyl-sn-glycero-3-phosphocholine  (DOPC),

sphingomyelin (SM).

LAY Other neutral phospholipids can be selected from the group consisting of distearoyi-
phosphatidylethanclamine  (DSPE),  dimyrstoyl-phosphatidylethanolamine  (BMPE),
distearoyl-glycero-phosphocholine (DSPC), hydrogenated soy phosphatidylcholine (HSPC),
dicleoyl-glycero-phosphoethanclaming (DOPE), dilinoleoyl-glycero-phosphocholine
{DLPC), dimyristoyl-glycero-phosphocholine (DMPC), dioleoyl-glycero-phosphocholine
(DOPC), dipalmitoyl-giveero-phosphocholine (BPPC), diundecanoyl-glycero-phosphocholine
(DUPC),  palmitoyl-oleoyl-glycero-phosphocholine (POPC),  dioctadecenyl-glycero-
phosphocholine,  oleoyl-cholestervthemisuccinoyl-glycero-phosphocholine,  hexadecyi-
glycero-phosphocholine,  dilinolenoyl-glycero-phosphecheline,  diarachidonoyl-glycero-3-

phosphocholine, didocosahexaenoyl-glycero-phosphocholine, or sphingomyelin.
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RIS The neutral phospholipid may be present in the lipid blend in a range of 1-10 mole
percent, 1-15 mole percent, 1-12 mole percent, 1-10 mole percent, 3-15 mole percent, 3-12
mole percent, 3-10 mole percent, 4-15 wole percent, 4-12 mole percent, 4-10 mole percent, 4-
8 mole percent, 5-15 mole percent, 5-12 mole percent, 5-10 mole percent, 6-15 mole percent,
6-12 mole percent, 6-10 ruore percent, or about 1 mole percent, about 2 roole percent, about 3
mole percent, about 4 mole percent, about 5 mole percent, about 6 mole percent, about 7 mole
percent, about & mole percent, about 9 mole percent, about 10 mole percent, about 11 mole
percent, about 12 mole percent, about 13 mole percent, about 14 mole percent, or about 13

mole percent.

PEG-Lirip

JRITE] The lipid blend of the lipid nanoparticle may include one or more PEG or PEG-
modified lipids. Such species may be alternately referred to as PEGylated lipids. A PEG lipid
is a lipid modified with polyethylene glycol. As noted above, free PEG-lipids can be included
in the lipid blend to reduce or eliminate non-specitic binding via a targeting group when a lipid-

imimune cell targeting group 1s included in the lipid blend.

2T A PEG lipid may be selected from the non-limiting group consisting of PEG-
modified phosphatidylethanolarines, PEG-modified phosphatidic acids, PEG-modified
ceramides, PEG-modified dialkylamines, PEG-modified diacylgiveerols, and PEG-modified
dialkviglycerols. For example, a PEG lipid may be PEG- dicleoylgylcerol (PEG-DOG), PEG-
dimyristoyl-glycerol (PEG-DMG), PEG-dipalmitoyi-glycerol (PEG-DPG), PEG-dilinoleoyi-
glycero~-phosphatidyl ethanolamine (PEG-DLPE), PEG-diroyrstoyl-phosphatidylethanolamine
{(PEG-DMPE),  PEG-dipalmitoyl-  phosphatidyvlethanolamine  (PEG-DPPE), PEG-
distearoylglycerol (PEG-DRG), PEG-diacylglycerol (PEG-DAG, e.g., PEG-DMG, PEG-DPG,
and PEG-DISG), PEG-ceramide, PEG-distearoyl-glycero-phosphoglycerol (PEG-DSPG),
PEG-dioleoyl-glycero-phosphoethanolamine (PEG-DOPE), 2-I(polyethylene glyveol}-2000]-
N, N-ditetradecylacetamide, or a PEG-distearoyl-phosphatidylethanolamine (PEG-DSPE)

tipid.

W In certain embodiments, the blend may comprise a free PEG-lipid that can be
selected from the group couvsisting of PEG-distearoylglycerol (PEG-DSG), PEG-
diacylglycerol (PEG-DAG, eg, PEG-DMG, PEG-DPG, and PEG-DSG), PEG-dimyristoyl-
glycerol (PEG-DMG), PEG-distearoyl-phosphatidylethanolamine (PEG-DSPE) and PEG-
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dimyrstoyl-phosphatidylethanolamine (PEG-DMPE). In some embodiments, the free PEG-
lipid comprises a diacylphosphatidylcholines comprising Dipalmitoyl (C16) chain or

Distearoyl (C18) chain.

TR The PEG-lipid may be present 1u the lipid blend in a range of 1-10 mole percent, 1-
8 mole percent, 1-7 mole percent, 1-¢ mole percent, 1-5 mole percent, 1-4 mole percent, 1-3
mole percent, 2-8 mole percent, 2-7 mole percent, 2-6 roole percent, 2-5 mole percent, 2-4 mole
percent, 2-3 mole percent, or about 1 mole percent, about 2 mole percent, about 3 mole percent,
about 4 mole percent, or about 5 mole percent. In some embodiments, the PEG-lipid is a free
PEG-lipid.

iR In some embodiments, the PEG-lipid may be present in the lipid blend in the range
of $.01-10 mole percent, 0.01-5 mole percent, 0.01-4 mole percent, 0.01-3 mole percent, 0.01-
2 mole percent, 0.01-1 mole percent, 0.1-10 mole percent, 4.1-5 mole percent, 0.1-4 mole
percent, 0.1-3 mole percent, 0.1-2 mole percent, 0.1-1 mole percent, ¢.5-10 mole percent, 0.5-
S mole percent, 0.5-4 mole percent, 0.5-3 mole percent, §.5-2 rmole percent, 0.3-1 mole percent,
1-2 mole percent, 3-4 mole percent, 4-5 mole percent, 5-6 mole percent, or 1.25-1.75 mole
percent. 1o some embodiments, the PET-lipid may be about 0.5 mole percent, about 1 mole
percent, about 1.5 mole percent, about 2 mole percent, about 2.5 mole percent, about 3 mole
percent, about 3.5 mole percent, about 4 mole percent, about 4.5 mole percent, about 5 mole
percent, or about 5.5 mole percent of the lipid blend. In some embodiments, the PEG-ipidisa

free PEG-lipid.

(AT In some embodiments, the lipid anchor length of PEG-lipid is C14 {(as in PEG-
DMG). In some embodiments, the lipid anchor length of PEG-lipid is C16 {as in DPG). In
some embodiments, the lipid anchor length of PEG-lipid is CI8 {as in PEG-DSG). In some
embodimentis, the back bone or head group of PEG-lipid is diacyl glycerol ot

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

[REATY: A LNP of the present disclosure may comprise one or more free PEG-lipid that is
not conjugated to an immune cell targeting group, and a PEG-lipid that is conjugated to
immune cell targeting group. In some embodiments, the free PEG-lipid comprises the same or

a different lipid as the lipid in the lipid-imomune cell targeting group conjugate.
IMMUNE CELL TARGETING GROUP CONJUGATE
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283 In certain embodiments, the lipid blend can also include a lipid-immune cell

targeting group conjugate.

[R5 The lipid-immune cell targeting group conjugate may be present in the lipid blend
in a range of 0.001-0.5 mol percent, 0.001-0.1 role percent, 0.01-0.5 mole percent, 0.05-0.5
mole percent, 0.1-0.5 mole percent, 0.1-0.3 mole percent, 0.1-0.2 mole percent, 0.2-0.3 mole
percent, of about 0.01 mole percent, about 0.05 mole percent, about 0.1 role percent, about
0.15 mole percent, about 0.2 mole percent, about ¢.25 mole percent, about 6.3 mole percent,
about 0.35 mole percent, about 0.4 mole percent, about 045 mole percent, or about 0.5 mole

percent.

[HERE ] In addition to the lipids present in the lipid blend, the LNP compositions may further
comprise a payload, for example, a payload described hereinbelow. In certain embodiments,
the payload is a nucleic acid, for example, DNA or RNA, for example, an mRNA, transfer

RNA (tRNA), a microRNA, or small interfering RNA (siRINA).

H28S] In certain embodiments, the number of the nucleotides in the nucleic acid is from

about 400 to about 6000,

PROPUCTION OF LIPID NANOPARTICLES

HIRE ! In some embodiments, the LNPs are produced by using either rapid mixing by an
orbital vortexer or by microfluidic mixing. Orbital vortexer mixing is accomplished by rapid
addition of hipids solution in ethanol to the agueous solution of a nucleic acid of interest
followed immediately by vortexing at 2,500 rpm. In some embodiments, the LNPs are
produced using a microfluidic mixing step. In some embodiments, wicrofiuidic mixing is
achieved mixing the agueous and organic streams at a controllied flow rates in a microfiuidic
channel using, e.g., a NanoAssemblr device and microfluidic chips featuring optimized mixing
chamber geometry (Precision Nanosystems, Vancouver, BC). In some embodiments, the LNPs
are produced using a microfiutdic mixing step to rapidly mix the ethanolic lipid solution and
aqueous nucleie acid solution, resulting in encapsulation of the nucleic acid in the solid lipid
nanoparticles. The nanoparticle suspension is then buffer exchanged into an all aqueous buffer

using membrane filtration device of choice for ethanol removal and nanoparticle maturation.

T In certain embodiments, the resulting LNP compositions coroprise a lipid blend

comprising, for example, from about 40 mole percent to about 60 mole percent of one or more
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ionizable cationic lipids described herein, from about 35 mole percent to about 50 mole percent
of one or more sterols, from about 5 mole percent to about 15 mole percent of one or more
neutral lipids, and from about 0.5 mole percent to about 5 mole percent of oue or more PEG-

fipids.

PHYSICAL PROPERTIES OF LIPID NANOPARTICLES

JU2EE} The characteristics of an LNP composition may depend on the components, their
absolute or relative amounts, contained in a lipid nanoparticle {(LNP) composition.
Characteristics may also vary depending on the method and conditions of preparation of the

LNP composition.

R LNP compositions may be characterized by a variety of methods. For example,
microscopy (e.g., transmission electron microscopy or scanning electron microscopy} may be
used to examine the morphology and size distribution of an LNP composition. Dynamic Hght
scattering ot potentiometry {e.g., potentfiometric tifrations) may be used to measure zeta
potentials. Dynamic light scattering may also be utilized to determine particle sizes.
Instruments such as the Zetasizer Nano Z85 {(Malvern Insiruments Lid, Malvern,
Worcestershire, UK} may also be used to measure multiple characteristics of an LNP
composition, such as particle size, polydispersity index, and zeta potential. RNA euncapsulated
efficiency is determined by a combination of methods relying on RNA binding dyes (ribogreen,
cybergreen to determine dye accessible RNA fraction) and LNP de-formulation followed by

HPLC analysis for total RNA content.

HREAGH: In some embodiments, the LNP may have a mean diameter in the range of 1-250
nm, 1-200 nm, 1-150 om, 1-100 nm, 50-250 nm, 30-200 nm, 50-150 om, 50-100 nm, 75-250
nm, 75-200 nm, 75-150 am, 75-100 nm, 100-230 nm, 100-200 nm, 100-150 nm. In certain
embodiments, the LNP compositions may have a mean diameter of about 1nm, about 10 nm,
about 20 am, about 30 nm, about 40 am, about 5C nm, about 60 nm, about 70 nm, about &0
nm, about 90 nm, about 100 nm, about 110 nm, about 120 nm, about 130 nm, about 140 nm,
about 150 nm, about 160 um, about 170 nm, about 180 nm, about 190 nm, or about 200 nm. In

some embodiments, the LNP has a mean diameter of about 100 nm.

[ In some embodiments, LNPs comprising an ionizable cationic lipid described

herein, prepared and characterized using methods described herein, show average diameter

2.3,4,5.6.7. 8.9, 10, 15, 20, 25, 30, 35, or 40%. In
104
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some embodiments, LNPs comprising an ionizable cationic lipid described herein, prepared
and characterized using methods described herein, show average diameter change after a
frecze-thaw of less than 30%. In some embodiments, the freeze-thaw and diameter

measurements are conducted with 10% sucrose in MES pH 6.5 butfer.

[RURAY: In some embodiments, LNPs comprising an ionizable cationic lipid described
herein, prepared and characterized using wethods described herein, show average diameter
change upon targeting antibody insertion of fessthan 1,2, 3,4, 5,6, 7, &, 9, 10, 15, 20, 25, 30,
35, or 40%. In some embodiments, LNPs comprising an iomizable cationic lipid described
herein, prepared and characterized using methods described herein, show average diameter
change upon targeting antibody insertion of less than 15%. In some embodiments, the diameter
change upon targeting antibody insertion is measured in pH 6.5 MES using a 37°C incubation

for 4 hours.

939y In some embodiments, LNPs comprising an ionizable cationic lipid described
herein, prepared and characterized using methods described herein, have average LNP diameter
of less than 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, or 200 nm. In
some embodiments, LNPs comprising an ionizable cationic lipid described herein, prepared
and characterized using methods described herein, have average LNP diameter of less than 100

nim.

FRRERY Alternatively or in addition, the LNP compositions may have a polydispersity index
in a range from 0.05-1, 0.05-0.75, 0.05-0.5, 0.05-04, 0.05-0.3, 0.05-0.2, 0.08-1, 0.08-0.75,
0.08-0.5, 0.08-0.4, 0.08-0.3, 0.08-0.2, 0.1-1, 0.1-0.75, 0.1-0.5, 0.1-0.4, 0.1-0.3, 0.1-0.2. In

certain embodiments, the polydispersity index is in the range of 0.1-0.25, .1-0.2, 6.1-0.19,
0.1-0.18, 0.1-0.17, 0.1-0.16, or 0.1-0.15.

jgdes] In some embodiments, the LNP compositions or LNPs comprising an ionizable
cationic lipid described herein, prepared and characterized using methods described herein,
have polydispersity of less than 0.4, 0.3, 0.25, 0.2, 0.15, 0.1, or 0.05. In some embodiments,
LNPs comprising an ionizable cationic lipid described herein, prepared and characterized using

methods described herein, have polydispersity of less than 0.25.

{296] Alternatively or in addition, the LNP compositions may have a zeta potential of

about -30 mV to about +30 mV . In certain embodiments, the LNP composition has a zeta
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potential of about -10 mV to about +20 mV. The zeta potential may vary as a function of pH.
As a result, in certain embodiments, the ENP compositions may have a zeta potential of about
0 mV to about + 30 wV or about +10 mV to + 30 mV or about + 20 maV to about + 30 mV at
pH 5.5 or pH 5, and/or a zeta potential of about -30 mV to about + S mV or about - 20 mV to

about + 1S mV at pH 74

R In some embodiments, the LNP compositions or LNPs comprising an ionizable
cationic lipid described herein, prepared and characierized using methods described herein,
have Zeta Potential at pH 7.4 greater than -10, -9, -8, -7, -6, -5.5 -5, ~4 5, -4, -3.5, -3, -2.5, -2,
-1.5, -1, or ~0.5 mV. In some embodiments, the LNP compositions LNPs comprising an
ionizable cationic lipid described herein, prepared and characterized using methods described
herein, have Zeta Potential at pH 7.4 greater than -10 mV. In some embodiments, the LNP
compositions LNPs comprising an ionizable cationic lipid described herein, prepared and
characterized using methods described herein, have Zeta Potential at pH 7.4 greater than -1
mV. In some embodiments, the LNP compositions LNPs comprising an ionizable cationic lipid
described herein, prepared and characterized using methods described herein, have Zeta
Potential at pH 5.5 greater than -1, 0, 1,2, 3,4, 45,5 7.5 10, 12.5 15, 17.5,20, 225, or 25
mV. In some embodiments, the LNP compositions LNPs comprising an ionizable cationic lipid
described herein, prepared and characierized using methods described herein, have Zeta
Potential at pH 5.5 greater than 5 mV. In some embodiments, the LNP compositions LNFPs
comprising an ionizable cationic lipid described herein, prepared and characterized using

methods described herein, have Zeta Potential at pH 5.5 greater than 15 mV.

SELECTIVE ORGAN DELIVERY

{9288 In some embodiments, the LINP described herein has high liver avoidance. In some
embodiments, the LNP comprises about 1.5 moi% of free PEG-lipid. In some embodiments,
the LNP comprises about | to about 2 mol% of free PEG-lipid. In some embodiments, the free
PEG-lipid is DSG-PEG. In some embodiments, the LNP comprising about 3.5 mol% of DSG-
PEG has high liver targeting.

2851 In some embodiments, liver avoidance is measured with imaging (e.g., ex vivo
tuciferase imaging). ln some embodiments, liver avoidance is measured as a von-liver/liver
ratio. In some embodiments, the non-liver/liver ratio is the level of LNP accumulation, cargo

delivery, or cargo expression in a non-liver organ {e.g., spleen) relative to that in the liver. In
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some embodiments, liver avoidance is measured certain period of time {e.g., 24 hours) after
dosing the subject with the LNP. In some embodiments, the non-liver/liver ratio is about 1 to

about 1.5, In some embodiments, the non-liver/liver ratio is about 1.25.

i938%  In some embodiments, the LNP described herein has high liver targeting. In some
embodiments, the LNP comprises about 3.5 mol% of free PEG-ipid. In some embodiments,
the LNP comprises about 3 to about 4 mol% of free PEG-hipid. In some embodiments, the free
PEG-lipid is DSG-PEG. In some embodiments, the free PEG-lipid is DPG-PEG. In some
embodiments, the LNP comprising about 3.5 mol% of DSG-PEG or about 3.5 mol% of DPG-

PEG has high liver targeting.

B3 Io some embodiments, liver targeting is measured with imaging (e.g, ex vivo
hyciferase imaging). In some embodiments, liver targeting s measured as a iver/non-liver ratio.
In some embodiments, the liver/non-liver ratio is the level of LNP accumulation, cargo
delivery, or cargo expression in the liver relative to that in a non-liver organ {e.g., spleen). In
some embodirents, liver targeting 1s measured certain period of time {e.g., 24 hours) after
dosing the subject with the LNP. In some embodiments, the liver/non-liver ratio is about | to

about 2, or about 1.5 {0 about 2. 1o some embodiments, the liver/non-liver ratio 1s about 1.6 or

about 1.8,
Y. PAYLOADS
{3823 The LNP compositions may comprise an agent, for example, a nucleic acid

molecule for delivery to a cell {e.g., an immune cell} or tissue, for example, a cell {e.g, an

immune cell} or tissue in a subject.

{9383 The LNP compositions of the present invention may include a nucleic acid, for
example, a DNA or RNA, such as an mRNA, tRNA, microRNA, siRNA, gRNA (guide RNA),
circRNA{circular RNA), ribozymes, decoy RNA or dicer substrate siRNA. It is contemplated
that nucleic acids can contain naturally occurring components, such as, naturally occurring
bases, sugars or linkage groups {e.g., phosphodiester linkage groups) or may contain non-
naturally occurring components or modifications, {e.g., thicester linkage groups). For example,
the nucleic acid can be synthesized to contain base, sugar, and/or linker modifications known
to those skilled in the art. Furthermore, the nucleic acids can be linear or circular, or bave any
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desired configuration. The LNP compositions can include multiple nucleic acid molecules, for

example, multiple RNA molecules, which can be the same or different.

[HXSEEY In certain embodiments, the payload is an mRNA. In certain embodiments, a
particular LNP composition may comprise a number of mRNA rolecules that can be the same
or different. In certain embodiments, one or more LNP compositions including one or more
different mRMNAs may be combined, and/or simultaneously contacted, with a cell. B i3
contemplated that an mRNA may include one or more of a stem loop, a chain terminating
nucleoside, a polyA sequence, a polvadenyiation signal, and/or a 5 cap structure. The mRNA
may encode a receptor, such as a chimeric antigen receptor {CAR), for use in for example, an
imimune disorder, inflaramatory disorder or cancer. In addition, the mRNA may encode an
antigen for use in a therapeutic or prophylactic vaccine, for example, for treating or preventing
an infection by a pathogen, for example, a microbial or viral pathogen, or for reducing or

ameliorating the side effects caused directly or indirectly by such an infection.

PGS In certain embodiments, the LNP composition may inchude one or more other
components including, but not limited to, one or more pharmaceutically acceptable excipients,
small hydrophobic molecules, therapeutic agents, carbohydrates, polymers, permeability

enhancing molecules, and surface altering agents.

{386} In some embodiments, the wt/wt ratio of the lipid component to the payload (e.g.,
mRNA) in the resulting LNP composition is from about 1.1 to about 50:1. In certain
embodiments, the wi/wi ratio of the lipid component to the payload (e.g., mRNA} in the
resulting composition is from about 5:1 to about 50:1. In certain embodiments, the wt/wt ratio
is from about 5:1 to about 40:1. In certain embodiments, the wt/wt ratic is from about 10:1 to

about 40:1. In certain embodiments, the wi/wt ratio is from about 15:1 to about 25:1.

WY In certain embodiments, the encapsulation efficiency of the payload (e.g,, mRNA)
in the lipid nanoparticles is at least S0%. Iu certain embodiments, the encapsulation efficiency

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

[RERLERY: In some embodiments, LNPs comprising an ionizable cationic lipid described
herein, prepared and charactenized using methods described herein, exhibit encapsulation
efficiency of greater than 50, 35, 60, 63, 70, 75, 80, 82.5, 85, 87.5, 90, 92.5, 95, 97.5, or 99%.

In some embodiments, LNPs comprising an ionizable cationic lipid described herein, prepared
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and characterized using methods described herein, exhibit encapsulation efficiency of greater
than 87 5%. In some embodiments, LNPs comprising an ionizable cationic lipid described
herein, prepared and characterized using methods described herein, exhibit dye accessible RNA
of less than 50, 45, 40, 35, 30, 25, 20, 17.5, 15, 12.5, 10, 7.5, 5, 2.5, or 1%. In some
erobodiments, LNPs comprising an iounizable cationic lipid described herein, prepared and

characterized using methods described herein, exhibit dye accessible RNA of less than 12.5%.

{H30% In some embodiments, LNPs comprising an ionizable cationic lipid described
herein, prepared and characterized using methods described herein, exhibit total mRNA
recovery of greater than 50, 55, 60, 65, 70, 75, 80, 85, 90, or 95%. In some embodiments, LNPg
comprising an ionizable cationtc lipid described herein, prepared and characterized using

methods described herein, exhibit total mRNA recovery of greater than 80%.

BNA PAVLOAD

[NENY: In certain embodiments, the RNA payload is an mRNA, tRNA, microRNA, or
siRNA payload.

[HENRY! In certain embodiments, the lipid nanoparticle compositions are optimized for the
delivery of RNA, e.g,, mRNA, to a target cell for translation within the cell. An mRNA may
be a naturally or non-naturally occurring mRNA. An mRNA may include one or more modified

nucleobases, nucleosides, or nucleotides.

8382 The nucleobases may be selected from the non-limiting group consisting of adenine,
guanine, uracil, cytosine, 7-methylguanine, S-methylcytosine, S-hydroxymethyleyiosine,
thymine, pseudouracil, dihydrouracil, N1-methyipseudouraci, hypoxanthine, and xanthine. Io

some embodiments, nucleobase 1s Ni-methylpseudouracii.

3Ly A nucleoside of an mRNA is a compound including a sugar molecule (e.g., a 5-
carbon or 6-carbon sugar, such as pentose, ribose, arabinose, xylose, ghucose, galactose, or a
deoxy derivative thereof} in combination with a nuclecbase. A nucleoside may be a canonical
nucleoside {e.g., adenosine, guanosine, cytidine, uridine, 5-methyluridine, deoxyadenosine,
deoxyguanosing, deoxyeytidine, deoxyuridine, and thymidine) or an analog thereof and may

include one or more substitutions or modifications.

[HIRFE Y A nucleotide of an mRNA is a compound containing a nucleoside and a phosphate

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

herein.

[ERR Y An mRNA may include a 5' untransiated region, a 3' untranslated region, and/or a
coding or translating sequence. An mRNA may include any number of base pairs, including
tens, hundreds, or thousands of base pairs. Any number {(e.g, all, some, or nong) of
nucleobases, nucleosides, or nucleotides may be an analog of a canonical species, substituted,
modified, or otherwise non-naturally occurring. In certain embodiments, all of a particular
nuclecbase type may be modified. For example, all cytosine in an mRNA may be 5-
methyicytosine. In certain embodiments, one or more or all uridine bases may be Nli-

methylpseudouridines.

