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IONIZABLE CATIONIC LIPIDS AND LIPID NANOPARTICLES,
AND METHODS OF SYNTHESIS AND USE THEREOGF

CROSS-REFERENCE TO RELATED APPLICATIONS
{08617 This application claios priority to and the benefit of U.S. Provisional Application
No. 63/121,801, filed on December 4, 2020; U.S. Provisional Application No. 63/166,203,
filed on March 23, 2021 US. Provisional Application No. 63/169,296, filed on April 1,
2021, U.S. Provisional Application No. 63/169.395, filed on Apnit 1, 2021, and U .S
Provisional Application No. 63/172,024, filed on April 7, 2021, the entive disclosures of

which are incorporated herein by reference in their entirety.

SUBMISSION OF SEQUENCE LISTING ON ASCH TEXT FILE
{33621 The content of the following submission on ASCH text file is incorporated herein
by reference 1n its entirety: a computer readable form (CRF) of the Sequence Listing (file
name: 1839520340408 EQLIST TXT, date recorded: December 3, 2021, size: 205,763 bytes).

FIELD OF THE INVENTION
{8863} The mvention provides ionizable cationic Hpids and lipid nanoparticles for the
delivery of nucleie acids to immune cells, and methods of making and using, such lipids and

targeted lipid nanoparticles.

BACKGROUND
084 In recent years, a mumber of therapeutic modalitics have been developed that
involve the delivery of one or more nucleic acids to a subject. Treatment modalities include,
for example, gene therapics where a gene of uterest in the form of deoxyribose nucleic acid
(DNA) 15 introduced mto a cell, which is then expressed to produce a gene produet, for
examyple, 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 messenger ribonucieic
actd (mRNA ), whereupon the mRENA 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
gxpression product can ameliorate the deficiency or absence of a particular protein in a
subject (for cxample, a protein deficiency occurring in certain forms of cystic fibrosis or
Ivsosomal 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
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subject {for example, as a therapeutic agent for treating cancer or as a prophylactic vaccine

for preventing or minimizing the risk or severity of a microbial or viral infection).

[RREIRY However, the delivery of mBNA 1o 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 idroduction into the cell but prior to translation.

[o086] 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 intended 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
efficacy, i addition to the molecular composition, parameters like particle size, charge, or
grafting with molecular moieties, such as polyethvlene glveol (PEG) or Higands, play a role.
Grafting with PEG is believed to reduce seram interactions, increase seram stability and

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

{807 Compared with DNA delivery technologies used in certain gene therapies,
mENA-based gene treatment has a number of superior features, for example, case in
manipulation, rapid and transient expression, and adaptive convertibility without

mulagenesis.

{008] However, the delivery of therapeutic RNAs to cells is difficult in view of the
relative instability and low cell permeability of RNAs. Thus, there exists a need to develop

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

SUMMARY
180631 The invention provides ionizable catiomc lipids, ipid-immune cell targeting group
conjugates, and lipid nanoparticle compositions comprising such ionizable cationie lipids
and/or ipid-immune cell {¢.g., T-cell} targeting group conjugates, medical kits containing

such lipids and/or conjugates, and methods of making and using, such hipids and conjugates.

{14a] The hipid nanoparticle 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 wmmane cell, such as T-cell)
in a subject. Messenger RNA based gene therapy requires efficient delivery of mRNA to

circulating cells {e.g., amune cells, such as T-cells or NK cells) in plasmaortocells ina
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given tissue. The main challenges associated with efficient mRNA delivery to attain robust
levels of protein expression include: (a} ability to protect the mRNA payload against
prevalent serum nucleases upon administration to a subjoct; (b) the ability to specifically
target mRNA delivery to and thereby maximize protein expression in the target celi (e.g, T-
cell} population; and {c) the ability to maximally deliver the mRNA payload to the cyiosolic

compartment of cells {e.g., T-cells) for translation into proteins within the cytoplasm.

{801t} ‘The mvention provides ionizable cationic lipids for producing lipid nanoparticle
corapositions that facilitate the delivery of a payvload {e.g., a nucleic acid, such as a DNA or
RNA, such as an mRNA} disposed therein o cells, for example, mammakian cells, for
example, immune celis. The hipids are designed to enable intracellular delivery of a nucleic
acid, e.g., mRNA, to the cytosolic compartment of a target cell type and rapidly degrade wto
non-toxic components. These complex functionalities are achieved by the interplay between
chemistry and geometry of the iomzable lipid head group, the hyvdrophobic “acvi-tail” groups
and the linker connecting the head group and the acyl tail groups in the ionizable cationic

lipids.

TR In one aspect, the present invendion provides a compound represented by Fornula

L
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thereof, wherein the variables are as defined herein.

{8013 In another aspect, the present invention provides a compound represented by

Formula H:
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xE X4 (Formula ), or a salt thereof,

wherein the variables are as defined herein.

{8014} Provided herein, in part, is a compound selected from the group consisting of:
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or a salt thereof.

j8015) in certain embodiments, the compound is 3 compound of Fornula 1



WO 2022/120388 PCT/US2021/072745

X1 2
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or a salt thereof, wherein the varniables are as defined herein.

jaiis] Also provided herein is a compound of the formula:

(o]

or a salt thereof.

{8017} Also provided herein is a compound of the formula:
N\fw"wio , O/ /\-//\N -
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or a salt thereof.

{8018} Also provided herein is a compound of the formula:

or a salt thereof.

{8613} Also provided herein is a compound of the formula:

or a salt thereof.
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{8828 Also provided herem s a compound of the formula:

or a salf thereof.

{6621} Also provided heremn is a compound of the formula:

or a salt thereof.

18622} Also provided herein ts a compound of the formula:
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or a salt thereof

16623} Also provided herein is a compound of the formula:
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or a salt thereof.
16924} Also provided herein is a lipid vanoparticle (LNP) comprising a lipid blend
comprising an ionizable cationic hipid and/or hipid-imnume cell targeting group conjugate

{e.g., a hpid-T-cell targeting group conjugate) provided herein.

RH U In ancther aspect, provided herein is a method of delivering a nucleic acid to an

immune cell (e g, a T-cell}, the method comprising exposing the immune cell to an LNP

(@)}
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described herein containing the nucleic acid under conditions that perroit the nucleic acid to

enter the inunune cell.

j26} In ancther aspect, provided herein is a method of dehivering a nucleic acid to an
immune cell {e.g, a T-cell) in a subject in need thereof, the method comprising administering
1o the subject a composition coraprising an LNP described herein contatning a nucleic acid

thereby to deliver the nucleic acid to the immune cell.

{8027 In ancther aspect, provided herein 1s a method of targeting the delivermg of a
nucleie acid {e.g., mRNA} to an timmune cell {e.g., a T-cell) in a subject, the method
comprising administering to the subject an LNF described herein containing the nucleic acid

so as to facilitate targeted delivery of the nucleic acid to the inuvune cell.

{6028} In one aspect, provided herein are lipid nanoparticles (ENPs) comprising a lipid
blend for targeted delivery of a nucleic acid into an immume cell. Tn some embodiments, the
tipid blend comprises a lipid-immuane cell targeting group conjugate comprising the
compound of Formula IV: {Lipid] -~ [optional linker] — [imamune cell targeting group]. In
some embodiments, the lipid blend comprises an jonizable cationic hipid. In some

embodiments, the ionzable cationic hipid comprises
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. In some embodiments, the LNP

comprises a nucleic acid disposed therein,

{66253 In some cmbodiments, the tmmune cell targeting group comprises an anttbody
that binds a T cell antigen. Tn some embodiments, the T cell antigen is CD3, T4, CD7, or
D8, or a combination thereof {e.g.. both CD3 and CD8. both CD4 and CDS, or both CH7
and CD8}. In some emboduments, the invmune cell targeting group comprises an antibody

that binds a Natural Killer (NK} cell antigen. In some embodiments, the NK cell antigen is
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CD7, CDE, or CD36, or a combination thereof {¢.g., both CD7 and CD&). In some

embodiments, the antibody is a human or humanized antibody.

{8381 In some embodiments, the immune cell targeting group is covalently coupled to a
lipid in the lipid blend via a polyethylene glycol (PEG) containing kinker. In some
embodiments, the hipid covalently coupled to the immune cell targeting group via a PEG
containing linker is distearoylglveerol (DSG), distearoyvi-phosphatidylethanolamine (DSPE),
dimyrstoyl-phosphatidyicthanclamine (BMPE), distearovl-glycero-phosphoglycerol (DSPG),
dunyustovil-giyeeral (DMG), dipaloutoyl-phosphatidyiethanclanine (DPPE), dipabmitovl-

glycerol (DPG), or ceramide. In some embodiments, the PEG 15 PEG 2600

{86831 n some embodiments, the lipid-invoune cell targeting group conjugate is present
in the lipid blend in a range of 0.002-0.2 mole percent. In some embodiments, the Hipid blend
comprises one or more of a structural lipid {e.g., a sterol}, a neutral phospholipid, and a free
PEG-lipid. In some embodiments, the ionizable cationic lipid is present in the lipid blend in a
range of 40-60 mole percent. Tn some embodiments, the sterol 1s present m the lipid blend in
arange of 30-30 mole percent. . In some embodiments, the sterol is present in the lipid blend

in a range of 20-70 mole percent. I some embodiments, the steral is cholesterol.

{86832} In some embodiments, the neutral phospholipid is selected from the group
consisting of phosphatidylcholine, phosphatidylethanolamine, distearovi-sn-glycero-3-
phosphoethanolanune (DSPE}, 1,2-distearoyl-sn~glyeero-3-phosphocholine (DSPC), 1.2-
dioleoyl-sn-glveero-3-phosphoethanclamine (BOPE), 1 2-dicleovl-sn-glycero-3-
phosphocholine {(DOPC), sphingomyelin (SM). In some embodiments, the neutral

phospholipid 15 present in the lymd blend 1o a range of 1-10 mole percent.

{8033} In some embodiments, the free PEG-lipid is selected from the group consisting of
PEG-distearoyl-phosphatidylethanolamine (PEG-DSPE) or PEG-dimyrstovi-
phosphatidylethanolanune (PEG-DMPE}, N-(Methylpolyvoxyethylene oxycarbonyl}-1,2-
dipalmitoyl-sn-glycero-3-phosphoethanolamine (DPPE-PEG) 1,2-Bimynistovi-rac-glycero-3-
methvipolvoxyethylene (PEG-DMG), 1,2-Dipalmitoyl-rac-glveero-3-methylpolyvoxvethviene
(PEG-DPG), 1,2-Dioleovl-rac-glyeerol, methoxypolvethylene Glycol (DOG-PEG) 1.2-
Distearovi-rac-glycero-3-methyipolyoxyethylene (PEG-DSG), N-palmitoyl-sphingosine-1-
{succinyiimethoxy{polyethylene glycol}] (PEG-ceramide), and DSPE-PEG-cysicine, or a

derivative thercof. In some embodiments, the free PEG-hipid comprises a
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diacyiphosphatidviethanolamines comprising Dipabitoyl (C16) chain or Distearovl (C18)
chain. In some embodiments the free PEG-lipid is a mixture of two or more unique free
PEG-lipids. In some embodunents, the free PEG-hipid is present in the lipid blond 1 a range
of 1-4 mole percent, such as about 1-2 mole percent, or about 2-4 mole percent, or about 1.5
mole percent. In some embodiments, the free PEG-lipid comprises the same or a different

tipid as the Hpid m the lipid-immune cell targeting group conjugate.

{8834} In some embodiments, the LNP has a mean diameter in the range of 50-200 nm.
In some embodiments, the LNP bas a mean diameter of about 100 nm. In some
embodiments, the LNP has a polydispersity index in arvange from 0.05to 1. In some

embodiments, the LNP has a zeta potential of from about -10 mV to about + 30 mV at pH §.

1803584 In some embodiments, the nucleic acid is DNA or RNA. In some embodiments,
the RNA is an mRNA {RNA, siRNA, or microRNA. In some embodiments, the mRNA
encodes a receptor, a growth factor, a hommone, a cytokine, an antibody, an antigen, an
enzvme, or a vaccine. In some embodiments, the mRNA encodes a polypeptide capable of
regulating imimme response in the immune cell. In some embodiments, the mRNA encodes
a polypeptide capable of reprogramnung the imumune cell. In some embodiments, the mRNA
encodes a synthetic T cell receptor (synTCR) or a Chimeric Antigen Receptor (CAR), 1o
some embodiments, the CAR comprises the amino acid sequence of SEGIDNG: 24, In
some embodiments, the mRNA encoding the CAR comprises the polynucleotide sequence of
SEQ ID NG 25

36} In some embodiments, the immune cell targeting group comprises an antibody,
and the antibody is a Fab or an iownunogiobulin single vanable domain, such as a Nanobody.
In some embodiments, the inmuone 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 one or more natural mterchain disulfide bonds. For
example, in some embodiments, the Fab comprises a heavy chain fragment that comprises
2338 substitution, numbering according to Kabat, and/or a light chain fragment that
comprises 2148 substitution, numbering according to Kabat. In some embodiments, the
mmmune cell targeting group comprises a Fab that is engineered to mtroduce one or more
buried imterchain disulfide bonds. For example, in some embodiments, the Fab antibody
comprises a heavy chain fragment that comprises F174C substitution, numbering according
t Kabat, and/or a light chain fragment that comprises 5176C substitution, numbering

S
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according to Kabat. In some embodiments, the immune cell targeting group comprises a Fab
that is engineered to knock out one or more natural mterchain disulfide bonds, and to
miroduce one or more buried mierchain disulfide bonds. 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 firther comprises one or more amino
acids between the heavy chain fragment of the Fab and the C-terminal cysteine. In some
embodiments, the Fab comprises a beavy chamn variable domain hinked to an antibody CHI
domam and a light chain variable domam linked to an antibody light chain constant domain,
wherein the CHI domain and the light chain constant domain are linked by one or more
mterchain disulfide bonds, and wherein the immune cell targeting group further comprises a
single cham vanable fragment (scFv}) linked to the C-termunus of the hight chain constant
domain by an amine acid linker. In some embodiments, the Fab antibody is a3 DS Fab (Fab
with wild type (natural) interchain disulfide bond 3, a NoDS Fab (Fab with natural disulfide
bond knocked out, such as a Fab with C2338 substitution on the heavy chain, and/or C2148
substitution on the light chain, numbering according to Kabat), a bDS Fab (Fab without
natural disulfide bond, and with introduced non-natural interchain buried disulfide bond, such
as a Fab with F174C and C2335 on the heavy chain, and/or $176C and 2148 substitution on
the hght chain, numbenng according to Kabat), or a bDS Fab-5¢Fv {a bDS Fab linked to a
ScFv through a linker, such as (G48)x), as demonstrated in FIG 47,

18037 In some embodiments, the immune cell targeting group comprises an
immunoglobulin single variable domain, such as a Nanobody. In some embodiments, the
immunoglobelin single variable domain comprises a cysteine at the C-terminus. In some
embodiments, the Nanobody further comprises a spacer comprising one or more anuno acids
between the Van domain and the C-terminal cysteine. In some embodiments, the immaune cell
targeting group comprises two or more Van domains. In some embodiments, the two or more
Vuu domains are linked by an amino acid Hinker. In some embodiments, the immune cell
targeting group comprises a first Van domain linked to an antibody CHI domain and a
second Vun domain hinked to an antibody light chain constant domain, and wherein the
antibody CHI domain and the antibody light chain constant domain are linked by one or
maore disulfide bonds. In some embodiments, the inueune cell targeting group comprises a
Vuu domain linked to an antibody CH1 domain, and wherein the antibody CHI doman 1s
linked to an anttbody light chain constant domain by one or more disulfide bonds. In some

embodiments, the CH1 domain comprises F174C and C23385 substitutions, and/or the light

10
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chain constant domain comprises S176C and C2148 substitutions, numbering according to
Kabat. In some embodiments, the antibody is a ScFv, a Vun (Nb), a 2xVas, 3 Var-

CHl/empty VK, or a Vun~-CH1/Vuu-2-Nb bDS, as demonstrated n FIG. 47

30381 In some embodiments, the immune cell targeting group comprises a Fab that
comprises a beavy chain fragment comprising the amino acid sequence of SEQ D NG | and
a hight chain fragment comprising the amino acid sequence of SEQ ID NG:2 or 3. In some
cmbodiments, the immune cell targeting group comprises a Fab that comprises a heavy chain
fragment compusing the amino acid sequence of SEQ 1D NO: 6 and a light cham fragment
comprising the amino acid sequence of SHQ IDNO: 7. In some embodiments, the antibody

ts an anttbody described in the examples.

{0633 In some embodiments, the immune cell targeting group comprises a Fab that

comprises:
{(a) a heavy chain fragment comprising the amine acid sequence of SEQ IDNO: fand a
fight chain fragment comprising the amino acid sequence of SEQ 13 NO:2 or 3;

(b} a heavy chain fragment comprising the amino acid sequence of SEQIDNO: 4anda

light chain fragment comprising the amino acid sequence of SEQ ID NG 5;

(¢} a beavy chain fragment coraprising the amino acid sequence of SEQIDNG: 6and a

light chain fragment comprising the amino acid sequence of SEQIDNG: 7;

(d) a heavy chain fragment comprising the anuno acid sequence of SEQ 1D NO: & and a light

chain fragment comprising the amino acid sequence of SEQ ID NG: 9,

{¢} a heavy chain fragment comprising the amino acid sequence of SEQID NG 10and a

light chain fragment comprising the amino acid sequence of SEQ ID NO: 11;

(£} a heavy chain fragment comprising the amino acid sequence of SEQ IDNG: 12 anda

fight chain fragment comprising the amino acid sequence of SEQ 1D NO: 13;

{g} a heavy chain fragment compnising the amino acid sequence of SEQ IDNQG: Hdand a

light chain fragment comprising the amino acid sequence of SEQ ID NG 15;

{(h) a heavy chamn fragment comprising the amino acid sequence of SEQ IDNO: [6and a

fight chain fragment comprising the amino acid sequence of SEQ 1D NO: 17;

11
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{1} a heavy chain fragment comprising the amine acid sequence of SEQ 1D NO: 18 and a light

chain fragment coraprsing the amino acid sequence of SEQ ID NO: 19;

(i} a heavy chain fragment comprismg the anino acid sequence of SEQ ID NO: 20 and a hight

chain fragment comprising the amino acid sequence of SEQ ID NO: 21; or

(k) a heavy chain fragment comprising the anuno acid sequence of SEQ IDNO: 22 and a

Light chain fragment comprising the amino acid sequence of SEQ 1D NG: 23,

EHIR In some embodiments, the inumune 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 natural 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 C214S substitution, 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., a engineered, buried interchain disulfide
bond}. In some embodiments, the Fab comprises F174C substitution in the heavy chain
fragment, and 8176C 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 Cterminal eysteine.

{0041} In some embodiments, the immune cell targeting group comprises an
tmmonoglobulin single variable domain. In some embodiments, the immunoglobulin single
variable domain comprises a cysteine at the C-terminus. In some embodiments, the
immunoglobulin single variable domain comprises a VHH domain and further comprises a
SpAcer COMpTIsing one or more aming acids between the VHH domain and the C-ernunal
cysteine. In some embodiments, the immune cell targeting groap comprises two or more
VHH domains. In some embodiments, the two or more Vuy domains are linked by an amino
acid linker. In some embodiments, the tnmune cell targeting group comprises a first Vi
domain linked to an antibody CH1 domain and a second Vau domain linked to an antibody
fight chain constant domain. In some embodiments, the antibody CHI domain and the
antibody light chain constant domain are linked by one or more disulfide bonds. Tn some
embodiments, the immume cell targeting group comprises a VHH domam linked to an

antibody CHI domain. In some embodiments, the antibody CHI domain is linked to an
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antibody light chain constant domain by one or more disulfide bonds. In some embodiments,
the CHI domain comprises F174C and €2338 substitutions, and the light chain constant

domain comprises S176C and C2148 substitutions, nwubering according to Kabat.

{30427 In some embodiments, the immune cell targeting group comprises a Fab that
comprises: {a) a heavy chain fragment comprising the amino acid sequence of SEQ 1D NO: |
and a light chamn fragment comprising the amino acid sequence of SEQ IDNOZ or3; or (b} a
heavy chain fragment comprising the amine acid sequence of SEQ 1D NO: 6 and a light cham

fragraent comprising the amino acid sequence of SEQ ID NG 7.

431 In anocther aspect, provided herein are methods of targeting the defivery of a
nueleic acid to an mmnune cell of a subject. In some embodiments, the roethod comprises
contacting the mmmune cell with a lipid nanoparticle (LNP). In some embodiments, the LNP
comprises an tonizable cationic lipid. In some embodiments, the LNP comprises a conjugate
comprising the compound of the following formulda: [Lipid] - {optional linker] - fimmune
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 glveol (PEG) lipid. In some

embodiments, the LNP comprises the nucleic acid.

[G8dd] 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 debivery of a nucleic acid to an immuone cell of a subject. Such a method may be
for the treatment of a disease or disorder as disclosed hereafier. In some embodimenis, a
nocthod as disclosed herein can comprise contacting in vitre or ex vivo the tomune cell of a
subject with a lipid nanoparticle (ENP). In some embodiments, the LNP is an LNP as

described herein in the present disclosure.
{1045] In some embodiments, the LNP provides at least one of the following benefits:

(i} mcreased specificity of targeted delivery to the womune cell compared to a reference

LNP;

(11} increased half-life of the nucleic acid or a polypeptide encoded by the mucleic acid v the

mmmune cell compared to a reference LNP;

(in)mereased transfection rate compared 1o a reterence LNP; and

13
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{iv} a low level of dye accessible mRNA (<15%) and high RNA encapsulation efficiencics,
wherein at feast 80% mRNA was recovered in final formulation relative to the total RNA

used in LNP batch preparation.

ji46] In some aspect, provided are methods of expressing a polvpeptide of interest in a
targeted inunune coll of a subject. In some embodiments, the method comprises contacting
the tmomune cell with a lipid nanoparticle (LNP}). In some embodiments, the LNP comprises
an jonizable cationic lipid. Tn some embodiments, the LNP comprises a conjugate
compnsing the following structure: {Lipid] - foptional hinker] — [immune cell targeting
group]. In some emboduments, the LNP comprises a sterol or other structural ipid. In some
embodiments, the LNP comprises a neutral phospholipid. In some embodiments, the LNP
comprises a free Polyethylene glveol (PEG) lipid. In some embodiments, the LNP comprises
anucleic 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 treatment of a discase or disorder as disclosed hereafter. In
some embodiments, a method as disclosed hercin can comprise contacting in VIEro or €x vive

the invnune cell of a subject with a lipid nanoparticle (LNP).
16047} In some cembodiments, the LNP provides at least one of the following benefits:

(1) increased expression level in the immune cell compared to a reference LNP;

(i1} increased specificity of expression in the immune cell compared {o a reference LNP;

(i1} increased half-life of the nucleic acid or a polypeptide encoded by the nucleic acid 1o the
immune cell compared to a reference LNP;

{iv} increased transfection rate compared to a reference LNP; and

(v} alow level of dye accessible mRNA (<15%) and high RNA encapsulation efficiencies,
wheretn at least 80% mBNA was recovered in final formulation relative to the total RNA
used in LNP batch preparation.

{80481 In some aspects, provided are methods of modalating celhdar fanction of a target
immune cell of a subject. In some embodiments, the method comprises administering to the
subject a ipid navoparticle (LNP). o some embodiments, the LNP comprises an ionizable
cationic lipid. In some embodiments, the LNP comprises a conjugate comprising the
following stracture: [Lipid] — [optional hinker] - [inumune cell targeting group]. In some

14
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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
Polvethyvlene glyeol (PEG) lipid. In some embodiments, the LNP comprises a nucleic acid
encoding a polvpeptide for modulating the celiular fimction of the immune cell. In some
embodiments, an aspect of the disclosure relates to an LNP or a pharmaceutical compostition
countaining thereof, as disclosed herein, for use in a method of modulating cellular function of
atargeted ioumune coll of a subject. Such a method may be for the treatment of a disease or
disorder as disclosed hereafter. In some emboduments, a method as disclosed herein can
comprise contacting in vitro or ex vivo the immune cell of a subject with a lipid nanoparticle

(LNP).
49} In some embodiments, the LNP provides at least one of the following benefits:

(1} increased expression level in the mmune cell compared to a reference ENP;
(i1} increased specificity of expression in the immune cell compared {o a reforence LNP;

(i1} increased half-life of the nucleic acid or a polypeptide encoded by the nucleie acid in the

immune cell compared to a reference LNP;
{iv} increased transfection rate compared to a reference LNP;

(v} the LNP can be administered at a lower dose compared to a reference LNP to reach the

same biologic effect in the immune cell; and

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

psed in LNP batch preparation.

{88881 In some embodiments, the modulation of cell function comprises reprogramming
the tmmune cells to inthiate an immune response. In some embodiments, the modulation of

cell function comprises modulating antigen specificity of the immunce cell.

{8658 In some aspect, provided are methods of treating, ameliorating, or preventing a
symptont of a disorder or disease in a subject in need thereof. In some embodiments, the
method comprises administering to the subject a lipid vanoparticle (LNP) for delivering a
nucleic acid mnto an mmmune cell of the subject. 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] — [tranwne cell targeting group). In
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some embodiments, the LNP comprises a sterol or other structural hipid. In some
embodiments, the LNFP comprises a neutral phospholipid. In some embodiments, the LNP
comaprises a free Polyethyviene glveol (PEG) liptd. In some embodiments, the LNP comprises

the nucleic acid.

16652 In somc embodiments, the nucleic acid modulates the iumune response of the
immune cell, therefore to treat or ameliorate the symptom. 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 treating, amachorating, or preventing a symptom of a
disorder or disease 1n a subject in need thereof. A disease or disorder may be as disclosed
hereafter. In some embodiments, a method as diselosed herein can comprise contacting in

vitro or ex vivo the immune cell of a subject with a lipid nanoparticle (LNP).
{0653 In some embodiments, the LNP provides at least one of the following benefits:

(i) increased specificity of delivery of the nucleic acid into the immune cell compared to a

reference LNP;

(i1} increased half-life of the nucleic acid or a polypeptide encoded by the nucleic acid inthe

immune cell compared to a reference LNP;
{(u1) mereased transfoction rate 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

{vi) a low level of dye accessible mRNA (<15%) and lugh RNA cocapsulation efficiencies,
wherem at least 80% mRNA was recovered in final formulation relative to the total RNA

used in LNP batch preparation.

{6634 In some embodiments, the disorder is an immune disorder, an inflammatory
disorder, or cancer. In some embodiments, the mucleic acid encodes an antigen foruse in a
therapeutic or prophvlactic vaccine for treating or preventing an infection by a pathogen. In
some embodiments, the Fab antibody coraprises a heavy chain fragment that comprises
F174C substitution, numbering according to Kabat, and/or a light chain fragment that

comprises S176C substitution, numbering according to Kabat
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{8855] In some embodiments, no more than 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 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 invmune 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 immune cell or a polypeptide
encoded by the nucleic acid delivered by the LNP is at least 5%, 10%, 13%, 20%, 25%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 100%, 1.5 times, 2 times, 3 times, 4 times, 5 times, 10
fimes, or longer than the half-hife of nucleic acid delivered by a reference LNP to the immumne

cell or a polypeptide encoded by the nucleie acid delivered by the reference LNP.

j3056] In some embodiments, at least 5%, at least 10%, at least 15%, at least 20%, a

feast 25%, at least 30%. at least 35%, at least 40%, at least 45%, at least 30%, at least 33%. at
feast 60%, at least 55%, at least 709, at least 75%, at least 8G%, at least 85%, at least 90%, at
least 95% or more imnume cells that are meant to be the destination of the delivery are

transfected by the LNE.

R U In some embodiments, expression level of the nucleic acid delivered by the NP
is at least 3%, at least 10%, at least 10%, at least 10%, at least 10%, at least 10%, at least
10%, at least 10%, at least 109, at least 10%, at least 10%, at least 10%, at least 10%, at least
10%, at least 10%, 1.5 time, 2 times, 3 times, 4 times, 3 times, 10 times, 15 times, 20 times or
more higher than expression level of nucleic acid in the same inmune cells delivered by a

reference LNP.

[HI58) In one aspect, provided are lipid nanoparticles {(LNPs) for delivering a nucleic
acid into N celis of the subject. The LNP comprises {a) An ionizable cationic lymd, (b) A
conjugate comprising the following structure: [Lipid] — {optional linker] — [immune cell
targeting groupl; (¢} A sterol or other structural lipid; (d) A neutral phospholipid; {¢) A
free Polyethylene glycol (PEG) lipid, and (f) the nucleic acid. In some cmbodiments, the

mmune cell targeting group comprises an antibody that binds CD56.

[RHIRSH n one aspect, provided are lipid nanoparticles (LNPs) for delivering a nucleic
acid into immune cells of the subject. The LNP comprises (a) An jonizable cationic
hipid, (b} A conjugate comprising the following structure: {Lipid] - {optional linker]
fimmune cell targeting groupl; {¢) A sterol or other structural lipid; {d} A neutral

phospholipid; (e} A free Polyethvlene ghycol (PEG) lipid, and (f) the nucleic acid. In
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some embodiments, the mumune cell targeting group comprises an antibody that binds CD7

or {8, and the free PEG lipid is DMG-PEG.