RN In certain embodiments, an mRNA may include a §' cap structure, a chain

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

(HEN A cap structure or cap species 18 a compound including two nucleoside moieties
joined by a livker and muay be selected from a naturally occurring cap, a non-naturally occurting
cap or a cap analog. A cap species may include one or more modified nucleosides and/or linker
moieties. For example, a natural mRNA cap may include a guanive nucleotide and a guanine
{3} nucleotide methylated at the 7 position joined by a triphosphate linkage at their 5 positions,
e.g., 7G5 pp(SHG, commonly written as m7GpppG. A cap species may also be an anti-
reverse cap analog. A non-limiting list of possible cap species includes m7GpppG,

m7Gpppm7G, m73'dGpppG, m7Gpppm7G, m73'dGpppG, and m27 02'GppppG.
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RN Alternatively or in addition, an mRNA may include a chain terminating nucleoside.
For example, a chain terminating nucleoside may include those nucleosides deoxygenated at
the 2" and/or 3' positions of their sugar group. Such species may wnchude 3'-deoxyadenosine
{cordycepin}, 3'-deoxyuridine, 3'-deoxycytosine, 3'-deoxyguanosine, 3'-deoxythymine, and
"

2" 3-dideoxyoucleosides, such  as  2'3-dideoxyadenosine, 2'3'-dideoxyuridine, 273'-

dideoxycytosine, 2',3'-dideoxyguanosine, and 2 3'-dideoxythymine.

(R Alternatively or in addition, an mRNA may include a stem loop, such as a histone
stem loop. A stem loop may include 1, 2, 3, 4, 5, 6, 7, 8, or more nucleotide base pairs. For
example, a stem loop may include 4, S, 6, 7, or 8 nucleotide base pairs. A stem loop may be
located in any region of an mRNA For example, a stem loop muay be located in, before, or after
an untranslated region {(a 5 uniranslated region or a 3' uniransiated region), a coding region, or

a polyA sequence or tail.

B335 Alternatively or in addition, an mRNA may include a polyA sequence and/or
polyadenylation sigual. A polyA sequence may be comprised entirely or mostly of adenine
nucleotides or analogs or derivatives thereof. A polyA sequence may be a tail located adjacent

to a 3" untranslated region of an mRNA,

B3I An mRNA may encode any polypeptide of interest, including any naturally or non-
naturally occurring or otherwise modified polypeptide. A polypeptide encoded by an mRNA
may be of any size and may have any secondary structure or activity. In some embodiments, a
polypeptide encoded by an mRNA may have a therapeutic effect when expressed in a cell. In
some embodiments, the mRNA may encode an antibody, enzyme, growth factor, hormone,
cytokine, viral protein (e.g., a viral capsid protein), antigen, vaccine, or receptor. In some
embodiments, the mRNA may encode an engineered receptor such as a CAR or an antigen for
use in a therapeutic vaccine (e.g., a cancer vacciue) or a prophylactic vaccine {e.g., a vaccine
for minimizing the risk or severity of an infection by a microbial or viral pathogen). In some
embodiments, the mRNMNA encodes a polypeptide capable of regulating immune response in the
immune cell. In some embodiments, the mRNA encodes a polypeptide capable of
reprogramming the immune cell. To some embodiments, the mRNA encodes a synthetic T cell

recepior (synTCR) or a Chimeric Antigen Receptor (CAR).

[RER A lipid composition may be designed for one or more specific applications or
targets. For example, an LNP composition may be designed to deliver mRNA to a particular
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cell, tissue, organ, or system or group thereof in a mammal's body, such as the renal system.
Physiochemical properties of LNP compositions may be altered in order to increase selectivity
for particular target site within a subject. For instance, particle sizes may be adjusted based on
the fenestration sizes of different organs. The mRNA included in an LNP composition may
also depend on the desired delivery target or targets. For example, av mRNA may be selected
for a particular indication, condition, disease, or disorder and/or for delivery to a particular cell,

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

N3y The amount of mRNA in a lipid composition may depend on the size, sequence,
and other characteristics of the mRNA. The amount of mRNA in an LNP may also depend on
the size, composition, desired target, and other characteristics of the LNP composition. The
relative amounis of mRNA and other elements {e.g., lipids) may alsc vary. The amount of
mRNA in an LNP composition may, for example, be measured using absorption spectroscopy

{e.g., vltraviolet-visibie spectroscopy ).

FHEOEE Y In some embodiments, the one or more mRNAs, lipids, and polymers and amounts
thereof may be selected to provide a specific N:P ratio (the ratio of positively-chargeable lipid
or polymer arine (N = nitrogen) groups to negatively-charged nucleic acid phosphate (P)
groups). The NP ratic of the composition refess to the molar ratic of nitrogen atoms in one or
more lipids to the number of phosphate groups in an mRNA. In general, a lower N:P ratio is
preferred. A NP ratic may be dependent on a specific lipid and its pKa. In certain
embodiments, the mRNA and LNP composition, and/or their relative amounts may be selected
to provide an NP ratio from about 1.1 to about 30:1, or from about 1.1 to about 20:1. In certain
embodiments, the NP ratio can be, for example, 111, 2:1, 3.1, 4.1, S:1, 6:1, 711, or 8.1 In
ceriain embodiments, the NP ratio may be from about 2:1 to about 3:1. In certain
embodiments, the N:P ratio may be about 4:1. In other embodiments, the N:P ratio is from
about 4:1 to about 8:1. For example, the N:P ratio may be about 4.1, about 4.5:1, about 4.6:1,
about 4.7:1, about 4.8:1, about 4.9:1, about 5.0:1, about 5.1:1, about 5.2:1, about 5.3:1, about

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

19325 The amount of mRNA in a nanoparticle composition may depend on the size,
sequence, and other characteristics of the mRNA. The amount of mRNA in a nanoparticle
composition may also depend on the size, composition, desired target, and other characteristics
of the nanoparticle composition. The relative amounts of mRNA and other elements {e.g,

fipids) may also vary. In some embodiments, the wi/wt ratio of the lipid component to an
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mRNA in a nanoparticle composition may be from about 5:1 to about 50:1, such as 5:1, 61,
7L 81, 900, 1001, 1E:1, 12:1, 1301, 14:1, 151, 16:1, 17:1, 18:1, 191, 20:1, 251, 30:1, 35°1,
40:1,4S5:1, and 50:1. For example, the wt/wt ratio of the hipid component to an oRNA may be
from about 10:1 to about 40:1. The amount of mRNA in a nanoparticle composition may, for

example, be measured using absorpiion spectroscopy {e.g., ultraviolet-visible spectroscopy).

RIS The efficiency of encapsulation of an mRNA describes the amount of mRNA that
is encapsulated or otherwise associated with a lipid composition after preparation, relative to
the initial amount provided. The encapsulation efficiency is desirably high {(e.g, close t
100%). The encapsulation efficiency may be measured, for exampie, by comparing the amount
of mRNA in & solution containing the Hpid composition before and after breaking up the LNP
composition with one or more organic solvents or detergents. Fluorescence may be used to
measure the amount of free mRNA in a solution. For the LNP compositions of the invention,
the encapsulation efficiency of an mRNA may be at least 50%, for example 50%, S5%, 60%,
65%, T0%, T5%, 80%, 85%, 90%, 91 %, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or

100%. In certain embodiments, the encapsulation efficiency may be at least 80%.
VI FORMULATION AND Mops oF DELIVERY

3T LNP compositions of the invention may be formulated in whole or in part as a
pharmaceutical composition. The pharmaceutical compositions may further include one or
more pharmaceutically acceptable excipients or accessory ingredients such as those described
herein. General guidelines for the formulation and manufacture of pharmaceutical
compositions and agents are available, for example, in Remington's (2006) supra.
Conventional excipients and accessory ingredients may be used in any pharmaceutical
composition of the invention, except insofar as any conventional excipient or accessory
tngredient roay be incorupatible with one or more components of an LNP compostition of the
invention. An excipient or accessory ingredient may be incompatible with a component of an
LNP composition if its combination with the component may result in any undesirable

biological effect or otherwise deleterious effect.

{328} In some embodiments, one or more excipients or accessory ingredients may make
up greater than 50% of the total mass or volume of a pharmaceutical composition including an
LNP composition of the invention. For example, the one or more excipients or accessory
ingredients may make up 30%, 40%, 50%, 60%, 70%, §0%, 90%, or more of a pharmaceutical
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composition. In certain embodiments, the excipient is approved for use in humans and for
veterinary use, for example, by United States Food and Drug Administration. In certain
embodiments, the excipient 18 pharmaceutical grade. In certain embodiments, an excipient
meets the standards of the United States Pharmacopoeia (USP), the European Pharmacopoeia

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

R Relative amouuts of the one or more lipids or LNPs, one or wore pharmaceutically
acceptable excipients, and/or any additional ingredients in a pharmaceutical composition will
vary, depending upon the identity, size, and/or condition of the subject treated and further

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

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

render the compositions suitable for administration to various animals is understood.

[HERE] A pharmaceutical composition in accordance with the present disclosure may be
prepared, packaged, and/or sold in bulk, as a single unit dose, and/or as & plurality of single
unit doses. As used herein, a "unit dose” is discrete amount of the pharmaceutical composition

comprising a predetermined amount of the active ingredient {e.g., the payload).

{332} Pharmaceutical compositions of the invention may be prepared in a variety of forms
suitable for a variety of routes and methods of admimstration. For example, pharmaceutical
compositions of the inventionn may be prepared in liquid dosage forms (e.g., emulsions,
microemudsions, nanoemulsions, solutions, suspensions, syrups, and elixirs), injectable forms,
solid dosage forms {e.g., capsules, tablets, pills, powders, and granules), dosage forms for
topical and/or transdermal administration (e.g., ointments, pastes, creams, lotions, gels,

powders, solutions, sprays, inhalants, and patches}, suspensions, powders, and other forms.
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{333 Liguid dosage forms for oral and parenteral adminisiration include, but are not
timited to, pharmaceutically acceptable emulsions, microemulsions, nanoermulsions, solutions,
suspensions, syrups, and/or elixirs. In addition to active ingredients, liguid dosage forms may
comprise inert diluents commonly used in the art such as, for example, water or other solvents,
sofubilizing agents and emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate,
ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol,
dimethytformamide, oils {in particular, cottonseed, groundnut, corn, germ, olive, castor, and
sesame oils), glycerol, tetrahydrofurfuryl alcohol, polyethylene giyeols and fatty acid esters of
sorbitan, and mixtures thereof. Besides inert diluents, oral compositions can include adjuvants
such as wetling agents, emulsifying and suspending agents, sweetening, flavoring, and/or

perfuming agents.

{334y Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing ageuts,
wetting agents, and/or suspending agents. Sterile injectable preparations may be sterile
injectable solutions, suspensions, and/or emulsions in nontoxic parevterally acceptable diluents
and/or solvents, for example, as a solution in 1,3-butanediol. Among the acceptable vehicles
and solvents that may be employed are water, Ringer's solution, U.S P, and isctonic sodium
chloride solution. Sterile, fixed oils are conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed ol can be employed including synthetic mono- or

diglycerides. Fatty acids such as oleic acid can be used in the preparation of injectables.

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

medium prior {o use.

Other Components
H338] In addition, it is contemplated that the pharmaceutical compositions may include

one or more components in addition to those described hereinabove.

33T The pharmaceutical compositions may also include one or more permeability

enhancer molecules, carbohydrates, polymers, therapeutic agents, surface altering agents, or

other components. A permeability enhancer molecule may be a molecule described, for

example, in /.8, patent application publication No. 2005/0222064. Carbohydrates may include
115



WO 2025/128902 PCT/US2024/059895

simple sugars {e.g., glucose) and polysacchasides (e.g., glycogen and derivatives and analogs

thereof).

{338 The pharmaceutical compositions may also comprise a surface altering agent,
including for exaruple, anionic proteius {e.g., bovine serum alburnin), surfactants (e.g., cationic
surfactants such as dimethyldioctadecyl-ammonium bromide), sugars or sugar derivatives
{e.g., cyclodextrin}, polymers (e.g., heparin, polyethviene glycol, and poloxamer), mucolytic
agents (e.g., acetylcysteine, mugwort, bromelain, papain, clerodendrum, bromhexine,
carbocisteine, eprazinone, mesna, ambroxol, sobrerol, domicdol, letosteine, stepronin,
tiopronin, gelsolin, thymosin B4, dornase alfa, neltenexine, and erdosteine), and DNases {(e.g.,
rhDNase). A surface altering agent may be disposed within and/or upon the surface of a

composttion described herein.

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

known in the art (see, e.g., Remington's (2000} supra).

RS Dhspersing agents may be selected from the non-limiting list consisting of potaio
starch, corn starch, tapioca starch, sodium starch glycolate, clays, alginic acid, guar gum, citrus
pulp, agar, bentonite, cellulose and wood products, natural sponge, cation-exchange resins,
calcium carbonate, silicates, sodium carbonate, cross-linked poly{vinyl-pyrrolidone}
{crospovidone), sodium carboxymethyl starch (sodium starch glycolate), carboxymethyl
cellulose, cross-linked sodium carboxymethyl cellulose (croscarmeliose), methylcellulose,
pregelatimized starch (starch 1500}, microcrystalline starch, water wsoluble starch, calcium
carboxymethy! cellulose, magnesium aluminum silicate (VEEGUM®), sodium laury! suifate,

quaternary ammonium compounds, and/or combinations thereof.
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{344 Surface active agents and/or emulsifiers may include, but are not Himited to, natural
emulsifiers {e.g., acacia, agar, alginic acid, sodium alginate, tragacanth, chondrux, cholesterol,
xanthan, pectin, gelatin, egg voik, casein, wool fat, cholesterol, wax, and lecithin), colloidal
clays (e.g., bentonite [aluminum silicate] and VEEGUM® [magnesium aluminum silicate]),
long chain amino acid derivatives, high molecular weight alcohols (e.g, stearyl alcohol, cetyl
alcohol, oleyl alcohol, triacetin monostearate, ethylene glycol distearate, glyceryi
monostearate, and propylene ghycol monostearate, polyvinyl aicohol), carbomers (e.g., carboxy
polymethylene, polyacrylic acid, acrylic acid polymer, and carboxyvinyl polymer},
carrageenan, cellulosic derivatives {e.g., carboxymethylcellulose sodium, powdered cellulose,
hydroxymethyl celiulose, bhydroxypropyl cellulose, hydroxypropyl methylceilulose,
methylecellulose), sorbitan fatty acid esters {e.g, polyoxyethylene sorbitan monolaurate
ITWEEN®20], polyoxyethylene sorbitan [TWEEN® 60], polyoxyethylene sorbitan
moneooleate [TWEEN®80], sorbitan monopalmitate [SPAN®40], sorbitan monostearate
[SPAN®G0O], sorbitan tnistearate [SPAN®6S], givcery] monooleate, sorbitan monooleate
[SPAN®SO]), polvoxvethylene esters (e.g., polyoxyethylens monostearate [MYRJ® 45],
polyoxyethylene hydrogenated castor oil, polyethoxylated castor oil, polyoxymethylene
stearate, and SOLUTCOL®), sucrose fatty acid esters, polyethylene glycol fatty acid esters (e g,
CREMOPHOR®), polyoxyethylene ethers, {e.g, polyoxyethylene lauryl ether [BRIJI® 30]),
polv{vinyl-pyrrolidone), diethylene glycol monolaurate, triethanolamine oleate, sodium oleate,
potassium oleate, ethyl oleate, oleic acid, ethyl laurate, sodium lauryl sulfate, PLURONIC®F
68, POLOXAMER® 188, cetrimonium bromide, cetylpyridinium chloride, benzalkonium

chloride, docusate sodium, and/or combinations thereof,

343 Examples of preservatives may include, but are not limited to, antioxidants,
chelating agents, antimicrobial preservatives, antifungal preservatives, alcobol preservatives,
acidic preservatives, and/or other preservatives. Examples of antioxidants include, but are not
Hmited to, alpha tocopherol, ascorbic acid, acorbyl palmitate, butylated hydroxvanisole,
butylated hydroxytoluene, monothioglycerol, potassium metabisulfite, propionic acid, propyl
gallate, sodium ascorbate, sodium bisulfite, sodium metabisuifite, and/or sodiuro sulfite.
Examples of chelating agents include ethylenediaminetetraacetic acid (EDTA}, citric acid
monohydrate, disodium edetate, dipotassium edetate, edetic acid, fumaric acid, malic acid,
phosphoric acid, sodium edetate, tartaric acid, and/or trisodium edetate. BExamples of
antimicrobial preservatives include, but are not limited to, benzalkonium chloride,
benzethonmurmn  chioride, benzyl alcobol, bronopol, cetrimide, cetyipyridinium chioride,
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chlorhexidine, chlorobutanol, chlorocresol, chloroxylenol, cresol, ethyl alcohol, glycerin,
hexetidine, imidurea, phenol, phenoxyethanol, phenvlethyl alcohol, phenylmercuric nitrate,
propylene glyeol, and/or thimerosal. Examples of antifungal preservatives include, but are not
limited to, butyl paraben, methyl paraben, ethyl paraben, propyl paraben, benzoic acid,
hydroxybenzoic acid, potassiurn benzoate, potassiure sorbate, sodiurma benzoate, sodium
propionate, and/or sorbic acid. Examples of alcohol preservatives include, but are not limited
to, ethanol, polyethylene glycol, benzyl alcohol, phenol, phenolic compounds, bisphenol,
chiorobutancl, hydroxybenzoate, and/or phenylethyl alcohol. Examples of acidic preservatives
include, but are not limited to, vitamin A, vitamin C, vitamin E, beta-carotene, citric acid, acetic
actd, dehydroascorbic acid, ascorbic acid, sorbic acid, and/or phytic acid. Other preservatives
include, but are not limited to, tocopherol, tocopherol acetate, deteroxime mesylate, cetrimide,
butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), ethylenediamine, sodium
lauryl sulfate (SLS), sodium lauryl ether suifate (SLES), sodium bisulfite, sodium

metabisulfite, potassivm sulfite, potassium metabisulfite.

33 Examples of buffering agents include, but are not limited to, citrate buffer solutions,
acetate buffer solutions, phosphate buffer solutions, ammonium chloride, calcium carbonate,
calcium chloride, calcium citrate, calcium glubionate, calcium gluceptate, calcium gluconate,
d-gluconic acid, calcium glycerophosphate, calcium lactate, calcium lactobionate, propanoic
actd, calcium levulinate, pentanoic acid, dibasic calcium phosphate, phosphoric acid, tribasic
calcium phosphate, calcium hydroxide phosphate, potassium acetate, potassium chloride,
potassium gluconate, potassium mixtures, dibasic potassium phosphate, moncbasic potassium
phosphate, potassium phosphate mixtures, sodium acetate, sodium bicarbonate, sodium
chloride, sedium citrate, sodium lactate, dibasic sodium phosphate, monobasic sodium
phosphate, sodium phosphate mixtures, tromethamive, amino-sulfovate buffers (e.g., HEPES),
magnesium hydroxide, aluminum hydroxide, alginic acid, pyrogen-free water, isotonic saline,

Ringer's solution, ethyl alcohol, and/or combinations thereof.

[HEEES In certain embodiments, the lipid nanoparticle compositions and forroulations
thereof are adapted for administration intravenously, intramuscularly, intradermally,
subcutaneously, intra-arterially, intra-tumor, or by inhalation. In certain embodiments, a dose
of about 0.001 mg/kg to about 10 mg/kg is administered to a subject. Compositions in
accordance with the present disclosure may be formulated in dosage unit form for ease of

administration and uniformity of dosage. It will be understood, however, that the total daily
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usage of a composition of the present disclosure will be decided by an attending physician

within the scope of sound medical judgment.

[HXE R The specific therapeutically effective, prophylactically effective, or otherwise
appropriate dose level (e.g., for imaging) for any particular patient will depend upon a variety
of factors including the severity and identify of a disorder being treated, if any; the one or more
mRNAs employed; the specific composition employed; the age, body weight, general health,
sex, and diet of the patient; the time of administration, route of administration, and rate of
excretion of the specific pharmaceutical composition employed; the duration of the treatment;
drugs used in combination or coincidental with the specific pharmaceutical composition

employed; and like factors well known in the medical arts.

VIiL METHODS

i934s] The present disclosure provides methods of delivering a payload to a target cell or
tissue, for example, a target cell or tissue in a subject, and LNPs or pharmaceutical
compositions comprising the LNPs for use in such methods. Aoy disclosure herein of a method
of, ¢.g., treating a disease or disorder or, e.g., delivering a nucleic acid to a cell or, eg.,
producing a polypeptide of iuterest in a cell should be interpreted also as a disclosure of an

LINP or pharmaceutical composition comprising said LNP for use in such methods.

[HERE Y In certain embodiments, the invention provides a method of producing a
polypeptide of interest {e.g., a protein of interest) in a mammalian cell, and LNPs or
pharmaceutical compositions comprising the LNPs for use in such methods. Methods of
producing polypeptides in such a cell involve contacting a cell with an LNP composition
comprising an RNA of interest (e.g., an mRNA encoding the polypeptide of interest {e.g., a
protein of interest}). Upon contacting the cell with the LNP composition, the mRNA may be

taken up and translated in the cell to produce the polypeptide of interest.

[ RY In general, the step of contacting a mammalian cell with an LNP composition
including an mRNA encoding a polypeptide of interest may be performed in vivo, ex vivo, or
in vifro. The amount of an LNP composition contacted with a cell, and/or the amount of mRNA
therein, may depend on the type of cell or tissue being contacted, the means of administration,
the physiochernical characteristics of the LINP composition and the mRNA (e.g., size, charge,
and chemical composition} therein, and other factors. In general, an effective amount of the
LNP composition will allow for efficient polypeptide production in the cell. Metrics for
119



WO 2025/128902 PCT/US2024/059895

efficiency may include polypeptide translation {indicated by polypeptide expression}, level of

mRNA degradation, and immune response indicators.

[HXE The step of contacting an LNP composition including an mRNA with a cell may
iovolve or cause transfection where the LNP composition may fuse with the membrane of cell
to permit the delivery of the mRNA into the cell. Upon introduction into the cytoplasm of the
cell, the mBRNA is then transiated into a protein or peptide via the protein synthesis wachinery

within the cytoplasm of the cell.

RSN In certain embodiments, the LNP compositions described herein may be used to
deliver therapeutic or prophylactic agents to a subject. For example, an mRNA included in an
LINP composition may encode a polypeptide and produce the therapeutic or prophylactic
polypeptide upon contacting and/or entry {e.g., transfection) into a cell In certain
embodiments, an mRNA included in an LNP composition of the invention may encode a

polypeptide that may improve or increase the imumunity of a subject.

{H3SE In certain embodiments, contacting a cell with an LNP composition inchuding an
mRNA may reduce the innate iramune response of a cell to an exogenous nucleic acid. A cell
may be contacted with a first LINP composition including a first amount of a first exogenous
mRNA including a translatable region and the level of the innate immune response of the cell
to the first exogenous mRNA may be determined. Subsequently, the cell may be contacted with
a second composition including a second amount of the first exogenous mRNA, the second
amount being a lesser amount of the first exogenous mRNA compared to the first amount.
Alternatively, the second composition may include a first amount of a second exogenous
mRNA that is different from the first exogenous mRNA. The steps of contacting the cell with

the first and second compositions may be repeated one or more times,

Hi3x2]  Additionally, efficiency of polypeptide production in the cell may be optionally
determined, and the cell may be re-contacted with the first and/or second composition

repeatedly until a target protein production efficiency is achieved.

FRERRRY! The present disclosure provides methods of delivering a nucleic acid {e.g., an
mMmRNA) to a mammalian cell or tissue, for example, a mammalian cell or tissue in a subject.
Delivery of an mRNA to such a cell or tissue involves administering an LNP composition

including the mRNA to a subject, for example, by injection, e.g., via intramuscular injection
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or intravascular delivery into the subject. After administration, the LNP can target and/or
contact a cell, for example, an immune cell, such as a T-cell. Upon contacting the cell with the
LNP composition, a translatable mRNA may be translated in the cell to produce a polypeptide

of interest.

[RERRS In certain embodiments, an LNP composition of the invention may target a
particular type or class of cells. This targeting may be facilitated using the lipids described
herein to form LNPs, which may also include a targeting group for targeting cells of interest.
In certain, embodiments, specific delivery may result in a greater than 2 fold, 5 fold, 10 fold,
15 fold, or 20 fold increase in the amount of mRNA to the targeted destination (e.g., cells that
express or express at high levels the receptor of interest which binds to the immune cell
targeting group of the LNPs) as compared to another destinations {e.g., celis that either do not

express or only express at low levels the receptor of interest).

AR LNP compeositions of the invention may be useful for treating a disease, disorder,
or condition characterized by missing or aberrant protein or polypeptide activity. Upon delivery
of an mRINA encoding the missing or aberrant polypeptide to a cell, translation of the mRNA
may produce the polypeptide, thereby reducing or eliminating an issue caused by the absence
of or aberrant activity caused by the polypeptide. Because translation may occur rapidly, the
methods and compositions of the invention may be useful in the tfreatment of acute diseases,
disorders, or conditions such as sepsis, stroke, and myocardial infarction. An mRNA included
in an LNP composition of the invention may also be capable of altering the rate of transcription

of a given species, thereby affecting gene expression.