{868} In one aspect, provided are lipid nanoparticles (LNPs) for delivering a nucleic
acid into immune cells of the subject. The LNP comprises (a) An ionizable cationic
fipid, (b} A conjugate comprising the following structure: {Lipid] - [optional uker] —
fimmune cell targeting group]; {¢) A sterol or other structural ipid; {(d) A neutral
phospholipid; (e} A free Polyethylene ghycol (PEG) lipid, and (f) the nucleic acid. In
some embodiments, the immune cell targeting group comprises an antibody, and the antibody
1s a Fab or an immuenoglobulin single vanable domain. In some embodiments, the Fab is
engineered to knock out the natural interchain disudfide at the C-termings. In some
embodiments, the Fab has a buried interchain disulfide. In some embodiments, the antibody
is an immunoglobulin single variable (ISV) domain, and the ISV domain an Nanobodyv®
ISV, In some embodiments, the free PEG lipid comprise a PEG having a yoolecular weight of
at feast 2000 daltons. In some embodiments, the PEG has a molecular weight of about 3000
to 5000 daltons. In some embodiments, the Fab s an anti-CD3 antibody. and the free PEG
Lipid i the LNP compnises a PEG having a molecular weight of about 2000 daltons. In some
embodiments, the Fab is an anti-CD4 antibody, and the free PEG lipid in the LNP comprises

a PEG having a molecular weight of about 3000 to 3500 daltons.

{80811 In one aspect, provided are lipid nemoparticles (LNPs) for delivering a nucleic
acid mto imumune cells of the subject. The ENP comprises {a} An ionizable cationic lipid, (b)
A conjugate comprising the following structure: [Lipid} — [optional linker] — [immune cell
targeting groupl; {c} A sterol or other structaral lipid; {d) A neutral phospholipid; (e} A free
Polyethvlene glyeol (PEG) lipid, and () the nucleic acid. In some embodiments, the immune
cell targeting group comprises an antibody that binds CD3, and an antibody that binds CD1la

or CD18.

{8062 In one aspect, provided are lipid nanoparticles (LNPs}) for delivering a nucleic
acid mto mmmune cells of the subject. The LNP comprises {(a) An ionizable cationic lipid, (b}
A conjugate comprising the following structure: [Lipid] - {optional linker} — {iamune cell
targeting groupl: (¢} A sterol or other structural lipid; (d} A neutral phospholipid; (e} A free
Polyethviene glycol {(PEQG) lipid, and ()} the nucleic acid. In some embodiments, the immune

cell targeting groap comprises an antibody that binds CD7, and an antibody that binds CD8&.
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{8863} In one aspect, provided are lipid nanoparticles (LNPs) for delivering a nucleic
acid mto two different types of immune cells of the subject. The LNF comprises {a) An
wnizable cationic lipid, (b} A conjugate comprising the following structure: [Lipid] -
foptional Hnker] — [immune cell targeting group]; {¢) A sterol or other structural lipid; (d) A

neutral phospholipid; (&) A fiee Polyethylene glveol (PEG) lipid, and {(f) the nucleic acid.

{60564 In some embodiments, the immune cell targeting group comprise a bispecific
targeting moiety. In some cmbodiments, the bispecific targeting moiety binds to the two
different types of tnowne celis. In some crubodiments, the two different types of tnoune
cells are T4+ T cells and CD8+ T cell. In some embodiments, the bispecific targeting

moiety is a bispecific antibody. In some embodiments, the bispecific antibody is a Fab-ScFv.

180863 In one aspect, provided are lipid nanoparticles (LNPs) for delivering a nucleic
acid nto both CD4+ and CD8&+ T cells of a subject. The LNP comprises (a} An ionizable
cationi¢ lipid, (b} A conjugate comprising the following structure: [Lipid] — [optional linker]
— [mmmune cell targeting groupl; (¢} A sterol or other structural ipid; {d) A veutral
phospholipid; {e} A frec Polyethviene glycol (PEG) lipid, and (f} the nucleic acid. In some
embodiments, the immune cell targeting group comprise a single antibody that binds to CD3

or CI7.

{0066} Further provided is a lipid nanoparticle {(LNP) for delivening a nucleic acid into an
vamune cell of a subject, wherein the LNP comprises: {(a) an ionizable cationic lipid, (b} a
conjugate comprising the following stroctare: {Lipid] - {optional linker] - [fmmune cell
targeting groupl: {¢} a sterol or other structural lipid; {d) a neutral phospholipid; (e} a free
Polvethvlene glycol (PEG) hipid, and (f) the nucleic acid, wherein the immune cell targeting
group comprises a Fab lacking the native intercham disulfide bond. In some embodiments,
the Fab is engineered o 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 terchain disulfide bond in the Fab.

{67 Also provided 15 an inwnunoglobulin single vanable domain (ISVD) that binds to
human D8, In some embodiments, the ISVD comprises three complementarity determining

domains CDRI, CDR2, and CDR3, wherein

(a} the CDRI1 comprises GSTFSDYG (SEQ 1D NO: 1003,
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{b}) the CDR2 comprises IDWNGEHT (SEQ 1D NO: 1013, and

{c} the CDIR3 comprises AADALPYTVRKYNY (SEQ 1D NG: 102},

j8368] In some embodiments, the ISVD is humamzed.

{6089} In some embodiments, the ISVD comprises, consists of, or consists essentially of

SEQ ID NO: 77.

36781 Also provided is a polypeptide comprising GSTFSDYG (SEQ ID NG: 100),
IDWNGEHT (SEQ ID NO: 101), and AADALPYTVRKYNY (SEQ ID NO: 102).

{86781 In some embodiments, the polypeptide comprises the ISVD as deseribed herein.

{86721 In some embodiments, the polypeptide further comprises a second binding motety,
wherein the sccond binding moiety binds to CD8 or another different target. In some

embodiments, the second binding motety s also an ISVD.

{8073} In some embodiments, the polypeptide further comprises a detectable marker, ora

therapeutic agent.

174 Also provided is a composition comprising the ISVD or the polypeptide as

described herein.

[8075] Further provided is a pharmaceutical composition comprising the ISVD or the

polypeptide as described herein, and a pharmaceutically acceptable carner.

j8878] Further provided 1s a method of treating a disease or disorder related to CD8 ina
subject, comprising admimstering the pharmaceutical composition as described herein to the

subject.

{67 in some embodiments, the discase is cancer. In some embodiments, the disorder is

an imvoune disorder, an inflammatory disorder, or cancer.

{6878 In some embodiments, the nucleic acid encodes an antigen for use in a therapeutic
or prophviactic vaccine for treating or preventing an infection by a pathogen. In some

embodiments, the tonizable cationic ipid 15
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gl in some cmbodiments, the immune cell targeting group comprises an antibody
that binds a T cell antigen. In some embodiments, the T cell antigen 1s CD3, CDE, or both
D3 and CDR.60. In some embodiments, the immune cell targeting group comprises an

antibody that binds a Natural Killer (NK} cell antigen. In some embodiments, the NK cell

antigen is CD56. In some embodiments, the antibody is a human or humanized antibody.

ERSH] in some embodiments, the immune cell targeting group is covalently coupled to a
fipid 1u the lipid blend via a polyethylene glveol (PEG) containing hinker. In some
embodiments, the hipid covalently coupled to the immune cell targeting group viaa PEG
containing linker is distearoylglveerol (DSG), distearovl-phosphatidylethanolamine (BSPE},
dimyrstoyl-phosphatidylethanclamine (DMPE), distearovi-glveers-phosphogliyeerol {DSPG),
dunyustoyl-giyeerol (DMG), dipaloutoyl-phosphatidyicthanolanune (DPPE), dipalmitoyl-

glveerol {DPG), or ceramide. In some embodiments, the PEG is PEG 2000,

j66811 In some embodiments, the liptd-immune cell targeting group conjugate is present
in the lipid blend in a range of 0.002-0.2 mole percent. In some embodiments, the ionizable

cationic lipid is present in the lipid blend in a range of 40-60 mole percent.

[REE In some embodiments, the sterol is cholesterol. In some embodiments, the sierol is
present in the lipid blend in a range of 30-50 mole percent. In some embodiments, the neutral
phospholipid 1s sclected from the group consisting of phosphatidylcholine,
phosphatidyiethanolamine, distearoyi-sn-glveero-3-phosphocthanolanune {DSPE), 1.2-
distearoyl-sn-glycero-3-phosphocholine (BSPL), 1.2-dioleoyi-su-glycero-3-
phosphocthanolanune (DOPE), 1,2-dioleoyl-sn-glycero-3~phosphocholine (DOPC),

sphingomyelin (SM).
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{66383 In some embodiments, the neutral phospholipid is present inthe imd blend m a

range of 1-10 mole percent.

ji84] In some embodiments, the free PEG-lipid is selected from the group consisting of
PEG-modified phosphatidylethanolamines, PEG-modified phosphatidic acids, PEG-modified
ceramides, PEG-modified dialkylanunes, PEG-modified diacyviglyveerols, and PEG-modified
dialkyvlglyeerols. For example, a PEG lipid may be PEG- dioleovigyleerol (PEG-DOG),
PEG-dimyristoyl-glyeerol (PEG-DMG), PEG-dipalmitovi-ghycerol (PEG-DPG), PEG-
dilinoleoyi-glycero-phasphatidyl ethanolavune (PEG-DLPE), PEG-dmyrstovi-
phosphatidylethanolamine (PEG-DMPE), PEG-dipalmitoyl- phosphatidylethanolamine
(PEG-DPPE), PEG-distearoyiglveerol (PEG-DSG), PEG-diacviglycerol (PEG-DAG, e g.,
PEG-DMG, PEG-DPG, and PEG-DSG), PEG-coramide, PEG-distearovi-glycero-
phosphoglycerol (PEG-DSPG), PEG-dioleovl-glycero-phosphocethanolamine (PEG-DOPE),
2-{{polyethviene glveol}-2000}-N N-ditetradecylacetanude, or a PEG-distearoyl-
phosphatidylethanolamine (PEG-DSPE) lipid.

{1085 In some embodiments, the free PEG-lipid comprises a
diacylphosphatidyicthanolamines comprising Dipalmitoyi (C16) chain or Distearoyl (C1%)
chain. In some embodiments, the free PEG-lipid is present in the lipid blend in a range of 2-4
mole percent. Tn some embodiments, the free PEG-lipid comprises the same or a different

Lipid as the lipid m the bpid-immune cell targeting group conjugate.

{1086} In some embodiments, the LNP has a mean diameter in the range of 30-200 nm.
In some embodiments, the NP has a mean diameter of about 100 nm. In some embodiments,
the LINP has a polvdispersity mndex m a range from 0.05 to §. In some embodiments, the LNFP

has a zeta potential of from about 10 mV to about + 30 mV at pH S,

{0887} In some embodiments, the nucleic acid is DNA or RNA. In some cmbodiments,
the RNA 1s an mRNA, {RNA, siRNA, or microRNA. In some embodiments, the mRNA
encodes a receptor, a growth factor, a hormone, a cvtokine, an antibody, an antigen, an
enzyiae, or a vaceine. In some embodiments, the mRNA encodes a polypeptide capable of
regulating immune response in the immune cell. In some embodiments, the mRNA encodes a
polvpeptide capable of reprogramming the immune cell. In some embodiments, the mRNA

encodes a synthetic T cell receptor (synTCR) or a Chimeric Antigen Receptor (CAR).
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{66381 In some embodiments, the immune cell targeting group comprises an antibody,
and the anttbody is a Fab or an immunoglobulin single variable domain. In some
cembodiments, the mmmune cell targeting group comprises an antibody fragment selected from
the group consisting of a Fab, F(ab")2, Fab™-SH, Fv, and scFv fragment. In some
embodiments, the immuone cell targeting group comprises a Fab that comprises one or more
interchain disulfide bonds. In some embodimends, the Fab comprises a heavy chain fragment
that comprises F174C and C2338 substitutions, and a light chain fragment that comprises
S$176C and C2148 substitutions, 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.

{089 in some embodiments, the Fab further comprises one or morg amino acids
between the heavy chain fragment of the Fab and the C-ternunal cysteine. In some
embodiments, the Fab compnises a heavy chain variable domain hinked to an antibody CHI
domain and a light chain variable domain linked to an antibody light chain constant domain.
In some embodiments, the CHI domain and the light chain constant domain are linked by one
or more interchain disulfide bonds. In some embodiments, the mmune cell targeting group
further comprises a single chain variable fragment (scFv) linked to the C-terminus of the Hight

chain constant domain by an anuino acid linker.

{8894} In some embodiments, the immune cell targeting group comprises an
immunoglobulin single variable domain. In some embodiments, the immunoglobulin single
variable domain comprises a cysteine at the C-terminus. 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-ternunal
cysteine. In some embodiments, the tnmune cell targeting group comprises two of more
VHH domains. In some embodiments, the two or more VHH domains are linked by an amino
acid hinker. In some embodiments, the immune cell targeting group comprises a first VHH
domain linked to an antibody CHI domain and a second VHH domain finked to an antibody
light chain constant domain. fn some ernbodiments, the antibody CHI domain and the
antibody hight chain constant domain are linked by one or more disulfide bonds. In some
embodiments, the immune cell targeting group comprses a VHH domain linked to an
antibody CHI domain. In some erabodiments, the antibody CHY domain is linked o an

antibody light chain constant domain by one or more disulfide bonds. In some embodiments,
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the CHI domain comprises F174C and C2338 substitutions, and the light chain constant

domain comprises $176C and C2148 substitutions, numbering according to Kabat,

jiey] In some embodinents, the immune cell targeting group comprises a Fab that

COMPIISes:

(a} a heavy chain fragment comprising the amino acid sequence of SEQ IDNG: Tand a

light chain fragment comprising the anmino acid sequence of SEQ I NO:2 or 3;

(b} a heavy chain fragment comprising the amino acid sequence of SEQID NG 6and a

fight chain fragment comprising the amino acid sequence of SEQ 1D NO: 7.

{8692} In some embodiments, no more than 5% non~-immune cells are transfected by the
LNP. In some embodiments, half-life of the nucleic acid delivered by the LNPora
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 polvpeptide encoded by the nucleic
acid delivered by the reference LNP. In some embodiments, at least 10% immane cells are
transtected by the LNP. In some embodiments, expression level of the nucleic acid delivered
by the LNP 1s at least 10% higher than expression level of nucleic acid delivered by a

reference LNP.

{8083 In some aspects, provided are lipid nanoparticles (LNPs) for dehivering a nucleic
acid o an mmmune cell of the subject. In some embodiments, the LNP comprises an
ionizable cationic liptd. In some embodiments, the LNP comprises a conjugate comprising
the following structure: [Lipid] — [optional hinker] — [inumune coll targeting group]. Tn some
embodiments, the LNP comprises a sterol or other structural ipid. In some embodiments, the
LNP comprises a neotral phospholipid. In some embodiments, the LNP comprises free
Polyethviene glycol (PEG) lipid. In some embodiments, the LNP comprises the nucleic acid.
In some embodiments, the immune coll 1s an NK cell. In some embodiments, the invmune cell

targeting group comprises an antibody that binds CDS6.

{66941 In some aspect, provided herein are lipid nanoparticles (LNPs) for dehivering a
nucleic acid into an immune cell of the subject. In some embodiments, the LNP comprises an
wonizable cationic lipid. In some embodiments, the LNP comprises a conjugate comprising
the following structure: [Lipid] — [optional hnker] — [imomumne 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 frec
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Polyethviene glycol {PEG) hpid. In some embodiments, the LNP comprises the nucleic acid.
In some embodiments, the immune cell targeting group comprises an antibody that binds

CD7 or CDR. To some embodiments, the tree PEG lipid is DMG-PEG.

EHEAS In some aspect, provided are lipid nanoparticles {LNPs} for delivering a nucleic
acid into an irnmune cell of the subject. In some emmbodiments, the LNP comprises an
ionizable cationic hipid. In some embodiments, the LNP comprises an conjugate comprising
the following structure: [Lipid] - [optional linker] ~ [imuwne cell targeting group]. In some
embodiments, the LNP comprises a sterol or other structural lipid. In some embodiments, the
LNP comprises neutral phosphohpid. In some embodiments, the LNP comprises a free
Polyethylene glyveol (PEG) lipid. In some embodiments, the LNP comprises the nucleic acid.
in some cmbodiments, the inumme cell targeting group comprises an antibody. In some

embodiments, the antibody is a Fab or an imumunoglobulin single variable domain.

{0894} In some embodiments, the Fab is engineered to knock out the natural interchain
disulfide at the C-terminus. In some embodiments, the Fab comprises a heavy chain fragment
that comprises £2338 substitations, and a light chain fragment that comprises 2148
substitutions. In some embodiments, the Fab comprises a non-natural interchain disulfide. In
some crubodiments, the Fab comprises FI174C substitution in the heavy chain fragment, and
S$176C substitution in the light chain fragment. Tn some embodiments, the antibody 15 an
pmmunoglobulin single variable (ISV) domain, and the ISV domain is an Nanobodyv® ISV, In
some embodiments, the free PEG lipid comprise a PEG having a molecular weight of at feast
2000 daltons. In some embodiments, the PEG has a molecular weight of about 3000 1o 3000
daltons. In some embodiments, the antibody is a Fab. In some embodiments, the Fab binds
CD3, and the free PEG lipid in the LNP comprises a PEG bhaving a molecular weight of about
2000 daltons. In some embodiments, the Fab is an anti-CD4 antibody, and the fice PEG lipid

in the LNP comprises a PEG having a molecular weight of about 3000 to 3500 daltons.

{8097} In some embodiments, the invmune cell targeting group comprises two or more
VHH domains. In some embodiments, the two or more VHH domains are linked by an amino
acid linker. In some embodiments, the immune cell targeting group comprises a first VHH
domain linked to an antibody CHI domain and a second VHH domain linked to an antibody

Light chain constant domain.
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{86981 In some aspect, provided are lipid nanoparticles (LNPs} for delivering a nucleic
acid mto an immune cell of the subject. In some embodiments, the LNP comprises an
wnizable cationic lipid. In some embodiments, the LNP comprises a conjugate comprising
the following structare: [Lipid] - [optional hnker] — [immume cell targeting group]. In some
embodiments, the LNP comprises a sterol or other structural ipid. In some embodiments, the
LNP comprises a neutral phospholipid. In some embodiments, the LNP comprises a free

Polvethylene glycol (PEG) hipid. In some embodiments, the LNP comprises the nucleic acid.

{3098 In some embodiments, the LNP binds CD3, and also binds CDllaor CD1IS. In
some emboduments, the LNP comprises fwo conjugates. In some embodiments, the first
conjugate comprises an antibody that binds CD3. In some embodiments, the second
conjugate comprises an antibody that binds CD1la or CDI8. In some cmbodiments, the LNP
comprises one conjugate. In some embodiments, the conjugate comprises a bispecific
antibody that binds both CD3 and CD 1 a. In some embodiments, the conjugate comprises a
bispecific antibody that binds both CD3 and CB18. In some embodiments, the bispecific

antibody is an immunoglobulin single variable domain or Fab-8cFv.

{3100} In some aspect, provided arc lipid nanoparticles (L NPs} for delivering a nucleic
acid into an irnmune cell of the subject. In some emmbodiments, the LNP comprises an
ionizable cationic hipid. In some embodiments, the LNP comprises a conjugate comprising
the following structure: [Lipid] - [optional linker] — [immaune cell targeting group]. In some
embodiments, the LNF 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 glyeol (PEG) lipid. In some embodiments, the LNP comprises the nucleic acid.

In some embodiments, the LNP binds CD7 and D8 of the immune cell.

{6101} In some embodiments, the LNP comprises two conjugates. In some embodiments,
the first conjugate comprises an antibody that binds CB7, and a second conjugate that binds
CDE. In some embodiments, the LNP comprises one comjugate. Tn some embodiments, the
conjugate comprises a bispecific antibody that binds CD7 and CDE. In some embodiments,

the bispecific antibody is an immunoglobulin single vartable domain or Fab-ScFv.

{61021 In some aspect, provided are lipid nanoparticles (ENPs} for delivering a nucleic
acid o two different types of imumune cells of the subject. In some embodiments, the LNP

comaprises: an onizable cationic liptd. In some embodiments, the LNP comprises a conjugate
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comprnsing the following stracture: {Lipid] -~ {optiopal linker] - [immune cell targeting
groupi. In some embodiments, the LNP comprises sterol or other structural lipid. In some
embodiments, the LNP comprises neutral phospholipid. In some embodiments, the LNP
comprises a free Polyethylene glyveol (PEG) ipid. In some embodiments, the LNP comprises
the nucleic acid. 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 imnwoe cell. In some embodiments, the two different types of immune cells are CD4+ T
cells and CD8+ T cell. In some embodiments, the LNP comprises two conjugates. In some
embodiments, the first conjugate comprises a first antibody that binds to the first antigen of
the first type of imumne 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. In some embodiments, the conjugate comprises a bispecific
antibody. In some embodiments, the bispecific antibody binds to both the first antigen on the
first type of immune cell, the second antigen on the second type of rounune cells, In some
embodiments, the bispecific antibody 15 an immunoglobulin single variable domain or a Fab-

ScFv.

{3103} In some aspect, provided are lipid nanoparticles (LNPs} for delivering a nucleic
acid into both CD4+ and CD8+ T cels of a subject. In some embodiments, the ENP
comprises an wnizable cationic lipid. In some ciwbodiments, 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 stractaral lipid. In some
cembodiments, the LNP comprises a neutral phospholipid. In some embodiments, the LNP
comprises a free Polyethylene glveol (PEG) ipid. In some embodiments, the LNP comprises
the nucleic actd. In some cmbodiments, the immune cell targeting group comprises a single

antibody that binds to CD3 or CD7.

{8104} In some aspect, provided are lipid nanoparticles (LNPs} for delivering a nucleic
acid into both T cells and NK cells of a subject. In some embodiments, the ENP comprises an
ionizable cationic lipid. In some crubodiments, the LNP comprises a conjugate comprising
the following structure: [Lipid] - foptional hnker] — [immune cell targeting group]. In some
embodiments, the LNP comprises sterol or other structural lipid. In some embodiments, the
LNP comprises a neutral phospholipid. In some embodiments, the LNP comprises a free

Polvethylene glycol (PEG) hipid. In some embodiments, the LNP comprises the nucleic acid.
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In some embodiments, the immuene cell targeting group binds to CD7, CDE, or both CD7 and
D8,

3105} In some aspect, provided are lipid nanoparticles (LNPs} for delivering a nucleic
acid into both T cells and NK cells of a subject. In some embodiments, the ENP comprises an
ionizable cationic lipid. In some embodiments, the LNP comprises a conjugate comprising
the following structure: {Lipid] - {optional Hnker] — [immaune cell targeting group]. In some
cmbodiments, the LNF comprises a sterol or other structural lipid. In some embodiments, the
LNP comprises a neutral phospholipid. In some embodiments, the LNP comprises a free
Polvethvlene glyveol (PEG) lipid. In some embodiments, the LNP comprises the nucleic acid.
In some embodiments, the immune cell targeting group binds to (i3 both CB3 and CDS6; (i1)

both CD8 and CD36; or (ui) both CD7 and CD36.

{8106} In some embodiments, the ivvmuane cell targeting group is covalently coupled to a
ipid in the lipid blend via a polyethylene glycol (PEG) contatming linker. In some
embodiments, the lipid covalently coupled to the immune cell targeting group via a PEG
containing hinker is distearoylglycerol (BSG), distearoyl-phosphatidyicthanolamine (DSPE),
dimyrstoyl-phosphatidviethanolamine (DMPE), distearoyl-glveero-phosphoglycerol (IDSPG),
dimyristovi-giyeerol (DM, dipalmitoyi-phosphatidylethanolamine (DPPE), dipalmitovi-
glveerol (DPG), or ceramide. In some embodiments, the hipid-mmune cell targeting group
conjugate is present in the lipid blend in a range of 0.002-0.2 mole percent. In some
embodiments, the Hpid blend further comprises one or more of a structural lipid (e.g. a

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

{6167 n some cmbodiments, the onizable cationic lipid is preseot in the lipid blend in a

range of 40-60 mole percent.

{6108] In some embodiments, the sterol 1s present in the Hpid blend in a range of 36G-50

mole percent. In some embodiments, the sterol is cholestercl.

{6109} In some embodiments, the neutral phospholipid is selected from the group
consisting of phosphatidylcholine, phosphatidylethanolamine, distearovi-sn-glycero-3-
phosphoethanolanune (DSPE), 1,2-distearovi-sa-glycero-3-phosphocholine (DSPC), 1.2-
dinleoyl-su-glycerc-3-phosphoethanolamine (DOPE), 1,2-dioleoyl-sn-glycero-3-
phosphocholine (DOPC). In some embodiments, the neutral phospholipid is present n the
fipid blend in a range of 1-10 mole percent.
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{6114 In some embodiments, the free PEG-lipid is selected from the group consisting of
PEG-distearoyi-phosphatidylethanolamine (PEG-DSPE) or PEG-dimyrstoyl-
phosphatidylcthanolanuune (PEG-DMPE), N-(Mcthyvlpolyoxyethylene oxyearbonyly~1,2-
dipalmitoyl-sn-glycero-3-phosphoethanolamine (DPPE-PEG) 1,2-Dimynstovi-rac-glycero-3-
methylpolyoxyethyviene (PEG-DMG), 1,2-Dipalmitoyl-rac-glveero-3-methvipolvoxyethylene
(PEG-BPG), 1,2-Dioleoyl-rac-glycerol, methoxypaolyethylene Glveol (DOG-PEG) 1,2-
Distearoyl-rac-glyeero-3-methylpolvoxyethviene (PEG-DSG), N-palmitoyi-sphingosine-1-
{succinyl{methoxy{polyethylene glveol}] (PEG-ceranude), and DSPE-PEG-cysieine, ora
derivative thereof. In some embodiments, the free PEG-lipid comprises a
diacylphosphatidvicthanolanunes comprising Dipalnutoy] (C16) chain or Distearoy! (CI8)
chain. In some embodiments, the free PEG-lipid 1s present in the lipid blend in a range of 1-2
mole percent. In some embodiments, the free PEG-lipid comprises the same or a different

lipid as the hpid in the lipid-tmmune cell targeting group comjugate.

{6111} In some embodiments, the ENP has a mean diameter in the range of 50200 nm.
o some embodiments, the LNP bas a mean diameter of about 100 nm. In some embodiments,
the LNP has a polvdispersity index in a range from 0.05 to 1. In some embodiments, the LNP

has a zeta potential of from about -10 mV to about + 30 mV at pH 3.

{6112} In some embodiments, the nucleic acid 1s DNA or RNA. Tn some embodiments,
the RNA 13 an mRNA. In some embodiments, the mRNA encodes a receptor, a growth factor,
a hormone, a cytokine, an antibody, an antigen, an enzyme, or a vaceine. In some
embodiments, the mRNA encodes a polyvpeptide capable of regulating tmmune response in
the immune cell. In some embodiments, the mRNA encodes a polypeptide capable of
reprograguning the immune cell. in some embodiments, the mRNA encodes a syathetic T

cell roceptor (syn TCR) or a Chimeric Antigen Receptor (CAR).

{6113} In some aspect, provided are lipid nanoparticles (LNPs} for delivering a nucleic
acid into an munune cell of a subject. o some ermbodiments, the LNP comprises an ionizable
cationic hipid. In some embodiments, the LNP comprises a conjugate comprising the
following stracture: {Lipid] — [optional hinker] ~ [immune cell targeting group]. In some
embodiments, the LNP comprises a sterol or other structural lipid. In some crubodiments, the
LNP comprises a neutral phospholipid. In some embodiments, the LNP comprises a free

Polvethvlene glycol {PEG}) lipid. In some embodiments, the LNP comprises the nucleic acid.
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{611} In some embodiments, the immune cell targeting group comprises a Fab lacking
the native interchain disulfide bond. In some embodiments, the Fab is engimecred to replace
one or both cysteines on the native constant light chamn and the vative counstant heavy cham
that form the native interchain disulfide with a non-cysteine amino acid, therefor to remove

the native interchain disulfide bond in the Fab.

{6115} In some aspect, provided are methods of targeting the delivery of a nucleic acid to
an imnune celf of a subject. In some embodiments, the method comprises contacting the
immune cell with a lipid nanoparticle (1.NP) provided herein. In some embodiments, the
method is for targeting NK cells. In some embodiments, the immune cell targeting group
binds to CD36. In some embodiments, the method i3 for targeting both T cells and NK cells
simultancously. In some embodiments, the immune cell targeting group binds to CD7, CDR,
or both C137 and CDE. In some embodiments, the method s for targeting both D4+ and
CD8+ T cells simultancously. In some emmbodiments, the tmmune cell targeting group

compnses a polypeptide that binds to CD3 or CD7.

#1116} 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 tenune cell with a lipid nanoparticle {(LNP} provided hercin.