PR EY: Dhseases, disorders, and/or conditions characterized by dysfunctional or aberrant
protein or polypeptide activity for which a composition of the invention may be administered
include, but are not limited to, cancer and proliferative diseases, genetic diseases {e.g., cystic
fibrosis), autoimmune diseases, diabetes, neurodegenerative diseases, cardio- and reno-
vascular diseases, and metabolic diseases. Multiple diseases, disorders, and/or conditions may
be characterized by missing (or substantially diminished such that proper protein function does
not occur) protein activity. Such proteins may not be present, or they may be essentially non-
functional. A specific example of a dysfunctional protein is the missense mutation variants of
the cystic fibrosis transmembrane conductance regulator {CFTR) gene, which produce a
dysfunctional protein variant of CFTR protein, which causes cystic fibrosis. The present

disclosure provides a method for treating such diseases, disorders, and/or conditions in a
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subject by administering an LNP compesition including an mRNA and a lipid component
including KL 10, a phospholipid {optionally unsaturated), a PEG lipid, and a structural lipid,
wherein the m RNA encodes a polypeptide that antagonizes or otherwise overcomes an

aberrant protein activity present in the cell of the subject.

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

scope of sound medical judgment.

[RIRRY: A LNP composition including one or more mRNAs may be administered by a
variety of routes, for example, orally, intravevously, intramuscularly, intra-arterially,
intramedullary, intrathecally, subcutaneously, intraventricularly, trans- or intra-dermally,
intradermally, rectally, intravaginally, intraperitoneally, topically, mucosally, nasally,
intratumoraily. In certain embodiments, an LNP composition may be administered
intravenously,  intramuscularly, intradermally, intra-arterially, intratumorally, or
subcutaneously. However, the present disclosure encompasses the delivery of LNP
compositions of the invention by any appropriate route taking into consideration likely
advances in the sciences of drug delivery. In general, the most appropriate route of
administration will depend upon a variety of factors including the nature of the LNP
composttion including one or more mRNAs {e.g., its stability tn various bodily environments
such as the bloodstream and gastrointestinal tract), the condition of the patient {¢.g., whether

the patient is able to tolerate particular routes of adrinistration), etc.

1938y LNP compositions inchuding one or more mRNAS may be used in combination with
one of more other therapeutic, prophylactic, diagnostic, or imaging agents. By "in combination
with,” it is not intended to imply that the agents must be administered at the same time and/or
formulated for delivery together, although these methods of delivery are within the scope of

the present disclosure. For example, one or more LNP compositions including one or more
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different mRNAs may be administered in combination. Compositions can be administered
concurrently with, prior to, or subsequent o, one or more other desired therapeutics or medical
procedures. In general, each agent will be administered at a dose and/or on a time schedule
determined for that agent In some embodiments, the present disclosure encompasses the
delivery of compositions of the invention, or irnaging, diagnostic, or prophylactic compositions
thereot in combination with agents that improve their bicavailability, reduce and/or modify

their metabolism, inhibit their excretion, and/or modify their distribution within the body.

RO It will further be appreciated that therapeutically, prophylactically, diagnostically,
or imaging active agents utilized in combination may be administered together in a single
composition or administered separately in different compositions. In general, it is expected that
agents utilized in combination will be utilized at fevels that do not exceed the levels at which
they are utilized individually. In some embodiments, the levels utilized in combination may be

fower than those utilized individually.

FHEG Y The particular combination of therapies (therapeutics or procedures) to employ in a
combination regimen will take into account compatibility of the desired therapeutics and/or
procedures and the destred therapeutic effect to be achieved. It will also be appreciated that the
therapies employed may achieve a desired effect for the same disorder (for example, a
composition useful for treating cancer may be administered concurrently with a
chemotherapeutic agent}, or they may achieve different effects {e.g., control of any adverse

effects).

FER TN In some embodiments, no more than 1%, no more than 2%, no more than 3%, no
more than 4%, no more than 5%, no more than 6%, no more than 7%, no more than 8%, no
more than 9%, no more than 10%, no more than 15%, no more than 20%, no more than 25%,
no more than 30%, no more than 35%, no more than 40%, no more than 45%, or no more than
50% of cells that are not meant to be the destination of the delivery are transfected by the LNP.
In some embodiments, the cells that are not meant to be the destination of the delivery are
subject’s non-immune celis. In some embodiments, the cells that are not meant to be the
destination of the delivery are cells not targeted by the method. In some embodiments, the cells
that are not meant to be the destination of the delivery are subject’s cells not targeted by the

method.
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363} In some embodiments, the half-life of the nucleic acid delivered by the LNP
described herein to the immune cell or a polypeptide encoded by the nucleic acid delivered by
the LNP and expressed in the tmmune cell 15 at least 1%, at least 5%, at least 10%, at least
15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least
50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 2 times, at least 3 times, at
feast 4 times, or at least 5 times longer than the halfdife of the nucleic acid delivered by a
reference LNP to the immune cells or a polypeptide encoded by the nucleic acid delivered by

the reference LNP and expressed in the immune cell.

FRERIE Y In some embodiments, the composition of the LNP differs from the compeosition of
the reference LNP in the type of tonizable cationic lipid, relative amount of ionizable cationic
lipid, length of the lipid anchor in PEG Hipid, back bone or head group of the PEG lipid, relative
amount of PEG lipid, or type of immune cell targeting group, or any combination thereof. In
some embodiments, the composition of the LNP differs from the corposition of the reference
LNP only in the type of ionizable cationic lipid. In some embodiments, the composition of the
LNP differs from the composition of the reference LNP only in the amount of PEG lipid. In
some embodiments, the reference LNP comprises cationic Lipid DLin-KC3-DMAS but
otherwise as the same as a tested LNP. In some embodiments, the reference LNP comprises
cationic Lipid DLin-KC2-DMA, but otherwise as the same as a tested LNP. In some
embodiments, the reference LINP comprises cationic Lipid ALC-0313, but otherwise as the
same as a tested LNP. In some embodiments, the reference LNP comprises cationic Lipid SM-
102, but otherwise as the same as a tested LNP. In some embodiments, PEG lipid i3 a free PEG

fipid.

IR Y In some embodiments, at least 1%, at feast 5%, at least 10%, at least 15%, at least
20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least
55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 0%, at least B5%, at least
90%, or at least 95% of the immune cells are transfected by the LNP. In some embodiments,
the tmmune cells are subject’s irmwune cells. v some embodiments, the imroune cells are
immune cells targeted by the method. In some embodiments, the immune cells are subject’s
immune cells targeted by the method. In some embodiments, the immune cells are
macrophages, for instance M2a macrophages, M2b macrophages, and/or M2¢ macrophages. In
some embodiments, the immune cells are B cells. In some embodiments, the immune cells are

NK cells. In some embodiments, the immune cells are T cells, for example C14+ T cells and/or
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CD8+ T cells. In some embodiments, the immune cells are NK cells and T cells, for example
NK cells and CD4+ T cells and/or CD8+ T cells. In some embodiments, the immune cells are

monocytes. In some embodiments, the immune cells are dendritic cells.

i9366] In some embodiments, the expression level of the nucleic acid delivered by the LNP
is at least at least 1%, at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least
30%, at least 35%, at feast 40%, at least 45%, at least 50%, at least 60%, at feast 70%, at least
80%, at least 90%, at least 2 fimes, at least 3 times, at least 4 times, at least 5 times, at least 6
times, at least 7 times, at least 8 times, at least 9 times, or at least 10 times higher than the
expression level of the nucleic acid delivered by a reference LNP. In some embodiments, the
expression level is measured and compared with a method described herein. In some
embodiments, the expression level is measured by the ratic of cells expressing the encoded
polypeptide. In some embodiments, the expression level i3 measured with FACS. In some
embodiments, the expression level is measured by the average amount of the encoded
polypeptide expressed in cells. In some embodiments, the expression level is measured as mean
fluorescence intensity. In some embodiments, the expression level is measured by the amount

of the encoded polypeptide or other materials secreted by cells.

H36TE In another aspect, provided herein are methods of targeting the delivery of a nucleic
acid to an immune cell of a subject. In some embodiments, the method comprises contacting
the immune cell with a lipid nanoparticle (NP}, In some embodiments, the LNP comprises an
ionizable cationic lipid. In some embodiments, the LNP comprises a conjugate comprising the
compound of the following formula: [Lipid] — {optional linker] — [immune cell targeting
group}. In some embodiments, the LNP comprises a sterol or other structural lipid. In some
embodiments, the LNP comprises a neutral phospholipid. In some embodiments, the LNP
comprises a free Polyethylene glycol (PEG) lipid. In some embodiments, the LNP comprises

the nucleic acid.

8368} In some embodiments, an aspect of the disclosure relates to an LNP or a
pharmaceutical composition containing thereof, as disclosed herein, for use in a method of
targeting the delivery of a nucleic acid to an iromune cell of a subject. Such a method may be
for the treatment of a disease or disorder as disclosed hereafter. In some embodiments, a
method as disclosed herein can comprise contacting in vitro or ex vivo the immune cell of a
subject with a lipid nanoparticle (LNP). In some embodiments, the LNP is an LNP as described

herein in the present disclosure.
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{365} In some embodiments, the LNP provides at least one of the following benefits:

{i) increased specificity of targeted delivery to the immune cell compared to a

reference LNP;

(i) increased half-life of the nucleic acid or a polypeptide encoded by the nucleic acid

in the immune cell compared to a reference LNP,;
(i11) increased transfection rate compared to a reference LNP; and

(iv) a low level of dye accessible mRNA (<15%) and high RNA encapsulation efficiencies,
wherein at least B0% mRNA was recovered in final formulation relative to the total RNA used

in LNP batch preparation.

[ In some aspect, provided are methods of expressing a polypeptide of interest in a
targeted immune cell of a subject. In some embodiments, the method comprises contacting the
immune cell with a lipid nanoparticle (LNP). In some embodiments, the LNP comprises an
ionizable cationic lipid. In some embodiments, the LNP comprises a conjugate comprising the
following structure: [Lipid] — [optional linker] — [immune cell targeting group]. In some
embodiments, the LNP comprises a sterol or other structural lipid. In some erobodiments, the
LNP comprises a neutral phospholipid. In some embodiments, the LNP comprises a free
Polyethylene glveol (PEG) lipid. In some embodiments, the LNP comprises a nucleic acid
encoding the polypeptide. In some embodiments, an aspect of the disclosure relates to an LNP
or a pharmaceutical composition containing thereof, as disclosed herein, for use in a method
of expressing a polypeptide of interest in a targeted immune cell of a subject. Such a method
may be for the treatruent of a disease or disorder as disclosed hereafter. In some embodiments,
a method as disclosed herein can comprise contacting in vitro or ex vivo the tmumune cell of a

subject with a lipid nanoparticle (LNP).

AT} In some embodiments, the LNP provides at least one of the following benefits:
{i) increased expression level in the immune cell compared to a reference LNP;

{i1) increased specificity of expression in the immune cell compared to a reference LNP;

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

immune cell compared to a reference LNP;

(v} increased transfection rate compared to a reference LNP; and
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{v} a low level of dye accessible mRNA (<15%) and high RNA encapsulation efficiencies,
wherein at least 80% mRNA was recovered in final formulation relative to the total RNA used

in LNP batch preparation.

FEER In some aspects, provided are methods of modulating cellular function of a target
immune cell of a subject. In some embodiments, the method comprises administering to the
subject a lipid nanoparticle (LNP}. In some embodiments, the LNP comprises an ionizable
cationic lipid. In some embodiments, the LNP comprises a conjugate comprising the following
structure: [Lipid] — {optional linker] — [immune cell targeting group]. In some embodiments,
the LNP comprises a sterol or other structural lipid. In some embodiments, the ENP comprises
a neutral phospholipid. In some embodiments, the LNP comprises a free Polyethylene glyeol
(PEG) lipid. In some embodiments, the LNP comprises a nucleic acid encoding a polypeptide
for modulating the cellular function of the immune cell. In some embodiments, an aspect of
the disclosure relates to an LNP or a pharmaceutical composition containing thereof, as
disclosed herein, for use in a method of modulating cellular function of a targeted immune cell
of a subject. Such a method may be for the treatment of a disease or disorder as disclosed
hereafter. In some embodiments, a method as disclosed herein can comprise contacting in vitro

or ex vivo the immune cell of a subject with a lipid nanoparticle (LNP}.
AT In some embodiments, the LNP provides at [east one of the following benefits:

{1} increased expression level in the immune cell compared to a reference LNP;
(11) increased specificity of expression in the immune cell compared to a reference LINP;

(tit) increased half-life of the nucleic acid or a polypeptide encoded by the nucleic acid in the

imroune cell compared to a reference LNP;
{iv) increased transfection rate compared to a reference LINP;

{v} the LNP can be administered at a lower dose compared to a reference LNP 1o reach the
same hiologic effect in the immune cell; and

(vi} a low level of dye accessible mRNA (<15%) and high RNA encapsulaiion efficiencies,
wherein at least 80% mRNA was recovered in final formulation relative to the total RNA used

in LINP batch preparation.
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374 In some embodiments, the modulation of cell function comprises reprogramming
the immune cells to initiate an immune response. In some embodiments, the modulation of cell

function comprises moduolating antigen specificity of the immune cell.

FREREY: In some aspect, provided are methods of treating, ameliorating, or preventing a
symptom of a disorder or disease in a subject in need thereof. In some embodiments, the method
comprises administering to the subject a lipid nanoparticle {LNP) for delivering a nucleie acid
into an immune cell of the subject. In some embodiments, the LNP comprises an ionizable
cationic fipid. In some embodiments, the LNP comprises a conjugate comprising the following
structure: [Lipid] - [optional linker] — [immune cell targeting group]. In some embodiments,
the LNP comprises a sterol or other structural lipid. In some embodiments, the NP comprises
a neutral phospholipid. In some embodiments, the LNP comprises a free Polyethylene glveol

(PEG) lipid. In some embodiments, the LNP comprises the nucleic acid.

Rk In some embodiments, the nucleic acid modulates the immune response of the
immune cell, therefore o treat or ameliorate the symptorn. In some embodiments, an aspect of
the disclosure relates to an LNP or a pharmaceutical composition containing thereof, as
disclosed herein, for use n 8 wethod of treating, ameliorating, or preventing a symptom of a
disorder or disease in a subject in need thereof. A disease or disorder may be as disclosed
hereafter. In some embodiments, a method as disclosed herein can comprise contacting in vitro

or ex vive the immune cell of a subject with a lipid nanoparticle (LNP}.
WATT In some embodiments, the LNP provides at least one of the following benefits:

(1) increased specificity of delivery of the nucleic acid into the immune cell compared to a
reference LN,

(i1} increased half-life of the nucleic acid or a polypeptide encoded by the nucleic acid in the
immune cell compared to a reference LNP;

{(iv) the LNP can be administered at a lower dose compared to a reference LNP to reach the

same treatment efficacy;

(v} increased level of gain of function by an immune cell compared to a reference LNP; and
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{vi) a low level of dye accessible mRNA (<15%) and high RNA encapsulation efficiencies,
wherein at least 80% mRNA was recovered in final formulation relative to the total RNA used

in LNP batch preparation.

FEER Y In some embodiments, the disorder is an immune disorder, an inflammatory
disorder, or cancer. In some embodiments, the nucleic acid encodes an antigen for use in a

therapeutic or prophylactic vaccine for treating of preventing an infection by a pathogen.

3SR In some embodiments, no more than 1%, 2%, 3%, 4%, 5%, 6%, 7%, &%, 9%, or
10% of non-immune cells are transfected by the LNP. In some embodiments, no more than
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, or 10% of undesired immune cells that are not meant
to be the destination of the delivery are transfected by the LNP. In some embodiments, the half-
life of the nucleic acid delivered by the LNP to the tmmune cell or a polypeptide encoded by
the nucleic acid delivered by the LNP is at least 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, 100%, 1.5 times, 2 times, 3 times, 4 times, 5 times, 10 times, or longer
than the half-life of nucleic acid delivered by a reference LNP to the immune cell or a

polypeptide encoded by the nucleic acid delivered by the reference LNP.

FERR Y In some embodiments, at least 5%, at least 10%, at least 15%, at least 20%, at least
235%, at least 30%, at teast 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
95% or more immune cells that are meant 1o be the destination of the delivery are transfected

by the LNP.

[EIRRTY: In some embodiments, expression level of the nucleic acid delivered by the LNP is
at least 5%, at least 10%, at least 10%, at least 10%, at least 10%, at least 10%, at least 10%, at
feast 10%, at least 10%, at least 10%, at least 10%, at least 10%, at least 10%, at least 10%, at
feast 10%, 1.5 time, 2 times, 3 times, 4 times, 5 times, 10 times, 15 times, 20 times or more
higher than expression level of nucleic acid in the same immune celis delivered by a reference

LNP.

[RR Y In some aspects, provided are methods of targeting the delivery of a nucleic acid to

an immune cell of a subject In some embodiments, the method comprises contacting the

immune cell with a lipid nanoparticle (LNP) provided herein. In some embodiments, the

method 1s for targeting NK cells. In some embodiments, the imroune cell targeting group binds

to CD36. In some embodiments, the method is for targeting both T cells and NK cells
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simultanecusly. In some embodiments, the immune cell targeting group binds to CD7, CDE,
or both CD7 and CD8. In some embodiments, the method is for targeting both CD4+ and CD8+
T cells sumultaneously. In some embodiments, the immune cell targeting group comprises a

polypeptide that binds to CD3 or CD7.

[RRNRY: In some aspects, provided are methods of expressing a polypeptide of interestin a
targeted immune cell of a subject. In some embodiments, the method comprises contacting the

immune cell with a lipid nanoparticle (LNP) provided herein.

B384 In some aspect, provided are method of modulating cellular function of a target
immune cell of a subject. In some embodiments, the method comprises administering to the

subiect a lipid nanoparticle (LNP} provided herein.

IBIRE] In some aspects, provided are method of ireating, ameliorating, or preventing a
symptom of a disorder or disease in a subject in need thereof. In some embodiments, the method

comprises administering to the subject a lipid nanoparticle (LNP) provided herein.

IR LY In some aspects, provided are methods of treating a disease or disorder related to
CD8 in a subject. In some embodiments, the method comprises administering a pharmaceutical
composition described herein to the subject. In some embodiments, the disease or disorder is

cancer.

IRIRTY LNPs disclosed in the present disclosure and as claimed are suitable for the methods

described above.

AR Kirs vOR UsE IN MEBDICAL APPLICATIONS
IR Another aspect of the invention provides a kit for freating a disorder. The kit

comprises: an ionizable cationic lipid, a lipid-immune cell targeting group conjugate, a lipid
nanoparticle composition comprising an ionizable cationic lipid and/or a lipid-immune cell
targeting group conjugate with or without an encapsulated payload (e.g., an mRNA), and

instructions for treating a medical disorder, such as, cancer or a microbial or viral infection.

ENUMERATED EMBODIMENTS
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[U3RG} The following enumerated embodiments are representative of some aspects of the
invention. It will be understood that reference to an embodiment number refers to all
subembodiments, unless specified otherwise. For example, “erobodiment 207 refers to

subembodiments 20A to 20F, unless specified otherwise.

1. A compound of Formula (I}:

R1A1 R'Ef\ 9]

O
R R? /ﬂ\\
- \T/ \0 R2A (R2A3

R 1A2 R3 RQAZ
R1 A3 I RZ:‘“

N O
R3B

R3A R3A3
R3A2

ROAT .

or a salt thereof, wherein:

R!and R? are each Ci.3 alkylene;

R*is Cia alkylene or a bond;

R4 and R?A are each a bond or Cr.e alkylene;

R’*is a bond or C1.3 alkylene;

RIALRIAL RIAL and R are each H;

RY2 and R*™ are each H, -(CH23)osC(OYORY, or «(CH2)o-sOC(ORY

R and R* are each H, -(CH2)osC(OYOR™, or {CH)o-sOC(OR™;

R {5 -C(O)OR:

R? and R™ are each independently Ciao alkyl;

>
RSBZ RSB1
\N ~

R¥Big R

R ig Cys alkylene, and
R%2 gnd R are each Cis alkyl.

2. The compound of embodiment 1, or a salt thereof, wherein R! and R? are each methylene.



(98]

9.

10,

It

WO 2025/128902 PCT/US2024/059895

The compound of embodiment 1 or 2, or a salt thereof, wherein R4 and R?* are each a
bond, -CHz-, {(CHa}p-, (CHz}s~, -(CH2)4~, -(CHa)s-, {{CHz)o~, (CHz)r-, -(CH2)s-, {(CHz2)o-
, of -{CHz}1o-.

The corpound of embodiment 3, or a sait thereof, wherein R'* and R** are each a bond, -
(CHake-, «(CHaz)s-, -{CHz)7-, or -{CH2)o-.

The compound of any one of embodiments 1 to 4, or a salt thereof, wherein R** is a bond,
~CHa-, or ~(CHaz)z-.

The compound of embodiment 5, or a salt thereof, wherein R** is -CHz-.

The compound of any one of embodiments 1 to 6, or a salt thereof, wherein R'* and R*?
are each ~OC(O)Ch.s alkyl), ~-C{OY{(Cis alkyl), ~OC(OYCH{Cr0 alkyviCroo alkyl), -
COYOCH(Cr10 alkyD)(Cro10 alkyl), «(CHIC(O)(C o alkyl), or (CH)OCONC 110
alkyt).

The comapound of embodiment 7, or a salt thereof, wherein R'A% and R*™ are each -
OQC{OY Crao alkyl), ~-C{OYO{Cro10 alkyDy, ~OC{OYCH(Cs alky){Cx alkyly, -COHYOCH(Cas
alkyi}Cs.s alkyD), or {CHYC(OYHCro alkyl).

The compound of embodiment 8, or a salt thereof, wherein R'*? and R** are each

fixg)j\/\/\’ 3’5\0)}\/\/\/’ Ao

3

‘*{J’L\o”’w‘\ E)L\o

A

° | A A

O YT

The compound of any one of embodiments 1 to 9, or a salt thereof, wherein R' and R’

are each H, -OC({OYCias alkyl), or -C{OYO(Crss alkyl).

>

2A3

The compound of embodiment 10, or a salt thereof, wherein R'™ and R*** are each H, -

OC(OXCs-10 alkyl), -C(OYO(Couro alkyl), or (CHIC(OYO(Cro alkyl).
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12. The compound of embodiment 11, or a salt thereof, wherein R and R* are each H,

RRCUS SOUL & ol

A i | ﬁxgj\/\v/\’
ji\l’)(@ ’ f\a’j}\/\/\/\’
ﬁ\eji\/\/\/\/, f\fgﬂ

f\)kgwa o f\)j\ew_

13. The compound of any one of embodiments | to 12, or a salt thereof, wherein R* is -
CEHOCHC s alkyD{Cro atkyl).

14. The compound of embodiment 13, or a salt thereof, wherein R> is -C(OYOCH(C:
alkyl}(Ce alkyty.

15. The compound of embodiment 14, or a salt thereof, wherein R* is

2RO

16. The compound of any one of embodiments 1 to 15, or a salt thereof, wherein R*! is -
{(CHa -,
17. The compound of any one of embodiments 1 to 16, or a salt thereof, wherein R and
R are each methyl,
18. The compound of any one of embodiments 1 to 15 and 17, or a salt thereof, wherein
Raff /Rss?%
| \NWE’ \wa

N
383 .
R is E , i , OF
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19. The compound of embodiment 1, or a salt thergof, wherein the compound is selected from
Tabie 1.

20A.  The compound of embodiment 1, or a salt thereof, wherein the compound is

AT S T
/UQN

Lipid 40

20B. The compound of embodiment 1, or a salt thereof, wherein the compound is

Lipid 46 ~ f(

N
!

C. The coropound of embodiment 1, or a salt thereof, wherein the compound 18

V\m(w\)kvﬂv\/ Co

Lipid 41

20D. The compound of embodiment 1, or a salt thereof, wherein the compound is
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S0y oy O

Lipid 42

20E. The compound of embodiment 1, or a salt thereof, wherein the compound is

r\j/ﬁ‘g/\/\/\j\@ OMQ

Lipid43 |

20F. The compound of embodiment 1, or a salt thereot, wherein the compound is

M /W\/

Lipid 52 -
s

21. A lipid nanoparticle (LNP) comprising a lipid blend for targeted delivery of a nucleic acid
into an immune cell, the lipid blend comprising:
(a) a lipid-immune cell targeting group conjugate comprising the compound of
Formula (1) [Lipid] - [optional Hinker] — [immune cell targeting group),
{(b) an ionizable cationic lipid, and
(¢} a nucleic acid, wherein the nucleic acid is encapsulated in the LNP.
22, The LNF of embodiment 21, wherein the ionizable cationic lipid comprises the
compound of any one of embodiments 1 to 20
23. The LNP of embodiment 21 or 22, wherein the timmune cell targeting group comprises an
antibody that binds a macrophage antigen, a monocyte antigen, and/or a dendritic antigen.
24. The LNP of embodiment 23, wherein the immune cell targeting group comprises an

antibody that binds a macrophage antigen.
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N2
i

. The LNP of embodiment 23 or 24, wherein the macrophage comprises an M1

macrophage, an M2 macrophage, or both.

26. The LNP of any one of embodiments 23 to 25, wherein the macrophage comprises an

MZa macrophage, an M2b macrophage, an MZc macrophage, or any combination thereof.