{6117} In some aspect, provided are method of modulating celiular function of a target
vamune cell of a subject. In some embodiments, the method comprises adminustering to the

subject a lipid nanoparticle (LNP) provided herein.

{6118} In some aspect, provided are method of treating, ameliorating, or preventing a
symptom of a disorder or discase in a subject in need thereof. In some embodiments, the

method comprises administering to the subject a lipid nanoparticle (LNP) provided herein.

{36119 In some aspect, provided are impmmnoglobulin single variable domains (1ISVDs)
that bind to human CDE. In some embodiments, the ISVD comprises three complementarity
determining domains CDRIE, CDR2, and CDR3. In some embodiments, the CDRI comprises
GSTFSDYG (SEQ ID NQG: 100}, In some embodiments, the CORZ comprises IDWNGEHT
{SEQ 1D NG: 101}. In some embodiments, the CDR3 comprises AADALPYTVREKYNY
{(SEQ D NO: 102). In some crobodiments, the ISV s humanized. In some embodiments,
the ISVD comprises SEQ 1D NO: 77,
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{6124} In some aspect, provided are polypeptides comprising GSTFSDY G (SEQ 1D NO:
100}, IDWNGEHT (SEQ ID NG 101), and AADALPYTVREKYNY (SEQ ID NG 102). In
another aspect, provided are polypeptides comprising the ISVD provided herein. In some
embodiments, the polypeptide comprises a second binding moiety. In some embodiments, the
second binding moiety binds to CD8 or another different target. In some embodiments, the
second binding moiety is also an ISVD. In some embodiments, the polypeptide comprises a

detectable marker. In some erobodiments, the polypeptide comprises a therapeutic agent.

@121} In some aspect, provided are compositions comprising the ISVD provided herein

or the polvpeptide provided herein.

{B122] In some aspect, provided are pharmaceutical compositions comprising the ISVD
provided herein or the polvpeptide provided herein, and a pharmaceutically acceptable

carrier.

{4123} In some aspect, provided are methods of treating a disease or disorder related to
CD8 in a subject. In some embodiments, the method comprises administering a
phammaceutical composition described herein to the subject. In some embodiments, the

discase or disorder 1s cancer.

{6124] Various aspects and erobodiments of the tnvention are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS
{6125} FIG. 1 depicts an NMR spectrum of Lipnd 1.

{3126} FIGS, 2A and 2B depict LC-MS spectra of Lind 1.
{6127} FIG. 3 depicts an NMR spectrum of Lipid 2,
{6128} FIGS, 4A and 4B depict LC-MS spectra of Lipid 2.
{3129} FIG. 5 depicts an NMR spectram of Lipid 3.
{61344 FIG, 6 depicts an NMR spectrum of Lipid 4.

{131} FIGS. 7A and 7B depict LC-MS spectra of Lipid 4.
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{8132} FIG, BA depicts Lipid 2 and Lipid 6 LNP pKa (TNS). FIG. 8B depicts Lipid 5
and Lipid 7 LNP pKa {TNS}).

{3133} FIGS. SA depicts hvdrodynamic diameter of Lipid 2, and Lipid 6 derived LNPs.
FIG. 98 depicts polydispersity {Dynamie Light Scattering) of Lipid 2 and Lipid 6 derived
LNPs.

{3134} FIGS, 10A depicts hvdrodyoamic diameter of Lipid 5, and Lipid 7 derived LNPs.
FIG. 108 depicts polvdispersity {Dynamic Light Scattering) of Lipid 5 and Lipid 7 derived
LNPs.

{6135} FIGK. 11A-B depict in vitro Tecell transfection of GFP mRNA using Lipid 2 and
Lipid 6 derived LNPs, % GFP+ cells (FIG. 11A), GFP mean fluorescence intensity (MFT)
(FI1G. 11B), % CyS5-GFP + cells (FIG. 110), and Cy3-GFP MFL, E. T-cell viability (FIG,
1),

{6136] FIGS, 12A-E depict i vitro T-cell transfection of GFP mRNA using Lipid § and
Lipid 7 derived LNPs, % GFP+ cells (FIG. 124), GFP mean fluorescence intensity (MFT)
(FIG. 12B), % Cy5-GFP + cells (FIG. 120), Cy5-GFP MFI (FIG, 12B), T-cell viability
(FIG. 12E).

{3137} FIG. 13A depicts %GFP+ {(translation) human CD8 T cells post 24 hr

transfection. FIG, 138 depicts %Cy5+ (binding) buman CD8 T cells post 24 br transfection.

{0138} FiG, 14A depicts % Viable human CD8 T cells post 24 hr transfection. FiG, 14B

depicts Human IFNy measured from cell culture supematant post 24 hr transfection.

{6139} FIG. 154 depicts %TTR-023+ (anti-CD20 CAR) CD8 T colis post 24 hr
transfection with mRNA LNPs. FIG. 15B depicts %TTR-023+ (anti-CD20 CARYCD4 T

celis post 24 hr transfection with mRNA LNPs.

{4149} FIG. 16A depicts %CD06%+ CD8 cells post 24 hr transfection with anti-CD20
CAR mRNA LNPs. FIG. 168 depicts %CD6%+ CD4 T cells post 24 br transfection with
anti-CD20 CAR mRNA LNPs.

{6141} FiG, 17 depicts Human IFNy secretion by T cells post 24 br transfection with
anti-CD20 CAR mRNA LNPs.
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{6142} FIG, 18A depicts %GFP+ (transfection/translation) of CD8 T cells post 24 hr
transfoction with Cy5/GFP mRNA at 2.5 ug/mL for 24 hr. FIG. 18B depicts %GFP+
{transfection/transiation) Mean Fluoresconce Totensity (MF1 of CDE T cells post 24 hr

transfoction with Cv5/GFP mRNA at 2.5 ug/mL for 24 hr.

{6143} FIG. 194 depicts %Cy5+ (binding) of CDE T cells post 24 br transfection with
CyS/GFP mRNA at 2.5 eg/mL for 24 hr. FIG. 19B depicts Cv3 (binding} Mean
Fluorescence Intensity {MF) of CD8 T cells post 24 hr transfection with Cy3/GFP mRNA at

2.5 ug/mb for 24 hr.

{3144} FIG. 28A depicts %GFP+ (transfection/transiation) CD8 cells of human D3
celis transfected with 2.5 ug/ml. Cyv5/GFP oRNA LNPs for 24 hr. FIG. 20B depicts
S%GEP+ (transfection/translation) CD4 cells of human CD3 cclls transfected with 2.5 ug/mb

CyS/GFP mRNA LNPs for 24 hr.

{3145} FIG. 21A depicts %Cy5+ (binding) CD8 celis of buman CD3 cells transfected
with 2.5 ug/mL Cy5/GFP mRNA LNPs for 24 br. FIG. 21B depicts %Cy3+ (binding} CD4
cells of human CD3 cells transtected with 2.5 ug/mL Cy5/GFP mRNA LNPs for 24 hr.

{6146} FiG, 22A depicts %CD69+ CD8 cells of human D3 cells transfected with 2.5
ug/mbl Cv5/GFP mRNA LNPs for 24 hr. FIG. 228 depicts %CD65+ CD4 colls of human
CD3 cells transfected with 2.5 ug/mL CyS/GFP mBNA LNPs for 24 fr.

{6147} FIG. 23 depicts Human IFNy secretion from human CD3 cells transfected with
2.5 ug/mL Cv3/GFP mRNA LNPs for 24 br.

{3148} FIG. 24A depicts %m Cherry+ CD8 T cclls transfected in whole blood at 2.5
pg/ml mCherry mRNA LNPs for 24 hre. FIG. 248 depicts Yo Cherry+ CD4 T celis

transtected in whole blood at 2.5 pg/mL mCherry mRNA LNPs for 24 hr.

{6149} FiG, 28A depicts Yom Cherry+ B cells transfected in whole blood at 2.5 pug/mlL
mCherry mRNA LNPs for 24 hr. FIG. 258 depicts Y%om Cherry+ NK celis transfected in
whole blood at 2.5 pg/mE mCherry mRNA LNPs for 24 hr.

{6154} FIG. 26A depicts Yom Cherry+ Granulocvies transfected in whole blood at 2.5

pe/mL mCherry mBRNA ENPs for 24 hr. FIG. 268 depicts %CD69+ CD8 T cells transtected
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in whole blood at 2.5 ug/mb mCherry mRNA LNPs for 24 hr. FIG. 26C depicts %CD6S+
D4 T cells transfected in whole biood at 2.5 ug/mi mCherry mRNA LNPs for 24 hr.

{3151} FIGS. 27A and 27B depict time course for in vivo reprogramming of CD8+ T
cells and CD4+ T cells respectively with CD3 targeted mCherry LNPs in blood. Fach
symbol represents one mouse. Open sviabol represcnts mice that were buffer control treaied
and closed symbol represents mcherry LNP treated. Circles represent 24 hy, tnangles
represent 48 hr and diamonds represents 96 hr. FIGS. 27C and 271 depict time course for in
vivo reprogramnung of CDE+ T cells and CD4+ T cells respectively in fiver. Each symbol
represents one mouse. Open symbol represents mice that were buffer control treated and
closed symbol represent mCherry LNP treated. Circles represent 24 hr, triangles represent 48
hr and diamonds represents 96 hr. FIG, 27E and 27F depict time course for in vive
reprogranmuming of CD8+ T cells and CD4+ T cells respectively with CD3 targeted mCherry
LNPs n spleen. Each svmbol represents one mouse. Open symbol represents mice that were
buffer control treated and closed symbol represent mCherry LNP treated. Circles represent

24 11N 1‘ian<z; £8 represent ¢ hr 213t i iamon S represenis yony,
24 b, triang! t 4% hr and diamond ts 96}

{3152} Figx. 28 depicts minimal expression of mCherry in liver myeloid and Kupffer
celis after 24 hr treated with €3 targeted mcherry LNP. Each symbol represents one
mouse. Open symbols represent mice that were buffer control treated and closed symbol

represent mCherry LNP treated.

j3153] FIG. 224 depicts in vive reprogramming after 24 hr of 1% dose of mCherry
expressing ENPs in blood. Each symbol represents one mouse. Open circles are CD4+ T
cells and open square are CD8+ T cells expressing mCherry. FIG. 29B depicts fn vivo
reprogramming afer 24 hr of 1* dose of TTR-023 expressing LNPs in blood. Each symbol
represents one mouse. Open circles are CD4+ T cells and open square are CD8+ T cells

expressing anti-CDZ0 CAR.

{3154] FIGS. 38A-E depict in vivo reprogramming after 40 hr of 2% dose of with TTR-
023 expressing LNP in blood (FIG. 304), Spleen (FIG. 308), Liver (FIG. 36C), Bone
Marrow (FIG. 30D), and Thynwus (FIG, 30E). Each symbol sepresents one mouse. Open
circle is CB4+ T cells and open square is CD8+ T cells expressing ant-CD20 CAR.

{B155] FIGS. 31A-E depict i vive reprogramming after 40h of 2% dose of with mCherry
expressing LNP in blood in blood (FIG. 314}, Spleen (FIG, 31B), Liver (FIG. 31C), Bone
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Marrow {(FIG. 31D, and Thymus (FIG. 31E). Each symbol represents one mouse. Open

circle 1sCD4+ T cells and open sguare is CD8+ T cells expressing mCherry.
3156} FIG. 32 depicts dosing and bleeding schema for the PK stady.

{8157} FIG, 33 depicts caleulated mRNA concentration based on converted Dil-C18(3}-

DS measurements from mouse serum samples.

#158] FEG. 34A depicts %DiR+ CB4 T-cells after 2 hr incubation with 2.5 pg/mL
mRNA LNPs. FIG, 348 depicts iR Mean Fluorescence Intensity (MFI} CD4 T-cells after 2

hr incubation with 2.5 pg/mL mRNA LNPs.

[B3159] FIG, 35A depicts %DiR+ CDR T-cells after 2 hr incubation with 2.5 ug/mL
mRNA LNPs. FIG. 35B depicts DiR Mean Fluorescence Intensity (MFI} CD8 T-cells after 2
hr incubation with 2.5 pg/mL mRNA LNPs.

{8164} FIG. 36A depicts Y%om Cherry+ CD4 T-cells after 24 hr meubation with 2.5 ug/mL
mBRNA LNPs. FIG. 368 depicts Yam Cherry+ D8 T-cells after 24 hr incubation with 2.3
g/ml mRNA LNPs.

{3161} FEGS. 37A depicts hydrodynamic diameter of Lipid 3, Lipid 8 and DLn-MC3-
DMA denived LNPs. FIG. 378 depicts polydispersity {(Dynanuc Light Scattering) of Lipid §,
Lipid 8 and DLo-MC3-BMA derived LNPs.

{B3162] FIGS. 38A-E depict in vitro T-cell transtection of GFP mRNA usmg Lipid 5,
Lipid &, and DLo-MCU3-DMA derived LNPs, % GFP+ cells (FIG. 384), GFP mean
fluorescence indensity {(MFT) (FIG. 38B), % Cy5-GFP + cells (FIG. 38(0), Cyvs-GFP MFT
(FIG. 38D, and T-cell viability (FIG. 38E).

{6163} FIG., 39 depicts an NMR spectrum of Lipid 5.
{(3164] FIGS. 404 and 408 depict LC-MS spectra of Lipid 5.
{8165} FIG, 41 depicts an NMR spectrum of Lipid 6.
{166} FIGS. 42A and 428 depict LC-MS spectra of Lipid 6.

{6167} FIG. 43 depicts an NMR spectrum of Lipid 7.
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{B168] FIGK, 44A and 448 depict LC-MS spectra of Lipid 7.

{3169} FIG. 45A depicts hydrodynanie diameter of Lipid 8, and Lipid 3 derived LNPs.
F1{s. 458 depiets polvdispersity (Bynamic Light Scattering} of Lipid 8 and Lipid 3 derived
LNPs.

{6170] FIGS, 46A-E depict in vitro T-celf transtection of GFP mRNA using Lipid 8 and
Lipid 5 {0 and N) derived LNPs, % GFP+ cells (FIG. 464), GFP mean fluorescence
mitensity {MFI} (FIG. 46B), % Cy5-GFP + cells (FIG. 460), Cy5-GFP MFI(FIG. 46D, T-
cell viabdity (FIG, 46E).

{6171} FIG. 47 depicts structures of vanious Fab, VHH (Nb), ScFv, Fab-5¢Fv and Fab-
VHH hybrids.

{3172] FIG. 48A depiets and NMR spectram of Lipid 9. FIG. 488 and FIG. 48C depict

the Mass spectram and LT chromatogram of Lipid 9.

{6173] FIG. 49A depicts and NMR spectrum of Lipid 10. FIG, 498 and FIG. 49C

depict the Mass spectrum and LC chromatogram of Lipid 10

{3174} FIG. 58A depicts and NMR spectrom of Lipid 11, FIG. 568 and FIG, 56C

depict the Mass spectrum and LC chromatogram of Lipid 11,

{8175} FiG. 51A depicts and NMR spectrum of Lipid 12, FIG. 518 and FIG. 51C

depict the Mass spectrum and LC chromatogram of Liped 12,

{6176} FIG. 524 depicts and NMR spectrum of Lipid 13, FIG. 52B and FIG. 52C

depict the Mass spectrum and LC chromatogram of Lipid 13,

{0177} FIG. 5334 depicts hydrodynamic diameter (DLS) of Lipid 5 and Lipid 8 prior to
and after antibody conjugate insertion. FIG. 3B depicts polydispersity (DLS) prior to and
after antibody conjugate wsertion. FIG. 533C and 53D depict LNF surface charge {(Zeta
Potential, DLS) prior to and after antibody conjugate insertion 1o pH 5.5 MES and pH 7.4
HEPES buffer.

{6178} FIGS. 54A 1o 34K depict in vitro T-cell transtection of GFP mRNA usmg Lipid 5
and Lipid 8 denved LNPs: % GFP+ cells (FIG. 54A), GFP mean fluorescence intensity
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(MF) (FIG. 34B), % Dil + cells (FIG. 34C), and Dil MFI (FIG. 54D}, and T-cel viability
(FIG, 54E).

{0179] FIG. 35A depicts hydrodynamic diameter {DLS) of Lipid 5, Lipid 8 and DLo-
MC3-DMA prior to and after antibody conjugate msertion. FIG, S5B depicts polydispersity
(DLS) prior to and after antibody conjugate msertion. FI1G, 85C depicts LNP surtace charge
{Zeta Potential, DLS) prior to antibody conjugate insertion in pH 5.5 MES and pH 7.4
HEPES butfer. FIG, 55 depicts the accessible RNA content and RNA encapsulation

cfficiency.

{3186} FIGS. 56A to 56 depict in vitro T-cell transtection of GFP mRNA asing Lipid
5, Lipid 8 and DLA-MC3-DMA derived LNPs: % GFP+ cells (FIG, 56A), GFP mean
fluorescence intensity (MFD (FIG. 86B), % D + cells (FIG. 56C), and Dil MFT (FIG.
560}, and T-cell viahility (FIG. S6E).

j¥181] FIG. 574 depicts hydrodynamic diameter {DLS) of Lipid 5 formudations stored at
4C or after storage at -80C; Formulations were frozen either by placing in a -80C freezer or
flash frozen n Liquid Nitrogen. FIG. 578 depicts formulation polvdispersitics {DLS) before

and afier frozen storage.

{G182] FIGS, 88A to 58E depict n vitro T-cell transfection of GFP aRNA and T-cell
viability resulting from Lipid § LNP formulations that were stored at 4C or after storage at -
80 formulations were frozen etther by placing in the -80C freezer or flash frozen in liquid
MNitrogen. % GFP+ cells (FIG. 38A), GFP mean fluorescence mtensity (MFD) (FIG. 388), %
Dil + cells (FIG. 38C), and D1l MFI (FIG. 38B), and T-cell viability (FIG. S58E).

{(4183] FIGS. 3%9A to 89T depict results of in vive reprogramming of immune cells with
CB3-targeted Dil/GFP LNP at the dose of 0.3 mg/kg after 24 or 48h with either BMG, DPG
or BSG-PEG 2.5% or after 24h with cither DPPE or DSPE 1.5 or 2.5%. Each syrbal
represents one mouse. Open circle is CD4+ T cells and open square 1s CD8+ T cells
expressing: %6GFP (FIG. 59A) in blood, (FIG. 59B) o hiver, (FIG. 59C) in lung, (FIG. 59T
i spleen, (FIG. 39E) in bone marrow; GFP MEL (FIG. 59F) 1n blood, (FIG. 59G) n liver,
{FIG. 59H) in hung, (FIG. 5391) n splecn, (FIG. 59)) in bone marrow; % [Ini in (FIG. 59K} in
blood, (FIG. 591 10 hver, (F1G. 59M) 1 fung, (F1G. 59N} m spleen, (FIG. 590) in boune
marrow: Dl MFT (FIG. 599} in blood, (FIG. 59Q) in hver, (FIG. 59R} in lung, (FIG. 598 in

spleen, and (FIG. 59T} in bone marrow.
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{6184} FIGK, 68A to 60T depict results of in vivo reprogramming with CD3, CD8
antitbody/Nanobody targeted Dil/GFP LNP at 0.3 mg/kg of Lipid 5 with either DMG, DPG,
1.5 or 2.5% afier 24h. Each syrobol represents one mouse. Open circle s CD4+ T cells and
open square 1s CD8+ T celis expressing; %6GFP (60A) in blood, (608} in liver, (60C) in lung,
(60D} in spleen, (60E} in bone marrow, GFP MFI {(60F} in blood, (60G) in liver, (60H} in
fung, (601) 1o spleen, {(60F) in bone marrow; % Dil in (60K} in blood, {(60L) 1 liver, {60M)
in fung, (60N) 1o spleen, (600} in bone marrow; Dl MFI (60P) in biood, (600} i liver,
(60R) 1n lung, (608} in spleen, (60T) m bone marrow.

{185] FIGS. 61A to 61T depict results of in vivo reprogrammng with either CDE,
CPBlla, CD4 Nanobody or D4 antibody targeted Dil/GFP LNP at 0.3 mg/kg of Lipid 5 with
gither DMG or DPG, 1.5 % after 24h. Each symbol represents one mouse. Open circle is
CD4+ T cells and open square 1s CD8+ T celis exprossing; %GFP (61A) in blood, (61B)y m
hver, (610} in hung, {6113 in spleen, (61E) in bone marrow; GFP MFT (61F) n blood, (61G)
i biver, (61H) in lung, (611} in spleen, (61F) in bone marrow; % Dl (61K} in blood,
(61L) in liver, (61M) in lung, (61N}t spleen, (610} m bone marrow; Dil MFL(61P) in
blood, (61Q) n liver, (61R) in lung, (615) m spleen, (61T} in bone marrow.

{0186} FIGS. 62A to 625 depict in vivo reprogranuning conparing ionizable Hipids
(DLo-MC3-DMA, Lipid 5 and Lipid 8) with CD3 (hep34) antibody targeted Dil/GFP LNP at
0.1 mg/kg with BPG-PEG, 1.5 % after 24k, Each symbol represents one mouse. Open circle
is UD4+ T cells and open square is CDE+ T cells expressing; %GFP (62A) in blood, (62B) in
tiver, (62C) n lung, (62D) n spleen, (62F) in bone marrow; GFP MFT (62F) in blood, (62G)
m fver, (62H) in lung, (621) 1 spleen, {6213 in bone marrow: % Dil in (62K} in blood,
(621} in liver, (62M) 1n lung, (62N} in spleen, (620} in bone marrow; Dil MFI (62P) in

blood, (624}) in liver, (62R) 1n fung, (628) 1 spleen, (627T) in bone marrow,

{8187} FIGS. 63A to 63T depict in vive reprogranuming with CD7 VHH /Nancbody
targeted DU/GFP LNP at 0.3 mg/kg of Lipid S with cither DMG, DPG, 1.5 or 2.5% afier 24h.
Each symbol represents one mouse. Open circle 1s CD4+ T cells and open square 1s CD&+ T
cells expressing; Y%GFP (63A) in blood, (638} in hver, (63C) in hung, (63D} in spleen, (63E)
o bone marrow; GFP MFL (63F) in blood, (63G) in hiver, (63H) o lung, (531) in spleen,
{633} in bone marrow: % Dil in (63K} in blood, (63L) in biver, (63M) in lung, (63N} in
spleen, (630) in bone marrow; Bil MFI {(63P) in blood, (63Q) 1n liver, (63R) in lung, (6358} in

spleen, (63T) in bone marrow.
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{6188] FIG, 64A depicts %GFP Transfection of co-cudiired T cells and NK cells after
mcubation with targeted LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs or
Nhs post inseried at densitics that gave the highest levels of transfection evaluated. FIG. 648
depicts GFP Expression levels by mean fluorescence intensity {(MFT) co-cultured T cells and
NK after meobation with targeted LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with
Fabs or Nbs post tnserted at densities that gave the highest levels of transtection evaluated.
FIG. 64C depicts %Dl uptake of co-cultured T cells and NK cells after incubation with
targeted LNPs at 2.5 ug/mL mRNA for approximately 24 hirs with Fabs or Nbs post mserted
at densitics that gave the hughest levels of transfection evaluated. FIG. 64D depicts %Dl
uptake levels by mean fluorescence wtensity (MF1) co~cultured T cells and NK after
meubation with targeted LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs or

Nbs post inscried at densities that gave the highest levels of transfection evaluated.

{6189} FIG. 654 depicts SDS-PAGE of SP34-hlam DS (contains WT inter-chain
disulfide) Fab comugates produced by reduction at varying TCEP concentrations prior (o
conjugation. FIG, 658 depicts SDS-PAGE of SP34-hlam NoDS (No inter-chain disulfide,
2.g., Cto S mutation in HC and LC) Fab conjugates produced by reduction at varying TCEP
concentrations prior to conjugation. FIG, 65 depicts R& RP-HPLT chromatograms of
hSP34-hlam DS Fab and Fab conjugate produced with a .025 mM TCEP reduction
condition prior to conjugation. FIG, 65 depicts R RP-HPLC chromatograms of hSP34-
hlam NoDS Fab and Fab conjugates produced with various TCEP reduction conditions prior
to conjugation. FIG. 68K depicts %GFP Transfection of T cells after incabation with targeted
LNPs at 2.5 ug/mb mRNA for approximately 24 hrs with Fabs post inserted at various
densitics. FIG. 65F depicts GFP Expression levels by mean fluorescence intensity (MFDI T
celis after incubation with targeted LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with

Fabs post inserted at various densities.

{6196} FIG. 66A depicts SDS-PAGE of TS2/18.1 and 9.6 {contain WT infer-cham
disufide) Fab conjugates produced by reduction at varving TCEP concentrations prior to
conjugation. Left: TS2/18.1; Right: 9.6 FIG. 668 depicts SDS-PAGE of TS2/18.1, 9.6 and
TRX2 NobDS Fab and Fab conjugates produced by reduction at varving TCEP concentrations
prior to conjugation. FIG, 66C depicts R8 RP-HPLC chromatograms of TSZ/18.1 DS and

MNoDS Fab and Fab conjugate produced with various TCEP reduction conditions prior to
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conjugation. FIG. 661 depicts R8 RP-HPLC chromatograms of 9.6 and TRX2 NoDS Fab

and Fab conjugate produced with vartous TCEP reduction conditions prior to conjugation.

3191} FIG. 67A depicts %GFP Transfection of T cells after incabation with targeted
LNPs at 2.5 vg/mL mRNA for approximately 24 hus with Fabs post inserted at densities that
gave the highest levels of transfoction evaluated. FIG. 678 depicts GFP Expression levels by
mean fluorescence mtensity (MFD T cells after incubation with targeted LNPs at 2.5 ug/mL
mRNA for approximately 24 hrs with Fabs post inserted at densities that gave the highest
levels of transfection evaluated. FIG. 67C depicts IFNy secretion into supernatant from T
celis after incubation with targeted LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with

Fabs post inserted at densities that gave the highest levels of transfection evaluated.

{6192} FI4. 68A depicts %GFP Transfection of T cells after incubation with targeted
LNPs at 2.5 ug/mb mRNA for approximately 24 hrs with Fabs post inserted at densities that
gave the highest levels of transfection evaluated. FIG, 688 depicts GFP Expression levels by
mean fluorescence mtensity {(MFL} of CDE T cells after incubation with targeted LNPs at 2.5
ug/mb mRNA for approximately 24 hrs with Fabs post inserted at densities that gave the

highest levels of transfection evaluated.

{6193} FIG., 69A depicts %GFP Transfection of T cells after incubation with targeted
LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs post inserted individually or
together at the same densities as the single targeted conditions. FIG. 698 depicts GFP
Expression levels by mean fluorescence intensity (MFI) T cells after incubation with targeted
LNPs at 2.5 vg/mL mRNA for approximately 24 hes with Fabs post inserted individually or
together at the sarae densities as the single targeted conditions. FIG. 69C deopicts [FNy
secrefion into supernatant from T cells after incubation with targeted LNPs at 2.5 ug/mL
mBNA for approximately 24 hrs with Fabs post inserted individually or together at the same

densities as the single targeted conditions.

{3194} FIG. 78A depicts %GFP Transfection of T cells afier incubation with targeted
LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs or Fab-ScFv post inserted at
densities that gave the highest levels of transfection evaluated. FIG. 708 depicts GFP
Expression levels by mean fluorescence intensity {MFI} T cells after incubation with targeted
LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs or Fab-ScFv post inserted at

densitics that gave the highest levels of transfection evaluated. FIG. 70C depicts IFNy
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secretion into supermnatant T cells after incubation with targeted LNPs at 2.3 ug/mE mRNA
for approximately 24 hrs with Fabs or Fab-ScFv post inserted at densitics that gave the

highest levels of transfection evaluated.

{3195} FIG. 71A depicts %GFP Transfection of T cells after incubation with targeted
LNPs at 2.5 ug/ml. mRNA for approximately 24 hrs with Fabs post inserted at densities that
gave the highest levels of transfection evaluated. FIG. 718 depicts GFP Expression levels by
mean fluorcscence mtensity (MFE T cells after incubation with targeted LNPs at 2.5 ug/mL
mRNA for approxumately 24 hrs with Fabs post inserted at densities that gave the bighest
levels of transfection evaluated. FIG, T1C depicts IFNy seeretion into supernatant T cells
after incubation with targeted LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs

post inserted at densitics that gave the highest levels of transfection evaluated.

{6196} FI1G., 72A depicts %GFP Transfection of T cells after incubation with targeted
LNPs at 2.5 ug/mL aRNA for approximately 24 brs with Fabs and Nb post inserted at
densitics that gave the highest levels of transfection cvaluated. FIG. 72B depicts GFP
Expression levels by mean fhuorescence intensity {(MFI) T cells after incubation with targeted
LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs and Nb post inserted at
densities that gave the highest levels of transfection evaluated. FIG, 72C depicts IFNy
secrefion into supernatant from T cells after incubation with targeted LNPs at 2.5 ug/mL
mBNA for approximately 24 hrs with Fabs and Nb post inserted at denstties that gave the

highest lovels of transfection evaluated.