. The LNP of embodiment 23, wherein the macrophage antigen cornprises CDIHB, CD63,

CDRO, CD&6, TRL-2, TRL-4, iNOS, MHC-I, CD163, CD206, CD209, FIZZT, or
Ym1/2, or any combination thereof.

28. The LNP of embodiment 27, wherein the macrophage antigen comprises CDR06.

29. The LNF of embodiment 23, wherein the immune cell targeting group comprises an
antibody that binds a monocyte antigen.

30. The LNP of embodiment 29, wherein the monocyte antigen comprises CD14, CCR2,
CCRS, CD62L, HLA, CD68, CXCR1, CXCR3, D, or any combination thereof,

31. The LNP of any one of embodiments 21 to 30, wherein the immune cell targeting group
ts covalently coupled to a lipid in the lipid blend via a polyethylene glycol (PEG)
containing linker.

32. The LNP of embodiment 31, wherein the lipid covalently coupled to the immune cell
targeting group via a PEG containing Hnker is distearoylglycerol (138G), distearoyl-
phosphatidvlethanolamine (DSPE), dimyrstoyl-phosphatidylethanolamine (DMPE),
distearoyl-glycero-phosphoglycerol (DSPG), dimyristoyl-glycerol {BMG), dipalmitoyl-
phosphatidylethanolamine (DPPE)}, dipalmitoyi-glycerol (DPG), or ceramide.

33. The LNP of embodiment 31 or 32, wherein the PEG is PEG 2000 or PEG 3400

34. The LNP of any one of embodiments 21 to 33, wherein the lipid-immune cell targeting
group conjugate is present in the lipid blend in a range of 0.001 to 0.5 mole percent {e.g.,
0.002-0.2 mole percent).

35. The LNP of any one of embodiments 21 to 34, wherein the lipid blend further comprises
one or more of a structural lipid (e.g., a sterol}, a neutral phospholipid, and a free PEG-
lipid.

36. The LNP of any one of embodiments 21 10 35, wherein the ionizable cationic lipid is
present in the lipid blend in a range of 30-70 {e.g., 40-60) mole percent.

37. The LNP of embodiment 35, wherein the sterol is present in the lipid blend in a range of

20-70 {(e.g., 30-50) mole percent.

38. The LNP of embodiment 35 or 37, wherein the sterol is cholesterol.
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39. The LNP of any one of embodimenis 35 10 38, wherein the neutral phospholipid is
selected from the group consisting of phosphatidyicholine, phosphatidylethanolamine,
distearoyl-sn-glycero-3-phosphoethanolamine (DSPE), 1,2-distearoyl-su-glycero-3-
phosphocholine (DSPC), 1,2-dioleoyl-sn-glycere-3-phosphoethanclamine (DOPE), 1,2-
dioleoyl-sn-glycero-3-phosphocholine (DOPC), and sphingomyelin.

40. The LNP of any one of embodiments 35 to 39, wherein the neutral phospholipid is
present in the lipid blend in a range of 5-15 mole percent.

41A. The LNP of any one of embodiments 35 1o 40, wherein the free PEG-lipid is selected
from the group consisting of PEG-modified phosphatidylethanolamines, PEG-modified
phosphatidic acids, PEG-modified ceramides, PEG-modified dialkylamines, PEG-
modified diacvlglycerols, and PEG-modified dialkylglycerols. For example, a PEG lipid
may be PEG- dioleoylgylcerol (PEG-DOG), PEG-dimyristoyl-glycerol (PEG-DMG),
PEG-dipalmitoyl-glycerol (PEG-DPG), PEG-dilinoleoyl-glycerco-phosphatidyl
ethanolarmine (PEG-DLPE), PEG-dimyrstoyl-phosphatidylethanolamine (PEG-DMPE),
PEG-dipalmitoyl- phosphatidylethanolamine (PEG-DPPE), PEG-distearovlglyeerol
(PEG-DSG), PEG-diacylglycerol (PEG-DAG, e.g., PEG-DMG, PEG-DPG, and PEG-
DSG), PEG-ceramide, PEG-distearoyl-glycero-phosphoglveerol (PEG-DSPG), PEG-
dioleoyl-glveero-phosphoethanclamine (PEG-DOPE), 2-{(polyethviene glycol}-20001-

N N-ditetradecylacetamide, or a PEG-distearoyl-phosphatidviethanolamine (PEG-DSPE)
lipid.

41B. The LNP of any one of embodiments 35 to 40, wherein the free PEG-lipid is DSG-PEG.

41C. The LNP of any one of embodiments 35 to 40, wherein the free PEG-lipid is DPG-PEG.

42, The LNP of any one of embodiments 35 to 40, wherein the free PEG-lipid comprises a
diacylphosphatidyiethanolamine comprising Dipalmitoyl (C16) chain or Distearoyl {C18})
chain, and optionally the free PEG-lipid comprises PEG-DPG and PEG-DMG.

43A. The LNP of any one of embodiments 35 to 42, wherein the free PEG-lipid is present in
the lipid blend in a range of 1-4 mole percent.

438, The LNP of any one of embodiments 35 to 42, wherein the free PEG-lipid is present in
the lipid blend in a range of about 1 to about 2 mole percent.

43C. The LNP of any one of embodiments 35 to 42, wherein the free PEG-lipid is present in
the lipid blend in a concentration of about 1.5 mole percent.

430, The LNP of any one of embodiments 35 to 42, wherein the free PEG-lipid is present in

the lipid blend in a range of about 3 to about 4 mole percent.

13
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43E. The LNP of any one of embodiments 35 to 42, wherein the free PEG-lipid is present in
the lipid blend in a concentration of about 3.5 mole percent.

44. The LNP of any one of embodiments 35 to 43, wherein the free PEG-Hipid comprises the
same or a different lipid as the lipid in the lipid-immune cell targeting group conjugate.

45 The LNP of any one of embodiments 21 to 44, wherein the LNP has a meaun diareter in
the range of 50-200 nm.

46. The LNP of embodiment 45, where the LNP has a mean diameter of about 100 nm.

47. The LNP of any one of embodiments 21 to 46, wherein the LNP has a polydispersity
index in a range from 0.01 to 0.1,

48, The LNP of any one of embodiments 21 to 47, wherein the LNP has a zeta potential of
from about +0 mV to about +10 mV at pH 5.5, or from about -5 mV to about 0 mV at pH
7.4

49. The LINP of any one of embodiments 21 to 48, wherein the nucleic acid is DNA or RNA.

50. The LNP of embodiment 49, wherein the RNA is an mRNA.

51. The LNP of embodiment 50, wherein the mRNA encodes a receptor, a growth factor, a
hormone, a cytokine, an antibody, an antigen, av enzyme, or a vaccine.

52, The LNP of embodiment 50, wherein the mRNA encodes a polypeptide capable of
regulating immune response in the immune cell.

53 The LNP of embodiment 50, wherein the mRNA encodes a polypeptide capable of
reprogramming the immune cell.

54, The LNP of embodiment 53, wherein the mRNA encodes polypeptide capable of

reprogramming an M2 macrophage to an M1 macrophage.

[
I

. The LNP of any one of embodiments 21 to 54, wherein the immune cell targeting group
comprises an antibody, and the antibody is a Fab or an immunoglobulin single variable
domain{e.g., a Vuu).

56. The LNP of any one of embodiments 21 to 54, wherein the immune cell targeting group

comprises a Fab, F(ab’)2, Fab’-8H, Fv, or scFv fragment.

57. The LNP of embodiment 55 or embodiment 56, wheretn the immune cell targeting group
comprises a Fab that is engineered to knock out the natural interchain disulfide bond at
the C-terminus.

38 The LNP of embodiment 57, wherein the Fab comprises a heavy chain fragment that

comprises C2335 substitution, and a light chain fragment that comprises C2148

substitution, numbering according to Kabat.

13&’
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59. The LNP of any one of embodiments 56 10 58, wherein the immune cell targeting group
comprises a Fab that has a non-natural interchain disulfide bond (e.g., an engineered,
buried interchatn disulfide bond).

60. The LNP of embodiment 59, wherein the Fab comprises F174C substitution in the heavy
chain fragrment, and S176C substitution in the Hght chain fragment, surobering according
to Kabat.

61. The NP of embodiments 56 to 60, wherein the iramune cell targeting group comprises a
Fab that comprises a cysteine at the C-terminus of the heavy or light chain fragment.

62. The LNP of embodiment 61, wherein the Fab further comprises one or more amino acids
between the heavy chain fragment of the Fab and the C-terminal cysteine.

63. The LNP of embodiment 55, wherein the immune cell targeting group comprises an
immunoglobulin single variable domain.

64. The LNF of embodiment 55 or 63, wherein the imnunoglobulin single variable domain
comprises a cysteine at the C-terminus,

65. The LNP of embodiment 64, wherein the immunoglobulin single variable domain
comprises a VHH domain avd further comprises a spacer comprising one or 1ore aming
acids between the VHH domain and the C-terminal cysteine.

66. The LNP of any one of embodiments 56 and 63 to 65, wherein the immune cell targeting
group comprises two or more Van domains.

67. The LNP of embodiment 66, wherein the two or more Vuu domains are linked by an
aming acid Hnker.

68. The LNP of embodiment 66, wherein the immune cell targeting group comprises a first
Vun domwain livked to an antibody CH1 domain and a second Vim domain linked to an
antibody light chain constant domain, and wherein the antibody CHYI domain and the
antibody light chain covstant domain are linked by one or more disulfide bonds.

69. The LNP of any one of embodiments 35 and 63 to 65, wherein the immune cell targeting
group comprises a Van domain linked to an antibody CH1 domain, and wherein the
antibody CH1 domain is linked to an antibody light chain constant domain by one or

more disulfide bonds.

~<1
<O

. The LNP of embodiment 08 or 69, wherein the CHI domain comprises F174C and
2338 substitutions, and the light chain constant domain comprises S176C and C2148
substitutions, numbering according to Kabat.

e 72}

71. The LNP of any one of embodiments 21 to 70, wherein the LNP comprises:
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(a} the ionizable cationic lipid;

{b) the conjugate comprising the compound of the following formula:
{Lipid] — [optional hinker] — [immuve cell targeting group];

{c} a sterol or other structural lipid;

(d) a veutral phospbolipid;

(e} afree Polyethylene glycol (PEG) lipid; and

(f) the nucleic acid.

~3
3

. The LNP of any one of embodiments 21 to 71, wherein the LNP is for delivering a
nucleic acid into an immune cell, and wherein the immune cell is a macrophage, and the
immune cell targeting group comprises an antibody that binds CD206.

73. The LNP of any one of embodiments 21 to 71, wherein the LNP 1s for delivering a
nucleie acid into an immune cell, and wherein the immune cell targeting group comprises
an antibody that binds CD206, and the free PEG lipid is DMG-PEG or PEG-DPG.

74. The LNP of any one of embodiments 21 to 73, wherein the immune cell targeting group

comprises an antibody, and the antibody is a Fab or an immunoglobulin single variable

domain.

~3
N

. The LNP of embodiment 73, wherein the Fab is engineered to knock out the natural
interchain disulfide at the C-terminus.

76. The LNP of embodiment 75, wherein the Fab comprises a heavy chain fragment that

comprises C2338 substitutions, and a light chain fragment that comprises C2148

substitutions.

3
)

. The LNP of embodiment 75, wherein the Fab comprises a non-natural interchain
disulfide.

78. The LNP of embodiment 75, wherein the Fab comprises F174C substitution in the heavy
chato fragment, and 8176C substitution tn the light chain fragment.

79. The LNP of embodiment 74, wherein the antibody is an immunoglobulin single variable
{15V} domain, and the ISV dowain is a Vi

&0. The LNP of embodiment 79, wherein the free PEG lipid comprises a PEG having a
molecular weight of at least 2000 daltons.

81. The LNP of embodiment 80, wherein the PEG has a molecular weight of about 3000 to

5000 daltons.

&2. The LNP of embodiment 74, wherein the antibody is a Fab.

140



WO 2025/128902 PCT/US2024/059895

&3, The LNP of embodiment 82, wherein the Fab binds CI3206, and the free PEG lipid in the
LINP comprises a PEG having a molecular weight of about 2000 daltons.

84. The LNP of embodiment 82, wherein the Fab 1s an anti-CD206 antibody, and the free
PEG lipid in the LNP comprises a PEG having a molecular weight of about 3000 to 3500
daltons,

85. The LNP of embodiment 74, wherein the immune cell targeting group comprises two or
more Vuy domains.

86. The LNP of embodiment &5, wherein the two or more Vun domains are linked by an
amino acid linker.

&7. The LNP of embodiment 86, wherein the immune cell targeting group comprises a first
Vin domain linked to an antibody CH1 domain and a second Vi domain linked to an
antibody light chain conatant domain.

88. The LNF of any one of embodiments 21 to 71, wherein the LNP is for delivering a
nucleic acid into an immune cell, and wherein the LNP binds a first macrophage antigen,
and also binds a second macrophage antigen.

89. The LNP of embodiment 88, wherein the LNP comprises two conjugates, wherein the
first conjugate comprises an antibody that binds the first macrophage antigen, and the
second conjugate comprises an antibody that binds the second macrophage antigen.

90. The LNP of embodiment 88, wherein the LNP comprises one conjugate, and the
conjugate comprises a bispecific antibody that binds both the first macrophage antigen
and the second macrophage antigen.

91. The LNP of embodiment 90, wherein the bispecific antibody is an immunoglobulin single
variable domain or Fab-ScFv.

92. The LNP of any one of embodiments 21 to 71, wherein the LINP binds to a first antigen
on the surface of the first type of immune cell, and also binds to a second antigen ou the
surface of the second type of immune cell.

93. The LNP of embodiment 92, wherein the first type of inunune cell is a first macrophage,
and the second type of immune cell is a second macrophage, a T-cell, or an NK cell.

94, The LNP of embodiment 92 or 93, wherein the LNP comprises two conjugates, and the
first conjugate comprises a first antibody that binds to the first antigen of the first type of
immune cell, and the second conjugate comprises a second antibody that binds to the

second antigen of the second type of immune cell.

141



WO 2025/128902 PCT/US2024/059895

95 The LNP of embodiment 92 or 93, wherein the LINP comprises one conjugate, and the
conjugate comprises a bispecific antibody, and the bispecific antibody binds to both the
first antigen on the first type of immune cell, and the second antigen on the second type of
immune cells.

96. The LNP of any one of embodiments 21 to 71, wherein the bispecific antibody is an
immunoglobulin single variable domain or a Fab-ScFv.

97. The LNP of any one of embodiments 21 to 71, wherein the LNP is for delivering a
nucleic acid into an immune cell, and wherein the immune cell targeting group comprises
a single antibody that binds to CD206.

98. The LNP of any one of embodiments 21 to 71, wherein the LNP is for delivering a
nucleic acid into both a macrophage and a T-cell or both a macrophage and an NK cell,
wherein the immuuve cell targeting group binds to both (i) CD206 and (3i) ove of CD3,
CD7, CDS, and CD30.

99. The LNP of any one of ewmbodiments 72 to 98, wherein the LNP has a mean diareter in
the range of 50-200 nm.

106, The LNP of embodiment 99, where the LNP has a mean diameter of about 100 nm.

101, The LNP of any one of embodiments 72 to 98, wherein the LNP has a polydispersity
index in a range from 0.01 to 0.1,

102, The LNP of any one of embodiments 72 to 101, wherein the LNP has a zeta potential
of from about +0 mV to about +10 mV at pH 5.5, or from about -5 mV to about 0 mV at
pH 74

103, The LNP of any one of embodiments 72 to 102, wherein the nucleic acid is DNA or
RNA.

104, The LNP of embodiment 103, wherein the RNA is an mRNA.

105, The LNP of embodiment 104, wherein the mRNA encodes a receptor, a growth
factor, a hormone, a cvickine, an antibody, an antigen, an enzyme, or a vaccine.

106, The LNP of embodiment 104, wherein the mRNA encodes a polypeptide capable of
regulating immune response in the immune cell.

107, The LNP of embodiment 106, wherein the mRNA encodes a polypeptide capable of
reprogramming the immune cell.

108, The LNP of embodiment 107, wherein the mRNA encodes polypeptide capable of

reprogramming an M2 macrophage to an M1 macrophage.
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109, The LNP of any one of embodiments 21 to 71, wherein the LNP is for delivering a
nucleic acid into an immune cell, and wherein the immune cell targeting group comprises
a Fab lacking the vative interchain disulfide bond.

116, The LNP of embodiment 109, wherein the Fab is engineered to replace one or both
cysteines on the native constant light chain and the native constant heavy chain that form
the native interchain disulfide with a non-cysteine amino acid, therefor to remove the
native interchain disulfide bond in the Fab.

111, Alipid nanoparticle (ILNP} comprising a lipid blend for targeted delivery of a nucleic
acid into a macrophage, the lipid blend comprising:

{a} a lipid-macrophage targeting group conjugate comprising the compound of Formula
(H~-m}: [Lipid] — [optional hinker] — [macrophage targeting group}; and
{b) a nucleic acid, wherein the nucleic acid iz encapsulated in the LNP,

112, The LNP of embodiment 111, wherein the macrophage is an M2 macrophage.

113, The LNP of embodiment 111 or 112, wherein the macrophage targeting group binds
D206,

114, The LNP of any ove of embodiments 111 to 113, wherein the nucleic acid is mRNA,
and the mRNA encodes polypeptide capable of reprogramming an M2 macrophage to an
M1 macrophage.

115, The LNP of any one of embodiments 111 to 114, wherein the LNP further comprises
an ionizable cationic lipid.

116, The LNP of embodiment 115, wherein the ionizable cationic lipid comprises the
compound of any one of embodiments 1 to 20

117. A method of targeting the delivery of a nucleic acid to an immune cell of a subject,
comprising contacting the immune cell with the LNP of any one of embodiments 21 to
116, wherein the LNP comprises the nucleic acid.

118, A method of expressing a polypeptide of interest in a targeted immune cell of a
subject, comprising contacting the immuuve cell with the LNP of any one of embodiments
21 to 116, wherein the LNP comprises a nucleic acid encoding the polypeptide.

119, A method of modulating cellular function of a target immune cell of a subject,
comprising administering to the subject the LNP of any one of embodiments 21 to 116,
wherein the LNP comprises a nucleic acid modulates the cellular function of the immune

cell.
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120, A method of treating, ameliorating, or preventing a symptom of a disorder or disease
in a subject in need thereof, comprising administering to the subject an LNP for
delivering a nucleic acid into an immune cell of the subject, wherein the LNP is any one
of embodiments 21 to 116, wherein the LNP comprises the nucleic acid.

121, The method of embodiment 120, wherein the disorder 1s an immune disorder, an
inflammatory disorder, or cancer.

122, The method of embodiment 120, wherein the nucleic acid encodes an antigen for use
in a therapeutic or prophylactic vaccine for treating or preventing cancer,

123, The method of any one of embodiments 117 to 122, wherein the immune cell
targeting group comprises an antibody that binds a macrophage antigen.

124, The method of embodiment 123, wherein the macrophage antigen comprises CDIIB,
CD68, CD80, CD86, TRL-2, TRL-4, INOS, MHC-IL, CD163, CD206. CD209, FIZZ1, or
Ymi/2Z, or any combination thereof.

125, The method of any one of embodiments 117 to 124, wherein the antibody 1s a buman
or humanized antibedy.

126, The method of any one of embodiments 117 to 125, wherein the immune cell
targeting group is covalently coupled to a Hipid in the lipid blend via a polyethytene glycol
(PEG) containing linker.

127, 'The method of embodiment 126, wherein the lipid covalently coupled to the immune
cell targeting group via a PEG containing linker is distearoviglycerol {DSG), distearoyl-
phosphatidylethanolamine (DSPE), dimyrstoyl-phosphatidyiethanolamine (DMPE),
distearoyl-glvcero-phosphoglycerol (DSPG), dimyristoyl-glycerol {DMG), dipalmitoyl-
phosphatidylethanolamine (DPPE), dipalmitoyl-glycerol (BPG), or ceramide.

128,  The method of embodiment 126 or 127, wherein the PEG is PEG 2000,

129, The wethod of any one of embodimentis 117 to 128, wherein the lipid-immune cell
targeting group conjugate is present in the lipid blend in a range of 0.002-0.2 mole
percent.

130, The method of any one of embodiments 117 to 129, wherein the ionizable cationic
liptd 15 present in the liptd blend in a range of 40-60 mole percent.

131, The method of embodiment 117 to 130, wherein the sterol is cholesterol.

132, The method of any one of embodiments 117 to 131, wherein the sterol is present in

the lipid blend in a range of 30-50 mole percent.
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133, The method of clam 117 to 132, wherein the neutral phospholipid is sefected from the
group consisting of phosphatidylcholine, phosphatidylethanolamine, distearoyl-sn-
glycero-3-phosphoethanolamine (BSPE), 1,2-distearoyi-sn-glycero-3-phosphocholine
{(DSPC), 1,2-dioleayl-sn-glycero-3-phosphoethanolamine (DOPE), 1,2-dioleoyl-sn-
glycero-3-phosphocholine (DOPC), sphingomyelin (SM).

134, The method of embodiment 117 to 133, wherein the neutral phospholipid is present in
the lipid blend in a range of 5-15 mole percent.

135, The method of any ong of embodiments 117 to 134, wherein the free PEG-lipid is
selected from the group consisting of PEG-modified phosphatidylethanolamines, PEG-
maodified phosphatidic acids, PEG-modified ceramides, PEG-modified dialkylamines,
PEG-modified diacylglycerols, and PEG-modified dialkylglycerols. For example, a PEG
liptd may be PEG- dioleoylgylcerol (PEG-DOG), PEG-dimyristoyl-glycerol (PEG-
DMG), PEG-dipalmitoyl-glycerol (PEG-DPG), PEG-dilinoleoyl-glveero-phosphatidy!
ethanolamine (PEG-DLPE), PEG-dimyrstoyi-phosphatidylethanolamine (PEG-DMPE),
PEG-dipalmitoyl- phosphatidylethanolamine (PEG-DPPE), PEG-distearovlglyeerol
(PEG-DSG), PEG-diacylglycerol (PEG-DAG, e.g., PEG-DMG, PEG-DPG, and PEG-
DSG), PEG-ceramide, PEG-distearoyl-glycero-phosphoglveerol (PEG-DSPG), PEG-
dioleoyl-glveero-phosphoethanclamine (PEG-DOPE), 2-{(polyethviene glycol}-20001-

N N-ditetradecylacetamide, or a PEG-distearoyl-phosphatidviethanolamine (PEG-DSPE)
lipid.

136, The method of embodiments 117 to 134, wherein the free PEG-lipid comprises a
diacylphosphatidylethanolamines comprising dimyristoyl (C14) chain, Dipalmitoyl (C16)
chain or Bistearoyl (C18) chain.

137.  The method of any one of embodiments 117 to 136, wherein the free PEG-lipid is
present i the lipid blend 10 a range of 0.5-2.5 mole percent.

138.  The method of any one of embodiments 117 to 137, wherein the free PEG-lipid
comprises the sare or a different lipid as the lipid in the lipid-imoune cell targeting
group conjugate.

139,  The method of embodiments 117 to 138, wherein the LNP has a mean diameter in the
range of 50-200 nm.

1406, The method of embodiment 139, where the LNP has a mean diameter of about 160

0o,
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141, The method of embodiments 117 to 140, wherein the LNP has a polydispersity index
inarange from 0.0 to 0.1,

142, The method of embodiments 117 to 141, wherein the LNP has a zeta potential of from
about +0 mV to about +10 mV at pH 5.5, or from about -5 mV to about 0 mV at pH 7.4,

143, The method of embodiments 117 to 142, wherein the nucleic acid is BNA or RNA,

144.  The method of embodiment 143, wherein the RNA is an mRNA, tRNA, siRNA,
gRNA, or microRNA.

145, The method of embodiment 144, wherein the mRNA encodes a receptor, a growth
factor, a hormone, a cviokine, an antibody, an antigen, an enzyme, or a vaccine.

146, The method of embodiment 144, wherein the mRNA encodes a polypeptide capable
of regulating immune response in the immune cell.

147,  The method of embodiment 144, wherein the mRNA encodes a polypeptide capable
of reprogramming the immune cell.

148, The method of embodiment 144, wherein the mRNA encodes polypeptide capable of
reprogramiming an M2 macrophage to an M1 macrophage.

149, The method of any one of embodiments 117 to 148, wherein the immune cell
targeting group comprises an antibody, and the antibody is a Fab or an immunoglobulin
single variable domain.

150, The method of any one of embodiments 117 to 149, wherein the immune cell
targeting group comprises an antibody fragment selected from the group consisting of a
Fab, F(ab™)2, Fab’-SH, Fv, and scFv fragment.

151, The method of embodiment 142 or 150, wherein the immune cell targeting group
comprises a Fab that comprises one or roore interchain disulfide bonds.

152.  The method of embodiment 151, wherein the Fab comprises a heavy chain fragment
that coraprises F174C and C2338 substitutions, and a Hght chain fragment that comprises
S176C and C2148S substitutions, numbering according to Kabat.