{3197} FIG. 73A depicts %GFP Transfection of T cells after incubation with targeted
LNPs at 2.5 ug/ml mRNA for approximately 24 hrs with Fabs and Nb post inserted at
densities that gave the highest levels of transfection evaluated. FIG. 73B depicts GFP
Expression levels by mean fluorescence intensity {MFI} T cells after incubation with targeted
LNPs at 2.5 ug/ml mRNA for approximately 24 hrs with Fabs and Nb post inserted at
densities that gave the highest levels of transfection evaluated. FIG. 73C depicts IFNy
secretion into supernatant from T cells afler incubation with targeted LNPs at 2.5 ug/mbL
mENA for approximately 24 hrs with Fabs and Nb post inserted at densities that gave the

highest lovels of transfection evaluated.

{6198} FIG, 74A depicts 7GFP Transfection of T cells after incubation with targeted
LNPs at 2.5 ug/mL maRNA for approximately 24 brs with Fabs or Nbs post inserted at
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densities that gave the highest levels of transfection evaluated. FIG. 74B depicts GFP
Expression levels by mean fluorescence intensity {MFI} T cells after incubation with targeted
LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs or Nbs post mserted at

densities that gave the highest levels of transfection evaluated.

{6199 FIG. 754 depicts %GFP Transtection of CD8 T cells afier incubation with
targeted ENPs at 2.5 ug/mb mRNA for approximately 24 hrs with Fabs or Nbs post inserted
at densities that gave the highest lovels of transfection evaluated. FIG, 758 depicts %GFP
Transfection of CD4 T cells after incubation with targeted LNPs at 2.5 ug/mbL mRBNA for
approxumately 24 hrs with Fabs or Nbs post inserted at densities that gave the highest levels
of transfection evaluated. FEG, 78C depicts GEFP Expression levels by mean flusrescence
wtensity (MFT) CD8 T cells aftor mcubation with targeted LNPs at 2.5 ug/mb mRNA for
approximately 24 hrs with Fabs or Nbs post inserted at densities that gave the tughest levels
of transfection evaluated. FIG. 73D depicts GFP Expression levels by mean fluorescence
mtensity {MFI) CD4 T cells after incubation with targeted LNPs at 2.5 ag/mb mRNA for
approxtmately 24 hrs with Fabs or Nbs post inserted at densitics that gave the highest levels

of transfection evaluated.

{6204} FIG. 764 depicts %GFP Transfection of T cells afier mcubation with targeted
LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs and Nb post inserted at
densities that gave the highest levels of transfection evaluated. FIG. 76B depicts GFP
Expression levels by mean fluorescence intensity {MFI} T cells after incubation with targeted
LNPs at 2.5 pg/mL mRNA for approximately 24 hrs with Fabs and Nb post inserted at

densitics that gave the highest levels of transfection evaluated.

{6201} FI4. 77A depicts %GFP Transfection of T cells after incubation with targeted
LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs and Nb post inserted at
densities that gave the highest levels of transfection evaluated. FIG. 77B depicts GFP
Expression levels by mean tluorescence intensity (MFI) T cells afier incubation with targeted
LNPs at 2.5 pg/mL mRNA for approximately 24 hrs with Fabs and Nb post inserted at

densities that gave the highest levels of transtection evaluated.

{6202} FIG., 78A depicts %GFP Transfection of T cells after incubation with targeted
LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs and Nb post inserted at

densitics that gave the highest levels of transfection evaluated. FIG. 78B depicts GFP
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Expression levels by mean fluorescence intensity {MFI} T cells after incubation with targeted
LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs and Nb post inserted at

densitics that gave the highest levels of transfection evaluated.

{30203} FIG. 79A depicts %GFP Transfection of T cells after incubation with targeted
LNPs at 2.5 ug/ml. mRNA for approximately 24 hrs with Fabs post inserted at densities that
gave the highest levels of transfection evaluated. FIG. 798 depicts GFP Expression levels by
mean fluorcscence mtensity (MFE T cells after incubation with targeted LNPs at 2.5 ug/mlL
mRNA for approxtmately 24 hrs with Fabs post inserted at densities that gave the bighest
levels of transfection evaluated. FIG. T9C depicts IFNy seeretion into supernatant T cells
after incubation with targeted LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs

post inserted at densitics that gave the highest levels of transfection evaluated.

{6204} FIG. 80A depicts %GFP Transfection of CD8 T cells after incubation with
targeted LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs or Nbs post inserted
at densities that gave the highest levels of transfection evaluated. FIG. 88B depucts %GFP
Transfection of CD4 T cells after incobation with targeted LNPs at 2.5 ug/mb mRNA for
approximately 24 hrs with Fabs or Nbs post inserted at densities that gave the highest levels
of transtection evaluated. FIG, 808C depicts GFP Expression levels by mcan fluorescence
mtensity (MFT) CDE T cells after ncubation with targeted LNPs at 2.5 ug/mEL mRNA for
approximately 24 hrs with Fabs or Nbs post inserted at densities that gave the highest levels
of transfection evaluated. FIG. 80D depicts GFP Expression levels by mean fluorescence
mitensity (MFI CD4 T cells after incubation with targeted LNPs at 2.5 ug/mbL mRNA for
approximately 24 hrs with Fabs or Nbs post inserted at densities that gave the highest levels
of transfection evaluated. FIG, 8GE depicts IFNy sceretion unto supernatant T cells after
mcubation with targeted LNPs at 2.5 ug/mEL mBRNA for approximately 24 hrs with Fabs post

mserted at densities that gave the highest levels of transfection evaluated,

{(0205] FIG. 81 A depicts %GFP Transfection of T cells after incubation with targeted
LNPs at 2.5 pg/mL mRNA for approximately 24 hrs with Fabs or Nbs post inserted at
densities that gave the highest levels of transfection evaluated. FI1G., 818 depicts GFP
Expression levels by mean fluorescence intensity (MFY) T cells after incubation with targeted
LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs or Nbs post inserted at
densities that gave the highest levels of transfection evaluated. FIG, 81C depicts IFNy

secretion from T cells after incubation with targeted ENPs at 2.5 ug/mb mRNA for
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approximately 24 hrs with Fabs or Nbs post inserted at densities that gave the highest levels

of transfection evaluated.

{32006} FIG. 82A depicts %GFP Transfection of T cells after incabation with targeted
LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs or Nbs post inserted at
densities that gave the highest levels of transfection evaluated. FI1G, 828 depicts GFP
Expression levels by mean fluorescence intensity (MFI) T cells after incubation with targeted
LNPs at 2.5 ug/mL mRNA for approximately 24 hrs with Fabs or Nbs post inserted at
densitics that gave the highest levels of transfection evaluated. FIG. 82C depicts TFNy
secretion from T cells afler incubation with targeted LNPs at 2.5 ug/mL mBNA for
approximately 24 hrs with Fabs or Nbs post inserted at densities that gave the highest levels

of transfection cvaluated.

{6207} FIG. 83A depicts hvdrodynanic diameter (DLS) of Lipid 2, Lipid 6, Lipid 12 and
Lipid 13 prior to and after antibody conjugate msertion. FIG, 838 depicts polydispersity
(DILS) prior to and after antibody conjugate insertion. FIG. 83C depicts LNP surface charge
{(Zeta Potential, DLS) prior to antibody conjagate insertion in pH 5.5 MES and pH 7.4

HEPES buffer. FI(. 83D depict the percent accessible RNA and total RNA content (ng/mb}.

{6208} FIGS, 84A to 84F depict in vitrog T-cell transfection of GFP mRNA using Lipid
2, Lipid 6, Lipid 12 and Lipid 13 derived LNPs, % GFP+ cells (FEG. 84A), GFP mean
fluorescence ntensity (MFET) (FIG. 84B), % Dnl + cells (FIG. 840, and il MFI (FIG.
84D}, and T-cell viability (FIG. 84E).

{6269] FIGK. 85A to B5E depict in vitro T-cell transfection of GFP mRNA using Lipid
2, Lipid 6, Lipid 12 and Lipid 13 derived LNPs, % GFP+ cells (FEG, 85A), GFP mean
fluorescence intensity (MF1) (FIG. 83B), % Dil + celis (FIG, 85C), and Dl MFI (FIG,
851}, and T-cell viability (F1G. 85E).

DETAILED DESCRIPTION
{0216} The mvention provides onizable cationic lipids, lipid-immune cell targeting group
conjugates, and fipid nanoparticle compositions comprising such onizable cationic lipids
and/or lipid-tmmune cell (e.g., T-cell) targeting group conjugates, medical kits containing

such hipids and/or conjugates, and methods of making and using, such lipids and conjugates.
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{6211} The practice of the present invention emplovs, unfess otherwise indicated,
conventional techniques of organic chemistry, pharmacology. ccll biclogy, and biochemistry.
Such techniques are explained in the literature, such as in “Comprehensive Organic
Synthesis” (B.M. Trost & L Fleming, eds., 1991-1992); “Current protocols in molecular
biology™ (F.M. Ausubel ef ¢/ | eds., 1987, and periodic updates); and “Current protocols in
immunofogy” (JL.E. Coligan er af | eds., 1991}, each of which is herein incorporated by
reference in tts entrety. Various aspects of the tnvention are set forth below in sections;
however, aspects of the mvention described n one particular section are not to be himed to

any particular section.

{. DEFINITIONS

{6212} To facilitate an understanding of the present invendion, a number of terms and

phrases are defined below.

{1213} Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
mvention belongs. The abbroviations used herein have their conventional meaning within the
chemical and biological arts. The chemical structures and forrulae 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 1s a diradical, for cxample, it is understood a that the
chemical groups can be bonded 1o their adjacent atoms in the remainder of the structure in
one or both orientations, for example, ~-OC(0}- is mterchangeable with -C{OY0- or -O0CS8)- 15

mterchangeable with -C(8)(0-.

{6214} The terms “a” and “an” as used herein mean “one or more” and include the plural

uniess the context is inappropriate.

{1215} The term “alkyl” as used herein refers to a saturated straight or branched
hvdrocarbon, such as a straight or branched group of 112, 110, or 1-6 carbon atoms, referred
to heremn as C1H-Cl2atkyl, C1-Clalkyl, and C1-Coalkyl, respectively. Exemplary alkyl
groups include, but are not Himited to, methyl, ethyl, propyl, isopropyl, 2-methyl-1-propvl, 2-
methyvl-Z-propyl, Z-methyl-1-butyl, 3-methyi-T-butyl, 2-methyvi-3-butyl, 2,2-dimethyl-1-
propyl, Z-methyl-1-pentyl, 3-methvi-i-pentyvl, 4-methyl-1-pentyl, 2-methyl-2-pentyl, 3~
methyl-2-pentyvl, 4-methyl-Z-pentyl, 2.2-dimethyl-1-butyl, 3,3-dimethyl-1-butyl, 2-ethyl-1-

butyl, butyl, isobutyl, t-butyl, pentyl, isopentyl, necopentyl, hexyl, heptyl, octyl, ete.
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{8216} The term “alkyviene” refers to a diradical of an alkyl group. An exemplary

alkylene group 1s ~CHZCHZ-.

#2173 The term “haloalkyl” refers to an alkyvl group that is substitated with at least one
halogen. For example, ~-CHZF, -CHF2, -CF3, -CH2CF3, -CF2CF3, and the hike.

{6218] The term “oxo™ is art-recognized and refers to a “=0" substituent. Forexample, a

cvelopentane substitited with an oxo group 1s cvelopentanone.

{6219 The torm “morpholinyl” refers 1o a substituent having the structure of

0
ye)

{6220} The term “pipenidinyl” refers to a substituent baving a structure of!

A

{6221} In general, the torm “substituted”, whether preceded by the teom “optionally” or
not, means that one or more hvdrogens of the designated moiety are replaced with a suitable
substituent. Usnless otherwise indicated, an “optionally substituted” group may have a
suitable substituent at cach 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 cither 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, an
optional substituent may be selected from the group consisting of Crealkyl, cvano, halogen, -
O-Crsalkyl, Crshaloalkyl, Caooycloalkyl, 3-7 membered heterocyelyl, 5-6 membered
heteroaryl, and phenyl, wherein R? is hydrogen or Crsalkyl. In some embodiments, an
optional substituent may be selected from the group consisting of: Cisalkyl, halogen, ~0-C.

salkvl, and ~-CHoN(Ra), wherein R? 1s hydrogen or Crcalkyvl

{6222] The term “haloalkyl” refers to an atkyl group that is substuuted with at least one

halogen. For example, ~-CHeF, -CHF2, -CFs, -CHRCF3, -CF2CF3, and the like.
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{6223] The term “eycloalkyl” refers to a monovalent saturated cyelic, bicyelic, bridged
cyelic {¢.g., adamantyl), or spiroeyclic hydrocarbon group of 3-12, 3-8, 4-%, or 4-6 carbons,
referred 1o herem, ¢.g., as "Cascycloalkyl,” derived from a cyeloalkane. Exemplary
cycloalkyl groups include, but are not imited to, cyclohexanes, cvelopentanes, cyclobutanes
and cyclopropanes. Unless specified otherwise, cycloalkyl groups are optionally substituted
at one or more ring positions with, for example, alkanoyl, alkoxy, alkyl, haloalkyl, alkenyl,
atkynyl, amido, amidine, anuno, arvl, arvlalkyl, azido, carbamate, carbonate, carboxy, cyano,
cvcloalkyl, ester, ether, formyl, halogen, haloalkyl, heteroaryl, heterocyelyl, hydroxyl, imino,
ketone, nitro, phosphate, phosphonato, phosphinato, sulfate, selfide, sulfonamido, sulfonyl or
thiocarbony!. in certain embodiments, the eyvcloalkvl group is not substituted, 1.¢, i is

unsubstituted.

{6224] The terms “heterocyelyl” and “heterocyelic 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 stractures inchude one to four heteroatoms, such ag
nitrogen, oxvgen, and sulfur. The mumber of ring atoms m the heterocyelyl group can be
specified using Cx-Ux nomenclature where x 1s an mieger specifving the number of ring
atoms. For example, a (a-Crheterocyelyl 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 heterocyelic ring contains a
total of from 3 to 7 ring atoms, inclusive of any heteroatoms that occupy a ring atom position.
One example of a Csheterocvelyl is aziridinyl. Heterocycles may be, for example, mono-, bi-
, or other multi-cyclic ring systerns {(e.g., fused, spiro, bridged bicyclic). A heterocyele may
be fused to one or more aryl, partially unsaturated, or saturated nings. Heterocvelvl groups
mclade, for example, biotinyl, chromenyl, dihydrofuryl, dihydroindolyl, dihydropyranyl,
dibydrothienyl, dithiazolyl, homopiperidinyl, imidazolidinyl, isoquinolyl, isothiazolidinyl,
isooxazolidinyl, morpholinyl, oxelanyl, oxazolidinyl, phenoxanthenyl, piperazinyl,
piperidinyl, pyranyl, pyrazohidinyl, pyvrazolinyl, pyridyl, pyrimidinyvl, pyrrolidinyl, pyrrolidin-
2-onvl, pyrrolinyl, tetrahydrofaryl, tetrahydroisogquinolyl, tetrabydropyranyl,
tetrabydroguinelyl, thiazolidinyl, thiolanyl, thiomorpholinyl, thiopyranyl, xantheayl,
lactones, lactaros such as azetidinones and pyrrolidinones, sultams, sultones, and the like.
Unless specified otherwise, the heterocyelic ring is optionally substituted at one or more
positions with substituents such as alkanovl, alkoxy, alkyl, alkenyl, alkynyl, amido, amidino,

amino, arvl, arvlalkyl, azido, carbamate, carbounate, carboxy, cvano, cycloalkvl, ester, cther,
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formyl, halogen, haloalkvl, heteroaryl, heterocvelvl, hvdroxyl, imino, ketone, nitro, oxo,
phosphate, phosphonato, phosphinato, selfate, sulfide, sutfonamido, sulfonyl and
thiocarbonyl. In certain emboduments, the heterocyclyl group ts not substituted, 1.¢., it1s

unsubstituted.

{6225} The torm “aryl” s art-recognized and refers to a carbocyclic aromatic group.
Representative aryl groups include phenyl, naphthyl, anthracenyl, and the bke. The term
“aryl” includes polycyclic ring systems having two or more carbocyclic rings in which two or
more carbons are coramon fo two adjoining rings (the rings are “fused rings”) wherein at
least one of the rings 1s aromatic and, e.g., the other ring(s) may be cycloalkyis,
cycloalkenyls, cyveloalkynyls, and/or aryls. Unless specified otherwise, the aromatic ring may
be substituted at one or more ring positions with, for example, halogen, azide, alkyl, aralkyl,
alkenyl, alkynyl, cycloalkyl, hydroxyl, atkoxyl, anino, nitro, sulthvdryl, imino, amido,
carboxylic acid, -C{Oalkyl, COralkyl, carbonyl, carboxyl, alkyithio, selfonyl, sulfonamido,
sulfonamide, ketone, aldehyde, ester, heterocyclyl, aryl or heteroaryl moteties, -CFs, -CN, or
the hike. In certain emboduments, the aromatic ring is substituted at one or more ring
positions with halogen, alkyl, hyvdroxyl, or alkoxyl. Tn certain other embodiments, the
aromatic ring is not substituted, i.¢., it is unsubstituted. In certain embodiments, the arvl

group is a 6-10 membered ring structure.

{8226} The term “heteroaryl™ is ari-recognized and refers to aromatic groups that include
at feast one ring heteroatom. In certain instances, a heteroaryl group contains 1, 2, 3, or 4
ring heteroatoms. Representative examples of heteroaryl groups include pyrrolyl, furanyi,
thiophenvl, imidazolyl, oxazolvl, thiazolyl, triazolyl, pyrazolyl, pyndimyl, pyrazinyl,
pyridazinyl and pyrinudinyl, and the fike. Unless specified otherwise, the heteroaryi ring
may be substituted at one or more ring positions with, for example, halogen, azide, alkyl,
aralkyvl, alkenvl, atkvnyl, evcloalkyl, hydroxyl, alkoxyl, amino, mitro, sutfhydrvl, imino,
amido, carboxylic acid, T{Oalkyl, -COaalkyl, carbonyl, carboxyl, alkylthio, sulfonvl,
sulfonamido, sulfonamide, ketone, aldehvde, ester, heterocyelyl, arvl or hetercaryl maoictics, -
CFs, -CN, or the like. The term “heteroarvl” also includes polycyclic ring systerns having
two or more rings in which two or more carbons are conunon to two adjoining rings (the
rings are “fused rings”} wherein at least one of the rings is hetercaromatic, ¢.g., the other
cyclic rings roay be cycloalkvls, cyvcloalkenyls, eyveloalkyovls, and/or arvils. In certan

embodiments, the heteroaryl ring is substituted at one or more ring positions with halogen,
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alkvl, hydroxvl, or alkoxyl. In certain other embodiments, the heteroaryl ring is not
substituted, i.¢., it is unsubstituted. In certain embodiments, the hetercaryl group is a 5- 1o
10-membered ring structure, alternatively a 3~ to 6-mernbered ring structure, whose ring

stracture inchudes 1, 2, 3, or 4 heteroatoms, such as nitrogen, oxvgen, and sulfur.

{6227 The torms “anine” and “anuno” are art-recognized and refer to both unsubstituted
and substituted amines, ¢.g., a moiety represented by the general formala ~-NRWHRM),
wherein R and R'! cach independently represent hydrogen, alkyl, cycloalkyl, heterocyelyl,
alkeny!, arvl, aralkvl, or {CH2)w-R'%; or R and R, taken together with the N atom to which
they are attached complete a heterocycle having from 4 to 8 atorss in the ring structure; R1?
represents an arvl, a cycloalkyl, a cycloatkenyl, a heterscycle or a polveycle; and m is zero or
an integer in the range of 1 to 8. In certain embodinments, R'C and RY cach independently

represent hydrogen, alkyl, alkenvl, or -{(CHzjm-R12.

{0228} The terms “alkoxy!” or “alkoxy” are art-recognized and refer to an alkyl group, as
defined above, having an oxvgen radical attached thereto. Representative alkoxyl groups
mclode methoxy, ethoxy, propyloxy, tert-butoxy and the like. An “ether” is two
hvdrocarbons covalently linked by an oxvgen. Accordingly. the substituent of an alkyl that
renders that alkyl an ether is or resembles an alkoxyl, such as may be represented by one of -
0-alkvl, -O-alkenyl, O-alkynyl, -0-(CHz)n-R'?, where m and R'? are described above. The
ternt “haloalkoxyl” refers to an alkoxyl group that is substituted with at least one halogen.
For example, ~O-CH:F, -O-CHF;, -0-CF;, and the like. In certain embodiments, the
haloalkoxy! 1s an alkoxyl group that is substituted with at least one fluoro group. In certan
embodiments, the halcatkoxyl i3 an alkoxyl group that is substituted with from 1-6, 1-3, 1-4,

24, or 3 fluore groups.
{6229} The symbol e 7 indicates a point of attachment.

{3236} The compounds of the disclosure may contain one or more chiral centers and/or
double bonds and, therefore, exist as sterecisomers, such as geometric isomers, enantiomers
or diastercomers. The term “stercoisomers” when used herein consist of all geometric
isomers, enantiomers or diastereomers. These compounds may be designated by the symbols
“R”or °S,” depending on the configuration of sabstituents arcund the stercogenic carbon
atom. The present mvention encompasses various stereoisomers of these compounds and

mixtures thereof Stereoisomers mclude enantiomers and diastereomers., Mixtures of
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enantiomers or diastereomers may be designated “(4)” in nomenclature, but the skilled
artisan will recognize that a structure may denote a chiral center implicitly. It is understood
that graphical depictions of chemical structures, ¢.g., generic chemical structures, cocompass

all stereoisomeric forms of the specified compounds, unless indicated otherwise.

{6231} Individual stercoisomers of compounds of the present invention can be prepared
synthetically from commercially available starting materials that contain asymmetric or
stereogenic conters, 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
mixtare of diastereomers by recrystallization or chromatography and liberation of the
optically pure product from the auxiliary, (2) salt formation emploving an optically active
resolving agent, or (3} direct separation of the mixture of optical enantiomers on chiral
chromatographic columns. Stercoisomeric mixtures can also be resolved into their
component sterecisomers by well-known methods, sach as chiral-phase gas chromatography,
chiral-phase high performance liquid chromatography, crystallizing the compound as a chiral
salt complex, or erystallizing the compound in a chiral solvent. Further, enantiomers can be
separated using supercritical fluid chromatographic (SFC) techniques described in the
titeratare. Still further, stercoisomers can be obtained from stereomerically-pure

mtermediates, reagends, and catalysts by well-known asyrometric syothetic methods.

{6232} Geometric isomers can also exist in the compounds of the present invention. The
T denotes a bond that may be a simgle, double or triple bond as desceribed herein.
The present invention encompasses the various geometric isomers and mixtures thereof
resulting from the arrangement of substituents arcund a carbon-carbon double boad or
arrangement of substituents around a carbocyclic ring. Substituents around a carboun-carbon
double bond are designated as being wn the “Z7 or “£” configuration wherein the teoms “727
and “F7 are used in accordance with [UPAC standards. Unless otherwise specified,

structures depicting double bonds encompass both the “E 7 and 7 isomers.

{6233} Substituents around a carbon-carbon double bond aliernatively can be referred to
as “cis” or “trans,” where “cis” represents substituents on the same side of the double bond
and “trans” represents substituents on opposite sides of the double bond. The arrangement of
substituents around a carbocyclic ring are designated as “cis” or “trans.” The term “cis”

represents substituents on the same sude of the plane of the ring and the term “trans”
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represents substituents on opposite sides of the plane of the ring. Mixtures of compounds
wherein the substituents are disposed on both the same and opposite sides of plane of the ring

are designated “cisftrans.”

{30234} The invention also embraces isotopically labeled compounds of the invention
which are identical 1o those recited herein, except that one or more atoras are replaced by an
atom having an atomic mass or mass number different from the atomic mass or mass number
usually found in nature. Examples of isotopes that can be incorporated imto compounds of
the invention include 1sotopes of hvdrogen, carbon, nitrogen, oxygen, phosphorus, fluorine

and chlorine, such as *H, #, *C, YC, PN, B0, 70, 3P, P, ¥8, I8F and (1, respectively.

{6238} Certain isotopicaily-labeled disclosed compounds {e.g., those labeled with 3H and
14C) are useful in compound and/or substrate tissue distnbution assays. Tritiated (i.¢., 3H})
and carbon-14 (i.¢., 14C) isotopes are particularly preferred for their case of preparation and
detectability. Further, substitution with heavier isotopes such as deuterium (i, 2H) may
afford certain therapeutic advantages resulting from greater metabolic stability (e g.,
mcreased i vivo half-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 procedurcs analogous to those disclosed in, ¢.g., the Examples herein

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

{3236} 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, porcings, canines, felines, and the like), and more

preferably humans.

{6237} As used herein, the term “pharmaceutical composition™ refers to the combination
of an active agent with 3 carrier, mert or active, making the composition gspecially suitable

for diagnostic or therapeutic use i Vivo or ex vivo.

{6238} As used berein, 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 gil/water or water/oil emulsions), and various types of wetting
agents. The compositions also can melude stabilizers and preservatives, For examples of
carriers, stabilizers and adjuvants, sce Remington's The Science and Practice of Pharmacy,
21st Edition, A. R. Gennaro, Lippincott, Williams & Wilking, Baltimore, MD, 2006,
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{6239} As 1s known to those of skill in the art, “salts” of the compounds of the present
mvention may be derived from inorganic or organic acids and bases. Examples of acids
nclude, but are not hnuted to, hyvdrochloric, hvdrobromic, sulfuric, nitrie, perchloric,
fumaric, maleic, phosphoric, glveolic, lactic, salicvlic, suceinic, toluene-p-sulfonic, tartaric,
acetic, citric, methanesulfonic, cthanesalfonic, formic, benzoic, malonic, naphthalene-2-
sulfonic, benzenesulfonic acid, and the like. Other acids, such as oxalic, while not in
themselves phammaceutically acceptable, may be emploved in the preparation of salts useful
as intermediates in obtaining the compounds of the imvention and their pharmaceutically

acceptable acid addition salts.

j#2498] Examples of bases inchde, but are not limited fo, alkali metal {e. 2., sodium}
hydroxides, alkaline carth metal {e.g., magnesium} hydroxides, anunonia, and compounds of

formula NW5', whercin W is Cr4 alkyl, and the like.

{0241} Examples of salts include, but are not Himited to: acetate, adipate, alginate,
aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, citrate, camphorate,
camphorsulfonate, cyclopentanepropionate, dighiconate, dodecvylsulfate, ethanesulfonate,
fumarate, fluccheptanoate, glveerophosphate, hemisulfate, heptanoate, hexanoate,
hydrochlonide, hydrobromide, hydrotodide, 2-hydroxyethanesulfonate, lactate, maleate,
methanesulfonate, 2-naphthalencsulfonate, nicotinate, oxalate, palmoate, pectinate,
persulfate, phenvipropionate, picrate, pivalate, propionate, suceinate, tartrate, thiocyvanate,
tosylate, undecanoate, and the like. Other examples of salts inclade anions of the compounds
of the present invention compounded with a suifable cation such as Na®, NHs", and NW4™

(wherein W is a Ci4 alkyl group}, and the like.

{6242} Abbreviations as used herein include dusopropylethylamine (DIPEA); 4-
dimethylaminopyvridine {DMAP); tetrabutylammoniom iodide (TBAI), t-ethyl-3-(3-
dimethylaminopropybicarbodimide (EDC); benzotriazol-1-vi-oxyiripyrrolidinophosphonium
hexattuorophosphate (PyBOP), 9-Fluorenylmethoxycarbooyl (Fmoc), tetrabutyldimethylsilvl
chloride (TBDMSCI), hvdrogen fluonde (HF), phenvl (Ph), bis{tnimethylsivhamine
(HMDS), dimethylformamide (DMF); methylene chloride (DUM); tetrahydrofuran {THF);
high-performance liquid chromatography (HPLC); mass spectrometry {(MS), evaporative
hight scattering detector (ELSD), electrospray (ES)); nuclear magnetic resonance

spectroscopy (NMR).
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{6243] As used herein, the term “effective amount” refers to the amount of a compound
{e.g., anucleic acid, e.g. an mRNA} sufficient to effect beneficial or desived results. An
effective amount can be administered in one or more administrations, applications or dosages
and is not intended to be hmited to a particular formulation or administration route. The term
effective amount can be considered to include therapeutically and/or prophylactically

gffective amounts of a compound.

{6244} ‘The phrase "therapeutically effective amount” as used herein means that amount
of a compound {e.g., anucleic acid, ¢.g., an mRNA}, matenal, or composition comprising a
compound {e.2.. anucleic acid, e.g., an mRNA) which is effective for producing some
desired therapeutic effect in at least a sub-population of cells in a mammal, for example, a
human, or a subject {e.g., a human subject} at a reasonable benefit/risk ratio applicable to any

medical treatment.