153, The method of any one of erobodiments 149 to 152, wherein the irnmwune cell
targeting group comprises a Fab that comprises a cysteine at the C-terminus of the heavy
or light chain fragment.

154.  The method of embodiment 153, wherein the Fab further comprises one or more
amino acids between the heavy chain fragment of the Fab and the C-terminal cysteine.

155, The method of any one of embodiments 149 to 154, wherein the Fab comprises a

heavy chain variable domain linked to an antibody CH1 domain and a light chain variable
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domain linked to an antibody light chain constant domain, wherein the CH1 domain and
the light chain constant domain are linked by one or more interchain disulfide bonds, and
wherein the immune cell targeting group further comprises a single chain vanable
fragment {scFv) linked to the C-terminus of the light chain constant domain by an amino
acid linker.

156, The method of embodiment 149, wherein the immune cell targeting group comprises
an immunoglobulin single variable domain.

157, The method of embodinment 149 or 156, wherein the immunoglobulin single variable
domain comprises a cysteine at the C-terminus.

158,  The method of embodiment 157, wherein the immunoglobulin single variable domain
comprises a Vuyg domain and further comprises a spacer COMprising one Or more amino
actds between the Vun domain and the C-terminal cysteine.

159, The method of any one of embodiments 149 and 156 to 158, wherein the immune cell
targeting group comprises two or more Vi domains.

160.  The method of embodiment 159, wherein the two or more Van domains are linked by
an amino acid linker.

161, The method of embodiment 159, wherein the immune cell targeting group comprises
a first Vuu domain linked to an antibody CH1 domain and a second Van domain linked to
an antibody light chain constant domain, and wherein the antibody CH1 domain and the
antibody light chain constant domain are linked by one or more disulfide bonds.

162, The method of any one of embodiments 149 and 156 to 158, wherein the immune cell
targeting group comprises a Vun domain linked to an antibody CH1 domain, and wherein
the antibody CHT dowain is linked to an antibody light chain constant domain by one or
more disulfide bonds.

163, The wethod of embodiment 161 or 162, wherein the CHI domain comprises F174C
and 2338 substitutions, and the light chain constant domain comprises 8176C and
C214S substitutions, numbering according to Kabat.

164, The method of any one of embodiments 117 to 163, wherein no more than 5% non-
immune cells are transfected by the LNP.

165,  The method of any one of embodiments 117 to 164, wherein half-life of the nucleic
acid delivered by the LNP or a polypeptide encoded by the nucleic acid delivered by the
LINP is at teast 10% longer than half-life of nucleic acid delivered by a reference LNP or

a polypeptide encoded by the nucleic acid delivered by the reference LINP.
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166.  The method of any one of embodiments 117 to 165, wherein at least 10% immune
cells are transfected by the LNP.

167, The wethod of any one of embodiments 117 to 166, wherein expression level of the
nucleic acid delivered by the LNP is at least 10% higher than expression level of nucleic
acid delivered by a reference LNP.

168. A method of targeting delivery of a nucleic acid to a non-liver cell, the method
comprising contacting the non-liver cell with an LNP of any one of embodiments 21 to
116, wherein the LNP comprises about 1 10 about 2 mol% of free PEG-lipid.

168, The method of embodiment 168, wherein the LNP comprises about 1.5 mol% of free
PEG-lipid.

170, A method of targeting delivery of a nucleic acid to a liver cell, the method comprising
contacting the liver cell with an LNP of any oue of embodiments 21 to 116, wherein the
LNP comprises about 2 to about 4 mol% of free PEG-lipid.

171. The method of embodiment 170, wheretn the LNP comprises about 3.5 mol% of free

PEG-lipid.

IXAMPLES
(XSS The invention now being generally described, will be more readily understood by
reference to the following examples, which are included merely for purposes of tilustration of
certain aspects and embodiments of the present invention, and are not intended to limit the
mnvention.
EXAMPLE 1. PREPARATION OF IONIZABLE CATIONIC LIPIDS

{8395 This Example describes the synthesis of various cationic lipids.

Synthesis of head group intermediates 8,8, 9and ¥



WO 2025/128902 PCT/US2024/059895

HzN/\é%/\N/
no |

O o]
n=234 TBSC
TBSCH \J\
TBSO
o e
OH OH STEP-1 OTRS OTRS STEP“Z H n t
4 2 &
n=2, 3, 4 (4a, 4b, 4¢)
G0
+ Qt):" 9 ¥
HO y e HGNO STER-4
STEP-3 b4 Y
x=1,y=4(8a) x=1,y=4, Ta
X:E,y:5(5b) Xx=2,y=5, o
¥
/ 2

N }ﬂl \

o a TBSO}N& n

N
HO} h 0 ) TRSO mo

5 o
J -4 :§+ STEP-5 . igﬁr
)
Y

, ¥ =4, intermediates 8
y=35

n=2 3, 4;x= 1, y=4, ntermadiates 8 n=234,x=
n=2 3,4, x=2 y=5 intermadists 9° n=2,3, 4, x5

1
2, intermadiels &

s My OF

Scheme 1. General scheme for the synthesis of head group intermedictes 9 and 9’

149



WO 2025/128902

Synthesis of intermediates 9°a, 9°b, and 9'¢
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Protection of starting material dihydroxyacetone 1 (111 mmol, 10 g, 1 eq.) using

tert-butyitrinnethylstlyl chloride TBSCI (332.9 mmol, 502 g, 3.0 ), TEA (554.9 mmol, 56.15

o

g, Seq,)and BMAP (22,1 mmol, 2.71 g, 0.2 eq.} in 100 ml. DCM at room temperature for 16

hours yielded protected intermediate 2. Crude intermediate 2 (45g) was purified using ISCO

column chromatography on silica column gluting with Hexane and ethyl acetate to obtain 20g

of purified intermediate 2.
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FHIRLRY: Intermediate 2 (6g, 18.8 mmol, 1 eq} was reductively aminated using N, N-
dimethylaminobutyl amine 15-3°, (37.7 mmol, 438 g, 2.0 eq.), Acetic acid (37.7 mmol, 2.26
ml, 2.0 eq.}, and Na{OAckHBH (22.6 mmol, 479 g, 1.2 eq.), in 60 mL of dichloromethane at
room temperature for 6 hours. Crude product was purified by filter column chromatography on
silica column eluting with DCM and (10%MeCH in DCM + 1% NH4OH) to obtain desired

praoduct vielding 5.6g {(66%) pure intermediate 4a based on TLC.

{304 Intermediate 2 (3g, 94 mmol, 1 eq) was reductively aminated using N,N-
dimethylaminobutyl amine 15-4°, (18.8 mmol, 2.45 g, 2.0 eq.), Acetic acid {(18.8 mmol, 1.13
ml, 2.0 eq.), and Na{OAckKRBH (11.3 mmol, 239 g, 1.2 eq.), in 30 mL of dichloromethang at
room temperature for 3 hours. Crude product was purified by filter column chromatography on
silica column eluting with DCM and {(10%MeCH in DCM + 1% NH4OH) to obtain desired

product yielding 2.9g {71%6) pure intermediate 4b based on product mass and proton NMR.

[HRSERY Intermediate 2 (1g, 3.1 mmol, 1 eq.} was reductively aminated using NN-
dimethylaminobutyl amione 15-8°, (37.7 mmol, 0.86 g, 2.0 eq.), Acetic acid (37.7 mmol, 1.13
mb, 2.0 eq.}, and Na{OAchBH (11.3 mmol, 2.39 g, 1.2 eq.), in 30 mL of dichloromethane at
room temperature for 3 hours. Crude product was purified by filter column chromatography on
silica column eluting with DCM and (10%MeCH in DCM + 1% NHaOH) to obtain desired

product vielding 1.1 g (78%) of pure intermediate 4¢ based on product mass and proton NMR.

RS Intermediate 4a (52g, 12.4 mmol, 1 eq.) was reacted with previously produced
, 1.5 eq, 18.6 mmol) using EDCH(3.57 g, 1.5 eq, 18.6 mmol}, DIPEA
(2.41 g, 1.5 eg, 18.6 mmol) and DMAP (0.75 g, 0.5 eq, 6.2 mmol) in DCM {60 mL) at room

intermediate 7Th (481 g

temyperature for 4 hours. Crude product was purified by filter column chromatography on silica
column eluting with DCM and (10%MeOH in DCM + 1% NH4OH) to obtain desired product

yielding 3.4 g (36%) of pure intermediate 8 a based on product mass and proton NMR.

FEG Intermediate 4b (3.1g, 7.1 mmol, 1 eq.) was reacted with previousty produced
intermediate 7b (2.77 g, 1.5 eq, 10.7 mmol) using EDCI{(2.05 g, 1.5 eq, 10.7 mmol}, DIPEA
{138 g, 1.5 eqg, 10.7 mroly and DMAP (043 g, 0.5 eg, 3.5 mamol) in DCM (30 mL) at room
temperature for 4 hours. Crude product was purified by filter column chromatography on silica
column eluting with DCM and (10%MeQOH in DCM + 1% NH4GH) to obtain desired product

vielding 2.7 ¢ (56%) of pure intermediate &b based on product mass and proton NMR.



WO 2025/128902 PCT/US2024/059895

{308} Intermediate 4¢ (1.1 g, 1.6 mmol, 1 eq.) was reacted with previously produced
intermediate 7T (0.9 g, 1.5 eq, 2.4 mmol) using EDCI (0.7 g, 1.5 eg, 3.6 mmol), DIPEA (.47
g, 1.5 eq, 3.6 mmol} and DMAP (0.15 g, 0.5 eq, 1.2 mmol} o DCM (10 ml) at room
temperature for 4 hours. Crude product was purified by filter column chromatography on silica
coluran eluting with DCM and (10%MeOH in DCM + 1% NH4OH) to obiain desired product

vielding 0.8 g (47%) of pure intermediate 8¢ based on product mass and proton NMR.

{1309} Intermediate 8’a (300 mg, 0.45 mumol, 1 eq.} was deprotected in HF-Pyridine (0.41
ml, 10.0 ¢q, 4.5 mmol) and THF (20 mL} at room temperature for 2 hours to obtain dihydroxyl

intermediate 9"a. Crude product was used in subsequent reactions {as described below).

(R Intermediate 8'b (300 mg, 0.44 mmol, T eq.) was deprotected in HF-Pyridine (0.40
ml, 10.0 eg, 4 4 mmol) and THF (4 mL) at room temperature for 2 hours to obtain dibydroxyl

intermediate 9°b. Crude product was used in subsequent reactions (as described below).

[RE LY Intermediate 8¢ (300 rug, 0.45 mmol, 1 eq.) was deprotected in HF-Pyridive (0.41
mi, 10.0 eq, 4.5 mmol) and THF (4 mL) at room temperature for 2 hours to obtain dihydroxyl

intermediate 9°¢. Crude product was used in subsequent reactions {as described below).

Synthesis of intermediate 14-34°

>L\Qj\/\/°“ \/W >L0‘i\/"\/o\ﬁsz\/’\\/’

14332

HCldioxane /Ci/\/\
B HO ’/]\\/”\\/O PN

14u34 4-34‘

14-332

IR RS Starting material 14-32a (4.82 g, 30.09 mmol, 1.0 eq.) was esterified with 7-
carboxvhexanoic acid 14-25 {1130 g, 44.07 mmol, 1.45 eq.yusing EDCI (8.84 g, 46.11 mmol,
1.53 eq), DIPEA (8 mL, 45.93 mmo0l, 1.53 eq) and DMAP (0.796 g, .51 mmol, 0.22 eq) in
"M (50 mL) at room temperature overnight to obtain protected intermediate 14-33a. Crude
product was puritied on Silica gel column using hexanes/ethyl acetate (6/4) mixture as eluent

to yield pure compound 14-33a (7.75g, 65%) based on product mass and NMR.
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483F  Protected intermediate 14-33a (4.38 g, 10.98 mmol, 1.0 eq.) was deprotected using
4N HCI in dioxane (24 mlb) at room temperature overnight. Crude product was purified by
column chromatography on sdica column eluting with Hexanes/Ethyl acetate to obtain free
acid intermediate 14-34 (3g, 80%) based on 'H NMR. Intermediate 14-34 (1.86 g, 5.4 mmol}
was converted to the corresponding acid chloride 14-347 using oxalyl chloride (1.59 mL, 3.4
eq, 18.4 mmol} and DMEF (200 L) in toluene (12.0 mL) for 2 hours at room temperature. Crude

product was used for the synthesis of lipids 40, 41 and 42 as described below.

Synthesis of Lipid 40

O
! LBH o RSN o o -~
- WY? c;-‘J.\\x/\\»’Q\' AN \/\/\Q\KD\/’\/’LQ B)L\/”\/Q\ﬂ/(t\fi\/\.f\/'
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A/U ! Lipid 48
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FRE RS, Diol intermediate 97a (0.39 g, 0.9 mmol, 1 eq.) was reacted with crude acid chloride

14-34° (1.86 g, 6.0 eq, 5.4 mmol) using TEA (1.27 mL, 10.0 eq, 9.05 mmol) in toluene (10.0
mi.}, at room temperature overnight to obtain crude lipid 40. Crude product was purified on

ISCO column chromatography on silica column eluting with DCM and 10% MeOH in DCM

to obtain pure lipid 40 (480 myg, 49%) characterized by mass spectrometry, *H NMR, and LC-
CAD (>99%]).

Synthesis of Lipid 41
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[R5 TR Diol intermediate 9°b (0.195 g, 0.43 mmol, 1 eq.} was reacted with crude acid
chloride 14-347 (0.90 g, 6.0 eq, 2.6 mamol) using TEA (0.61 mL, 10.0 eq, 4.3 wwmol} in toluene
(5.0 mL), at room temperature overnight to obtain crude lipid 41. Crude product was puritied

on ISCO colurn chromatography on silica coluron eluting with DCM and 10% MeOH o DCM
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to obtain pure lipid 41 (245 mg, 51%) characterized by mass spectrometry, 'H NMR, and LC-

CAD (>99%).

Synthesis of Lipid 42

{486} Dol intermediate 9°c (0.195 g, 0.43 mmol, 1 egq.) was reacted with crude acid
chlotide 14-347 (0.90 g, 6.0 eq, 2.6 mrvol) using TEA (0.61 mL, 10.0 eq, 4.3 mmol) iv toluene
(5.0 mL), at room temperature overnight to obtain crude lipid 41. Crude product was purified
on ISCO column chromatography on silica column eluting with DCM and 10% MeOH in DCM
to obtain pure lipid 42 (320 mg, 67%) characterized by mass spectrometry, 'H NMR, and LC-

CAD (>99%).
Synthesis of tail group Intermediate 10

a7y Starting material 10a (3.0 g, {1.0 eq, 13.0 mmol)} was reacted with 8-(tert-Butoxy)-
3-oxooctanoic acid (3.1 g, 1.5 eq, 19.5 amoly using EDCI(3.75 g, 1.5 eq, 19.5 mwol), DMAP
(728 mg, 0.5 eq, 6.5 mmotl), and DIPEA 34 mbL, 1.5 eq, 19.5 mmol} in DCM (200 mL) at
room temperature, overnight to obtain protected intermediate 10b. Crude product was purified
by Silica column chromatography eluting with Hexanes : Ethyl Acetate to obtain pure

Intermediate 10b (4.39 g, 91%) characterized by mass spectrometry and "H NMR.
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B LY Intermediate 10b (439 g, 1.0 eq, 11.8 mmol) was deprotected in 4.0M HCI in
Dioxane/DCM (25 mL/10 mL) at room temperature, overnight to obtain acid intermediate 10.
Crude product was purified by silica column chromatography with DCM: 10% MeOH in DCM
+ 1% NHaOH (2X) to obtain 3 24 g {92%) characterized by 'H NMR and Mass Spectrometry.

Synthesis of tail group intermediate 14-22

RIS LY Protected starting material 14-19 (4.0 g, 1.0 eq, 15.5 mmol} was reacted with 3-
hydroxydecanol 14-20 (3.7 g, 1.5 eqg, 23.25 mmol) using EDCI (4.5 g, 1.5 eq, 23.25 rumol),
DMAP (950 mg, 0.5 eq, 7.75 mmol} and DIPEA (4.0 mi, 1.5 eq, 23.25 mmol) in DCM (200
ml)} at room temperature, overnight Crude product was purified by ISCO column
chromatography on silica column eluting with BCM and 10% MeOH in DCM (X2) to obtain
4.1 g of the desired product 14-21 based on 'H NMR.
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(BN Intermediate 14-21 (4.1 g, 1.0 eqg, 10.3 mmol) was deprotected in 15 mL 4N
HCHDioxane to yield product 14-22. Crude product was purified by ISCO column
chromatography on silica eluting with Hexanes and Ethyl acetate to obtain 2.7 g {(77%) of pure

14-22 based on 'H NMR.
Synthesis of tail group intermediate 2

[HRE A Starting material 14-23 () was reacted with 14-24 (3.4 g, 1.5 eq, 26.0 mamol) using
EDCI (5.0 g, 1.5 eq, 26.0 mmol}, DMAP (292 mg, 0.15 eq, 2.6 mmol) and DIPEA (4.5 mL,
1.5 eq, 26.0 munol) in BCM (100 mlL), at room temperature, overnight to obtain protected
intermediate 2°. Crude product was purified by Silica column chromatography eluting with
Hexanes - Ethyl Acetate to obtain pure Intermediate 27 (5.84 g, 84%) characterized by mass

spectrometry and 'H NMR.
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[REE NS Protected intermediate 2 (5.84 g, 1.0 eg, 17.0 mmol) was deprotected in 4. 0M HCI
in Dioxane/DCM (40 mL/10 mL) at room temperature, overnight to obtain acid intermediate

10, Crude product was purified by silica column chromatography with DCM:10% MeCOH in

DCM + 1% NH4OH to obtain 4.47 g (82%) characterized by 'H NMR and Mass Spectrometry.
Synthesis of Lipid 43

(RS Intermediate 9°a was reacted with intermediate 10 (723 mg, 3.0 eq, 2.3 mmol) using
EDCI (875 mg, 6.0 eq, 4.56 mmol), DIPEA (794 uL,6.0 eq, 4.56 mmol) and DMAP (51 mg,

0.6 eq, 0.46 mmol) in DCM (30 mL} at room temperature, overnight.

N /J o g
o a A PPN o
Ay YT e o Y
HG}-N/___ /,j Nc,gf\v/\:u G N J/ & Y o (/\Q ©
HO- 3 f

N P
o r\_\_ ] Lipid 43

(NEREY Crude product was purified on silica column eluting with DCM:10% MeOH in
DCM to obtain 600 mg of product with impurities. The compound was repurified on silica
column eluting with Hexanes : Ethyl acetate to obtain 320 mg of purified compound based on
LC-BLSD Purity>98% and UPLC-CAD purity > 90%, characterized by "H NMR and Mass

Spectrometry.
Synthesis of Lipid 46

[HERAY Intermediate 14-22 (1.27 g, 1.0 eg, 3.72 mmol} was converted to the corresponding
acid chloride 14-227 using Oxalyl chloride (1.1 mi, 3.4 eq, 12.6 omol} and DMF (40 ul), in

Toluene (5.0 mL) at room temperature, overnight,
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[N Intermediate 97a (263 mg, 1.0 eq, 0.61 mmol) was reacted with crude 14-227 (1.32
g, 6.0 eq, 3.66 mmol) using TEA {0.85 mL, 10.0 eq, 6.1 mmol) in Toluene (5.0 mL) at room
temperature, overnight. Crude product was purified by ISCO column chromatography on silica
column eluting with Hexanes and Ethyl acetate to afford pure Lipid 46 (308 mg, 47%)

characterized by UPLC-CAD (>99%), 'H NMR and Mass Spectrometry.

Synthesis of Lipid 52

\
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%

4T Intermediate 2 (330 mg, 1.0 eq, 0.76 mmol} was reacted with dicl intermediate 9’a
(786 mg (3.0 eq, 2.3 mmol) using EDCI (875 mg, 6.0 eq, 4.56 mmol), DIPEA (794 uL, 6.0 eq,
4.56 mmol} and DMAP (51 mg, 0.6 eq, 0.46 mmol} in DCM (30 mL) at room temperature,
overnight. Crude product was purified on silica column eluting with Hexanes: EtOAc to obtain
690 mg of product with impurities. The compound was repurified on silica column eluting with
DCM:10% MeOH in DCM to obtain 600 mg of product with impurities. The compound was
repurified on silica column eluting with Hexanes © Ethyl acetate to obtain 480 mg of purified
Lipid 52 (LC-ELSD Purity> 99%. UPLC purity > 90%) and characterized by 'H NMR and
MS.

EXAMPLE 2. PREPARATION OF LNPS 8Y MICROFLUIDIC MINING USING EXEMPLARY LIPIDS

idIR] This Example describes the production of mRNA-loaded LNPs using exemplary

materials and microfiuidic mixing process.

Jo—
A
~}
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{418} LNPs encapsulating an mRNA payload were prepared by mixing an aguecus mRNA
sotution and an ethanolic lipid blend solution {containing the ionizable lipid, DSPC, DPG-PEG
and Cholesterol at lipid ratios shown in TABLE 2) using an in-line microfhuidic mixing
process. The mRNA stock solution was diluted in pH 4 acetate buffer (vielding a 400 ug/mL
solution of mRNA) in 65 mM pH 4 acetate buffer. The lipid components were dissolved in

anhydrous ethanol at the relative ratios set forth in TABLE 2 below.

TABLE?2

Lipid Source Ratio of Lipid to | Concentration in | Theoretical LNP
mRNA {umol { Lipid  Seolutien | Lipid
lipid/100 g | {mM) Composition
mRNA) {mol%)
Tonizable Lipid - 1,500 18 492449
Cholesterol Dishman 1,200 144 39.3956
Netherlands

DSPC Avantt Polar 300 3.6 9.849
Lipids, Alabama,
U.s.

DPG-PEG(2000) | NOF America, 46 0,58 1.5102
New York, U.S.

438} The mRNA and lipid solutions were mixed using a NanoAssemblr Ignite microfluidic
mixing device {part no. NING0G1) and NxGen mixing cartridge (part no. NINO0O2) from
Precision Nanosystems Inc. (British Columbia, CA). Briefly, the mRNA and lipid solutions
were each oaded into separate polypropylene syringes. A mixing cartridge was inserted into
the NanoAssemblr Ignite, and the syringes were directly mounted into the fuer ports of the
mixing cartridge. The two solutions were then mixed at a 3.1 v/v ratio of mRNA solution (3.75
ml) to lipid solution (1.25 mL) at a total flow rate of 9 mL/min using the NanoAssemblr Ignite
{the ratios, volumes, and flow rates can vary). The resulting suspension was held at room
temperature for @ minimum of 5 minutes before proceeding to ethanol removal and buffer

exchange.

{8d38] Following mixing, ethanol removal and buffer exchange was pedformed on the
resulting LNP suspension using a discontinuous diafiltration process. A centrifugal
ultrafiltration device with 100,000 kDa MWCO regenerated cellulose membrane {Armicon
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Utltra-15, MilliporeSigma, Massachusetis, US) was sanitized with 70% ethanol solution and
then washed twice with MBS exchange buffer (25 mM pH 6.5 MES buffer with 150 mM NaCl).
The LNP suspension {3 mL} was then loaded into the device and centrifuged at S00 RCF until
the volume was reduced by half (2.5 mL). The suspension was then diluted with exchange
buffer (2.5 mL of MBS) to bring the suspension back to the original volume. This process of
two-fold concentration and two-fold dilution was repeated five additional times for a total of
six discontinuous diafiltration steps. The retentate containing the LNPs in MBS was recovered
from the centrifugal ulirafiftration device, mixed with sucrose to a final sucrose concentration
of 10% wiv, and then filtered using a 0.2 um PES syringe filter. The LNPs were either used

right away, or stored frozen at -80 °C uniil further use.

EXAMPLE 3. PREPARATION OF LNFPS BY MICROFLUIDIC MEXING USING EXEMPLARY LIPIDS

— CHARACTERIZATION OF LNPs
432] This Example describes the characterization of LNPs produced in Example 2.

433 Samples of the LNPs produced in Example 2 were characterized to determine the
average hydrodynamic diameter, zeta potential, and mRNA content (total and dye-accessible
mRNA}. The hydrodynamic diameter was determined by dynamic light scattering {DLS) using
a Zetasizer model ZEN3600 (Malvern Pananalytical, UK). The zeta potential was measured in
5 mM pH 5.5 MES buffer and 5 mM pH 7.4 HEPES buffer by laser Doppler electrophoresis

using the Zetasizer.

9424 RNA content of the nanoparticles is measured using Thermo Fisher Quant-iT
RiboGreen RNA Assay Kit. Dye accessible RNA, which includes both un-encapsulated RNA
and accessible RNA at the LNP surface, 18 measured by diluting the nanoparticies to
approximately 1 pg/mi. mRNA using HEPES buffered saline, and then adding Quant-iT
reagent 1o the mixture. Total RNA content is measured by disrupting a nanoparticle suspension
by dilution of the stock LNP baich {typically at = 40 ug/rul. RNA) in 0.5% Triton solution o
HEPES buffered saline to obtain a 1 ug/mL RNA sclution {final nominal concentration based
on formulation toput values) and subsequent heating at 60 °C for 30 minutes followed by
addition of Quant-It reagent. RNA is quantified by measuring fluorescence at 485/535 nm, and
concentration is determined relative to a contemporaneocusly run RNA standard curve.

Exemplary results are set forth in TABLE 3.
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TABLES3
LNP Lot founizable Lipid/ DLSZ- 1 DLS Zeta Zeta Dye-
Number mRNA Payload/ Dve | Avg. DI Potential | Potential | Accessibl
Diameter atpH 35S fatpH74 | emRNA
{rum} {mV}) {mV) %
EXP22020613~ { ALC-0315 GFP/Dii %0.3 0.09 593 -4.07 134
NAM C1ig-3DS
EXP22020613~ | Lipid 15/GFP/Dil %39 0.09 6.4 0.729 8.53
NPM Cig-5D8
EXP22020613~ | Lipid 26/GFP/Dil 822 0.05 3.65 -3 8.23
NUM C18-5D8
EXP22020613- | Lipid 25A/GFP/Dil 0.7 0.04 4.81 -4 .49 8.14
NEM C18-5D5
EXP22020613- { Lipid 27/GFP/Dil 83.2 0.05 4.14 237 8.03
NGM C18-5D5
EXP22020613- § Lipid 28/GFP/Dil 108 0.13 7 =245 8.23
NHM {18508
EXP22020613- { Lipid 40/GFP/Dil 94.4 0.04 5.46 -2.34 8.05
NKM C18-508

EXAMPLE 4. PREPARATION OF VHH CONJUGATES TO ENABLE M2 MACROPHAGE

TARGETING

HM2S] An anti-CD206 VHH targeting moiety was conjugated to DSPE-PEG(Z2k}-maleimide
via covalent coupling between the maleimide group and a thiol functionality of a C-terminal
cysteine residue on the protein. The protein (3-4 mg/mL}, after butfer exchange into pH 7 4
phosphate buffered saline (PBS 137 mM NaCl, 2.7 mM KCI, 160 mM Na2HPO4, and 1.8 mM
KH2PO4) with 5 mM ethylenediaminetetraacetic acid (EDTA), was reduced using 2 mM
Tris{2-carboxyethyDphosphine hydrochloride (TCEP) for 1 hour at room temperature. The
reduced protein was isolated using a 7 kDa molecular weight cutoff (MWC(G) SEC column to

remove TCEP and buffer exchanged into fresh PBS with 5§ mM EDTA.

436} The conjugation reaction was initiated by addition of a 10 mg/mL roicellar suspension
of DSPE-PEG2k-maleimide and 30 mg/mL DSPE-PEG2k-OCH; (1:4 mol ratio is used) in

PBS. The conjugation reaction is carried out using 2 — 4 mg/mL protein and a 1 - 2 molar
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excess of maleimide at 37°C for 2 hours followed by incubation at room temperature for an

additional 12 - 16 hours.

{427} The production of the resulting conjugate was monitored by HPLC and the reaction
guenched in 2 mM cysteine. The resulting conjugate (DSPE-PEG-VHH) is isolated using a 100
kDa or 50 ka MWCO Millipore Regenerated Cellulose membrane filtration using pH 7.0
HEPES buffer saline (25 ;M HEPES, 150 mM NaCl} and stored at 4°C prior to use. After
quenching, the final micelle composition consists of a mixturg of DSPE-PEG2k-VHH, DSPE-
PEG-maleimide (cysteine termunated), and DSPE-PEGZk-OCHs. The ratio of the three
components is approximately DSPE-PEG-Fab: DSPE-PEG-maleimide (cysteine terminated):

DSPE-PEG-OCHs =1: 0 - 1.5 4 -10 {(by mol}).
EXAMPLE S, PREPARATION OF LNPS CONTAINING M2 MACROPHAGE TARGETING GROUP

{438} This Example describes the incorporation of an M2 Macrophage targeting conjugate

into preformed LNPs.
BdI% aCD206 VHH sequence Indentification (SEQ 1D 170):

QVOLOESGGOLVQAGGSLRLSCAASGFTDDDYDIGWFRQAPGKEREGVSCISSSDGS
TYYADRSVKGRFTISSDNAKNTVYLOQMNSLKPEDTAVYYCAADFFRWDSGSYYVRG
CRHATYDYWGOGTOVTIVSSTSFVPVFLPAKPTTTPAPRPPTPAPTIASQPLSLRPEASR
PAAGGAVHTRGLDFAGGCHHHHHEH

438 LNPs from Example 2 and 3 and DSPE-PEG2k-anti-CD206 VHH conjugate (SEQ ID
X) (prepared using the methods described in Example 4) were combined in a 15 mL conical
tube at a ratio of 0.084 ¢ VHH conjugate per 1 g of mRNA and diluted with MBS (25 mM pH
6.5 MES buffer with 150 mM NaCl) and 49 wt% sucrose solution to a final mRNA
concentration of 0.2 mg/mi. and sucrose concentration of 10% w/v. The tube was placed into
a ThermoMixer pre-heated to 37 °C and then mixed at 300 rpm for 4 hours at 37 °C. The
resulting targeted LNP suspension was subsequently filtered using a 0.2 pm PES syrionge filter
and then either used immediately or stored frozen at -80 °C. Exemplary targeted LNP properties

are shown 1o Table 4.
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TABLE 4.
LNP Lot {onizable Lipid/ | Parent LNP Parent LNP Post 1X | Targeted LNP Post
Number mRNA Pavicad/ Frecze-Thaw cycle (- | 1X Freeze-Thaw
Dye 76C) gvele (<70C)
DLS Z-Avg. | DLS { DLS Z-Avg. | BLS | DLSZ-Avg. | DLS
Diameter PRI § Diameter PD Prameter PDI
{nm) {nm} {1
EXP22020613~ { ALC-0315 80.3 0.09 §1270 0,10 | 1304 0.12
NAM GFP/Dil C18-
50§
EXP22020613- | Lipid 13/GFP/Dil | 83.9 0.09 {953 0.07 | 1034 0.11
NPM C18-5D8
EXP22020613- | Lipid 26/GFP/Dil | 82.2 0.05 {895 .08 922 0312
INUM C18-5D§
EXP22020613- { Lipid 70.7 004 {876 005 896 0.06
NFM 23A/GER/E
C18-3D5
EXP22020613~ | Lipid 27/GFP/Dil | 83.2 0.05 {909 003 }945 0.07
NGM C18-5D8
EXP22020613- | Lipid 28/GFF/Dil | 108 0.13 {1853 G.05 | 3480 0.22
NHM C18-5DS
EXP22020613- § Lipid 40/GFP/Inl | 944 0.04 10604 005 {1171 0.13
NEM C18-3DS

EXAMPLE 6. METHOD FOR FREEZING {AND THAW) PROCESS FOR LNP SUSPENSION AND

LNP CHARACUTRRIZATION POST FREEZE-THAW

[EEREY LNP suspension was mixed with a solution of 49 wi%% sucrose solution in water and

additional storage buffer (if needed) to achieve a final sample containing ENPs at

approximately 45 ug/mL and sucrose at approximately 9.6 wi%. Aliguots of approximately

0.05 mL in 1.5 mL centrifuge tubes were then prepared from the final LNP sample containing

sucrose. The aliquots were then placed in a -80 °C freezer for at least 2 h to freeze the samples.

After freezing, an aliquot was thawed by placing it at room temperature for at least 10 min.

The aliquot was then mixed by vortexing at 2500 rpm for approximately S s. The thawed

material was then analyzed for size by DLS as described in Example 3.

EXAMPLE 7. PHYSIOCHEMICAL PROPERTIRS OF LNPs BASED ON LIPS 5, 26, 284,27, 28,

40 AND COMPARATOR LD ALC-03158
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433 Lipids 15, 26,254, 27, 28, 40 and comparator lipid ALC-0315 encapsulating GFP-
mRNA (TriLink Biotechnologies Inc.} were prepared and characterized using methods
described in Examples 2 to 6 {LNP characterization data is shown in Table 3, Example 3, and
Table 4, Example 5 above). As seen in FIG. 2A, the initial mixing step and subsequent buffer
exchange into pH 6.5 MBS resulted 1o LNP sizes <100 nwo (DLS) with all the lipids tested
except lipid 28 that resulted in larger NP diameters (108 nm). In all cases LNP diameter
increased upon 1X Freeze-thaw cycle, however, most lipids {except ALC-03135 and Lipid 28)
retained particle diameters below 100 nm. As seen in Figure 2B, the polydispersity index (DLS)
in all cases remained below 1,15 both pre- and post- 1X freeze-thaw cycle. Notably, as seen in
Figure 2C, the LNP charge properties of lipids 25A, 26, 27, 28, and 40 exhibited a distinet
negative charge at physiological pH (7 4); and a relative week position charge at pH 5 5, unlike
Lipid 1S. Without wishing to be bound by any particular theory, this characteristic charge may
be attributed to the tail group chemistry and could impact LNP bicdistribution. Furthermore,
comparing the charge properties of Lipid 26 and Lipid 40 derived LNPs, a shift to more positive
charge under acidic pH (5.5} conditions is observed for Lipid 40 LNPs. Without wishing to be
bound by auny particular theory, this shift toward more positive Zeta Potential (DLS) values
may be attributed to the additional methylene (-CHz-) in Lipid 40 head group relative to Lipid
26. The additional methvlene (-CHz-) was designed to impart stronger basic character to the
tertiary amine moiety of Lipid 40 and thereby shift the LNP Apparent pKa upwards. Such shift
in LNP apparent pKa may impart a more positive charge under acidic endosomal pH conditions
and improve the ability for endosomal escape by enhancing LNP fusion with endosomal
merbranes. As seen in Figure 2D, all lipids tested resulted in high GFP mRNA encapsulation
efficiency (<15% Dye accessible RNA} and >90% RNA recovery). In summary, all lipids
tested resulted in viable mRNA encapsulation, LNP diameters <110 nm and good freeze-thaw

stability.

EXAMPLE & PHYSIOGCBEMYCAL PROPERTINS OF TARGETED LNPS BASED ON LIFIDS 15, 36,
254, 17, 28, 40 AND COMPARATOR LiPID ALC-0315 SYNTHESIZED BY POST-INSERTION OF
D06 VHHE Lpip CONJUGATE

[ RRY Parent LNPs produced using methods described in Example 2 and «CD206 VHH
conjugate produced using methods described in Example 4 were used to produce aCD206
targeted LNPs using methods described in Example 5. This example describes the

physiochemical properties of o CD206 targeted LNPs. As seen in FIG. 3A, the hvdrodynamic
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diameter (DL8) of targeted LNPs based on Lipids 15, 25A, 26, 27, 28 and 40 are below 120
rn. Lipid ALC-0315 resulted in slight larger targeted LNPs (~130 nm) and Lipid 28 resulted
in significantly larger targeted LNPs upon insertion of the aCD206 VHH conjugated (>350
nm}. As seen in FIG. 3B, the polvdispersity index (DLS) of all lipids {except lipid 28) remained
below 1.15 suggesting no siguificant change iu the size distribution of targeted LNPs relative
the non-targeted parent particles. Furthermore, the targeted LNPs remained stable to 1X
Freeze-Thaw cycle based on the LNP diameter and PDI (DL S) measurements pre- and post 1X

Freeze-Thaw cycle.

EXAMPLE 9 PHYSIOCHEMICAL PROPERTIES OF LNPS BASED ON LIPIDS 15, 17A, 184, 194,
21A, 20A, 46 AND 40,

R X R LNPs based on Lipids 15, 17A, 18A, 194, 21A, 204, 46 and 40, encapsulating
GFP-mRNA (TriLink Biotechnologies Inc.) were prepared and characterized using methods
described in Examples 2 to 6. As seen in FIG. 4A, the initial mixing step and subsequent buffer
exchange into pH 6.5 MBS resulted in LNP sizes <120 nm (IDLS}) with all the Liptds tested
except Hpids 17A and 18A that resulted in larger LNP diameters (~150 nm). In all cases LNP
diameter decreased slightly upon 1X Freeze-thaw cycle. As seen in Figure 4B, the
polydispersity index {DLS) in all cases remained below 1.15 both pre- and post- 1X freeze-
thaw cycle, suggesting no sigoificant change of LNP size distribution under the stress of 1X
freeze-thaw cycle. Notably, as seen in Figure 4C, lipid 46 exhibited a weak negative charge at
physiological pH (7.4); and a relative strong positive charge at pH 5.5, similar to the charge
properties of Lipid 15, In contrast, Lipid 20A LNPs exhibit a refatively strong negative charge
at physiological pH (7.4} and a weak positive charge at pH S.5. Comparing the charge
properties of Lipid 20A and Lipid 46 derived LNPs, a shift to more positive charge under acidic
pH (5.5) conditions is observed for Lipid 46 LNPs. Without wishing to be bound by any
particular theory, this shift toward more positive Zeta Potential (DLS) values may be attributed
to the additional methylene (-CHz-) in Lipid 46 head group relative to Lipid 20A. The
additional methylene (-CHz-} was designed to impart stronger basic character to the tertiary
amine moiety of Lipid 46 and thereby shift the LNP Apparent pKa upwards, Such shiftin LNP
Apparent pK. may impart 2 more positive charge under acidic endosomal pH conditions and
improve the ability for endosomal escape by enhancing LNP fusion with endosomal
membranes. As seen in Figure 413, all lipids resulted in high GFP mRNA encapsulation

efficiency {(<15% Dye accessible RINA) and >90% RNA recovery). In summary, all lipids
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tested resulted in viable mRNA encapsulation and freeze-thaw stability. However, as seen in
Figure 4A, Lipid 17A and 18A resulted in relatively large LNP diameter (140 — 150 nm) LNP
diameters relative to the more hydrophobic Lipids wn this group, 1.¢, lipids 19A, 20A, 21A and

46 in this group of lipids.

EXAMPLE 10, METHOD FOR THE PRIMARY HUMAN MONOCYTE CELL TRANSFECTION WITH

GrE/DiL LABELLED ENPs

{435 CD14+ Monocytes were isolated from frozen peripheral blood mononuciear cells
using a Human Monocyte Isolation Kit from STEMCELL. Movocytes were resuspended after
isolation in Macrophage base media (50 mL RFMI + 10% HI-FBS with 50 ng/mL of human
M-CSF) for MO Macrophage differentiation. Monocytes were then plated into 6~well plates at
2H6cells/mL. Cells were allowed to rest for 2 days in a 37°C incubator, 3% COg2, and then
media was changed. On day 5, media was removed from the wells and Zmi of cold PBS+10mM
EDTA was added per well. The 6 well plates were incubated for 10 minutes on ice to detach
the macrophages. The macrophages were then gently scraped from each well using a silicone
scraper and the scraped cells were transferred to a tube with Macrophage base media. The cells
were counted and resuspended at 200,000 cells/mL in M2 polarization media (50 mL RPMI+
10% HI-FBS with 50 ng/wl human M-CSF and 10ng/mul. buman IL-4). The cells were then
plated in a flat-bottom 96-well plate at 20,000 cells per well. Cells were incubated in a 37 °C
incubator, 5% COz for 24hus. The next day cells were transfected by gently adding 10ul. of a
11ug/mL (by mRNA) nanoparticle suspension, resulting in a final mRNA concentration of |
ug/ml {unless otherwise noted). Cells were gently mixed with a pipette and then incubated for
24 hours in a 37 °C incubator, 5% CO2. After incubation, the cells were scraped and diluted
with FACS buffer (BD 554657) and analyzed using a Novocyte Penteon Flow Cytometer

{Agilent). Drata were analyzed using Flowlo software from BD biosciences.

EXAMPLE 11 GFP PROTEIN EXPRESSION IN M2 MACROPHAGES USING LNP TRANSFECTION
OF GFP MENA uUsinG LNPS BASED ON Lipns 185, 26, 254, 27, 28, 40 AND COMPARATOR
Livip ALC-0315

RERLY: This example compares the GFP protein expression resulting from LNP’s derived
from Lipids 15, 26, 25A, 27, 28, 40 and comparator lipid ALC-0315. Nanoparticles bearing
GFP encoding mRNA {and a fluorescent dye label (Dil-C18-5D8}) were produced using the

microfluidic mixing and buffer exchange processes described in Example 2 to 6. An aCD206
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YHH-conjugate was incorporated into the parent LNPs to obtain the final Antibody targeted
LNP formulation using the process described in Example §. Particles thus produced were tested
in vitro in M2 macrophages derived from primary human PBMC s (using protocol described

in Example 10 above) to assess reported gene expression.

(RE RN Lipid 25A targeted LNPs resulted in relatively low protein expression as shown by
both a lower % GFP+ Macrophages (FIG 34) of 50% relative to other lipids that resuited in
>80% GFP+ Macrophages. Additionally, comparison of the Mean Fluorescence Intensity
{(MFI) of the transfected Macrophages (see FIG. 5C) reveals a relatively low level of GFP
protein expression in LNPs resulting from Lipids 254, 26 and 27, possibly suggesting a non-
optimal tail group chemistry for either LINP stability in macrophage transfection medium or for
fusion of these lipids with endosomal membranes as either of these would limit the cytosolic
delivery of the GFP mRNA payload . Notably, GFP protein expression improved signiticantly
with L.NPs resulting from Lipids 40 and 28. Comparing of the head group chemistry of Lipid
26 and Lipid 40, the improved performance of Lipid 40 LNPs {relative to Lipid 26 LNPs) is
attributed to the additional wethylene {(-CHz-) in Lipid 40 head group relative to Lipid 26. The
additional methylene (-CHz-) was designed to impart stronger basic character to Lipid 40 and
thereby improve the ability for endosomal escape by enhancing the fusogenicity of Lipid 40
LINPs under acidic endosome pH conditions. Comparing of the head group chemistry of Lipid
27 and Lipid 28, the improved performance of Lipid 28 LNPs (relative to Lipid 26 LNPs) may
be attributed to the 3-octanol derived side chain versus the 4-decanol derived side chain (of
Lipid 27} However, since there are significant differences between the average diameters
(DLSy of Lipid 27 LNPs (~120 nm) and Lipid 28 LNPs (>350 nm), the observed change GFP
expression levels may be the result of other factors (beyond changes to lipid efficiency resulting

from improve endosomal escape).

EXAMPLE 12 GFP PROTEIN EXPRESSION IN M2 MACROPHAGES USING LNP TRANSFECTION
OF GFP MRNA USING LNPs BASED ON Lipins 15, 17A, 18A, 194, 21A, 204, 46, AND 40

194381 This example compares the GFP protein expression resulting from LNP’s derived
from Lipids 15, 17A, 18A, 19A, 21A, 204, 46 and 40. Nanoparticles bearing GFP encoding
mRNA (and a fluorescent dve label (DiI-C18-3DS)) were produced using the microfluidic
mixing and buffer exchange processes described in Example 2 to 6. An aCD206 VHH-

conjugate was incorporated into the parent LNPs to obtain the final Antibody targeted LNP
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formulation using the process described in Example 5. Particles thus produced were tested in
vitre in M2 macrophages derived from primary human PBMC s (from two human donors —
Donor 108 and Donor 282 — and using protocol described 1o Example 10 above) to assess
reported gene expression. In this experiment, both non-targeted parent LINPs and aCD206

targeted LNPs were tested /o vifro in M2 macrophages.

[ LNPs derived froro ali of the lipids 1o this group showed widespread expression in
the macrophage population with >60% cells being GFP+ at the T ug/mL dose level in both
donors 108 and 282 (FIGS. 6A and 7A); however relative to the non-targeted parent LNPs, the
targeted LNPs transfected slighily higher percentage of Macrophages suggesting greater access
to the cytosolic compartment via the aCD206 targeted endosomal pathway relative to uptake

via phagocytosis.

SN As seen in FiGs 6C and 7C, significant differences in the Mean Fluorescence
Intensity {MF1)} of the transfected Macrophages was observed among the parent LNPs derived
from this group of lipids. Lipids 40, 19A and 20A resulted in the lowest levels of expression,
while Lipids 15, 18A and 26 resulted in the highest levels of GFP protein expression with the
parent LNPs. Io this group, a 2-to-11-fold difference between protein expression was observed
between non-targeted LNPs and aCD206 targeted L.INPs (2 fold with Lipids 15 and 46; 11 fold
with Lipid 19A) suggesting differences between the propensity for phagocytosis with Lipids

15 and 46 chemistries resulting in greater uptake and cytosolic delivery of non-targeted LNPs.

{44 Comparison of GFP protein expression achieved with targeted LNPs (see FIGS 6C
and 7C) derived from Lipids 17A, 18A, 19A and 20A, suggests the optimal tail group chemistry
for efficient cytosolic access and cytosolic release of mRNA is derived from suberic
{octanedioic) acid relative to both less hydrophobic {succinic and adipic acids) and more

hydrophobic (sebacic acid) tail groups.

19443 Comparing of the head group chemistry of Lipid 20A and Lipid 46, the improved
performance of Lipid 46 LNPs (relative to Lipid 26 LNPs} is attributed to the additional
methyiene (-CH2-) in Lipid 46 head group relative to Lipid 20A. The additional methylene (-
CH2-) group was designed to impart stronger basic character to Lipid 46 and thereby improve
the ability for endosomal escape by enhancing the fusogenicity of Lipid 46 LNPs under acidic

endosome pH conditions. Hence, despite non-optimal tail group chemistry {(sebacic acid
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derived), significant improvement in protein expression could be achieved via the change in

head group chemistry and charge properties of Lipid 46 LNPs.

Table 5. Lipids for comparison
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EXAMPLE 13, METHOD FOR FORMULATION OF MUCHERRY~-LNPS BASED ON LIPID 48, DPG-
PEG or DSG-PEG Lipip.

443

This Example describes the production of mCherrv mRNA-loaded LNPs using

exemplary materials, a microfluidic mixing process, and centrifugal filtration methods for

purification and buffer exchange. The lipid solution composition, compositions of mCherry

mRNA solution buffer and final LNP buffers are as described in Example 1 and detailed in

Table 3. Exemplary mCherry LNP batch information is provided in Table 6.

Table 6. Composition of mCherry-mRNA Lipid 40 LNPs

# | Nominal ionizable | PEG-Lipid*® Mole % Lipid compositions
Batch Size | Lipid composition;
{lonizable
{ug) .
Lipid:Cholesterol DSPC. PEG-
Lipid Dil-C18(5)-DS
1§ 6060 Lipid 40 | DSG-PEG 492:394:98:15:0.01
21600 Lipid 40 | DSG-PEG 493:374:98:35.001
{(Disteoroylglycerol
PEG-2000)
31600 Lipid 40 | DSG-PEG 492:374:98:35:0.01
{Disteoroylglycerol
PEG-2000)
41 600 Lipid 4¢ | DPG-PEG 492:374:98:35.:0.01
{Disteoroylglycerol
PEG-2000)
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*PSG-PEG (Di-steoroylglycerol PEG-2000) or DPG-PEG (Di-palmitoyviglycerol PEG-2000)
EXAMPLE 14, PHYSIOCHEMICAL PROPERTIES OF MUHERRY-LNPS BASED ON LIPID 48 AND
1.5 aNp 3.8 MoL% DSG-PEG P,

S Y Lipid 40 LNPs encapsulating mCherry-mRNA were prepared and characterized
using methods described in Examples 2 to 6. As seen in FIG. 13A and 13B LNP diameter
increased slightly upon 1X Freeze-thaw cycle, and LNP polydispersity index (BDLS) remained
below 0.10 both pre- and post- 1X freeze-thaw cycle. As expected, increasing PEG-lipid
density from 1.5 to 3.5 mol% in the LNP composition resulted in drop in LNP size (post 1X
Freeze-Thaw) from ~110 nm to ~80 nm. As seen in Figure 13C, the Lipid 40 LNP charge
exhibited a distinct negative charge at physiological pH (7 4); and a positive charge at pH 5.5
with both values slightly diminished at the higher 3.5 mole % PEG-lipid density. As seen in
Figure 13D, at both 1.5 and 3.5 mole® PHEG-Lipid density, high mCherry-mRNA
encapsulation efficiency {(<10% Dye accessible RNA) and >90% RNA recovery was observed.
In summary, all lipids tested resulted in viable mRNA evcapsulation, LNP diameters <110 urn

and good freeze-thaw stability.

EXAMPLE 15, PHYSIOCHEMICAL PROPERTIES OF MUHERRY-LNPS BASED ON LIPID 48 AND
3.5MoLY DPG-PEG anp DSG-PEG LIpIDS,

FHE RS Lipid 40 LNPs encapsulating mCherry-mRNA were prepared and characterized
using methods described in Examples 2 and 3. As seen in FIG. 14A and 14B LNP diameter
increased slightly upon 1X Freeze-thaw cycle, and LNP polydispersity index (BLS) remained
below 0.10 both pre- and post- 1X freeze-thaw cycle. As expected, at 3.5 mol% PEG-lipid in
the LNP composition, both lipid anchor chemistries (Di-palmitoyl and Di-stearoyl) resulted in
similar LNP sizes (post 1X Freeze-Thaw) of ~80 nm. As seen in Figure 14C, the Lipid 40 LNP
charge exhibited a shightly negative charge at physiological pH (7.4); and a positive charge at
pH 5.5, As seen in Figure 14D, both PEG-Lipid chemistries (DPG- and DS8G-) resulted in high
mCherry-mRNA encapsulation efficiency {(<10% Dye accessible RNA) and >90% RNA

recovery.