{0245] The phrase "prophylactically effective amount” as used hercin means that amount
of a compound (e.g., anucleic acid, e.g., an mRNA}, material, or composition comprising a
compoond {e.g., a nucleic acid, e.g., an mRNA} which is effective for producing some
desired prophylactic effect in at least a sub-population of cells in a mammal, for example, a
human, or a subject {e.g., a human subject} by reducing, minimizing or clinunating the risk of
developing a condition or the reducing or minimizing severity of a condition at a reasonable

benefit/risk ratio applicable to any medical treatment.

EENTS

3246} As used herein, the terms “treat,” “treating,” and “treatment” inchude any effect,
e.z., lessening, reducing, modulating, ameliorating or elinminating, that results in the
improvement of the condition, discase, disorder, and the like, or ameliorating a symptom

thereof.

{0247} The phrase "pharmaceutically acceptable” is emploved herein to refer to those
compounds, matenials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of hwman beings and
antmals without excessive toxicity, irrttation, allergic response, or other problem or

complication, commensurate with a reasonable benefit/risk ratio,

{3248} In the application, where an element or component is said o be included m and/or
selected from a hist of recited elements or components, it should be understood that the

element or component can be any one of the recited elements or components, or the element
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or component can be selected from a group consisting of two or more of the recited elements

or COI’BpOI’iCE}tS

3249} Further, it should be understood that elements and/or features of a composition or
a method described herein can be combined in a variety of ways without departing from the
spirtt and scope of the present invention, whether explicit or implictt heren. For example,
where reference is made to a particalar compound, that compound can be used in various
cmbodiments of compositions of the present invention and/or in methods of the present
mvention, unless otherwise understoond from the context. In other words, withun 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 prosent
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 mvention(s} described and depicted

herein.

3250} It should be understood that the expression “at least one of 7 includes individually
cach 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 cxpression
“and/or” in connection with three or more recited objects should be understood to have the

same meaning unless otherwise understood from the context.

o el

jB251] The use of the term “include.” “inclades,” “mncluding,” “have,” “has,” “having,”

>

“contain,” “contains,” or “containing,” including grammatical equivalents thereof, should be
understood generally as open-ended and von-hmiting, for example, not excluding additional
unreciied elements or steps, unless otherwise specifically stated or understood from the

context.

j3252] Where the use of the term “abowt” is before a quantitative value, the present
mvention also include the specific quantitative value itself, unless specifically stated
otherwise. As used herein, the term “about” refers to a =10% vanation from the nominal

value unless otherwise indicated or mnferred.

{6253} As used herein, unless otherwise indicated, the term “antibody” means any
antigen-binding molecule or molecular complex comprising at least one complementarity
determining region (CDR) that specifically binds to or interacts with a particudar antigen. It is
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understood the term encompasses an intact antibody {e.g., an intact monoclonal antibody), or
a fragment thereof, such as an Fe fragment of an antibody {e.g.. an Fc fragment of a
monoclonal antibody), or an antigen-binding fragment of an antibady {e.g., an antigen-
binding fragment of a monoclonal antibody), including an mtact antibody, antigen-binding
fragment, or Fe fragment that has been modified or engineered. Examples of antigen-binding
fragments include Fab, Fab’, (Fab’):, Fv, single chain antibodies {e.g., scFv), minibodies, and
diabodies. Examples of antibodies that have been modified or cugincered mclude chimeric
antibodies, humanized antibodies, and multispecific antibodies (e.g., bispecific antibodies).
The term also encompasses an immunoglobulin single vartable domain, such as a Nanobody

{c.g., a Vau).

{6254] As used here, an “antibody that binds to X7 (1.c., X being a particular antigen}, or

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

{3255] As used herein, a “buried interchain disulfide bond” or an “intercham buried
disulfide bond” refers to a disulfide bond on a polyvpeptide which s not readily accessible to
water soluble reducing agents, or effectively “buried” in the hydrophobie regions of the
polypeptide, such that it is unavailable to both reducing agents and for conjugation to other
hydrophilic PEGs. Buried mnterchain disuttide bonds are further described in

WO2017096361A 1, which is incorporated by reference in 1ts entirety.

{1256} As used herein, specificity of the targeted delivery by an LNP is defined by the
ratio between % of a desired immmane cell type that receives the delivered nucleic acid (e g,
on-target delivery), and % of an undesired immune cell type that is not meant o be the

destination of the delivery, but receives the delivered nucleic acid {e.g., off-target dehivery}.
For example, the specificity is higher when more desired immune cells receive the delivered
nucleic acid, while less undesired immune cells receive the delivered nacleic acid. Specificity
of the targeted delivery by an LNP can also be defined the ratio of amount of nucleic acid
being dehivered to the destred munune cells {e.g., on-target delivery) and amount of nucleic
acid being dehivered to the undesired imnume 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 tamune cell type can be measured and
compared to that of a different immune cell type that is not meant to be the destination of the

delivery.
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{6257} 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 embodiments, a reference LNP is an LNP that bas a different ionizable cationic lipid
but 15 otherwise the same as the tested LNP. In some embodiments, a reference LNP
comprises D-Lin-MC3-DMA as the tonmizable cationic hpid which is different from the

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

{6258} As used herein, a humanized antibody s 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 posttion{(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 antibodics produced naturally in humans, in order to avoid or minimize an immune
response i humans. For example, using techmigues of genctic engincering, the variable
domains of a non-human antibodies of nterest may be combined with the constant domains
of haman antibodies. The constant domains of a humanized antibody are most of the time

buman CH and CL. domains.

{6259} As used herein, the term “structural lipid” refers to sterols and also to lipids

containing sterol moicties.

{6268 It should be understood that the order of steps or order for performing certain
actions 13 immaterial so long as the present invention remain operable. Moreover, two or

more steps or actions may be conducted simultancously.

{8261} At various places in the present specification, substituents are disclosed 1 groups
or in ranges. It is specifically intended that the deseription inclade cach and every individual
subcombination of the members of such groups and ranges. For example, the term “Cre
alkvl” is specifically intended to individually disclose Ci, Co, Cs, Ca, Cs, Ce, C1-Cs, Ci-Cs,
Ci-Ca, C1-Cs, C1-Ca, 02-Ce, Cals, Cala, C2Cs, C3Cs, G3Cs, C:Ca, Cale, Cals, and CsCs alkyl
By way of other examples, an integer in the range of 0 to 40 is specifically intended to
individually disclose 0, 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,

22,23,24,25,26,27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, and 40, and an integer in

. A,

>

the range of 1 to 20 s specifically mtended to individually disclose 1, 2.3, 4,5, 6,7, 8, 9, 14,

11,12, 13, 14, 15, 16, 17, 18, 19, and 20.

L
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{8262} The use of any and all examples, or exemplary language herein, for example,

>

“such as” or “including,” is mtended mercly to illustrate better the present invention and does
not pose a linutation on the scope of the invention unless claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the

practice of the present mvention.

{6263} Throughout the description, where compositions and kits are described as having,
mehuding, or comprising specific components, or where processes and methods are described
as having, mcluding, or comprising specific steps, it is contemplated that, additionally, there
are compositions and kits of the present imvention that consist essentially of, or consist of, the
recited components, and that there are processes and methods according to the present

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

{8264} As a general matter, compositions specifying a percentage are by weight anless
otherwise specified. Further, if a variable is not accompanted by a definition, then the

previous definition of the variable controls.

Impunoglobulin single variable domain

{6265} In some embodiments, the imimune cell targeting group of the LNPs as described

herein comprise an immunoglobuhin single variable domain, such as an Nanobody.

{1266} The term “immunoglobulin single variable domain”™ (ISV), interchangeably used
with “single variable domain,” defines immunoglobulin molecules wherein the antigen
binding stte is preseot on, and formed by, a single immunoglobulin domain. This scts
immunoglobulin single variable domains apart from “conventional” immunoglobulins (e g,
monoclonal antibodies} or their fragments (such as Fab, Fab’, F(ab™}, scFv, di-scFv),
wherein two immunoglobulin domains, in particular two variable domains, interact to form
an antigen binding site. Typically, in conventional inununoglobulins, a heavy chain variable
domain (Vi) and a hight 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, 1.¢. a total of 6 CDRs will be iovelved i antigen
binding site formation. In view of the above definition, the antigen-binding domam of a
conventional 4-chain antibody {such as an IgQG, IgM, IgA, IgD or IgE molecale; 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
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antibody, would normally not be regarded as an immunoglobulin single vanable domain, as,
in these cases, binding to the respective epitope of an antigen would normally not occur by
one (single) immunoglobulin domain but by a patr of (associating) tramunoglobulin domains
such as Hght and heavy chain vanable domains, i.e, by a Vu-VL pair of imnumnoglobulin

domains, which jomntly bind to an epitope of the respective antigen.

{6267} In contrast, immunoglobuhin single variable domains are capable of specifically
binding to an epitope of the antigen without pairing with an additional mmmunoglobulin
variable domain. The binding site of an immunoglobubin single variable domain is formed by
asmgle Vu, a single Vau or single Vi domain. Hence, the antigen binding site of an
immunoglobulin single variable domain is formed by no more than three CDRs.

{6268} As such, the single vanable domain may be a light cham varable domain
sequence (e.g., a Vi-sequence) or a suitable fragment thereof, or a heavy chain variable
domain sequence {e.g., a Va~sequence or Vun sequence) or a suttable fragment thereof] as
long as it is capable of forming a single antigen binding unit .., a functional antigen
binding unit that essentially consists of the single variable domain, such that the single
antigen binding domain does not need to mnteract with another variable domain to forma

functional antigen binding unit).

{6269] An mmmunoglobulin single variable domain (1SV) can for example be a heavy
chain ISV, such as a Vau, Vi, including a camelized Va or humanized Ve, In one
embodiment, it is a Viy, including 3 camelized Vi or homanized Vum. Heavy chain ISVs can

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

{82764 For example, the immuonoglobulin single vanable 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 forusc asa dAb)ora
Nanobodv® ISV (as defined herein and including but not imited to a Vuu): other single

variable domains, or any suitable fragment of any one thereof.

{8271} In particalar, the tmpnumoglobulin single variable domain may be a Nanchodyv®
ISV (such as a Vuy, ncludiog a homanized Vuy or camelized Vu) or a suitable fragment

thereof. [Note: Nanobody® 15 a registered trademark of Ablyox NV 1
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{6272} “Vuu domains”, also known as Vuus, Vuy antibody fragments, and Vuu
antibodies, have originally been descrnbed as the antigen binding immunoglobulin variable
domain of “heavy chain antibodies” {(i.e., of “antibodies devoid of light chains”; Hamers-
Casterman et al. 1993 (Nature 363: 446-448). The term “Vun domamn” has been chosen n
order to distinguish these variable domains from the heavy chain variable domains that are
present in conventional 4-chain anttbodies (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 domaing™}. For a further description of Vur's, reference
is made to the review article by Muyldermans 2001 (Reviews in Moleaudar Biotechnology

T4 277-302).

{6273} For the term “dAb’s” and “domain antibody”, reference is for example made to
Ward ct 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, WO 2006/003388 and other
published patent applications of Bomantis Lid. It should also be noted that, although less
preferred in the context of the present mvention 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).

{6274} Typically, the generation of mumunoglobulins nvolves the immunization of
experimental animals, fusion of immunoglobelin producing cells to create hybridomas and
screening for the desired specificities. Altematively, immunoglobuling can be generated by

screening of naive, immune or synthetic libraries ¢.g. by phage display.

{6275] The generation of inununoglobulin sequences, such as VHHSs, has been described
extensively in vanous publications, among which WO 1994/04678, Hamers-Casterman ef al.
1993 {Natare 363: 446-448) and Muyldermans et al. 2001 (Reviews i Molecular
Biotechnology 74: 277-302, 2001). In these methods, camelids are immunized with the target
antigen in order to induce an immune response against said target antigen. The repertoire of
VHHs obtained from said immuanization is further sereened for VHHs that bind the target

antigen.

{6276} In these mstances, the generation of antibodies requires purified antigen for

immunization and/or screening. Antigens can be purified from natural sources, or in the
g=] & »
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course of recombinant prodaction. Immunization and/or screening for immunoglobulin

sequences can be performed using peptide fragrments of such antigens.

{8277} Immunoglobulin sequences of different origin, comprising mouse, rat, rabbit,
donkey, human and camelid immunoglobulin sequences can be used herein. Also, fully
human, bumanized or chimeric sequences can be used in the method described beren. For
example, camelid immunoglobalin sequences and humanized camelid immunoglobulin
sequences, or camelized domain antibodics, e.g. camelized dAb as described by Ward et al.
1989 (Nature 341: 544), 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 1SVs are
fused forming a mudtivalent and/or maltispecific construct (for muitivalent and maltispecific
polypeptides containing one or more Vau domains and their preparation, reference is also
made to Conrath ¢t al. 2001 (J. Biol. Chem., Vol 276, 10, 7346-7350} as well as to for
example WO 1996/34103 and WO 1999/23221).

{3278} A “humanized Vi comprises an amino acid sequence that corresponds to the
amino acid sequence of a naturally occurring Vi domain, but that has been “humanized”,
i.e. by replacing one or more amino acid residues in the amino acid sequence of said naturally
occourring Vau sequence {(and m particular m the framework sequences) by one or more of the
amino acid residues that occur at the corresponding position(s) in a Vu domain from a
conventional 4-chain antibody from a human being {¢.g. indicated above). This can be
performed in a manner known per se, which will be clear to the skilied person, for example
on the basis of the prior art {e.g. WO 2008/020079). Again, it should be noted that such
humanized Vims can be obtained 10 any suitable manner known per se and thuas are not

strictly limited to polypeptides that have been obtained using a polypeptide that comprises a

naturally occurring VHH domain as a starting material.

{6279} A “camelized Yy~ comprises an amino acid sequence that corresponds to the
amine acid sequence of a naturally occurring Vi dorsain, but that has been “camelized”, Le.
by replacing one or more amino acid residues in the amino acid sequence of a naturally
oocurring Va domwain from a conventional 4-chain antibody by one or more of the amine acid
residucs that occur at the corresponding position(s) in a Vuu domain of a (carelid) heavy
chain antibody. This can be performed 1o a manner known per se, which will be clear to the
skilled person, for example on the basis of the descniption tn the prior art {e.g. Davies and
Riechman 1994, FEBS 339: 285; 1995, Biotechnol. 13: 475; 1996, Prot. Eang. 9: 531; and
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Riechman 1999, | Immunol. Methods 231: 253, Such “camelizing” substitutions are inserted
at amino acid positions that form and/or are present at the Vu-Vi interface, and/or at the so-
called Camelidae balbmark residues, as defined berein (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 Vuisa
Yu sequence from a mammal, such as the Vu sequence of a human being, such as a Vu3
sequence. However, it should be noted that such camelized Vu can be obtained in any
suitable manner known per se and thus are not strictly himited to polypeptides that have been
obtained using a polypeptide that comprises a naturally cccurring Vi domain as a starting

material,

{6289] 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 ("FR17); as “Framework region 27 (“FR2™); as
“Framework region 37 ("FR37}; and as “Framework region 47 {("FR47), respectively; which
framework regions are mterrupted by three complementary determining regions ("CDRs™),
which are referred to n the art and herein as “Complementanty Determining Region 17
(“CDR17); as “Complementarity Determining Region 27 ("CDR27); and as

“Complementarity Determining Region 37 (*CDR3”), respectively.

{6281} In such an immuoenoglobulin 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 hergin.

{6282} ¢ 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
framework sequences may be framework sequences derived from a light chain variable
domain {¢.g. a Vi-sequence} and/or from a heavy chain variable domain {e.g. a Vu-sequence
or Vau sequence). In one particular aspect, the framework sequences are either framework
sequences that bave been derived from a Vuw-sequence (in which said framework scquences
may optionally have been partially or fully humanized) or are conventional Vu sequences that

have been camelized {as defined herein).
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{6283] In particalar, the framework sequences present in the ISV sequence descenbed
herein may contain one or more of hallmark residues (as defined herein), such that the ISV
sequence 1s a Manobodv® 18V, such as ¢.g. a Vun, including a humanized Vaa or camelized
Vu. Non-hmiting examples of (suitable combinations of} such framework sequences will

become clear from the further disclosure herein.

{6284} The total number of amino acid residues n a Vu domain and a Viu domain will
usually be in the range of from 110 to 120, often between 112 and 113, It should however be
noted that smaller and longer sequences may also be suitable for the purposes described

herem.

{6285} However, it should be noted that the ISV described herein is not hinuted as to the
origin of the ISV sequence {or of the nucleotide sequence used to express i), nor as to the
way that the ISV sequence or nucleotide sequence is {or has been) generated or oblained.
Thus, the ISV sequences may be naturally occurring sequences (from any suttable species) or
synthetic or semi-synthetic sequences. In a specific but non-linuting aspect, the ISV sequence
is a naberally cecurring sequence (from any suitable species) or a syuthetic or semi-synthetic
sequence, including but not imited to “humanized” (as defined herein) immumoglobulin
sequences (such as partially or fully bumanized mouse or rabbit tunwnoglobulin sequences,
and 1n particular partially or fully humanized Ve sequences), “camelized” (as defined
herein) immunoglobulin sequences (and i particular camelized Vu seqaences), as well as
18Vs that have been obtained by techniques such as affinity maturation {for example, starting
from synthetic, random or naturally occurring immunoglobulin sequences), CDR grafling,
veneering, combining fragments derived from different immunoglobulin sequences, PCR
assembly using overlapping primers, and similar techniques for engineering inununoglobulin
sequences well known to the skilled person; or any suitable combination of any of the

foregoing.

{3286} Similarly, nucleotide sequences may be naturally occurnng nucleotide sequences
or synthetic or semi-aynthetic 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},
nucleotide sequences that have been isolated from a librarv (and in particular, an expression
hibrary), nucleotide sequences that have been prepared by introducing mutations nto a
naterally occurring nucleotide sequence {using any suitable technique known per s¢, such as

mismatch PCR), nucleotide sequence that have been prepared by PCR using overlapping
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primers, or nucleotide sequences that have been prepared using technigues for DNA synthesis

kanown per se.

{3287} Generally, Nanobody® ISVs {in particular Van sequences, including (partially)
humanized Vaa sequences and camelized Va 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). Thas, generally, a Nanobody® ISV can be

defined as an immunoglobulin sequence with the (general) structure

FR1-CDR1-FR2-CDR2-FR3-CDR3 -FR4
{3288} 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 firther defined herein.

{3289} In particular, a Nanobodv® ISV can be an immunoglobulin sequence with the

{generaly structure

FRI-CDR1-FR2-CDR2-FR3 - CDR3 -FR4
m which FR1 to FR4 refer to framework regions 1 1o 4, respectively, and in which CBR1 t¢
CDR3 refer to the complementarity determining regions 1 to 3, respectively, and in which the
framework sequences are as further defined herein
{3290} More in particular, a Nanobody® ISV can be an immunoglobulin sequence with

the {general) structure

FRI -CDR!-FR2-(CDR2Z - FR3 - CDR3 - FR4
in which FR1 to FR4 refer to framework regions 1 to 4, respectively, and 8 which CDRI
CDR3 refer to the complementarity determining regions 1 to 3, respectively, and m which:
one or more of the amimo actd residues at posttions 11, 37, 44, 45,47, 83, 84, 103, 104 and
108 according to the Kabat numbering are chosen from the Hallmark residues mentioned in
Table 2A below.
Table 2A: Hallmark Residues in Nanobody® ISVs

Position | Human Va3 Hallmark Residues

11 L, V; predomimantly L ESVMWETOGEARGEK Y NPL
preferably L

37 V. L Fousually V FOY V.LAHSILWCNGDTPR
preferably FOor Y
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44D G FO. QO GO DA KRLPS V.HTN W,
M. I
preferably G®, E® or );most preferably G or
oo
45 L L RO PHFGOSETY,CLDY:
preferably L% or R®
7® WY FO 10 orW? G LS A V.MR Y.EP.TC.
H, X, Q, N, D, preferably WO LO o 70
83 Ror X asually R R KO TE® QNS LV,GMLADY,H
preferably K or R; most preferably K
24 A, T, D:predominantly | PO S H LAV LT FDRYNQGE,
A preferably P
103 W WE R® (.8 KA MY.LFT.NV,Q PO,
E, C; preferably W
104 G G, A S, T.D, PN E, C, L preferably G
108 L Mor T QLD R P.E K. S T, M A, H: preferably Q or
predominantly L Lo

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

Usually as GLEW (SEQ D NO: 105) at posttions 44-47.

Usnally as KERE (SEQ ID NO» 103) or KQRE (SEQ ID NO: 104) at positions 43-46, ¢.2. as
KEREL (SEQ ID NO: 106), KERTF (SEQ ID NGt 107, KQREL (SEQ ID NO: 108), KQREF
(SEQ 1D NG: 109y, KEREG (SEQ ID NO: 110), KQREW (SEQ 1D NO: 111) or KQREG (SEQ
1D NQ: 112) at positions 43-47. Alternatively, also sequences such as TERE (SEQ 1D NG: 113)
(for example TEREL (SEQ ID NG 114)), TORE (SEQ 1D NO: 1135) (for example TQREL (SEQ
I NG Hie), KECE (SEQ IDNG: 117) (for example KECEL (SEQ 1B NO: 118) or KECER
(SEQ 1B NO: 119)), KQCE (SEQ 1D NUO: 120) (for example KQCEL (SEQ ID NG: 121)), RERE
(SEQ ID NO: 122) (for example REREG (SEQ D N(O: 123)), RQRE (SEQ ID NO: 124) (for
example ROREL (SECQ ID NO: 125), ROREF (SEGQ ID NG 126) or ROREW (SEQ 1D NO:
127y, QERE (SEQ 1D NO: 128) {for example QEREG (SEQ 1D NG: 129)), QORE (SEQ 1D NO:
130), (for example QQREW (SEQ ID NO: 131), QOQREL (SEQ ID NO: 132) or QQREF (SEQ D
NO: 133)), KGRE (SEQ ID NO: 134) (for example KGREG (SEQ ID NO: 135)), KDRE (SEQ ID
NO: 136) {for exarple KDREV (SEQ ID NG: 137)) are possible. Some other possible, but less
preferred sequences include for example DECKL (SEQ 1D NO: 138) and NVCEL (8EQ ID NO:
139).

With both GLEW (SEQ 1D NO: 105) at positions 44-47 aod KERE (SEQ 1D NG: 103) or KQRE
(SEQ 1D NO: 104) at positions 43-46.

Often as KP or EP at positions 83-84 of naturally occurring Vg domains.

In particular, but not exclusively, in combination with GLEW (SEQ ID NO: 103) at positions 44-
47,

With the proviso that when positions 44-47 are GLEW (SEQ ID NO: 103}, position 108 1s always
0 in (nop-himamzed) Vam 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 ID NO: 141), GLER (SEQ ID NO: 142), DOQEW (SEQ
I NG: 143), DLEW (SEQ 1D NQO: 144, GIEW (SEQ I NG: 145), ELEW (SEQ 1D NG: 146),
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GPEW (SEQ ID NO: 147), EWLP (SEQ 1D NO: 14%), GPER (SEQ 1D NO: 149), GLER (3EQ D
NO: 142) and ELEW (SEQ ID NO: 146).

{0291} In one embodiment, the immunoglobulin single variable domain has certain amino
acid substitutions in the framework regions effective in preventing or reducing binding of so-
called “pre~existing antibodies” o the polypeptides. ISVs in which (1) the amine acid residue
at posttion 112 is one of K or Q) and/or (1) the amino acid residue at posttion 89 is T and/or
{i11) the amino acid residue at posttion §9 1s L and the amino acid residue at position 110 18
one of K or Q; and (iv} in each of cases (1) to (iti}, the aming acid at position 11 is preferably

VY have been described 1o W(O2015/173325.

Polypeptides

{06292} 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}
pnmmunoglobolin single variable domains and which may optionally further comprise one or
maore further aming acid sequences (all optionally linked via one or more suitable linkers).
The term “immunoglobulin single variable domam™ may also encompass such polypeptides.
The one or more immunoglobulin single variable domains may be used as a binding unit n
such a protein or polvpeptide, which may optionally contain one or more further amino acids
that can serve as a binding wut, so as to provide a monovalent, multivalent or multispecific
polvpeptide of the invention, respectively (for multivalent and multispecific polvpeptides
containing one or more VHH domains and their preparation, reference is also made to
Conrath et al. 2001 (. Biol. Chem. 276: 7346}, as well as to for example WO 1996/34103,
WO 1999/23221 and WO 2010/115998),

{6293 The polypeptides may comprise or essentially consist of one tamunoglobulin
single variable domain, as outlined above. Such polypeptides are also referred to herein as

monovalent polypeptides.

[3294] The term “multivalent” indicates the presence of multiple ISVs in a polvpeptide.
In one embodiment, the polvpeptide is “bivalent™, e, comprises or consisis of two [5Vs. In
one cmbodiment, the polypeptide is “trivalent”, 1.¢., comprises or consists of three ISVs, In
another embodiment, the polypeptide 13 “tetravalent”, i.¢. 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
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or consists of two, three, four, five, six, seven, eight, nine, ctc., ISVs, respectively. In one
embodiment the multivalent ISV polypeptide is trivalent. In ancther embodiment the
nultivalent ISV polypeptide is tetravalent. In still another embodiment, the multivalent ISV

polypeptide is pentavalent.

{6295} In onec embodiment, the vwltivalent ISV polypeptide can also be multispecific.
The term “multispecific” refers to binding to multiple different target molecules (alse referred
to as antigens). The multivalent ISV polypeptide can thus be “bispecific”, “trispecific”,
“tetraspectfic”, ¢tc., 1.¢., can bind to two, three, four, ctc., different target molecules,

respectively.

{6296] For example, the polypeptide may be bispecific-trivalent, such as a polypepiide
comprising or consisting of three ISVs, wherein two ISVs bind to a first target and one ISV
binds o a second target different from the first target. In another example, the polypeptide
may be tuspecific-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
stitl another example, the polypeptide may be trispecific-pentavalent, such as a polypeptide
comprising or consisting of five ISVs, wherein two {SVs bind 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.

{32971 In one embodiment, the multivalent ISV polvpeptide 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 moultivalent ISV polypeptide can thus be
“biparatopic”, “triparatopic”, ete., 1.6, can bind to two, three, ete., difforent epitopes on the

same target molecules, respectively.

{3298} In ancther aspect, the polypeptide of the mvention that comprises or essentially
consists of one or more inmunoglobulin single variable domains (or suitable fragments
thereof), may further comprise one or more other groups, residues, moictics 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 varnable domain {and/or to the
polypeptide in which it is present) and may or may not modify the properties of the

mmunoglobulin single vanable domain.
g



WO 2022/120388 PCT/US2021/072745

{6299} For example, such further groups, residues, moieties or binding units may be one
or more additional amino acids, such that the compound, construct or polypeptide is a
{fusion) protemn or (fusion) polypeptide. In a preferred but non-hmiting aspect, said one or
more other groups, residues, moicties or binding umits are immunoglobulins. Even more
preferably, said one or more other groups, residues, moieties or binding units are chosen from
the group consisting of domain antibodics, amino acids that are suitable for use as a domain
antibody, single domain antibodies, anuno acids that are suitable for use as a single domain

antibody, “dAb”s, anuno acids that are suitable for use as a dAb, or Nanobodies,

{3300} Alternatively, such groups, residucs, moicties or binding units may for example be
chemical groups, residues, moteties, which may or may not by themselves be biologically
and/or phammacologically active. For example, and without limitation, such groups may be
linked to the one or more immunoglobulin single variable domain so as to provide a

“dertvative” of the immunoglobulin single variable domain.

{3301 In another embodiment, said further residucs may be effective in preventing or
reducing binding of so-called “pre-existing antibodies™ to the polvpeptides. For this purpose,
the polypeptides and constructs may contain a C-terminal extension (X)n (SEQ 1D NO: 150)
{in whichn is 1 to 10, preferably 1 to 5, suchas 1. 2, 3, 4 or 5 {(and preferably 1 or 2, such as
1}; and each X is an {preferably naturally occurring) anuno acid residue that is independently
chosen, and preferably independently chosen from the group consisting of alanine {A),
glveine (G), valine (V), leucine (L} or isoleucine (I}, for which reference is made to WO
2012/175741. Accordingly, the polypeptide may further comprise a Cermmal extension
K (SEQID NG 151), mwhichnis 1 to 5, suchas 1,2, 3, 40r 5

and in which Xisa

>

naturally occusring amino acid, preferably no cysteine.

{6302} 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
tinked directly to cach other and/or via one or more suitable linkers or spacers. For exanple,
when the one or more groups, residues, moieties or binding units are anuno acids, the linkers
may also be an aming acid, so that the resulting polypeptide is a fusion protein or fusion

polypeptide.