EXAMPLE 16, METHOD FOR FORMULATION AND STORAGE OF HEMAGGLUTININ MERNA-
L.NPs BASED ON IONIZABLE LIPIDS 40, 46, ALLC-0315, SM-102 & CL-1191 anp 1.3 MOL%

DMG-PEG LIPID,
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BB I An ethanolic mixture of PEG-lipid, ionizable lipid, cholesterol, and DSPC was
vigorously mixed with an aqueous solution of mRNA in an acidic buffer, with a fixed
nitrogen/phosphate {N/P) ratio (shown in Table 7 below) and under controlled flow rates, to
yield a suspension of LNPs. After dialysis/diafiltration and ultrafiitration into a suitable diluent
system, the suspension was filtered, diluted to final concentrations, and stored at -80°C until
use. The molar ratios of PEG-lipid: ionizable lipid: cholesterol: BSPC are shown in Table 7

{see Example 17 below).

EXAMPLE 17, METHODS FOR PHYSIOCHEMICAL CHARACTERIZATION OF HEMAGGLUTININ
MRNA-LNPS BASED ON IONIZABLE LIPIDS 40, 46, ALC-0315, SM-102 & CL-1191 AND 1.5
MOLY DMG-PEG Lipb.

[EE The particle size and polydispersity index (PD) of the LINPs were characterized
using a Dynamic Light Scattering (DLS) Zetasizer (Malvern, UK). The particle size was
measured as the intensity-weighted mean hydrodynamic diameter. Quant-iT RiboGreen RNA
Assay Kit (Invitrogen) was used to assess mRNA encapsulation efficiency following the
following equation: Encapsulation Efficiency (EE) (%) = (Total mRNA {(mg{mL))-Free
mRNA (mgmL/{Total mRNA {(mgyinL}x100%.

Table 7. Lipid composition and NP ratios used for formulation of HAL-mRNA LNPs based on
foruzable Lipids 40, 46, SM-102, and ALC-031S.

Formulation Lot # | Cationic Lipid (CL} Composition N/P
{(DMG-PEG2l:CL:Chol BSPC)
i Lipid 40 1.5:50:38.5:10 6
2 Lipid 46 1.53:50:38.5:10 )
3 SM-102 1.5:50: 38.5: 10 5.67
4 ALC-0315 1.8:475:407: 10 5

EXAMPLE 18, PHYSIOCHEMICAL PROPERTIES OF HEMAGGLUTININ MRNA~LNPS BASED ON
IONIZABLE LIPIDS 40, 46, ALC-0315, 5M-102 & CL-1191 AND L3S MOL% DMG-PEG Lipib,
448 Table 8 lists the size (hydrodvnamic radius by DLS), and polydispersity index (DdI)
of hemagglutinin mRINA LNPs based on lipids 40, 46, SM-102 and ALC-0315 ionizable lipids
using 1.5 mole% {or 1.8 mole% for ALC-0315 LNPs) DMG-PEG lipid and stored in 10%

trehalose containing buffer. Lipid 40 and 46 LINPs resulted in LNPs of ~100 nm size and high
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encapsulation efficiency {(defined as the percent of dye accessible RNA in total encapsulated

RNAJ.

Table 8: Formulation parameters, physiochemical properties {DLS Size and Polydispersity),
and mRNA encapsulation in HA-mRNA LNPs based on Ionizable Lipids 40, 46, ALC-0315,
and SM-102

Formulation Lot # | Cationic Lipid (CL) | Final Buffer | Size (um) | Pdl | EE (%9%)

i Lipid 40 10 % Trehalose 102 0.13 97
2 Lipid 46 10 % Trehalose 101 0.01 98
3 SM-102 10 % Trehalose 111 0.14 93
4 ALC-0315 10 % Trehalose 75 .12 97

EXAMPLE 19, METHODS OF MEASUREMENT OF IN VITRO MUHERRY PROTEIN EXPRESSION IN
M2 MACROFHAGES

RIS =4 CD14+ Monocytes were isolated from frozen peripheral blood mononuclear celis
using a Hurmsan Monocyte Isolation Kit (StemCell #100-0697). Monocytes were resuspended
after isolation in macrophage base media (530 mL RPMI + 10% HI-FBS with 50 ng/mL of
human M-CSF) for MO macrophage differentiation. Monocytes were then plated into 6-well
plates at 2 million cells/mi.. Cells were allowed to rest for 2 days in a 37°C incubator, 5% C(h,
and then media was changed. On day 5, media was removed from the wells and 2 mE of cold
PBS + 10 mM EDTA was added per well. The 6-well plates were incubated for 10 minutes on
ice to detach the macrophages. The macrophages were then gently scraped from each well
using a stlicone scraper and the scraped cells were transferred to a tube with Macrophage base
media. The cells were counted and resuspended at 200,000 cells/mL in M2 polarization media
{50 mL RPMI + 10% HI-FBS with 50 ng/rol. human M-CSF and 10ng/mL buman IL-4). The
cells were then plated in a flat-bottom 96-well plate at 20,000 or 40,000 cells per well. Cells
were incubated in a 37 °C incubator, $% CO2 for 24 hours. The next day cells were transfected
by gently adding 10 uL of a 11 pg/mL (by mRNA} nanoparticle suspension, resulting in a final
mRNA concentration of 1 pg/mb (unless otherwise noted). Cells were gently mixed with a
pipette and then incubated for 24 hours in a 37°C incubator, 3% COz. After incubation, the
cells were scraped and diluted with FACS buffer (BD Biosciences #554657) and analyzed
using either a FACSymphony (BID} Biosciences) running BI? FACUSDiva software or a
NovoCyte Penteon (Agilent Technologies) running NovoExpress software. LNP-cell
association was evaluated by Inl {APC) expression, and mRBNA payload translation was
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assessed by either mCherry {(PE-CF594) or eGFP (FITC) expression. All data collected were

analyzed using FlowJo 10.8 .2 software and GraphPad Prism version 10.0.

EXAMPLE 20, MOCHERRY PROTEIN EXPRESSION IN M2 MACROPHAGES USING MUHERRY/Dii-
MRNA LNPs BASED ON LD 40 AND 1.5 AND 3.5 MoL% DSG-PEG Lipm,

R RS mCherry-mRNA Lipid 40 LNPs were dosed to M2 macrophages {derived from
human PBMC Bonor # 2208430009) at 1 ug/mL (10 40,000 celis/well) and mCherry expression
and LNP uptake were determined by FACS analysis at 24 hours using methods described in
Example 19 above. mCherry expression was expressed as percent of mCherry+ cells and the
mean fluorescence intensity (MF1) of mCherry signal in the entire macrophage cell population.
LINP association with macrophages was expressed as the percent of Dil+ cells and MFI of the
il signal in the entire macrophage cell population. As seen in Figure 15A and Figure 15B, a
farge fraction {~70%) of macrophages were mCherry positive with the Lipid 40, 1.5 mole%
PEG-DSG formulation while low level of mCherry expression (<5% mChemry+, and
background-like mCherry MFI values) was observed with the 35 mole% DSG-PEG
formulation. NP association at the two PEG-densities, however, was relatively similar (~60%
Dil+ cells with the 3.5 mole% PEG formulation, relative to ~80% with 1.5 mole% composition)
with a roughly 2-fold difference in Dil MFI value (~ 1500 a.u. with 3.5% mole% composition
versus ~3500 a.u. with the 1.5 mole% composition). This suggests that high PEG-density LNPs
associate with macrophages, however, uptake into macrophages and/or escape from endosomes
{or phagosomes) is limited, this limits cyiosolic delivery of the mRNA payload and results in
fow levels of mCherry protein expression. As seen in Example 21 below, uptake into
macrophages {(and protein expression) is also PBMC donor dependent and this impact of PEG-

density on protein expression vary in human PBMC derived M2 macrophages.

EXAMPLE 21, MCHERRY PROTEIN EXPRESSION IN M2 MACROPHAGES USING MUHERRY/DiE-
MRNA LNPs BASED ON LIPID 40 anD 3.5 MoL% DPG-PEG AND 3.5 MoL% DSG-PEG
LIPIDS,

[HEERY roCherry~-mRNA Lipid 40 LNPs were dosed to M2 macrophages (derived from
human PBMC Donor # 889013852) at 1 ug/mL {(to 40,000 cells/well) and mCherry expression
and LNP uptake were determined by FACS analysis at 24 hours using methods described in
Example 19 above. mCherry expression was expressed as percent of mCherry+ cells and the
mean fluorescence intensity (MFD) of mCherry signal in the entire macrophage cell population.

While L.NP association was expressed as the percent of Dil+ cells and MFI of the Dil signal in
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the cell population. As seen in Figure 10A and Figure 16B, in this PBMC donor (# 889013852),
Lipid 40 LNPs based on 3.5 mol% DPG-PEG and 3.5 mole%s DSG-PEG resulted in strong
mCherry expression {(>70% mCherry+ macrophages and mCherry MFI ~4-fold above
background levels). Similarly, both lipid anchor compositions resulted in strong LNP
assoctation to macrophages. Thus, uolike the result in PBMC donor # 2208430009 (of Example
20}, here both LNP association (D4l positivity and Dif MFT) and mCherry protein expression
are high with the Lipid 40/ 3.5 mole% DSG-PEG LNP composition. It is also notable that the
Di-palmitoyl (BPG) lipid anchor results in 2-fold greater LNP association compared o the Di-
stearovl (DS8G) lipid anchor. Examples 28 through 32 report the in vivo protein expression
using Lipid 40 LNPs formulated with both DPG and BSG lipid anchors at low (1.5 mole%s)

and high (3.5 mole%} PEG-lipid deusity.

EXAMPLE 22. METHODS OF MEASUREMENT OF IN VIVO MCHERRY PROTEIN EXPRESSION IN
MC-38 TUMOR ENGRAFTED USTEL/6 yvuce

Mice Strain

(NERRS CS7BL/6 mice were purchased from The Jackson Laboratory (Strain 000664). 8
week-old naive female mice were enrolled in the study with an initial body weight ranging

from 18.1-22.8 grams.

Tumor engraftment, LNP administration protocol

[ ARY! The M{38 colorectal wwmor cell line was chosen for engraftment due 1o the
abundance of macrophages in MC38 tumors and dependable growth in syngeneic mouse
models. MC38 cells were thawed and grown in DMEM + 10% FBS until there were sufficient
cells for mouse engraftruent. Cells were washed and resuspended in a mixture of 50% DPRS
and 50% Matrigel, then inoculated subcutaneously at T miilion cells/mouse in the right flank
of the mice. Mice were monitored and tumor growth measured via calipers 2-3 days. When
tumors reached an average size of 188.6-215.05 mum’, LNPs were administered via intravenous

{1V} injection.

(NS BEY Frozen LNPs were thawed 30 minutes prior to dosing and kept on wet ice until
administered. LNPs were mixed well immediately prior to dosing to ensure even distribution
of particles. At time zero, a single dose was administered to mice in each group (n=4) via [V

tatl vein injection.



WO 2025/128902

H455)

PCT/US2024/059895

Blood collection was performed to determine lipid pharmacokinetics at 10 minutes,

6 hours and 24 hours post IV injection. At 24 hours post LNP injection, mice were sacrificed

via COz inhalation followed by cervical dislocation as a secondary method, and tissues were

coliected for lipid biodistribution and flow cytometry. Tissue samples destined for lipid

biodistribution analysis were soap frozen in liguid nitrogen aud stored at -30°C until further

analyses. Tissue samples destined for flow cytometry analysis were kept in RPMI media on

wet ice until processing.

Table 9. Study design 1

Bloed

. # . LNP Dosing eollection Tissue

Group Mice LAF dose Regimen timepoints colfection

(PK)

i 4 Vehicle - Single dose 10 min; 6 hrs; 24 hrs
= 24 hrs

Lipid 15; 1.5% DSG- < . 10 min; 6 hrs;

o] p Aoy - . p A hre

2 4 PEG: mCherry/Dil 1.5 mg/kg | Single dose 24 heg 24 hrs

" , Lipid 40; 1.5% DSG- P o | 10 i 6 hrs 24 b

3 4| PEG: mCherry/Dif | |0 Pe/ke | Single dose 24 hrs 24 hrs

Table 10: Study design 2

Blood

# . LNP Daosing collection Tissue

Group Mice Lig dose Regimen timepoinis coliection

(PK)

e o 1 10 num; 6 brs; A

1 4 Vehicle -~ Single dose 24 hes 24 hrs

' Lipid 40; 3.5% DSG- e | ale daee | LU T0IR 6 frs; 24 hre

2 4 PEG: mCherry/Dil I mgkg | Single dose 24 hrs 24 hrs

- Lipid 40; 3.5% DPG- ) o 10 nun; 6 hrs; -

3 4 PEG: mCherry/Dil I mg/kg | Single dose 24 b 24 hrs

Tissue and blood sample collection and processing protocol

H456]

For PK analysis at 10 min and 6 hrs, mice were anesthetized and retro-orbitally

bled. 50-100 pbL blood was collected in a KsEDTA mini collection tube {(Microvette

#20.1341.102). Blood was kept on wet ice until all samples were collected. Plasma fromw whole

blood was separated via centrifugation {1000xg for 10 minutes), and carefully transferred into
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separate tubes. Plasma was immediately frozen down at -20°C and kept frozen until future

analyses.

PEETE Bicod and tissue collection. At terminal endpoint 24 hours post dose, mice were
sacrificed via C{; inhalation, followed by cervical dislocation as a secondary method. 300-500
ul of blood was collected in a KsEDTA mini collection tube {Microvette #20.1341.102). Blood
was kept on wet ice until all samplies were collected, and then split in half for flow cytometry
and PK analyses. Blood samples destined for PK analysis was separated via centrifugation
{1000xg for 10 minutes), and plasma was carefully transferred into separate tubes. Plasma was
immediately frozen down at -20°C and kept frozen until future analyses. Blood destined for
flow cvtometry was kept on wet ice until processed. Spleen, Hver, lungs, leg bones (femur and
tibia}, and MC38 tumors were harvested and kept in separate RPMli-containing tubes on wet

ice uniil processed.

HdEE] Bieod precessing for flow cytometry. Blood was transferred from EDTA-coated
tubes into a 2l deep-well plate. Versalyse lysing solution (Beckman Coulter #A09777) was
added to blood and incubated for 10 minutes at room temperature. Plates were spun down at
1600 rpm for 4 minutes, then supernatanis were carefully aspirated. These steps were repeated
twice (three total rounds of Versalyse), and cell pellets were finally resuspended in FACS
buffer {BD Biosciences #554657) and transferred to a 96-well U-bottom plate. Cells were kept

on ice until ready for flow staining.

IR MC38 Tumor processing for flow cytometry. All tumors were kept on ice in
RPMI media while awaiting processing. Mouse tumor dissociation kit (Miltenvi #130-096-
7303 stock reagents were reconstituted and a master mix of tumor dissociation buffer was
formulated according to the manufacturer’s instructions. 2.5 mL of dissociation buffer was
added to gentleMACS ¢-Tubes (Miltenyi #130-096-334). Individual tumors were roughly
chopped with a razor blade and then transferred to the c-Tubes, ensuring all pieces were
submerged in the dissociation buffer. The ¢-Tubes were attached upside-down onto the sleeve
of a gentleMACS dissociator and heating sheaths were then fit over the c-Tubes. Protocol
37C_m TDK 1 was run on the dissociator, according to the manufacturer’s instructions. After
termination of the program, the dissociated tumor was poured over a 70 pm cell strainer
(Corning #352350) into a 50 mL conical tube. Both c-Tube and cell strainer were then rinsed
with RPMI media. With a pestle, the remaining tumor lysate was mashed through the cell

strainer, followed by an additional rinse with RPMI media. The resulting cell lysate was spun
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down at 1800 rpm for 4 minutes, and the supernatant was aspirated. For red blood cell lysis,
tumor lysates were resuspended in 3 mL of ACK lysis buffer (Gibco #A10492-01) and
incubated at room temperature for 5 minutes. 20 mL of RPMI media was added to stop the
reaction, and then tubes were spun down and supernatant aspirated. Cells were resuspended in
RPMI and counted. 5 million tumor cells were resuspended in FACS staining buffer (BD
Biosciences #554657) and transferred to a 96-well U-bottom plate. Cells were kept on ice until

ready for flow staining,

(SN Spleen processing for flow cytometry. Spleens were added to a 70 um cell strainer
(Coming #352350) fit onto a 50 mL conical tube and wet with RPMI media. With a pestle,
spleens were crushed through the cell strainer and rinsed with cold RPMI media. Cells were
spun down at 1800 rpm for 4 minutes, and supernatants were discarded. For red blood cell
tysis, the cell pellet was resuspended in 3 mL of ACK lysis buffer (Gibeo #A10492-01) and
tncubated at room temperature for 5 minutes. 20 mb of RPMI media was added to stop the
reaction, and then tubes were spun down and supernatant discarded. 2 million cells were
resuspended in FACS staining buffer (BD Biosciences #554657) and transferred to a 96-well

U-bottom plate. Cells were kept on ice until ready for flow staining,.

{ided} Liver processing for flow cytemetry. All livers were kept on ice in RPMI media
while awaiting processing. Mouse liver dissociation kit (Miltenyi #130-105-807) stock
reagenis were reconstifited and a master mix of liver dissociation buffer was formulated
according to the manufacturer’s instructions. 5 ml of dissociation buffer was added to
gentleMACS c-Tubes (Miltenyi #130-096-334). Individual livers were roughly chopped with
a razor blade and then transferred to the ¢-Tubes, ensuring all pieces were submerged in the
dissociation buffer. The c-Tubes were attached upside-down onto the slegve of a gentleMACS
dissociator and heating sheaths were then fit over the c-Tubes. Protocol 37C_m LIDK 1 was
run on the dissociator, according to the wanufacturer’s wstructions. After termination of the
program, the dissociated liver lysate was poured over a 70 pim cell strainer (Corning #352350)
iuto a SO ol conical tube. Both ¢-Tube and cell strainer were then rinsed with RPMI media.
With a pestle, any remaining liver was mashed through the cell strainer, followed by an
additional rinse with RPMI media. The resulting cell lysate was spun down at 1800 rpm for 4
minutes, and the supemnatant was aspirated. For red blood cell lysis, Hiver lysates were
resuspended in 3 mL of ACK lysis buffer (Gibco #A10492-01) and incubated at room

temperature for 5 minutes. 20 mbL of RPMI media was added to stop the reaction, and then
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tubes were spun down and supernatant aspirated. Cells were resuspended in RPMI and counted.
S million cells were resuspended in FACS staining buffer (BD Biosciences #554657) and

transferred to a 96-well U-bottom plate. Cells were kept on 1ce until ready for flow staining.

a3 Lang processing for flow eytometry. All lungs were kept on ice in RPMI media
while awaiting processing. Mouse lung dissociation kit (Miltenyi #130-095-927} stock
reagents were recounstituied and a master mix of lung dissociation buffer was forrulated
according to the manufacturer’s instructions. 2.5 mL of dissociation buffer was added to
gentleMACS c-Tubes (Miltenyi #130-096-334). Individual lungs were rinsed once in ice cold
PBS, roughly chopped with a razor blade and then transferred to the c-Tubes, ensuring all
pieces were submerged in the dissociation buffer. The ¢-Tubes were attached upside-down onto
the sleeve of a gentleMACS dissociator and heating sheaths were then fit over the ¢-Tubes.
Protocol 37C m LDK 1 was run on the dissociator, according to the manufacturer’s
instructions. After termination of the program, the dissociated lung lysate was poured over a
70 um cell strainer (Corning #352350) into a 30 mL conical tube. Both ¢-Tube and cell strainer
were then rinsed with Buffer § from the dissociation kit. With a pestle, any remaiving lung was
mashed through the cell strainer, followed by an additional rinse with Buffer S. The resulting
cell lysate was spun down at 1800 rpm for 4 minutes, and the supernatant was aspirated. For
red blood cell lysis, cell pellets were resuspended in 3 mb of ACK lysis buffer (Gibeo
#A10492-01) and incubated at room temperature for 5 minutes. 20 mL of RPMI media was
added to stop the reaction, and then tubes were spun down and supernatant aspirated. The entire
cell pellets were resuspended in FACS staining buffer (BD Biosciences #5354657) and

transferred to a 96-well U-bottom plate. Cells were kept on ice until ready for flow staining.

{9463 Bone Marroew processing for flow cytometry. All leg bones were kept on ice
while awaiting processing. Eppendorf tube apparatus was prepared by first poking a hole
through the bottom of a sruall G.6 ml tube with an 18-21g needle. This was then nestled into a
1.5 mL Eppendorf tube and 100 pL of cold PBS was added to the inner tube. Leg bones were
rinsed o ice-cold PBE, and then bad one end of sach bone cut off with a razor blade. The leg
bones were then placed in the nestled inner tube cut side down and the whole Eppendorf
apparatus was then centrifuged hard at 14,000 rcf for 30 seconds. The bone marrow collected
in the outer Eppendorf tube was resuspended in T mbL ACK lysis buffer {Gibeo #A10492-01)
and incubated at room temperature for 5 minutes. The bones remaining in the small inner tube

were discarded. After 5 minutes of incubation, 10 mL of RPMI media was added to stop the
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RBC lysis reaction, and cells were spun down at 1800 rpm for 4 minutes, then the supernatant
was discarded. Cells were resuspended in cold FACS buffer (BD Biosciences #554657) and

transferred to a 96-well U-bottom plate. Cells were kept on 1ce until ready for flow staining.

Immunophenoivping Analysis

[RERE Y Immune ceils from blood and organs were prepared for immunophenotyping via
flow cytometry by the processes stated above {tissue processing and red blood ceil lysis). Cells
were washed in PBS then labeled with Fixable Viability Dye eFluor780 (eBiosciences #65-
0865-14) for 10 minutes at room temperature. Celis were then Fe-blocked (Biolegend #101320)
for 5 minutes at room temperature, followed by surface staining for 30 minutes at room
termperature with specific antibodies {clones and dilutions) detailed in Table 11, LNP-cell

association was evaluated by Dil expression, and mRINA payload translation was assessed by

PCT/US2024/059895

m{herry expression.

Table 11
Antigen Fluorophore Clone Dilution Vendor Catalog #

Bl APC - N/A N/A N/A

}f}féﬂ:“ﬁ,g PE-CF594 - N/A N/A N/A
CD122 PE-Cy7 T™M-f1 1:100 Biolegend 123216
CD3e BB700 145-2C11 1:206 BD Biosciences 566495
F4/80 FI'TC BMS 1160 Biolegend 123108
CDilb BY786 MI/T( 1:100 Biolegend 101243
Ly6C BYV7il HK1 4 1:106 Biolegend 128037
D31 BV60S 380 1166 Biolegend 102427
D206 BV421 CO68(C2 1106 Biolegend 141717
43 BUVSOS 30-F11 1:300 BD Biosciences 748370
Lv6G BUV661 1A% 1:100 BD Bioscicnces 741587
{D1e BUV395 1D3 1:300 BD Biosciences 565965

jBdes] Compensation for each fluorochrome was performed in the multicolor flow panels

using positive and negative compensation beads {Invitrogen #01-2222-42). Fluorescence
minus one (FMO) samples and unstained controls were included to determine the level of
background fluorescence and to set the gates for the negative cell populations versus the

positive cell populations.
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{des] All samples were acquired on a FACSymphony (BD Biosciences) running BD
FACSDiva software. All data collected were analyzed using FlowJo 10.8.2 software and

GraphPad Prism version 10.0.

EXAMPLE 23, METHODS OF MEASUREMENT OF LIPID 40 MOUSE PLASMA FROM MUHERRY-
LNP posEp MC-38 TUMOR ENGRAFTED CS7TBL/6 MICE

EEE Lo Lipid PK LC-MS method: To understand tonizable lipid (Lipid 40}
pharmacokinetics, an LC-MS/MS based bioanalytical method was used. Lipids from mouse
plasma samples were exiracted into 50/50 Isopropyl alcohol (IPAYacetonitrile. BOTMA was
used as the internal standard to correct for extraction efficiencies. The extracted samples were
then chromatographically separated using a pheny!l column on Shimadzu UPLC aystem. A
gradient elution using 0.1% formic acid in acetonitrile/IPA (80/20) and 0.1% formic acid in
water was used for separation in a 3-minute method. Finally, the separated Lipid 40 was
detected at an MRM transition of 1079.8 > 737 50 (secondary: 1079.8 > 9393} and DOTMA
was detected at a transition of 633.5 > 551 (secondary 634.5 > 69.1) on a Sciex QTRAP 6500

mass spectrometry system. The data was analyzed using Analyst 1.6.2 software.