{G303] As used herein, the term “linker” denotes a peptide that fuses together two or

mare ISVs into a single molecule. The use of linkers to connect two or more {(poly)peptides is
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well known in the art. Further exemplary peptidic linkers are shown in Table 2B. One often

used class of peptidic linker are known as the “Gly-Ser” or “G5” linkers. These are linkers

that essentially consist of glveine {(G) and serine (8} residues, and usually comprise one or

more repeats of a peptide motif such as the GGOGS (SEQ 1D NO:154) motif (for example,
having the formula (Gly-Gly-Gly-Gly-Serin (SEG ID NG: 152y inwhichn may be 1, 2, 3, 4,

5,6, 7 or more). Some often-used examples of such GS linkers are 9GS linkers
(GGGGSGGGS, SEQ 1D NGO: 157, 15GS linkers (0=3) and 35GS hinkers (n=7). Reference
is for example made to Chen et al. 2013 (Adv. Drug Deliv. Rev. 65(10): 1337-1369) and
Kigin et al. 2014 (Protein Eng. Des. Sel. 27 (10): 325-330).

Tabie 2B: Linker sequences ("ID7” refers to the SEQ ID NO as used herein}

Name D Amino acid sequence

3A linker 153 {AAA

5G5S linker 154 {GGGGS

7GS linker 155 {8GGSGGS

8GS linker 156 | GGGGSGGS

9GS linker 157 | GGGGSGGES

YOGS hinker 158 1 GGGGSGGGGS

15GS linker 159 | GGGGSGGGGSGGGGS

18GS linker 160 | GGGGSGGGGSGGGGSGES

20GS linker 161 {GGGGRGGGGSGOGGSGRGES

25GS Hinker 162 [ GGOGSGGGGSGEGGSGGOESGGHEES

30GS linker 163 | GGGGSGGGGSGGGESGGGGSGEGEGSGGGEES

35GS linker 164 | GGGGSGGGGSGGGGSGOGGSGEEGSGGEESGGEGS

40GS linker 165 {GGGGSGGEGSGGEESGGGESGEGGSGEGGRGGGGSGE
GGS

G1 hinge 166 | EPKSCDKTHTCPPCP

9GS-G1 hinge 167 | GGGGSGGGSEPKSCDKTHTCPP(P

Llama upper long 168 [EPKTPKPQPAAA

hinge region

G3 hinge 169 | ELKTPLGDTTHTCPRCPEPKSCDTPPPCPRCPEPKSUDTPP

PCPRCPEPKSCOTPPPCPRCP

{8304} In one aspect, the disclosare also relates to such amino acid sequences and/or

Nanobodies that can bind to and/or are directed against CDR and that comprise CDR
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sequences that are generally as further defined hercin, to suitable fragments thereof, as well
as to polypeptides that comprise or essentially consist of one or more of such Nanobodics
and/or suitable fragments. o some aspect, the disclosure relates to Nanobodies with SEQ 1D

NG: 77. In particular, the disclosure in some specific aspects provides:

{6303} D) amino acid sequences that are directed against CD8 and that have at least 80%,
preferably at least 5%, sach as %0% or 85% or more sequence identity with at least one of

the amino acid sequences of SEQ 1D NG 77,

{33006} H) amino acid sequences that cross-block the binding of the amino acid sequence
of SEQ ID NO: 77 to CD8 and/or that compete with at least the aming acid sequence of SEQ
1D NGO: 77 for binding to CD¥;

{3307} Such amino acid sequences may be as further described herein (and may for
example be Nanobodies); as well as polypeptides of the disclosure that comprise one or more
of such amino acid sequences (which may be as further described herein), and particularty
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 naturally occurring ligands.

{3308] In some emboduments, the CDR 15 denved from a manweahan antmal, such asa
human being. In one specific, but non-limiting aspect, the disclosure relates to an amino acid

sequence directed against CDR, that comprises:
{6309} ay the amino acid sequence of SEQ 1D NG: 77;

63319} b} amino acid sequences that have at feast 80% amino acid identity with at least

one of the amino acid sequences of SEQ 1D NG: 77, or

{8311} ¢} amino acid sequences that have 3, 2, or 1 amino acid difference with at least

ong of the amino acid sequences of SEQ D NG: 77,
8312} or any suitable combination thereof

{8313 In some embodiments, disclosed is a Nanobody against CDS, which consist of 4
framework regions (FR1I to FR4 respectively) and 3 complementanty determining regions

{(CDRI to CDR3 respectively). In some crubodiments, i such a Nanobody:
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{6314} (1) COR1 compnises or essentially consists of an amino acid sequence of
GSTFSDYG (SEQ ID NO: 100),

j#315] or amino acid sequences that have at least 80%, at least 90%, at least 95%, at least
99% or more sequence dentity with GSTESDY G (SEQ 1D NG 100), in which {1} any amino
acid substitution is a conscrvative amino acid substitution; and/or (2) said anuno acid
sequence only contains amino acids substitutions, and no amino acid deletions or insertions,

compared to GSTESDYG (SEQ ID NG: 100);

{3319} and/or from the group consisting of amino acids sequences that have 2 or only |

amino acid difference(s) with GSTFSDYG (SEQ 1D NO: 100}, in which
{8317} any amino acid substitation is a conservative amino acid substitution; and/or

3318} satd amino acid sequence only contains aming acid substitutions, and 0o aming

acid deletions or insertions, compared to GSTFSDY G (SEQ 1D NG 100).

{6319} (11} CDRZ comprises or essentially consists of an amino acid sequence of
IDWNGEHT (SEQ 1D NGO 101),

{6329] or amino acid sequences that have at least 80%, at least 90%, at least 95%, at least
99% or more sequence wdentity with IDWNGEHT (SEQ 1D NO: 101), m which (1) any
amino acid substitution is a conservative amino acid substitution; and/or (2) said amno acid
sequence only contains amino acids substitutions, and no amino acid deletions or insertions,

compared to IDWNGEHT (SEQ 1D NQ: 101},

{6321} and/or from the group consisting of amino acids sequences that have 2 oronly |

amino acid difference(s} with IDWNGEHT (SEQ 1D NG: 101), in which
{6322} any amino acid substitution is a conservative amino acid substitution; and/or

{¥323} said amino acid sequence only contains amino acid substitutions, and 0o amino

acid deletions or insertions, compared to IDWNGEHT (SEQ ID NOG: 101).

{6324} (1) CDR3 comprises or essentially consists of an amino acid sequence of

AADALPYTVREKYNY (SEQ 1D NO: 102),
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{6325} or amino acid sequences that have at least 80%, at least 90%, at least 95%, at least
99% or more sequence identity with AADALPYTVREKYNY (SEQ ID NG: 162), in which (1)
any amino acid substitution is a conservative anuno acid substitution; and/or (2) said anuno
acid sequence only contains amino acids substitutions, and no amino acid deletions or

msertions, compared to AADALPYTVRKYNY (SEQ ID NG: 102),

{6326} and/or from the group consisting of amino acids sequences that have 2 oronly 1

aming acid difference(s) with AADALPYTVRKYNY (SEQ 1D NO: 102), in which
{33271 any amino acid substitution is a conservative amino acid substitution; and/or

{6328} said amino acid sequence only contains amino acid substitutions, and no amino

acid deletions or insertions, compared to AADALPYTVRKYNY (SEQ ID NOG: 102).

33291 D8 Nanobodies as disclosed herein may comprise one, two or all three of the

CDRs explicitly listed above. In some embodiments, the D8 Nanobody comprises:

{63364 CDRIL: GSTFSDYG (SEQ 1D NG: 160), based on IMGT designation;

{3331} CDR2: IDWNGEHT (SEQ 1D NO: 101), based on IMGT designation; and
{8332} CDR3: AADALPYTVREKYNY (SEQ ID NG: 102), based on IMGT designation.

{3333} In the Nanobodies of the disclosure that comprise the combinations of CDR's
mentioned above, cach CDR can be replaced by a CDR chosen from the group consisting of
amino acid sequences that have at least 80%, preferably at least 90%. more preferably at least
95%, even mare preferably at least 99% sequence dentity with the mentioned CDR's; 1o

which:

{3334} {1} any amino acid substitution s preferably a conservative amino acid

substitution; and/or

{6335} (2) smd amino acid sequence preferably only contains ammo acid substitutions,

and no amino acid deletions or insertions, compared to the above amino acid sequence(s),

{0336} and/or chosen from the group consisting of amino acid sequences that have 3,2 or
only 1 (as mdicated in the preceding paragraph} “amino acid difference(s)” with the

mentioned CDR{s) one of the above amino acid seguences, in which:
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{6337} (1) any amino acid substitution is preferably a conservative amino acid

substitution; and/or

3338} (2} said amino acid sequence preferably only contains aming acid substitutions,

and no amino acid deletions or insertions, compared to the above amino acid sequence(s}.

{6339} In one embodiment, the CD¥ Nanobody is BDSn:

Anti-C D8 BDSs Nb sequence (CDRI1, CDRZ, CBR3 underlined based on IMGT
designation):

{6348} EVQLVESGGGLYQAGGSLRLSCAASGSTESDYGVOWFROAPGRGREFVA
DIDWNGEHTSY ADSVKGRFATSRDNAKNTAYLOMNSLKPEDTAVYYCAADALPYT

{8341} In some embodiments, a D8 Nanobody of the present disclosure binds to CD8
with an dissociation constant {KD) of 1077 to 1072 moles/liter (M) or less, and preferably
1077 to 10—12 moles/liter (M} or less and more preferably 10780 1072 moles/liter {M}, and/or
with an association constant (KA) of at least 107 M~1, preferably at least 10% M more
preferably at least 10° M, such as at feast 1012 M™!; and in particular with a K13 less than
500 nM, preferably less than 200 nM, more preferably less than 10 oM, such as less than 500
uM. The KD and KA values of the Nanobody of the disclosure against vWF can be
determined in a manner known per se, for example using the assay described herein. More
gencrally, the Nanobodics described herein preferably have a dissociation constant with

respect to vWF that is as described i this paragraph.

{6342} Generally, it should be noted that the term Nanobody as used herein 1o its broadest
sense 1s not limited to a specific biological source or o a specific method of preparation. For
example, as will be discussed in more detail below, the Nanobodies can be obtained (1) by
isolating the VHH domain of a naturally occurring heavy chain antibody; (2} by expression of
a nucleotide 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
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VH domain; (8} 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 svuthetic or senu-synthetic techniques for preparing proteins, polypeptides or other
amino acid sequences; {7} by preparing a nucleic acid encoding a Nanobody using techmiques
for nucleie acid synthesis, foHowed by expression of the nucleic acid thus obtained; and/or
(8) by any combination of the foregoing. Suitable methods and techriques for performing the
faregoing will be clear to the skilled person based on the disclosure berein and for example

melude the methods and technigues described in more detail hercinbelow.

{0343} In some embodiments, the CD8 Nanobodies of the present disclosure do not have
an amino acid sequence that 1s exactly the same as (1.e. as a degree of sequence identity of

100% with) the amine acid scquence of a naturally occurring VH domain, such as the amino
acid sequence of a naturally occurring VH domain from a mammal, and 1o particular from a

human being.

(3344} One class of CD8 Nanobodies of the disclosure comprises Nanobodies with an
amino acid sequence that corresponds to the amino acid sequence of a natarally occurring
VHH domain, but that has been “humanized”, 1.¢. by replacing one or more amino acid
residucs in the amino acid 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 (¢.g. indicated above}. It should be
noted that such humanized CD8 Nanobodies of the prosent disclosure can be obtained i any
suttable manner known per se (i.e. as indicated under points {(1)-(8) above} and thus are not
strictly limited to polypeptides that bave been obtained using a polypeptide that comprises a

naturally occurring VHH domain as a starting material.

{8345} Another class of CD8 Nanobodies of the present disclosure comprises Nanobodies
with an amino acid sequence that corresponds to the amino acid sequence of a naturally
occurring VH domain that has been “camchized”, 1.¢. by replacing one or more anuno acid
residues m the amino acid sequence of a naturally occurnng VH domam from a conventional
4-cham anttbody by one or more of the amino acid residues that occur at the corresponding
position(s} in a VHH domain 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 i also made to WO 94/04678. Such camelization may

preferentially occur at amino acid positions which are present at the VH-VL interface and at
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the so-called Camelidae hallmark residuaes (sec for example also WG 94/04678), as also
mentioned below. In some embodiments, the VH domain or sequence that isused as a
starting material or starting point for generating or designing the camelized Navnobody is a
VH sequence from a mammal, ¢.g., VH sequence of a human being. It should be noted that
such camelized Nancbodies of the present disclosure can be obtained in any suitable manner
known per se and thus are not strictly limited to polypeptides that have been obtained using a

polypeptide that comprises a naturally occurring VH domain as a starting material.

{63346} For example, both “humanization” and “camelization” can be performed by
providing a nucleotide sequence that encodes such a naturally occurring VHH domam or 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 Nanobody of the present disclosure, respectively, and then expressing the
nucleotide sequence thus obtained in a manver known per se so as to provide the desire
Nanobody. Alternatively, based on the amino acid sequence of a naturally oocwrring VHH
domain or VH domain, respectively, the amino acid sequence of the desired humanized or
camelized Nanobody of the present disclosure, respectively, can be designed and then
synthesized de novo using technigues for peptide synthesis known per se. Also, based on the
amino acid sequence or nucleotide sequence of a naturally cccurring VHH domain or VH
domain, respectively, a nucleotide sequence encoding the desired humanized or camelized
Nanobody can be designed and then svnthesized 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 se so as to provide the desired Nanobody.

{6347} Other suitable ways and techniques for obtaining Nanobodies and/or nuclectide
sequences and/or nucleic acids encoding the same, starting from (the amino acid sequence of}
natarally occuwming VH domams 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 aming acid sequenees
and/or nuclestide sequences from naturally occurring VH domains {(such as one or more FR's
and/or CDR's) with one or more one or more anuno acid sequences and/or nucleotide
sequences from naturatly occurring VHH domains {such an one or more FR's or CDR's). ina
suitable manner so as to provide (a nucleotide sequence or nucleic acid encoding} a

Nanobody. Also provided are compounds and constructs, and in particular proteins and
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polypeptides that comprise or essentially consists of at least one such amino acid sequence
and/or Nancbody of the disclosure (or suitable fragments thereof), and optionally further
comaprises one or more other groups, residucs, moieties or binding units. In some
embodiments, such further groups, residues, moicties, binding units or amino acid sequences
may or may not provide further fumctionality to the aminoe acid sequence and/or Nanobody
{and/or to the compound or construct in which it is present) and may or may not modify the

properties of the anuno acid sequence and/or Nanobody.

{3348] The disclosure also encompasses any polvpeptide of the present disclosure that
has been glveoaylated at one or more amuno acid positions, usually depending on the hot used
to express the polypeptide. a polypeptide can comprise an amino acid sequence of a CD8
Nanobody of the present disclosure, which is fused at its anune terminal cod, at its carboxy
terminal end, or both at its anuno terounal end and at its carboxy terminal end with at least
one further anuno acid sequence. Such further amino acid sequence may comprise at least
one further Nanobody, s¢ as to provide a polypeptide that comprises at least two, such as
three, four or five, Nanobodies, in which said Nanobodies may optionally be linked via one
or more linker sequences (as defined heremn). Polvpeptides of comprising CD8 Nanobody of
the present disclosure and one or more ancther Nanobodies are multivalent polypeptides. Ina
multivalent polypeptide, the two or more Nanobodies may be the same or different. For

example, the two or more Nanobodies 10 a multivalent polvpeptide:

= may be directed against the same antigen, 1.2, against the same paris 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;

e or a combination thercof.

Thus, a bivalent polypeptide, for example:

e may comprise two identical Nanobodics;

¢ may comprise a first Nanobody directed against a first part or epitope of an antigen and a
second Nanobody directed against the same part or epitope of said antigen or against another
part or epitope of said antigen;

or may comprise a first Nanobody directed against a first antigen and a second Nanobody
directed against a second antigen different from said first antigen;

whereas a trivalent Polypeptide of the Invention for example:
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& may comprises three identical or differeat Nanobodies directed against the same or
different parts or eptiopes of the same antigen;

® may comprise two wdentical or different Nanobodies directed against the same or different
parts or epitopes on a first antigen and a third Nanobody directed against a second antigen
different from said first antigen: or

e may comprise a first Nanobody directed against a first antigen, a second Nanobody directed
against a second antigen different from said first antigen, and a third Nanchody directed
against a third antigen different from said first and second antigen,

{6349} The D8 Nanobodies and polypeptides as disclosed herein can also be introduced
and expressed in one or more cells, tissues or organs of a multicelular organism, for example
for prophviactic and/or therapeutic purposes {¢.g. as a gene therapy}. For this purpose, the
nucleotide sequences encoding the CD8 Nanobodies or polypeptides as disclosed herein can
be miroduced into the cells or tissues in any switable 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 specific cells ora
specific tissue or organ of the patient; or suitable cells (often taken from the body of the
patient to be treated, such as explanted lymphocvies, bone marrow aspirates or fissue
biopsies) may be treated in vitro with a naclestide sequence of the mnvention and then be
suitably {re-jintroduced into the body of the patient. All this can be performed using gene
therapy vectors, technigues and delivery systems which are well known to the skilled person,
for Calver, K. W, “Gene Therapy”, 1994, p. xai, Mary Ann Licbert, Inc., Publishers, New
York, N.Y.}. Giordano, 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 (19963, 370-374; Muhlhauser, Cire. Res. 77 (1995}, 1077-1086; Onodera, Blood
91, (1998), 30-36; Verma, Gene Ther. 5 (1998}, 692-699; Nabel, Ann. NY . Acad. Sci.: 811
(1997}, 289-292; Verzeletti, Hum. Gene Ther. 9 (1998), 2243-51; Wang, Nature Medicime 2
(1996}, 714-716; WG 94/29469; WO 97/00937, U.S. Pat. No. 5,580,859, 1 U.S. Pat. No.
5,589,5466; or Schaper, Current Opinion in Biotechnology 7 (1996}, 635-640. For example,

in sitw expression of ScFv fragments {(Afanasieva et al., Gene Ther, 10, 1850-1859 (2003})
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and of diabodies (Blanco et al., J. Immunol, 171, 1070-1077 (2003)) has been described m
the art.

3350} Accordingly, nucleic acid sequences encoding the CD8 Nanobodies as described
herein, and expression constract and host cells comprising the mucleic acid sequence are also

provided.

{3351} Also disclosed are methods of using CD8 Nanobodics and polypeptides of the

present disclosure.

{6352} In some cmbodiments, a polypeptide coraprsing a CDE Nanobody can be used in
the lipid nanoparticles of the present disclosure for delivering a nucleic acid into an amune
cell, as described herein. In some embodiments, CD8 Nanobodies and polypeptides of the
present disclosure can be used to treat a condition or a discase m a subject in need thereof. In
some embodiments, such conditions or diseases include, but are not limted to, cancer,

mfections, immune disorders, autoimmaune diseases.

{6353} In some embodiments, a polypeptide comprising a CD8 Nanobody can be used in
an imaging agent. In some embodiments, the imaging agent allows for the detection of human
D8 which is a specific biomarker found on the surface of a subset of T-cell for diagnostic
imaging of the vnnwne system. Imaging of CDR allows for the in vivo detection of T-cell
locahization. Changes in T-cell localization can reflect the progression of an imnume response
and can occur over e as a result of various therapeutic treatments or even disease staies. In

some cmbodiments, it is used for imaging T-cell localization for imounotherapy.

{6354} In addition, CDS plays a role in activating downstream signaling pathways that
are important for the activation of eytolytic T cells that function to clear viral pathogens and
provide tmmunity to tumors, CD8 positive T cells can recognize short peptides presented
within the MHCT protein of antigen presenting cells. In some embodiments, a polypeptide
comprising a CD8 Nanobody 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 CDR target.
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H. ToNizasLe CATIONIC LiPIDS

{3355] Provided herein are 1onizable cationic lipids that can be used to produce lipid
nanoparticle compositions to facilitate the delivery of a pavioad (e.z., anucleic acid, such as
a DNA or RNA, such as an mRNA) disposed therein to cells, e.g., mammalian cells, e g.,
mmmune cells. The ionizable cationic lipids have been designed to enable intracellular
dehivery of a nucleic acid, ez, mRNA, to the cvtosohic compartment of a target cell type and
rapidly degrade into non-toxic components. The complex functionalities of the ionizable
cationic hipids are facilitated by the interplay between the chenmustry and geometry of the
ionizable lipid head group, the hvdrophobic “acyl-tail” groups and the linkers connecting the
head group and the acyl tail groups. Typically, the pKa of the onizable amine head group is
designed to be in the range of 6-8, such as between 6.2-7 4, or between 6.5-7.1, such that it
remains strongly cationic vnder acidic formulation conditions {e.g.. pH 4 - pH 5.3}, nevtral in
physiological pH (7.4} and cationic 10 the carly and late endosomal compartments {e.g., pH
55 -pH 7). The acyl-tail groups play a key role n fusion of the lipid nanoparticle with
endosomal membranes and membrane destabilization through structural perturbation. The
three-dimensional stracture 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
arole in promoting membrane fusion, and hence lipid nanoparticle endosomal escape {a key
requirement for cytosolic detivery of a nucleic acid payload). The hinker connecting the head
group and acyl tail groups is designed to degrade by physiologically prevalent enzymes {e.g.

esterases, or proteases) or by acid catalyzed hydrolysis.

{6356} In one aspect, the present invendion provides a compound represented by Formula
I
X
ch\lt\)/_\/wv/\)(\o/’\ﬁ/’\y’{(ﬂ')\g\j R
f n
e 0 R?
X3 x4 (Formula I),

or a salt thereof, wherem:

R' and R? are independently Craalkyl, or R and R? are taken together with the nitrogen atom
to form an optionally sebstituted piperidinyl or morpholinyl;

Y 1s selecied from the group consisting of -O-, -OC{O}-, -OC(S)-, and -CHaz-,
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XU, X2, XC, and X* are hydrogen or X! and X or X7 and X* independently are taken together

to form an oxo;
nisOor 3;

o and p are independently an integer selected from 2-6;

wherein the compound is not a compound selected from the group consisting of

|
i N

RN NP W NP T N NS
\\E

vaﬁwwo/\/w N~

|
/\f\/«"m\\/m\/\/\/\)\@/\;(\/“\

\/MNM/AY@

/’\V/\/’m—\v/“_“\v/\v/\/”‘\,jio/\r”\;\/l ~

\w

/\/‘\/:\\/“—“\/’\/”\/\)J\O/\\(’ AN
RN N N e N N N Y ,and

RN N S T e N Y , o1 g salt thereof,

{33571 In certan embodiments, ¢ and p may be 2. In certain embodiments, o and p may

be 3. In other embodiments, ¢ and p may be 4. In some embodiments, o and pmay be 5. In

other embodiments, o and p may be 6.
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{6358] In certain embodiments, X! and X* may be taken together to form an oxo and X°
and X* are taken together to form an oxo. In other embodiments, X!, X2, X3 and X* may be

bydrogen.

{3359} In certain embodiments, Y may be selected from the group consisting of -0O-, -
OC(0)-, OC(8)- and -CHr-, For exaraple, in certain embodiments, Y may be ~0-. Iu certain
embodiments, Y may be -O0C(0)-. In cortain embodiments, Y may be -CHz-. In certain

cmbodiments, Y may be ~-OC{S)-.

{0360}  In certain embodiments, R? and R? may be independently Ciaalkyl. In other
embodiments, R and R? may be -CHs. In certain embodiments, R and R? are -CHy(CH;. In

certain embodiments, R and R? are Cs alkyl.
{3361} In certan erobodiments, nmay be 0. To other emboduments, o may be 3.

{3362} Also provided herem, in part, is a compound represented by Formula IE:

X'i x2
/ \
i e R
Hsc’r%é/-?{o\/\/’\/\vx@/’\’/\ ¥ N
Half M \ 0 Ry
s i X3 x? {Formuia 1},

or a salt thereof, wherein:

R and R? are independently Ciaalkyl, or RY and R? are taken together with the nitrogen atom
to form an optionally substituted piperidinyl or morpholinyl;

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

X1, X2, X3, and X* are hydrogen or X! and X? or X and X* are taken together to form an oxo;
nis 0-4;

o is 1 and ris an integer sclected from 3-8 or o 1s 2 and r is an integer selected from 1-8,

p is 1 and s 15 an integer selected from 3-8 or p is 2 and s 15 an integer sclected from 1-8,
wherein,

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

when o and p are both 2, 1 and s are independently 1, 2, 4, or 5.
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{6363} In certain embodiments, X! and X* may be taken together to form an oxo and X°
and X* may be taken together to form an oxo. In other embodiments, X, X2, X5, and X* may

be hvdrogen.

{3364} In certain embodiments, Y may be selected from the group consisting of -0O-, -
OC{0}-, and -CH>-. For example, in certain emboduments, Y may be -O-. In certain
embodiments, Y may be -OC(0)-. In cortain embodiments, Y may be -CHz-. In certain

cmbodiments, Y may be ~-OC{S)-.

{0365}  In certain embodiments, R? and R? may be independently Ciaalkyl. In sther
embodiments, R and R? may be -CHs. In certain embodiments, R and R” may be -CHyCHs.
in some embodiments, R! and R? may be Cs alkyl. In certain ernbodiments, R and R? are

taken together with the nitrogen atom to form an optionally substituted piperidinyl.
{1366} In certain embodiments, n may be ¢, In other embodiments, n may be 3.

{6367} Provided herein, in part, is a compound selected from the group consisting of!

]
f/\//A\vWM/\/JLQ 3 O/\V/\ N/
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o) . and

or a salt thereof.

{6368] Provided herein, in part, is a compound of formula:

9]
/\V/\/f:\\,/—“:\\/\/\/\vfu\o’\( o N “

W/\\_Tm/\\m/\\/\/\/\m/ C H

O

or a salt thereof.

{3369} Provided herein, i part, is a compound of formula:

Q o)
|
/\\/WV%/\/\/\/U\O/\,{\O/U\\/\/ N ~
RN S ¢ H
’\\,/’\::I_)r

or a salt thereof.

{3376} Provided herein, in part, is a compound of formula:

|
/\/mvf:-\/\v/\x\/\ﬁf\(\/ Nl

o N \\;.T_,/A\M//\\/O

or a salt thereof.
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{6371} Provided herein, in part, is a compound of formula;

or g salt thereof.

{8372} Provided herein, in part, is a compound of formuda:

or a salt thereof.

{8373 Provided herein, in part, is a compound of formnda:

~

o O
/\/’m—m\\/:m\\,/\wv“\\)l\c/\{\c’/ﬂ\/\v 7
- H
\V»\C:/’\MW\/YO

o
or g salt thercof.

{6374} Provided herein, in part, is a compound of formnda:

Q O
E
/NM\/WNVA\V//\V/JL\ONAO,J‘KI//\V/N\
o H

5

or a salt thereof.

{3375} In certain ernbodiments, the compound is a compound of Formula HI

x": X2
v — A [~ R
AN N e -
! o AR
-J ) PRy
H,C” N AN N »
x4 x* {Fornmula 1),
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or a salt thereof, wherein:

R! and R? are independently Cisalkyl, or R and R? are taken together with the nitrogen atom
to form an optionally sebstituted piperidinyl or morpholinyl;

Y 1s selected from the group consisting of ~0-, ~-GC(G)-, -0L(S)-, and -CHz-;

XL, X2 X3, and X* are hydrogen or X! and X? or X* and X* are taken together to form an oxo;
and

n is an integer selected from -4,

[6376]  In certain embodiments, X' and X* may be taken together to form an oxo and X°
and X* may be taken together to form an oxo. In other embodiments, X', X2, X*, and X* may

be hyvdrogen.

{377} in certain embodiments, Y may be selected from the group consisting of -O-, -
OC(0})-, and ~-CH2~. For example, in certain emboduvents, Y may be -0~ In certan
embodiments, Y may be -OC(0}-. In certain embodiments, ¥ may be -CHz-. In certain

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

{3378} In certain embodiments, R} and R* may be independently Ciaalkyl. In other
embodiments, R and R? may be -CHs. In certain embodiments, R and R? may be -CH2CHs.
In some embodiments, R! and R? may be Cs alkyl. In certain embodiments, R! and R? are

taken together with the nitrogen atom to form an optionally substituted pipenidinyl.
[B#379] In certan embodiments, n may be 0. Tn other emboduments, n may be 3.

{6384} Also provided herem s a compound of the formula:

or a salf thereof.
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SCHEME 1 - Synthetic scheme for making a lipid of Formula (I}
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(3381} A compound of Formula [ may be prepared, e.g., according to Scheme 1. A
hydroxy-functional protected propane diol is converted to the corresponding dimethy! amino-
function ether {Y = oxo} or ester (Y = 0-C{0)). The ether bond formation resulis from a
reaction of the alkvl halide with alcohol i the presence of tertiary butylammontum 1odide /
NaQH in THF at 80°C. The ester bond formation wtilizes treatment of an acid functional
dimethylamine with aleohol under carbodiimide activation (DCM, EDC, DIEPA, DMAP).
The diol deprotection vields a vicinal diol mitermediate that 1s subsequently converted to the
corresponding ether linked or ester linked diacyl lipids by treatment with TBAVNaOH and
bromo-acyl or by carbodiimide mediated carboxylic acid activation for ester bond formation,

respectively.
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SCHEME 2 - Synthetic scheme for making a lipid composition of Formula (I}
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{33821 A compound of Formula H may be prepared, e.g., according to Scheme 2. The
synthetic procedure s as outlined above for Scheme 1; bowever, in Scheme 2, either bis~
pnsatarated acyl groups or mono-unsatarated acyl groups may be employed to obtain a lipid

of Formula II.