EXAMPLE 24, METHODS OF MEASUREMENT OF HEMAGGLUTININ (HA ) PROTEIN EXPRESSION
IN HUMAN DENDRITIC CELLS
S The method for HA expression splits into two major processes, namely, transfection

and staining.

(St Transfection: Human Dendritic Cells (primary cell line from Stem Cell
Technologies — Catalog #200-0370) are thawed the day prior to transfection (Day 0) — in this,
D{'s are removed from liquid nitrogen storage and placed on dry ice. One at a time, frozen cells

Ao
37°

are placed in 37°C water bath until just starting to thaw (~1 minute). They are then resuspended
in warmed cell media, spun at 1500 RPM for 5 minutes at 25°C post which the supernatant is
removed, and the cells are resuspended again in media. This wash is then repeated one more
time post which they are incubated overnight at 37°C/5% CO2 in a humidified incubator. The
following day (Day 1), formulations are thawed and diluted in relevant diluent to 10x the final
concentration before diluting to 1x in cell growth medium. Before transfection, cells are spun
at 1500 RPM for 5 minutes at 25°C post which the supernatant is removed, resuspended and

cells are counted with Trypan Blue. Cells are then diluted to 500,000 cells/ml. Final
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transfection mix and cells are then combined in a 96 well U-bottom plate followed by

incubation at 20 + 0.5 hours at 37°C/5% COZ in a humidified incubator.

TH Staining: Following our designated incubation endpoint (Day 2), plate is spun down
at 1500 RPM to pellet cells post which the supernataot is discarded. Cells are then washed with
cell staining buffer. This step is repeated. Cells are resuspended in an antibody specific for
influenza A HA and then incubated for 1 hour at 4°C. Wash and spin steps from before are
repeated. Cells are resuspended in Alexa-647 conjugated secondary antibody and Live-Dead
Viability Stain for 1h at 4°C. Wash and spin steps from before are repeated. Cells can be
resuspended in cell staining buffer and run on the flow cytometer immediately or optionally
fixed for 10 minutes in 2% PFA in cell staining buffer and run later. Analysis for the tmages is
carried cut using Flowlo software by gating for cells a single cells a live cells &4 HA positive

cells from which percent live, percent positive and iMF1 is reported as the expression data.

EXAMPLE 25, METHODS OF MEASUREMENT OF HEMAGGLUTININ ( HA ) PROTEIN EXPRESSION
IN HUMAN SKELETAL MUSCLE CELLS
4T The method for HA expression splits into two major processes, namely, transfection

and immunofiuorescence.

[Ty Transfection: Hurman skeletal muscle cells (primary cell line from Lonza

Bioscience —~ CC 2561} are seeded the day prior to transfection (Day 0} post which they are
incubated overnight at 37°C/5% COZ in a humidified incubator. The following day (Day 1},
formulations are thawed and diluted in relevant diluent to 10x the final concentration before
diluting to Ix in cell growth medium. Post preparation of the final dilution mixture of LNP and
growth media, old media is aspirated from the plated cells and replaced by the treaiment media
following with they are allowed to stand for fifteen minutes to avoid edge effects. Cells are

then incubated for 20 + 0.5 hours at 37°C/5% CO2 in a humidified incubator.

473 {mmunofivorescence and imaging: Following our designated incubation endpoint,

cells are fixed post PBS wash with cold 4% paraformaldehyde followed by another round of
PBS wash. The cells are then subjected to permeabilization using 0.004% Digitonin, followed
by PBS washes and then blocked with 10% goat serum for 1 hour at room temperature. Post
block, cells are incubated overnight with an antibody specific for Influenza A HA at 4°C with
gentle shaking. The following day {(Day 2) cells are washed and incubated with an Alexa-647
conjugated secondary antibody, CeliMask Blue, and NucBlue for 1 hour at room temperature.
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Image acquisition is carried out on Operetta CLS high content imaging microscope using a 20x
Water objective. Analysis for the images is carried out using Harmony High Content Imaging
and Analysis software that segments cells based on NucBlue/CellMask Blue staining and
exports mean fluorescence intensity of the signal per cell which is reported as the expression

data.

EXAMPLE 26, HEMAGGLUTININ (HA) PROTEIN EXPRESSION IN HUMAN DENDRITIC CELLS
UPON TRANSFECTION USING HA-MERNA LNPS BASED ON LIPIDS 40, 46, ALC-0315, SM-182
& CL-1191anp LE3MOL% {OR L. MOLY FOR ALC-0315 LNPFs) BMG-PEG.

474} HA-mRNA LNPs based on Lipid 40, 46, ALC-0315, CL-1191 and SM-102
fonizable Lipids were dosed to human dendritic cells and HA protein expression levels
measured at the 20-hour timepoint using methods described in Example 24 above. As seenin
Figure 17, 1 ug HA-mRNA dosed to 1E6 cells using Lipid 46 LNPs and SM-~102 LNPs resulted
in high levels of HAT titer values (reflecting high expression of HA protein), while Lipid 40
LNPs resulted in similar levels of HA expression to an internal benchmark lipid CL-1191 LNPs
at the same dose level of T ug HA-mRNA in 1E6 cells {at the 20-hour timepoint). Thus, Lipid

46 LNPs cutperformed other internal lipid compositions tested.

EXAMPLE 27. HEMAGGLUTININ (HA) PROTEIN EXPRESSION IN HUMAN SKELETAL MUSCLE
CELLS UPON TRANSFECTION USING HA-MRNA LNPS BASED ON LIPIDS 40, 46 & CEL-1191
AND 1.5 MOLY DMG-PEG.

[RER Y HA-mRMNA LNPs based on Lipid 40, 46 and C1L-1191 Ionizable Lipids were dosed
to human skeletal muscle cells and HA protein expression levels measured at the 20-hour
timepoint using methods described in Hxample 25 above. As seen in Figure 18, 1 ug HA-
mRINA dosed to 1E6 cells using Lipid 46 and CL-1191 LNPs resulted in roughly twice the
fevel of HAT titer values (reflecting high expression of HA protein) relative to Lipid 40 LNPs

at the same dose level of T ug HA-mRNA in 1E6 cells {at the 20-hour timepoint}.

EXAMPLE 28, IN VIVO BLOOD AND TISSUE BISTRIBUTION OF LIipip 40 LNPs in MC-38 TUMOR
ENGRAFTED CSTBL/6 MICE 1S DEPENDENT ON PEG DENSITY

FHEE Y LNPs dertved from Lipid 40 tonizable lipid bearing an mCherry mRNA payload
formulated using 1.5 or 3.5 mole % DSG-PEG were dosed intravenously {at 1.5 mg/Kg) to

CSTBL/6 mice engrafted with MC-38 tumor. fonizable lipid conceniration in mouse plasma
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was monitored by mass spectrometric analysis 10 minutes, 6 and 24 hours post dose. As shown
in FIG. 19A and FIG. 19B, a larger fraction (50% of injected dose) of injected dose remained
o circulation with the 3.5 mol % DSG-PEG formulation and a lower fraction (30%) remained
in circulation with 1.5 mole % DSG-PEG formulation. Additionally, as seen in FIG. 19C, 24
hours post dose, g higher PEG-density of 3.5 mole % resulis in greater LNP distribution to the
fiver {relative to the spleen), while the lower PEG-density of 1.5 mole % PEG-lipid resulted in
roughly equal amounts of LNP delivery to the liver and spleen. The observed differential
distribution may be attributed to the smaller size and/or more neutral charge of the Lipid 40
LMNPs at the higher PEG-density of 3.5 mole % PEG-lipid.

EXAMPLE 29, IN VIVO BLOOD AND TISSUE DISTRIBUTION OF LIPID 40 LINPs IN MC-38 TUMOR
ENGRAFTED C37BL/6 MICE IS DEPENDENT ON CHEMISTRY OF LIPID ANCHOR IN PEG-LIPID
CONJUGATE USED IN LNP FORMULATION

T LNPs derived from Lipid 40 jonizable lipid bearing an mCherry mRNA payload
formulated using either DSG-PEG (3.5 mole%) or DPG-PEG (3.5 mole%) were dosed
intravenously {at 1.0 mg/Kg) to CS7BL/6 mice engrafted with MC-38 tumor. Ionizable lipid
concentration in mouse plasma was monitored by mass spectrometric analysis at 10 minutes,
6 and 24 hours post dose. As shown in FIG. 20A and FIG. 20B, a larger fraction of injected
dose remained in circulation with the distearoyl glycercl PEG conjugate (IDSG-PEG). Thus, a
higher fraction of LNPs remain in the blood compartment with the DSG-PEG composition
{30% of injected dose at the 6-hour time point} versus <10% of injected dose with the more
rapidly diffusing DPG-PEG composition. With the more hydrophobic DSG-lipid anchor,
provides a relatively stable PEG corona for a longer period of time relative to the less
hydrophobic dipabmitoyl glycerol lipid anchor. As expected, the more stable PEG corona
enables longer residence time in the blood compartment {possibly due to slower kinetics of
association of complement proteins with the LNP surface and therefore delayed detection and
clearance by immune cells). Additionally, as seen in FIG. 20C, 24 hours post dose, both DPG
and DSG PEG-lipid compositions {at this relative high PEG-density of 3.5 mole %) result in
greater LNP distribution to the liver (relative to the spleen). This indicates that irrespective of
the rate of PEG-lipid desorption from the LNP surface (and rate of LNP clearance from the
blood compartment), smaller LNP size and more neutral LNP surface charge result in favorable

LNP uptake by cells in the Hver.
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EXAMPLE 3¢, IN vIVO MUBERRY PROTEIN EXPRESSION RESULTING FROM LiPm 40 LNPs 18
DEPENDENT ON DENSITY OF PEG-LIPID CONJUGATE USED IN THE LNP FORMULATION

PR LNPs derived from Lipid 40 jonizable lipid bearing an mCherry mRNA payload
formulated using 1.5 or 3.5 mole % DSG-PEG were dosed intravenously {(at 1.5 mg/kg) to
C37BL/6 roice engrafted with MC-38 tumor and mCherty expression in macrophages and
monocytes in liver, spleen, lung, and tumor tissues was determined 24 hours post dose by
FACS analysis. As shown in FIG 21A and FIG. 21B, the 1.5 mol % DSG-PEG LNP
formulation resulted in higher mCherry expression in both macrophages (FIG. 21A) and
monocytes (FIG. 21B) in all four tissues analyzed (fiver, spleen, lung, and tumor) relative to
the 3.5 mole % formulation i.e., a higher PEG-density (of 3.5% DSG-PEG) resulted in loss of
LNP acuvity. The 1.5% DSG-PEG formulation resulted 1n ~50% mCherry+ macrophages in
the spleen, compared to <5% mCherry+ macrophages with the 3 5% DSG-PEG formulation.
This loss of LNP activity at 3.5 mole% PEG-lipid composition is potentially due to a
combination of inefficient LNP uptake and/or poor cytosolic delivery of the mRNA payvicad.
Overall, a significant fraction of both macrophages and monocytes in spleen, fiver and lung

tissues were successfully transfected with the 1.5 wole% DSG-PEG composition,

Exampre 31, CELL-TYPE SPECIFICITY OF Lipip 40/1.5% DSG-PEG MOCHERRY LNPs
PROTRIN EXPRESSION IN MACROPHAGES AND MONCGCYTES

(NS X LNPs derived from Lipid 40 ionizable lipid bearing an mCherry mRNA payload
formulated using 1.5 mole % DSG-PEG were dosed intravenously (1.5 mg/kg) to C57BL/6
mice engrafted with MC-38 tumor and mCherry expression was determined 24 hours post dose
in various relevant cell types in liver and spleen tissues by FACS analysis. As shown in FIG.
22A, the 1.5 mol % DSG-PEG LNP formulation resulted in mCherry expression in
macrophages and wonocytes (FIG. 22A) in the liver, however, no sigoificant roCherry
expression was observed in cother immune cells analyzed (T-cells, NK-cells, B-cells, and
neutrophils). Similarly, no significant mCherry expression was in the non-immune cells in the
liver, i.e., endothelial cells and hepatocytes. As shown in FIG. 22B, the 1.5 mol % DSG-PEG
LNP formulation also resulted in mCherry expression in macrophages and monocytes in the
spleen, while no significant mCherry expression was observed in other immune cells (T-cells,

NK-cells, B-cells, or neutrophils) or non-immune cells (CD45-/CD3 1-) in the spleen.

EXAMPLE 32, IN VIVO MUHERRY PROTEIN EXPRESSION RESULTING FROM Lipip 40 LNPs 18

DEPENBENT ON CHEMISTRY OF THE LIPID-ANCHOR IN THE PEG-LIPID CONJUGATE
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488 LNPs derived from Lipid 40 ionizable lipid bearing an mCherry mRNA payload
formulated using 3.5 mole % DSG-PEG or 3.5 mole % DPG-PEG were dosed intravenously
{at 1.5 mg/kg} to CSTBL/6 mice engrafted with MC-38 tumor and mCherry expression in
macrophages and monocytes in liver, spleen, lung, and tumor tissues was determined 24 hours
post dose by FACS analysis. The 3.5 mole % DPG-PEG formulation resulted 1o good levels of
mCherry expression in both macrophages and monocytes relative to the 3.5 mole % DSG-PEG
formulation. This trend was observed in the liver (FIG. 23 A and FIG. 23B), spleen (FIG. 23

and FIG. 23D), and lung tissues (FIG. 23F and FIG. 23F). Upon Lv. dosing, more efficient
diffusion of the less hydrophobic di-palmitoyl lipid anchor of DPG-PEG away from the LNP
surface likely results in lower effective PEG-density of LNPs prior to uptake by cell in distal
tissues. Thus, consistent with the observation reported in Example 30, this lower effective
PEG-density resulis in more efficient cellular uptake and escape from the endosomes
{phagosomes) and thus higher cytosolic availability of the mRNA payload. Thus, DPG-PEG
or more rapidly diffusing dimyristoyl lipid anchor of DMG-PEG lipid may enable efficient in

vive protein expression with Lipid 40 ENPs.

INCORPORATION BY REFERENCE
[HERAY Unless defined otherwise, all technical and scientific terms herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materialg, similar or equivalent to those described herein,
can be used in the practice or testing of the present invention, the preferred methods and
materials are described herein. All publications, scieuntific articles, patents, and patent

publications cited are incorporated by reference herein in their entirety for all purposes.

[ The publications discussed herein are provided sclely for their disclosure prior to
the filing date of the present application. Nothing herein is to be construed as an adrission that

the present invention is not entitled to antedate such publication by virtue of prior invention.

EQUIVALENTS

{483 The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments are therefore to be
considered in all respects tllustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims rather than by the foregoing
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description, and all changes that come within the meaning and range of equivalency of the
claims are intended to be embraced therein. While the invention has been described in
connection with specific embodiments thereof, it will be understood that it is capable of further
modifications and this application is intended to cover any varations, uses, or adaptations of
the invention following, in geuneral, the principles of the invention and including such
departures from the present disclosure as come within known or customary practice within the
art to which the invention pertains and as may be applied to the essential features hereinbefore

set forth and as follows in the scope of the appended claims.
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CLAIMS
What is claimed is:

I, A compound of Formula (I):

R /ﬂ\\
1At ijL\ \T/ ™~ £2243

R‘EAS RZA’!

R3A R3A3
RIA2

RELY @,

or a salt thereof, wherein:

2" and R? are each Ci3 alkylene;

R*is Cia alkylene or a bond;

R4 and R? are each a bond or Cr.e alkylene;

R*is a bond or Ci.3 alkylene;

RIALRIAM RIAL and R are each H

R and R** are each H, «(CH2)osC(OYOR, or «(CH2)o-sOC(OIRM,

RI% and R? are each H, -(CH2)osC(OYOR, or {CHz)o.sOC(O)RY,

R s -C(OJOR™,

R* and R* are each independently Cioo alkyl;

R3 82 R3B”?27

\N/"

R3B s R333 :
R is Cas alkylene; and

R and R*™ are each Cis alkyl.

©J

The compound of claim 1, or a salt thereof, wherein R! and R? are each methylene.

(O8]

The compound of claim 1 or 2, or a salt thereof, wherein R'* and R** are each a bond, -
CHo~, (CHa)e-, -(CHzp-, «{(CH2)s~, «{(CH2)s~, «(CHa)e-, -{{CHz2}r-, «(CH2)s~, «(CHa)s-, or -
(CHzho-.
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&

The compound of any one of claims 1 to 3, or a salt thereof, wherein R** is a bond, -CHaz-

, or ~{(CHaz)z-.

S. The compound of any one of claims 1 to 4, or 4 salt thereof, wherein R and R?42 are
each -OC(ONC-15 alkyl), -C(OYO{Cra1s alkyl), ~OC(OYCH{Cr10 alkyl}{Cr.10 alkyl), -
C{OYOCH(Croao alky 1 Croro alkyly, -{(CH2)COYO{(Cr1o alkyl), or ~{{CH)OC(OYCi10
alkyl).

6. The compound of claim 5, or a salt thereof, wherein R'*? and R** are each

fi\(}/ﬂ\/\/\’ ﬁ\@/&\/\/\/v A~

2

@%)L\QW s{J‘L\O

2

secooUS DUUUUA
YO U CL

The compound of any one of claims 1 to 6, or a salt thereof, wherein R'* and R**¥ are
Y s s

gach H, ~OC(OHCiis alkyly, or -C{CYHC15 alkyl).

2

.

8. The compound of claim 7, or a salt thereof, wherein R'™ and R**? are each H,

RRCUIS SOUUL & ol

i i ﬁ\\(}j\/\/\
E\E/Q > ;\O/J‘J\J/\,/‘\/\ﬁ
;‘é\g/ﬁ\/\/\»f’\/ ﬁ\lfo

o) 0
f\/H\QW’ A A e
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9. The compound of any one of claims 1 to 8, or a salt thereof, wherein R3 is -

C(OYOCH(C -5 alkyl)(Cr10 alkyl).

f}rem
10. The compound of claim 9, or a salt thereof, wherein R** is © .

11. The cormpound of any one of claims 1 to 10, or a salt thereof, wherein R is (CHa -, -
(CHz)s-, or «(CHaJe-.
12. The compound of any one of claims | to 11, or a salt thereof, wherein R*™ and R*™ are

each methyl.

Pt
[9S]

. The compound of claim 1, or a salt thereof, wherein the compound is selected from Table
1.

14. The compound of claim 1, or a salt thereof, wherein the compound is
o o -~
SOSS TS W U
o k() o
N
SO
A

Lipid 40

15. The compound of claim i, or a salt thereof, wherein the compound is

o] (o]
O
\H,/W\/\)\Q OJ\/W\/‘\Q/O
Q IS DOUS
N\ﬂ/\/u\
o

/ !

Lipid 46 ~

)
16. A lipid nanoparticle (LNP) comprising a lipid blend for targeted delivery of a nucleic acid
into an immune cell, the lipid blend comprising:
(a) a lipid-immune cell targeting group conjugate comprising the compound of
Formula (1) [Lipid] ~ [optional linker] — [immune cell targeting group],
{(b) an iontzable cationic lipid comprising the compound of any one of claims 1-15, or
a salt thereot, and

(¢} a nucleic acid, wherein the nucleic acid is encapsulated in the LNP.
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7. The LNP of claim 16, wherein the immune cell targeting group comprises an antibody

that binds s macrophage antigen, & monocyte antigen, and/or a dendritic antigen.

The LNP of claim 17, wherein the macrophage comprises an M1 roacrophage, an M2
macrophage, or both.

The LNP of claim 17 or 18, wherein the macrophage comprises an M2a macrophage, an

M2b macrophage, an M2¢ macrophage, or any combination thereof.

20. The LNP of claim 17, wherein the macrophage antigen comprises CDIIRB, CDoR, CD8Y,

31

CD86, TRL-2, TRL~4, iNOS, MHC-H, CD163, CD206, D209, FIZZ1, or Ym1/2, or any
combination thereof.

. The LNP of claim 20, wherein the macrophage antigen comprises CD206.

. The LNP of any one of claims 16 to 21, wherein the immune cell targeting group is
covalently coupled to alipid in the lipid blend via a polyethylene glycol (PEG) containing
linker.

. The LNP of any one of clairos 16 to 22, wherein the lipid blend further comprises one or
more of a structural lipid, a neutral phospholipid, and a free PEG-lipid.

. The LNP of any one of clatms 16 to 23, wherein the LNP has a mean diameter io the

range of aboui 50 to about 200 nm.

». The LNF of any one of claims 16 to 24, wherein the LNP has a polydispersity index in a

range from 0.01 t0 0.1.

26. The LNP of any one of claims 16 to 25, wherein the LNP has a zeta potential of from

about +0 mV to about +10 mV at pH 5.5, or from about -5 mV to about ¢ mV at pH 7.4,
. The LNP of any one of claims 16 to 26, wherein the nucleic acid is DNA or RNA.
. The LNP of claim 27, wherein the RNA is an mRNA.
. The LNP of claim 28, wherein the mRNA encodes a receptor, a growth factor, a
hormone, a cytokine, an antibody, an antigen, an enzyme, or a vaccine.
. The LNP of claim 28, wherein the mRNA encodes a polypeptide capable of regulating
tmmuone response in the tmmune cell.
The LNP of claim 28, wherein the mRNA encodes a polypeptide capable of
reprogramuming the immune cell.
. The LNP of claim 31, wherein the mRNA encodes polypeptide capable of

reprogramming an M2 macrophage to an M1 macrophage.
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33 The LNP of any one of claims 16 to 32, wherein the immune cell targeting group
comprises an antibody, and the antibody is a Fab or an immunoglobulin single variable

domain.

(43
5

. The LNP of any one of claims 16 to 32, wherein the immune cell targeting group

comprises a Fab, F(ab’)2, Fab’-8H, Fv, or scFv fragment.

35. The LNP of any one of claims 16 to 34, wherein the LNP is for delivering a nucleic acid
into an immune cell, and wherein the LNP binds a first macrophage antigen, and also
binds a second macrophage antigen.

36. The LNP of claim 35, wherein the LNP comprises two conjugates, wherein the first
conjugate comprises an antibody that binds the first macrophage antigen, and the second
conjugate comprises an antibody that binds the second macrophage antigen.

37 The LNP of claim 35, wherein the LNP comprises one conjugate, and the conjugate
comprises a bispecific antibody that binds both the first macrophage antigen and the
second macrophage antigen.

38 The LNP of claim 37, wherein the bispecific antibody is an immunoglobulin single
variable domain or Fab-ScFv.

39. The LNP of any one of claims 16 to 34, wherein the LNP binds to a first antigen on the
surface of the first type of immune cell, and also binds to a second antigen on the surface
of the second type of Ummune cell.

40. The LNP of claim 39, wherein the first type of immune cell is a first macrophage, and the
second type of immune cell is a second macrophage, a T-cell, or an NK ¢ell.

41, The LNF of claim 39 or 40, wherein the LNP comprises two conjugates, and the first
conjugate comprises a first antibody that binds to the first antigen of the first type of
immune cell, and the second conjugate comprises a second antibody that binds to the
second antigen of the second type of immuuve cell.

42, The LNP of claim 39 or 40, wherein the LNP comprises one conjugate, and the conjugate
comprises a bispecific antibody, and the bispecific antibody binds to both the first antigen
on the first type of immune cell, and the second antigen on the second type of immune
cells.

43, The LNP of any one of claims 16 to 34, wherein the bispecific antibody is an

immunoglobulin single variable domain or a Fab-ScFv.
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44. The LNP of any one of claims 16 to 34, wheretn the LNP s for delivering a nucleic acid
into an immune cell, and wherein the immune cell targeting group comprises a single
antibody that binds to CD206.

45 The LNP of any one of claims 16 to 34, wherein the LNP is for delivering a nucleic acid
into both a macrophage and a T-cell or both a macrophage and an NK cell, wherein the
immune cell targeting group binds to both (1) CDZ06 and (ii) one of CD3, CY7, €8, and
CDSe.

46. A method of targeting the delivery of a nucleic acid to an immune cell of a subject,
comprising contacting the immune cell with the NP of any one of claims 16 1o 45,
wherein the LNP comprises the nucleic acid.

47. A method of expressing a polypeptide of interest in a targeted immune cell of a subject,
comprising contacting the tmumune cell with the LNP of any one of claims 16 to 45,
wherein the LNP comprises a nucleic acid encoding the polypeptide.

48. A method of modulating cellular function of & target immune cell of a subject, comprising
administering to the subject the LNP of any one of claims 16 to 45, wherein the NP
comprises a nucleic acid modulates the cellular function of the immune cell.

49, A method of treating, amelicrating, or preventing a symptom of a disorder or disease ina
subject in need thereof, comprising administering to the subject an LNP for delivering a
nucleic acid into an immune cell of the subject, wherein the LNP is any one of claims 16
to 45, wherein the LNP comprises the nucleic acid.

50. The method of claim 49, wherein the disorder is an immune disorder, an inflammatory

disorder, or cancer.

U
i

1. The method of claim 49, wherein the nucleic acid encodes an antigen foruse ina

therapeutic or prophylactic vaccine for treating or preventing cancer.
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