{3383} In some embodiments, tonizable cationic lipid used in the LNPs of the present
disclosure is selected from the lipids in Table 1, or a combination thereof. In some

embodiments, the ionizable cationic hpid is:

0 ,or

In some embodiments, the ionizable cationic lipid is not Dlin-M{C3-DMA.
HE.  Liro-IvmMong CEl TARGETING GROUP CONJUGATES
{3384} As discussed herein, the LNPs may be targeted to a particular cell type, e.g., an

mmune cell, e.g, a 't cell, B cell, or natural killer (NK} cell. This can be accomplished by
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using one or more of the Hipids described herein. Furthermore, targeting can be enhanced by
mehuding a targeting group at a solvent accessible surface of an LNP particle. For example,
targeting groups may mclude 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-immaune cell targeting group

conjugates described hercin.

{6385] Optionally, the targeting maoiety s an antibody fragment without an Fc
comaponent. Previous atiempts to target circulating muoune cells with LNPs have employed
full antibodies (WO 2016/189332 Al}. Liposomes or hipid 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 ot al. (1997) Biochim Biophys.
Acta 1327, 181-192; Sapra ¢t al. (2004) Clin Cancer Res 10, 1100-1111; Aragnol et al,
{1986) Proc Natl Acad Sci USA 83, 2699-2703). Liposomes targeted with antibody
fragments retain their long circnlating properties, like those targeted to EGFR (Mamot et al,
{20035) Cancer Res 68, 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 uvsing a micelar insertion process that allows for the nearly
guantitative incorporation of the antibody conjugation following it's separate manufacturing
(Neltlis et al. (2005) Biotechnol Prog 21, 221-232), compared to a highly inefficient insertion
when conjugating tall 1gGs (Ishida et al. (1999) FEBS Lett. 460, 129-133) or the need to
complete conjugation directly on an intact ENP (W 2016/189532 Al). scFv, Fab, or VHH
fragraents can also be directly conjugated to activated PEG-lipids to make msertable

conjugates.

{6386} In certain embodiments, a targeting group may be a surface-bound antibodv or
surface bound antigen binding fragment thereof, which can permit tuming of cell targeting
specificity. This is cspecially useful since highly specific antibodies can be raised against an
epitope of interest for the desired targeting site. In one embodiment, multiple different
antibodies can be mcorporated into, and presented at the surface of an LNP, where cach
antibody binds to different epitopes on the same antigen or different epitopes on different
antigens. Such approaches can increase the avidity and specificity of targeting interactions to

a particular target cell.
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{6387} 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 antibodics or
antigen binding fragments or antigen binding denvatives thereof may be selected that target a
T-cell, such as via a T-cell surface antigen. Exemplary T-cel surface antigens include, but
are not fimited to, for example, CD2, CD3, CD4, CDS, CDY7, CDS, CD28, CD39, CD6Y,
CD103, CD137, CD435, T-cell receptor (TCR) B, TCR-a, TCR-o/B, TCR~y/8, PD I, CTLA4,
TIM3, LAG3, CDI8, IL-2 receptor, CDxila, GL7, TLR2, TLR4, TLRS and 1L-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 maybe selected that target an NK cell such
as via a NK cell surface antigen. Excmplary NK cell surface antigens include, but are not
limited to, CD48, CD36, CD8Sa, CD8Se, CDRSd. CDE5e, CDS5E, CDSSE, CD8S), CD158b2,
D161, D244, Ch16a, CDI6k, IL-2 receptor, CD27, CD28, D48, CD6Y, CD70, D86,
CD1i2, CB122, CDISS5, (D16t CD244, CD266, CD314 / NKGZD, €336 / NKP44,
CD337 / NKP30. Inorder to target a B coll or B cell population, one or more antibodies,
antigen binding fragments or antigen binding dertvatives thereof maybe selected that target a
B cell such as via a B cell antigen. Exemplary B cell antigens include, but are not Hmited to,
CD19 for all B cells except plasma cells, CD19, CD25, and CD30 for activated B cclls,
CD27, CD38, CD78, CD 38, and CD319 for plasma cells, CD20, CD27, CD40, CDRO and
PDL-2 for memory cells, Noteh2, CB1, CD21, and CD27 for marginal zone B cells, (D21,
D22, and CD23 for follicular B cells, and CD1, CBS, CD21, CD24, and TLR4 for

regulatory B cells.

{3388} In certain embodiments, targeting can be implemented, for example, by using
fipid-imoune coll targeting group conjugates described herein, Exemplary lipid-tmmune cell

targeting group conjugates can include compounds of Formula IV,

[Lipid] - foptional Iimker| - [immune cell targeting group, e.g., T-cell targeting molecule,
e.g., an

anti-CD2 antibody, anti-CD3 aotibody, anti-CD7 antibody, or anti-CD8 antibody |

(Formula IV).
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{6389} In some embodiments, the immune cell targeting group is a polypeptide, and the
lipid is conjugated to the N-terminus, C-terminus, or anywhere in the middie part of the

polypeptide.

{3390} In certain embodiments, the targeting group or targeting molecule is a T-cell
targeting agent, for example, an antibody, that binds to a T-cell antigen selected from the
group consisting of CD2, TD3, B4, CD35, CD7, CDS8, CD28, {D137, CD45, T-cell receptor
(TCRIB,TCR-¢, TCR-o/B, TCR-y/S, PD1, CTLA4, TIM3, LAG3, CD18, IL-2 receptor,
CDl1la, TLRZ, TLR4, TLRS, IL-7 receptor, or IL-15 receptor. In cortain embodiments, the T
cell antigen may be CD2, and the targeting group can be, for example, an anti-CD2 antibody.
In certain embodiments, the T cell antigen may be CD3, and the targeting group can be, for
example, an anti-CD3 antibody. In ceriain embodiments, the T cell antigen may be CD4, and
the targeting group can be, for example, an anti-CD4 antibody . In certam embodiments, the
T cell antigen may be D5, and the targeting group can be, for example, an anti-CH35
antibody. In certain embodiments, the T cell antigen may be CD7, and the targeting group
can be, for example, an anti-CD7 antibody. In certain embodiments, the T cell antigen may
be CD¥, 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 P antibody. In some embodiments, the antibody is a human or humanized

antibody.

{63391} An exemplary UD2 binding agent can be an antibody selected from the group
consisting of 9.6 (https://academic.oup com/intimum/article/10/12/1863/744536), 9-1

(hitps: /academic oup comv/intiomy/article/10/12/1863/744536), TS2/18.1.1 (ATCC HE-195),
Lo-UD2b (ATCC PTA-802), Lo-UD2«/BTHE-322 (US Patent 684925881), Sipilzumab/MEDI-
507 (US Patent 6849258B1/en), 351 (AATCC HB-222), OKT11 (ATCC CRL-8027), RPA-2.1
{(PCT Publication W02020023559A1), AF1836 (R&D Systems), MABISS62 (R&D
Systerns), MABI&361 (R&D Systems), MABIES6 (R&D Systems), PAB30339 (Abnova
Corporation), 10299-1 (Abnova Corporation}, and antigen binding fragments thereof. In
certain embodiments, the binding agent comprises a heavy chain variable domain (Valand a
light chain variable domain (V1) of an antibody selected from the group consisting of
AFI856 (R&D Systems}, MABIE562 (R&D Svstems), MABI8S61 (R&D Systems),
MABI1856 (R&D Systems), PAB30359 (Abnova Corporation), and 10299-1 (Abnova

Corporation). In certain crobodiments, the bindimg agent comprises the heavy chain CDR,,
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CDRe, and CDRs and the light chain CDR,, CDRo, and CDRs, determined under Kabat {see,
Kabat ef g/, (1991} Sequences of Proteins of Immunclogical Interest, NIH Publication No.
01-3242, Bethesda), Chothia (see, e.g., Chothua C & Lesk A M, (1987}, J. MovL. BIoL. 196
S01-917), MacCallum (sce, MacCallum R M er o/, (1996} I 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 from the group consisting of AF1856 (R&D Systems), MAB18562 (R&D
Systems), MAB18561 (R&D Svstems), MABI8S6 (R&D Systems), PAB303539 (Abnova
Corporation), and 102991 {(Abnova Corporation}.

{6392} An exemplary CD2 binding agent can also be selected from antibodies or antibody
fragments employing CDRs of clones 9.6, 9-1, TS2/18.1.1, Lo-CD2b, Lo-UD2a, BT1-322,
sipilzumab, 35.1, OKT11, RPA-2. 1, SQB-3.21, UT2Z, TSI/R, UT329, 4F22, OX-34, UQ2/42,
MU3Z, U7.4, NFN-76, or MOM-181-4-F(E}.

{6393] An exemplary CD3 binding agent (CD3y/d/e, CD3y, CD3S, CD3y/e, CD34/e, or
CD3¢g) can be an antibody selected from the group consisting of MEM-37 (CD3v/8/¢,
Enzobife Sciences), MAB100 (CD3g, R&D Systems), CD3-HS (CD3g, Abnova
Corporation), CD3-12 (CD3¢, Cell Signaling Technology), LE-CD3 ({D3¢, Santa Cruz
Biotechnology, Inc.}, NBP1-31250 (CD3y, Novus Biologicals), 16669-1-AP (CD38,
Invitrogen) and antigen binding fragments thereof. In cerfain embodiments, the binding
agent comprises a Vu domain and a Vi domain of an antibody selected from the group
consisting of MEM-37 (CD3v/8/¢, EnzoLife Sciences), MABI00 (D3¢, R&D Systems),
CD3-H5 (CD3e, Abnova Corporation), CD3-12 (CD3g, Cell Signaling Technology), LE-CD3
(CD3e, Santa Cruz Bistechnology, Inc.}, NBP1-31250 (CD¥3y, Novus Biclogicals), and
16669-1-AP (CD33, Invitrogen). In certain embodiments, the binding agent comprises the
heavy chain CDRy, CDR2, and CDR; and the light cham CDR,, CDR;, and CDR;,
determined under Kabat (see, Kabat ef ¢/, {1991) Sequences of Proteins of Imnumological
Interest, NIH Publication No. 91-3242, Bethesda), Chothua {see, e.g., Chothia C & Lesk A M,
{1987), J. MoL. BIOL. 196 901-917), MacCallum (sce, MacCallum R M eral., (1996} 1.
MoOL. 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 MEM-37
(CD3v/8/e, Enzolife Sciences), MABI00 (CD3e, R&D Systerus), CD3-HS {CD3g, Abnova
Corporation), CD3-12 (CD3e, Cell Signaling Technology), LE-CD3 {CD3g, Santa Cruz
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Biotechnology, Inc.), NBP1-31250 (CD3y, Novus Biologicals), and 16669-1-AP (CD33,

Tavitrogen).

{3394} An exemplary D3 binding agent can also be selected from antibodies or antibody
fragments employing CDRs of clones hsp34, OKT-3, UCHTI, 381, HIT3a, RFTS, 8K7,
BC3, $P34-2, HU291, TRX4, Catumaxomab, teplizumab, 3-106, 3-114, 3-148, 3-190, 3-271,
3-550, 4-10, 4-48  H2C, F12Q, 12C, SP7, 3F3A1, CD3-12, 301, RIV9, IB38-29, IE17-74,
GT0013, 4E2, 7A4, 4D10AG, SPV-T3b, M2AB, IC0-90, 30A1 or Hu38E4.vi (US Patent
Application 202002994004 1), REGNS458 (US Patent Application 20200024356A1),

Blinatumomab (ittps: /oo drugbank conv/drugs/DBOB03 2 /polypeptide _seguences. fasta). In

some embodiments, the conjugate comprises a Fab, wherein the Fab compnses (a) a heavy
chain fragment comprising the amino acid sequence of SEQ 1D NO: 1 and a hight chain

fragment comprising the anmunoe acid sequence of SEQ IDNG:2 or 3.

{3395] An exemplary CD4 binding agent can be an antibody selected from the group
consisting of Thalizumab (https://Swww genome jp/dbget-bin/www_bget?DO0575), AF1856
(R&D Svystems), MABS554 (R&D Systems), BF0174 (Affinity Biosciences), PAB3111S
{Abnova Corporation}, CAL4 {Abcam), and antigen binding fragments thereof. In certain
embodiments, the binding agent comprises a Va domamn and a Vi domain of an antibody
selected from the group consisting of AF1856 (R&D Systems), MABS54 (R&D Systems),
BF0174 {Affinity Biosciences), PAB31113 {Abnova Corporation), and CAL4 (Abcam). In
certain embodiments, the binding agent comprises the heavy chain CDOR,, CDR2, and CDRs
and the light chain CDR., CDR:, and CDRs, determined under Kabat (see, Kabat er o/,
(1991} Sequences of Proteins of Immanological Interest, NIH Publication No. 91-3242,
Bethesda), Chothia (sce, e.g., Chothia C & Lesk A M, (1987}, J. MoOL. BIOL. 196: 901-917),
MacCallum (see, MacCallum R M er af, (1996} J. 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 AF1856 (R&D Svstems), MAB354 {(R&D Systems),
BF(174 (Affinity Biosciences), PAB31115 (Abnova Corporation), and CAL4 (Abcam).

{3396} An exemplary CD4 binding agent can also be selected from antibodies or antibody
fragments eraployving CDRs of clones Ibalizumab, OKT4, RPA-T4, §3.5, SK3, NIUGQ,
RIVG, OTHISE3, MEM-241 B486A1, R¥FT-4g, 7TE14, MDX 2, MEM-115, MEM-16, ICO-

86, Edu-2, or iibalizuimab.
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{6397} An exemplary CDS binding agent can be an antibody selected from the group
consisting of He3, MAB1636 (R&D Svystems), AF1636 (R&D Systems), MAB115 (R&D
Systeros), C5/473 + CD3/54/F6 (Abcany), CD5/54/F6 (Abcam), 63152 (Proteintech), and
antigen binding fragments thereof. In some embodiments, the binding agent comprises a Vu
domain and a Vi of an antibody selected from the group consisting of MAB1636 (R&D
Systems), AF1636 (R&D Systems), MAB 115 (R&D Systems)y, C5/473 + CB5/54/F6
{Abcam), CD5/54/F6 (Abcany), and 65152 (Proteintech). In certain embodiments, the
binding agent comprises the heavy cham CDR:, CDRo, and CDR:z and the light chain CDRy
CDR2, and UDRs, deternuned under Kabat (see, Kabat ef o/, (1991) Seqaences of Proteins of
Tovounological Interest, NIH Publication No. 91-3242, Bethesda), Chothia (see, e.g., Chothia
C & Lesk A M, (1987}, J. MoOL. BIoL. 196: 901-917), MacCallum (see, MacCallum R M er
al., {1996y §. MOL. BIOL. 262: 732-745), or any other CDR determination method known in
the art, of the Vw and V1 sequences of an antibody selected from the group consisting of
MAB1636 (R&D Systorug), AF1636 (R&D Systemas), MABTS (R&D Systems), C5/473 +
CD5/54/F6 {Abcam), TD3/54/F6 {Abcam), and 65152 (Proteintech).

{3398] An exemplary CD35 binding agent can also be selected from antibodies or antibody
fragments employing CDRs of clones of zolimomab, 3D7, LI7F12, and UCHT2, 108, 3121,
4H10, 8423, 504, 4H2, 5G2, 8GS, 6M4, 2E3, 4E24 4F10, 719, 799, 8E24, 6L18, TH7, 1E7,
QIZ1, 7111, &MY, 1P21, 2H11, 3M22, 5M6, SHR, 7119, 1AZ, 8E1S, 8CI10, 3P16, 4F3, 5M24,
5024, 7B16, 1E8, 2H16, BLal, 1804, DK23, Cnsl, MEM-32, H65, 4C7, 0X-19, Leu-1, 53~
7.3, 4H8ES6, T101, EP2952, D-9, H-3, HK231, N-20, Y2/178, H-300, UD5/54/F¢6, (3-20,
CC17, MOM-18539-5(P). or MOM-18885-5(P}.

{6399} An exemplary CD7 binding agent can be an antibody selected from the group
consisting of MAB7579 (R&D Svstemas), AF7579 (R&D Systoms), EPR22065 (Abcam),
1G10D8 (Proteintech), NBP2-32097 (Novas Biologicals), NBP2-38440 (Novus Biologicals),
and antigen binding fragments thereof. In certain embodiments, the binding agent comprises
a Vu domain and a Vi of an antibody selected from the group consisting of MAB7579 (R&D
Systeras), AF7379 (R&D Svstems), EPR22065 (Abcamy), 1G1ODS (Proteintech), NBP2-
32097 (Novus Biclogicals), and NBP2-38440 (Novus Biologicals). In certain embodiments,
the binding agent comprises the heavy chain CDR., CDRa, and CDR;: and the light chain
CDR,y, CDR, and CDR;, determined under Kabat (see, Kabat er /., (1991) Sequences of

Proteins of Immunological Interest, NIH Publication No. 91-3242, Bethesda), Chothia (see,

Rl
)
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e.g.. Chothia C & Lesk A M, {1987), J. MOL. BIOL. 196: 901-917), MacCallum (sce,
MacCalhum R M er o/, (1996} J. MOL. BIOL. 262: 732-745), or any other COR determination
method known in the art, of the Vi and Vi sequences of an antibody sclected from the group
consisting of MAB7379 (R&D» Systems}, AF7579 (R&D Systems), EPR22065 (Abcam),
1G10DE (Protaintech), NBP2-32097 (Novus Biclogicals), and NBP2-38440 (Novas

Biologicals).

{0400 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, 3A1f, CD7-6B7, or
VHHo.

{6461} Anexemplary CDE (CD&a, CD8o/n, CD80/P or CDEP) binding agent can be an
antibody selected from the group consisting of 2.43 (Invitrogen}, Du CD8-1 (TD8«,
Tnvitrogen), 9358-CD (CDRu/P, R&D Systems), MAB116 {CD8a, R&D Systems), ab4(033
{CD8a, Abcam), CR/144B (CD8a, Novus Biologicals), YTS105.18 (CDR8q, 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
V1. domain of an antibody selected from the group consisting of 2.43 (Invitrogen), 51 1
(ATCC HB-230), Du CD8-1 {(CD8q, Invitrogen}, 9358-CD (CDBa/B, R&D Systems),
MAB116{CD8q, R&D Systems), ab4055 (CD8w, Abcam), C&/144B (CD8u, Novus
Biologicals}, and YTS105.18 (CD8&¢, Novus Biologicals). In certain embodiments, the
binding agent comprises the heavy chain CDRy, CDR2, and CDRs and the light chain CDRy,
CDRy, and CDRs, determined under Kabat (see, Kabat er af , (1991) Sequences of Proteins of
Immusnological Interest, NIH Publication No. 91-3242, Bethesda), Chothia (s¢e, e.g., Chothia
C & Lesk A M, (1987), J. MOL. BIOL. 196: 901-917), MacCallum (sce, MacCallum R M ef
al, (1996} J. MOL. BIOL. 262: 732-7435), or any other CDR determination method known in
the art, of the Vi and Vi sequences of an antibody sclected from the group consisting of 2.43
{Invitrogeny, Dy CD8-1 {CD8¢, Invitrogen), 8358-CD (CDBw/B, R&D Systems), MABLI6
{CD8a, R&D Systems), abd035 (UD8o, Abcam), C8/1448 (CD¥o, Novus Biologicals), and
YTS105.18 (CD8a, Novus Biologicals).

{0462} Anexemplary CD8 binding agent can also be selected from antibodies or antibody
fragments emploving CDRs of clones OKT-8, 311, S6F1, TRX2, and UCHTA4, SP16, 3BS,
(8-144B, HIT8a, RAVB3, LT, 1708, MEM-31, MEM-87, RIV11, DK-25, YTCI41 1HL,

or YTC182.20. In some embodiments, the conjugate comprises a Fab, wherein the Fab
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comprises a heavy chain fragment comprising the aming acid sequence of SEQ I NG: 6 and

a light chain fragment comprising the amino acid sequence of SEQ ID NG 7.

{3403} An exemplary CD137 binding agent can be selected from antibodies or antibody
fragments employing CDRs of clones 4B4-1, P366, or Urelumab. An exemplary CD28
binding agent can be selected from antibodies or antibody fragments employing CDRs of
clone TABOR. An exemplary D45 binding agent can be selected from antibodies or
anttbody fragments employing CDRs of clones BC8, 9.4, 4BZ, Tulls, or GAPS 3. An
exemplary CI 1R binding agent can be selected from antibodies or antibody fragments
employing CDRs of clones 1B4, TS1/18, MEM-48, YFCIH18-3, TA-4, MEM-148, or R3-3,
24. An exemplary CD11a binding agent can be selected from antibodies or anttbody
fragments craploying CDRs of clone MHMZ24 or Efalizumab. An exemplary HL-2 recopior
binding agent can be selected from of antibodies or antibody fragments eraploying CDRs of
clones YTH 906.9HL, TL2ZR 1, BCY6, B-B10, 216, MEM-181, TTYV, MEM-140, ICG-105,
Daclizamab, or from the group consisting of IL2 or fragments of IL2. An exemplary IL-15R
binding agent can be sclected from antibodies or antibody fragments emploving CDRs of
clones IM7A4, or OTI3D3, or from the group consisting of IL15 or fragments of ILE5. An
exemplary TLR2 binding agent can be selected from antibodies or antibody fragments
employing CDRs of clones IM22-41, TLZ.1, 11G7, or TLR2.45. An exemplary TLR4
binding agent can be selected from antibodies or antibody fragments emploving CDRs of
clones HTALZS, or 76B357-1. An exemplary TLRS binding agent can be selected from
antibodies or antibody fragments employing CDRs of clones 85B152-5, or 9D759-2. An
exemplary GL7 binding agent can be selected from antibodies or antibody fragments

employing CDRs of clone GL7.

{6404} Anexemplary PD1 binding agent can be sclected from antibodies or antibody

fragments employing CDRs of clones MIF4, Ji16, J150, OTIB, OTI17B10, OTI3AL, or
OTi16D4. In addition, exemplary anti-PD-1 antibodies are described, for example, in U S,
Patent Nos. 8,932,136, 8,779,105, 8,008, 449, 8,741,295, 9,205,148, 9,181,342, 9,102,728
9,102,727, 8,952,136, 8,927,697, 8,900,587, 8,735,353, and 7,488,802, Exemplary anti-PD-{

>

antibodies nclude, for example, nivolumab (Opdivo®, Brstol-Myers Squibb Co.),
pembrolizumab (Keviruda®, Merck Sharp & Dohme Corp.), PDROGT (Novartis
Pharmaceuticals), and piddizumab (CT-011, Cure Tech). Exemplary anti-PD-L1 antibodies

are deseribed, for example, in U.S. 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, Excmplary anti-PD-L1 antibodies include, for example,
atezolizumab (Tecentriq®, Genentech), dorvalumab (AstraZencca), MEDI4736, avelumab,

and BMS 9365359 (Bristol Myers Squibb Co.).

{3405} An exemplary CTLA-4 binding agent can be selected from antibodies or antibody
fragments emploving CDRs of clones ER4.7G.1 1 {7G1 1, OTISGY, OTIOF3, OTIZAS,

A3 4H2 HIZ 14D3, OTI3A12, OTIIALL OTIIES, OTI3B11, OTI3D2, OTI10CS, OTIZEY,
OTI6FL, OTI7D3, 011858, OTH12Cs. Exemplary anti-CTLA-4 antibodies are described in
U.S. 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, 318,916, 8,017,114, 8,784 815, and
8,883,984, International (PCT) Publication Nos. W(98/42752, WOOGH/37504, and
WO01/14424, and European Patent No. EP 1212422 B1. Exemplary CTLA-4 antibodics

mclude ipilimumab or tremelinumab.

{0406] An exemplary TCR § binding agent can be an antibody selected from the group
consisting of H37-597 (Invitrogen}, 8A3 (Novus Biologicals), R73 {TCR«w/ B, Abcam),
E6Z38 (TRBCU/TCRB, Cell Signaling Technology), and antigen binding fragments thereof.
in certain embodiments, the binding agent comprises a Vu domain and a Vi of an antibody
selected from the group consisting of H57-397 (Invitrogen), 8A3 (Novus Biclogicals), R73
(TCRw/ B, Abcam), and E6Z3S (TRBCU/TCRP, Cell Signaling Technology}. In certain
embodiments, the binding agent comprises the heavy chain CDR,, CDRz, and CPRs and the
hight chain CDR:, CDR2, and CDRs, determined vnder Kabat (sce, Kabat er of , {1991}
Sequences of Proteins of Immunological Interest, NIH Publication No. 91-3242, Bethesda),
Chothua {see, e.g., Chothia C & Lesk A M, {(1987), J. MOL. BIOL. 196: $31-217), MacCallam
(sce., MacCallum R M er &, {1996} J. MOL. BICL. 262: 732-745), or any other CDR
determination method known in the art, of the Va and Vi sequences of an antibody selected
from the group consisting of H57-397 (Invitrogen), 8A3 (Novus Biologicals), R73 (TCRw/ B,

Abcamy}, and E6Z35 (TRBCI/TCRP, Cell Signaling Technology).

{3407} An exemplary CD137 binding agent can be selected from antibodies or antibody

fragments employing CDRs of clones 4B4-1, P366, or Urclumab.

{6408} 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 ts a human or humantzed antibody. In some embodiments,

Rel
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the tmmuane cell targeting group comprises a Fab or an immunoglobulin single variable
domain, such as a Nancbody. In some embodiments, the immune cell targeting group
comaprises a Fab that does not comprise a natural uderchain disulfide bond. For example, in
some embodiments, the Fab comprises a heavy cham fragment that comprises a €2338
substitution, and/or a Hight chain fragment that compnses a C2148 substitution, numbering
according to Kabat. In some embodiments, the mmune cell targeting group comprises a Fab
that comprises one or more nos~-native mierchain disulfide bonds. In some emboduments, the
mterchain disulfide bonds are between two non-native cvsteme residues on the light chamn
fragment and heavy chain fragment, respectively. For example, in some embodiments, the
Fab coraprises a heavy chain fragment that comprises F174C substitution, and/or a light
chain fragment that compriscs 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 cham fragment that comprises S176C and C2 148 substitutions,
numabering according to Kabat. In some embodiments, the inumune cell targeting group
comprises a C-terminal cystene 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
fragraent. 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 anno acids derived from an antibody hinge
region {e.g.. a partial hinge sequence) between the C-terminus of the Fab and the C-torminal
cysteine. o sore emabodiments, the Fab comprises a heavy chain variable domamn linked 1o
an antibody CHI domain and a light chain varable domain hnked to an antibody light cham
constant domain, wherein the CHI domain and the light chain constant domain are hinked by
one or more interchain disulfide bonds, and wherein the immune cell targeting group further
comprises a single chain variable fragiment (scFv) linked to the C-terminus of the light chain
constant domain by an amino acid linker. In some embodiments, the Fab antibody isa DS

Fab, a NoD)S Fab, a bDS Fab, a bDS Fab-ScFv, as demonstrated in FIG 47,

{8409} In some embodiments, the wwmune cell targeting group comprises an
immunoglobulin single variable domain, such as a Nanobody {e.g., a Vau). In some
embodiments, the Nanobody comprises a cysteine at the C-terounus. To some embodiments,
the MNanobody further comprises a spacer comprising one or more amino acids between the
Vuy domain and the Cternunal cysteine. o some embodiments, the spacer comprises ane or

g., two glycine residues. In some embodunents, the invonune cell

<

more glycine residues, ¢.

el
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targeting group comprises two or more Vun domains. In some embodiments, the two or more
Van domains are linked by an amine acid linker. In some embodiments, the amino acid
linker comprises one or more glyeine and/or serine residues {e.g., one or more repeats of the
sequence GGGGS). In some embodiments, the mmmune cell targeting group comprises a first
Vuu domain hnked to an antibody CH1 domain and a second Viu domamn 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 2.,
mterchain disulfide bonds). In some embodiments, the monume cell targeting group
compnses a Vuy domain linked to an antibody CH1 domain, and wherein the antibody CHI
domtain is linked to an antibody hight chain constant domain by one or more disulfide bonds.
In some embodiments, the CHI domain comprises F174C and 2338 substitutions, and the
fight chain constant domain comprises S176C and C214§ substitutions, numbering according
to Kabat. In some cmbodiments, the antibody 1s a ScFv, a Var, a 2xVug, a Vas-CHl/empty

Vk, or a Vuul-CHI/Vun-2-Nb bDS, as demonstrated 1o FIG. 47,
{6410} An exemplary targeting moiety may have an anuno sequence as set forth below:

Anti-CD3 hSP34-Fab sequences:

h5P34 heavy chain (HC) sequence (SEQ ID NG: 1)
EVQLVESGGGLYQPGGSLKLSCAASGFTFNKY AMNWVRQAPGKGLEWVARIRSKY
NNYATYYADSVKDRFTISRDDSKNTAYLOMNNLETEDTAVYYCVRHONFGNSYISY
WAYWGOQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALUTSGVHTFPAVLQSSGLY SLSSVVTVPSSSLGTQTYICNVNHEPSNTKVDKKVEP
KSSDKTHTC

h&P34-miam light chain (L) sequence (mouse lambda} (SEQ 1D NG: 2):
QTVVTQEPSLTVSPGOGTVTLTCGSSTGAVTSGNYPNWYQOQKPGQAPRGLIGGTKFLA
PGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCVLWYSNRWVFGGGTKLTVLGOPK
SSPSVTLFPPSSEELETNKATLVCTITBFYPGVVTVDWKYVDGTPVTQGMETTQPSKQS
MNNKYMASSYLTLTARAWERHSSYSCOVTHEGHTVEKSLSRADSS

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

Anti-CD3 Hu291-Fab sequences:

Hu291 HC (SEQ ID NO: 4):

QVOQLVQSGAEVKKPGASVKVSCKASGYTFISY TMHWVRQAPGOQGLEWMGYINPRS
GYTHYNQKLEDKATLTADKSASTAYMELSSLRSEDTAVYYCARSAYYDYDGFAYW
GOOGTLVTVSSASTRGPSVEPLAPSSKSTSGGTAALGCLVEDYFPEPVTIVSWNSGALT

e
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SGVHTFPAVLOQSSGLY SLSSVVTVPSSSLOTOQTYICNVNHEKPSNTKVDRKVEPKSSDK
THTC

Hu 291 LC (SEQ 1D NO: 5):
MOMRVPAQLLGLLLLWLPGAKCDIQMTQSPSSLSASVGDRYVTITCSASSSVEY MNW
YQUKPGKAPKRLIYDTSKLASGVPSRFSGSGSGTDFTLTISSLOPEDFATY YCQQWSS
NPPTFGGGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKY
DNALQSGNSQESVTEGDSKDSTYSLSSTLTLSKADYEKHKVY ACEVTHQGLSSPVTK
SFNRGES

Anti-CD8 TRXZ-Fab sequences:

TRX2 HC (SEQ ID NG 6):
QVQLVESGGGVVOPGRSLRLSCAASGFTFSDFOMNWVROAPGKGLEWVALIYYDG
SNKFYADSVKGRFTISRENSKNTLYLOQMNSLRAEDTAVYYCAKPHYDGYYHFFDS
WGOGTLVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGAL
TSOVHTFPAVLOSSGLY SLSSVVTVPSSSLOTQTYICNVNHKPSNTRKVDKKVEPKSSD
KTHTC

TRYX2 LC (SEQ ID NO: 7):
DIQMTQSPSSLSASVGDBRVTITCKGSODINNY LAWY QQKPGKAPKLLIYNTDILHTG
VPSRFSGSGSGTDFTFTISSLOPEDIATYYCYQYNNGY TFGQGTKVEIKRTVAAPSVFL
FPPSDEQLKSGTASVVCLLNNFYPREAKVOWK VDNALQSGNSQESVTEQDSKDSTY
SLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTESFNRGES

Angi-CD8 OKT8-Fab sequences:

OKT8 HC (SEQ ID NO: 8y
QVQLVQSGAEDKKPGASVKVSCKASGFNIKDTYTHWVRQAPGRGLEWMGRIDPAN
DNTLYASKFQOGRVTITADTSSNTAYMELSSLRSEDTAVYYCGRGYGYYVFBHWGQ
GTTVTVSSASTKGPSVEFPLAPSSKSTSGOGTAALGCLVEDYFPEPVTVSWNSGALTSG
VHTIFPAVLOSSGLY SLSSVVTVPSSSLGTQTYICNVNHEPSNTEVDKKVEPKSSDETH
TC

OKTE LC (SEQ [D NO: 9):
DIVMTQSPSSLSASVGDRVTITCRTSRSISOY LAWY QEKPGKAPKLLIYSGSTLOSGVP
SRFSGSGSGTDFTLTISSLOPEDFATYYCQQHNENPLTFGOQGTKVEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPYTKSFNRGES

Angi-CD4 Ibalizumab-Fab sequences:

{balizumab HC (SEQ 1D NO: 10):

QVQLGQSGPEVVEPGASVEMSCKASGY TFTSY VIHWVROQKPGQGLDWIGYINPYND
GTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNY ATGAWFAY
WGOGTLVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGAL
TSGVHTFPAVLOSSGLY SLSSVVTVPSSSLOTOTYICNVNHKPSNTKVDKKVEPKSSD
KTHTC

thalizumab LC (SEQID NG 1)
DIVMTQSPDSLAVSLGERVTMNCKSSOSLEYSTNQKNY LAWY QOKPGRSPRKLLIYW
ASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCRQQVYSYRTFGGGTKLEIKRT
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VAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOQWEKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLAKADYEKHEVYACEVTHQOGLSSPVTKSFNRGES

anti-CDS Hed-Fab sequences:

He3 HC (SEQ ID NO: 12y
EIQLVQSGGGLYKPGGSVRISCAASGYTFINYGMNWVRQAPGKGLEWMGWINTHT
GEPTYADSFKGRFTFSLDDSKNTAYLGINSLRAEDTAVYFCTRRGYDWYFDVWGRG
TTVIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTYSWNSGALTSGVH
TFPAVLQSSGLYSLSSYVTVPRSSSLGTQTYICNVNHKPSNTRKVDEKKVEPKSSDKTHTC

He3 LC (SEQ ID NO: 13):
DIQMTQSPSSLSASVGDRVTITCRASGDINSYLSWFQOKPGKAPK TLIY RANRLESGYP
SRFSGSGSGTDYTLTISSLOYEDFGIY YCQQY DESPWTFGGGTKLEIKRTVAAPSVFIFP
PSDEQLKSGTASYVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLS
STLTLSKADYEKHKVY ACEVTHQGLSSPVTKSFNRGES

anti-CH7 TH-69-Fab sequences:

TH-69 HC (SEQ ID NQ: 14}
EVOLVESGGGLYKPGGSLKLSCAASGLTFSSYAMSWYROTPEKRLEWVASISSGGEFT
YYPDSVKGRFTISRDNARNILYLOMSSLRSEDTAMY YCARDEVRGYLDVWGAGTTY
TVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPERPVTIVESWNSGALTSGVHTFP
AVEQSSGLY SLASVVTVPSSSLOTOTYIONVNHKPSNTKVDKEVEPKSCDETHTC

TH-69 LC (SEQ ID NO: 15}

DIGMTQTTSSLSASLGDRVTISCSASQGISNYENWY QQKPDGTVKLLIYYTSSLHSGVP
SRESGSGSGTDYSLTISNLEPEDIATY Y CQQYSKLPYTFGGGTKLEIKRTVAAPSVEIFP
PSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHQGLSSPVTRKSFNRGEC

anti-UD2 TS2/18.1-Fab sequences:

TS2/18.1 HC (SEQ 1D NO: 16):
EVQLVESGGGLVMPGGSLKLSCAASGFAFSSYDMSWVROGTPEKRLEWVAYISGGGF
TYYPDTVEKGRFTLSRDNAKNTLY LOMSSLKSEDTAMYYCARQGANWELVYWGQGT
LVTVSAASTEGPSVFPLAPSSKSTSGGTAALGULVKDYFPEPVTVSWNSGALTSGVHT
FPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSSDKTHTC

TS2/A8.1 LC (SEQID NG: 17y
DIVMTQSPATLSVTPGDRVFLSCRASQSISDFLHWY QQKSHESPRLLIKY ASQSISGIPS
RESGSGSGSDFTLSINSVEPEDVOVYFCONGHNFPPTFGGGTKLEIKRTVAAPSYFIFPP
SDEQLKSGTASVVCLINNFYPREAKVOWEKVDNALQSGNSQESVTEQDSKDSTYSLSS
TLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGES

anti-CD2 9.6-Fab sequences:

9.6 HC (SEQ 1D NO: I8)

QVQLOQPGAELVRPGSSVELSCKASGY TFTRYWIHWVKQRPIQGLEWIGNIDPSDSE
THYNQEKFKDKATLTVDKSSGTAYMQLSSLTSEDSAVYYCATEDLYYAMEYWGQGT
SVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT
FPAVLGSSGLY SLSSVVTVPSSSLGTOQTYICNVNHKPSNTKYVDKKVEPKSSDKTHTC

9.6 LC (SEQ 1D NO: 19):
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NIMMTQSPSSLAVSAGEKVTMTCKSSQSVLYSSNOQKNYLAWY QQKPGQSPELLIYW
ASTRESGVPDRFTGSGSGTDFTLTISSVOQPEDLAVY Y CHQYLSSHTFGGGTKLEIKRTY
AAPSVEIFPPSDEQLKSGTASYVCLLNNFY PREAKVOWKVDNALQSGNSQESVTEQD
SKDSTYSLSSTUTLSKADYEKHKVY ACEVTHOGLSSPYTKSFNRGES

anti-ChB2 9-1-Fab sequences:

9-1 HC (SEQ ID NG: 20}
QVQLOQPGTELVRPGSSVKLSCRASGYTRTSYWVNWVKQRPDOQGLEWIGRIDPYDS
ETHYNQKFTDKAISTIDTSSNTAYMQLSTLTSDASAVYYCSRSPRDSSTNLADWGOQG
TLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVH
TFPAVLQSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTRKVDKKVEPKSSDKTHTC

9-1 LC (SEQ ID NO: 21):
DIVMTQSPATLSVTPGDRVSLSCRASQSISDY LHWY QOKSHESPRLLIKY ASQSISGIPS
RFSGSGSGSDFTLSINSVEPEDVGVYYCQNGHSFPLTFGAGTKLELRRTVAAPSVFIFP
PSDEQLKSGTASVVCLLNNFYPREAKVQWE VDNALQSGNSQESVTEQDSKDSTYSLS
STLTLSKADYEKHKVY ACEVTHQGLSSPVTKSFNRGES

mut3KT8-Fab sequences:

mutOQKTS HC (SEQ 1D NG: 22):
QVOLVOSGAEDKKPGASVKVSCKASGRNIKDTYIHWVRQAPGOGLEWMGRIDPAND
NTLYASKFQGRVTITADTSSENTAYMELSSLRSEDTAVYYCGRGAGAYVIDHWGOGT
TVIVESASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT
FPAVLQSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDREKVEPKSSDKTHTC

mutOKTE LC (SEQ 1D NO: 23)

DIVMTQSPSSLSASVGDRVTITCRTSRSISAALAWY QEKPGKAPKLLIY SGSTLQSGVP
SRESGSGSGTDFTILTISSLOPEDFATYYCQOHNENPLTFGOQGTKVEIKRTVAAPSVFIFP
PSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSONSQESVTEQDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHOGLSSPVTRSFNRGES.

{06411} In certain embodiments, the targeting group or immune cell targeting group {e.g.,
T celi-targeting agent, B cell-targeting agent, or NK-cell targeting agent) may be covalently

coupled to a lipid via a polyethyliene glycol (PEG) containing linker.

{3412} in other embodiments, the lipid used to create a conjugate may be selected from

distearovi-phosphatidvicthanolanune (DSPE):

}L\/\/”\/’M/W\
H O
&N /O\):\/OY\/W\/W\/’\/’
HaN Py
O

dipalmitovi-phosphatidylethanclamine (BFPE):
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{3413] The mmmune cell targeting group can be covalently coupled to a lipid either

directly or via a hnker, for example, a polyethylene glycol (PEG) contamning linker. In

ST
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certain embodiments, the PEG is PEG 1000, PEG 2000, PEG 3400, PEG 3000, PEG 3450,
PEG 4000, or PEG 5000, In certain, embodimenis, the PEG 1s PEG 2000

{414} In some embodiments, the hipid-immune cell targeting group conjugate 1s present
in the lipid blend 1 a range of 0.001-0.5 mole percent, 0.001-0 3 mole percent, 0.002-0.2

mole pereent, 6.01-0.1 mole percent, ¢.1-0.3 mole percent, or 0.1~0.2 mole percent.

{0415] In certain erabodiments, the lipid twowne-~cell targeting agent conjugate
comprises DSPE, a PEG component and a targeting antibody. In cerfain embodiments, the
antibody is a T-cell targeting agent, for example, an anti-CD2 antibody, an anti-CD3
antibody, an anti-CM antibody, an anti-CD3 antibody, an anti-CD7 antibody, an anti CDR

antibody, or an anti-TCR § antibody.

{3416} An exemplary lipid-immune cell targeting group conjugate comprises DSPE and
PEG 2000, for example, as described in Nellis er of. (2005} BIOTECHNOL. PROG. 21, 205~
220. An exemplary conjugate comprises the structure of Formala V, where the scFv
represents an enginecred 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 engimeered antibody binding site can be, for
example, an engineered anti-CD3 antibody or an engineered anti-CD8 antibody. In cortan
cmbodiments, the enginecred antibody binding site can be, for cxample, an engineered anti-

D2 antibody or an engineered anti-CD7 antibody.

{6417} Anexample of a compound of Formula (V) is as shown below:

o

X

N Gly Gy Gy Gly = By {30F ¥
OV H - P ¥
{(Formula V).

it is contemplated that the scFv in Formula V may be replaced with an intact antibody or an

antigen fragment thereof {e.g.. an Fab).

Another example of a compound of Fornla (V1) is as shown below:
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(Formula
the prodaction of which is described in Nellis ef ¢, (2005} supra, or U.S. Patent No.

7,022,336, It is contemplated that the Fab in Formula VI may be replaced with an intact
antthody or an antigen fragment thereof {e.g., an (Fab™): fragment) or an engingering
antibody binding site {¢.g., an scFv).

{3418} Other lipid immune cell farget group conjugates are described, for example, n
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 an T-cell or NK cell sarface antigen as

described heremabove.

3419} In certain embodiments, the lipid component of an exemplary conjugate of
Formula IV can be based on an tonizable, cationic lipid described herein, for example, an
iontzable, cationic lipid of Fornwla I, Formula I, or Formula IIE. For example, an exeraplary

ionizable, cationic lipid can be selected from the group consisting of

O
PN e BN NP NP ii‘o/\(\OW\ N -
G

|
W,&/\m/ﬁ\ox\ﬁ%f\ O’J‘l\//\/ N
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or a salt thereof

{3420} in certain embodiments, an exemplary ionizable, cationic lipid can be a compound

of the formula:

0
\\/"\,/\\/’—""\//\\/\//\//IJ\QMO/ N N

/WA\::;/\/’\\»"A\V’,\T;/L% l

or a salt thereof.
{8421} In some embodiments, an exemplary ionizable, cationic lipid can be a compound
of the formula:

O
/MF\//T“\V/\//\/\/JLQ 3 /\O/\\//‘\N/
S H

or a salt thergof.
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{8422} In other embodiments, an excmplary ionizable, cationic lipid can be a compound

of the formula:
Q |
W/QV/VWJE\'Q/K\O/UW AN
N N N T N g g \Tﬁ H
Q

or a salt thereof.

{6423} In certain embodiments, an exemplary ionizable, cationic lipid can be a compound

of the formula;

WW/WO”Y\/ N,
BN I T N N N N o
or a salf thereof.

3424} In some embodiments, an exemplary ionizable, cationie lipid can be a compound

of the formula:

or a salt thereof.

{6425} In other embodiments, an exemplary 1onizable, cationic lipid can be a compound

of the formula;

e

/”\v/\/’i\vf’:\/”wﬁ\/ﬂ\ef\;{;ok/\“ i
BN

or a salt thereof.

{8426} In certain embodiments, an exemplary ionizable, cationic lipid can be a compound

of the formula;
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or a salt thereof.

{3427} in some embodiments, an exeraplary ionizable, cationie lipid can be a compound

of the formula:

or g salt thereof.

{6428} In certain embodiments, the conjugate based on a lipid of Formulda I may

mchide:

o

. S
sobe™ . :
, where scFv represents an engineered antibody

binding site that binds a target described hereinabove, e.g., D2, CB3, CD7, or CDE.

{6429} In certain embodiments, the lipid blend may further comprise free PEG-lipid 30 as
to redace 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 conpugate. In certain
cmbodiments, the free PEG-lipid s selected from the group consisting of PEG-distearovi-
phosphatidviethanolamine (PEG-DSPE) or PEG-dimyrstoyl-phosphatidylethanolamine
(PEG-DMPE)}, N-(Methylpolvoxyethylene oxycarbonyl}-1,2-dipalmitoyl-sn-glycero-3-
phosphoethanolamine (DPPE-PEG) 1.2-Dimyristoyi-rac-glycero-3-methyipolvoxyethylene

(PEG-DMQG), 1,2-Dipaloutovl-tac-glycero-3-methyvipolvoxyethylene (PEG-DPG), 1,2~
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Dioleoyl-rac-glycerol, methoxyvpolyethylene Glycol (DOG-PEG) 1,2-Distearoyl-rac-glycero-
3-methylpolvoxyethyviene {(PEG-DSG), N-palmitoyl-sphingosing-1-
{succmyl{methoxy{polvethylene glhycol) (PEG-ceramide), DSPE-PEG-cysteine, or a
derivative thereof, all with average PEG lengths between 2000-5000, with 2000, 3400, or
5000. A final composition may contain a mixture of two or more of these pegylated lipids.
n certain embodiments, the NP composition comprises a mixture of PEG-lipids with

myrstovl and stearic acyl chains.

{04306] In certain erobodiments, the derivative of the PEG-lipid has a hydroxyl ora

carboxvlic acid end group at the PEG terminus.

{6431} The hpid-immune cell targeting group conjugate can be mcorporated into LNPs as
described below, for example, in LNPs containing, for example, an ionizable cationic hipid, a
sterol, a neutral phospholipid and a PEG-lipid. It is contemplated that, in certain
cmbodiments, the LNPs containing the hipid-tnnune cell targeting group can contain an
wnizable cationic lipid described herein or a cationic hipid described, for example, m U.S.
Patent No. 10,221,127, 10,653,780 or U.S. Published application No. US2018/0085474,
US2016/0317676, International Publication No. WO2009/086558, or Miao ef ¢l (2019)
MNATURE BIOTECH 37:1174-1185, or Javaramaan er ¢f. {2012y ANGEW CHEM INT. 51: 8529~
8533, In other embodiments, the cationic lipid can be selected from an ionizable cationic

ipid set forth in the Table 1.

Table 1.

o (Lipid 2)

WJ\MW\,/O
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(Lipid 6)

o {Lipid 4)

o (Lipid 5)
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{03432] The LNPs can be formulated using the methods and other components described

below in the following sections.

v, Lipip NANOPARTICLE COMPOSITIONS

{8433} The mvention provides a lipid nanoparticle (LNP} composttion comprising a lipid
blend that contains an ionizable cationic lipid described herein and/or a lipid-immune celi
targeting agent conjugate described herein. o certain embodiments, the lipid blend may
cormprise an jonizable, cationic hipid deseribed herein and one or more of a sterol, a neutral

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

{8434} In certain embodiments, the onizable, canionic lipid described hercin 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 pereent, 40-50 mole percent, 50-70 mwole percent,
50-60 mole percent, or of about 30 mole percent, about 35 mole percent, about 40 mole
percent, about 45 mole percent, about 30 mole percent, about 535 mole percent, about 60 mole

percent, about 63 mole percent, or about 70 mole percent.

STEROL

{3435} In certain ermbodiments, 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, fecasterol, B-sttosterol, ergosterol, campesterol, stigmasterol, stigmastanol,

bragsicasterol. In certam embodiments, the sterol ig cholesterol.

{06436} The sterol {e.g., cholesterol) may be present in the lipid blend m 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,
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about 50 mole percent, about 535 mole percent, about 60 mole percent or about 63 mole

percent.

NEUTRAL PHOSPHOLIPID

{6437} In certain embodunents, the lipid blend of the lipid nanoparticle may contain one
or more neutral phospholipids. The neutral phospholipid can be selected from the group
consisting of phosphatidylcholine, phosphatidylethanolamine, distearovi-so-glycero-3-
phosphoethanolanune (DSPE), 1,2-distearovl-sn-glycero-3-phosphocholine (DSPCH, 1,2-
dioleoyl-sn~glveero-3-phosphoethanctamine (DOPE), 1,2-dioleovi-sn-glveero-3-

phosphocholine (DOPC), sphingomyehin (SM).

{8438} Other neutral phospholipids can be selected from the group consisting of
distearoyi-phosphatidyicthanolamine (DSPE), dimyrstoyi-phosphatidyicthanclamine
{(DMPE), distearovl-glycero-phosphocholine (DSPC), diolcovi-glycero-
phosphoethanolanune (DOPE), dilinoleovl-glycero-phosphocholne (DLPC), dimynistoyi-
glycero-phosphocholine (DMPC), dicleovi-glycero-phosphocholine (BORC), dipalmitoyi-
glvcero-phosphocholine {(DPPC), diundecanovi-glveero-phosphocholine (DUPC), palmitoyl-
oleoyi-ghycero-phasphocholine (POPC), dioctadecenyl-glveero-phosphocholine, oleovl-
cholestervthenusuccinoyl-glycero-phosphocholing, hexadecvi-glycero-phosphocholine,
dilinolenoyl-glycero~-phosphocheline. diarachidonoyi-glycero-3-phosphochaline,

didocosahexacnoyl-ghycero-phosphocholine, or sphingomyelin.

{3439} 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 mole percent, 4-12 mole percent, 4-10 mole percent,
4-8 mole percent, 5-15 mole percent, 5-12 mole percent, 5-10 mole percent, 6-15 mole
percent, 6-12 mole percent, 6-10 more percent, or about 1 mole percent, about 2 mole
percent, about 3 mole percent, about 4 mole percent, about 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

peteent, or abowt 135 mole percent.

PEG-LiPip
{1440} The lipid blend of the lipid nanoparticle may include one or more PEG or PEG-
modificd lipids. Such species may be alternately referred to as PEGvlated lipids. A PEG
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hipid is a hipid modified with polyethylene glveol. As noted above, free PEG-lipids can be
mehided in the lipid blend to reduce or eliminate non-specific binding via a targeting group

when a lipid-immune cell targeting group is included in the lipid blend.

{3441} A PEG Hpid may be selected from the non-limiting group consisting of PEG-
modified phosphatidylethanolamines, PEG-modified phosphatidic acids, PEG-modified
ceramides, PEG-modified dialkylamines, PEG-modified diacyiglycerols, and PEG-modified
dialkvlglycerols. For example. a PEG lipid may be PEG- dicleoylgylcerol (PEG-DOG),
PEG-dimyristoyl-glycerol (PEG-DMG), PEG-dipaloutoyl-glycerol (PEG-DPG), PEG-
dilmoleoyl-glycero-phosphatidyl ethanolamme (PEG-DLPE), PEG-dimyrstoyl-
phosphatidvicthanolamine (PEG-DMPE), PEG-dipalmitoy}- phosphatidylethanclamine
(PEG-DPPE), PEG-distearoyliglyeerol (PEG-DSG), PEG-diacvighycerol (PEG-DAG, ¢.g.,
PEG-DMQG, PEG-DPG, and PEG-DS(G), PEG-ceramide, PEG-distearovi-glyvcero-
phosphoglycerol (PEG-DSPG), PEG-diclcovi-glveero~-phosphoethanolamine (PEG-DOPE},
2-{{polyethyiene glycol}-2000]-N N-ditetradecylacetamide, or a PEG-distearoyl-
phosphatidylethanolanuune (PEG-DSPE) lipd.

{3442} In certain embodiments, the blend may contain a free PEG-Hipid that can be
selected from the group consisting of PEG-distearoyiglveerol (PEG-DSG), PEG-
diacvlglveerol (PEG-DAG, ¢.g., PEG-DMG, PEG-DPG, and PEG-DSG), PEG-dimyristoyl-
glveerol (PEG-DMG), PEG-distearoyi-phosphatidylethanolamine (PEG-DSPE) and PEG-
dimyrstovi-phosphatidylethanolamine (PEG-DMPE). In some embodiments, the free PEG-
lipid comprises a diacvlphosphatidvicholines comprising Dipalmitoyl (C16) chain or

Distearoyl (C18) chain.

{0443} The PEG-lipid mayv be present i the hipid blend in a range of 1-10 mole percent,
1-8 mole percent, 1-7 mole percent, 1-6 mole percent, 1-5 mole percent, 1-4 mole percent, 1-
3 mole pereent, 2-8 mole percent, 2-7 mole percent, 2-6 mole percent, 2-5 mole percent, 2-4
mole percent, 2-3 mole percent, or about 1 mole percent, about 2 mole 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.

{6444} In some embodiments, the PEG-lipid may be present in the lipid blend in the
range of 0.01-10 mole percent, 8.01-5 mole percent. ¢.01-4 mole percent, 0.01-3 mole

percent, 0.01-2 mole percent, 0.01-1 mole percent, 0.1-10 mole percent, 0.1-5 mole percent,
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0.1-4 mole percent, 0.1-3 mole percent, 0.1-2 mole percent, 0.1-1 mole percent, 0.53-10 mole
percent, 0.5-5 mole percent, 0.5-4 mole percent, $1.5-3 mole percent, 0.5-2 mole percent, 0.5~
1 mole percent, 1-2 mole percent, 3-4 mole percent, 4-5 mole percent, 5-6 mole percent, or
1.25-1.75 mole percent. In some embodiments, the PET-lipid may be about 0.5 mole percent,
about | 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. Tn some embodiments, the

PEG-lipid 15 a free PEG-lipid.

{0445} In some embodiments, the hipid anchor length of PEG-hipid is Cl4 {as m PEG-
DMG). In some embodiments, the bipid anchor length of PEG-lipid 15 C16 (as 1w DPG). In
some cmbodiments, the lipid anchor length of PEG-lipid is CIR (as in PEG-DSG). In some
embodiments, the back bone or head group of PEG-hipid is diacyl glycerol or

phosphoethanolamine. Tn some embodiments, the PEG-hpid is a free PEG-hpid.

(3446} A LNP of the present disclosure may comprise one or more free PEG-lipid that s
not conjugated to an immune cell targeting group, and a PEG-lipid that 1s conjugated {o
immune cell targeting group. In some embodiments, the free PEG-lipid comprises the same

or a different lipid as the lipid m the hpid-tmoune cell targeting group conjugate.

IMMUNE CELL TARGETING GROUP CONJUGATE

{6447} In certain embodiments, the lipid blend can also inchude a lipid-immune cel

targeting group conjugate as described in Section i above.

{63448} The lipid-immunce cell targeting group conjugate may be present in the lipid blend
o arange of 0.001-0.5 mol percent, 0.001-0.1 mole percent, 0.01-0.3 moole percent, 0.05-0.5
mole percent, §.1-0.5 mole percent, 0.1-0.3 mole percent, 0.1-0.2 mole percent, 0.2-0.3 mole
pereent, of about §.01 mole percent, about 0.03 mole percent, about 0.1 mole percent, about
0.15 mole percent, about 0.2 mole percent, about .25 mole percent, about 4.3 mole percent,
about 0.35 mole percent, about 0.4 mole percent, about 0.45 mole percent, or about 0.5 mole

percent.
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{6449} In addition to the lipids present in the lipid blend, the LNP compositions may
further comprise a payload, for examaple, a payload described hereinbelow. In certain
embodiments, the pavload is a nucleic acid, for example, DNA or RNA, for example, an

mRNA, transfer RNA (tRNA}, a microRNA, or small interfering RNA (siRNA}.

{0450] In certain emboduments, the number of the nucleotides in the nucleic acid 1s from

about 400 o about 6000.

PRODPUCTION OF LipIp NANOPARTHLES

{3451} In general the LNPs are produced by using either rapid mixing by an orbital
vortexer or by microfhndic mixing. Orbital vortexer mixing is accomplished by rapid
addition of lipids solution n ethanol to the aqueous solution of a nucleic acid of interest
followed tmmediately by vortexing at 2.300 rpm. Microfluidic mixing s achieved mixing
the aqueous and organic streams at a controlled flow rates n a wucrofluidic channel using,
¢.g., a NanoAssemblr device and nucrofluidic chips featuring optimized mixing chamber

geometry {Precision Nanosystems, Vancouver, BC).

{0452} In certain embodiments, the resubting LNP compositions comprise a lipid blend
containing, for example, from about 40 mole percent to about 60 mole percent of one or more
wnizable cationic lipids deseribed herein, from about 35 mole percent to about 50 mole
percent of one or more sterols, from about 5 mole percent to about 15 mole percent of one or
more neutral lipids, and from about 0.5 mole percent to about 5 mole percent of one or more

PEG-lipids.

PHYSICAL PROPERTIES OF Lipib NANOPARTICLES

j453] The characteristics of an LNP composition may depend on the components, their
absolute or relative amounis, contained in a lipid nanoparticle {LNP} composition.
Characteristics may also vary depending on the method and conditions of preparation of the

LNP composition.

{8454} LNP composttions may be characterized by a variety of methods. For example,
microscopy {e.g., transmission clectron microscapy or scanning electron microscopy) may be
used to examine the morphology and size distribution of an LNP composition. Dynanuc hght
scattering or potentiometry {¢.g., potentiometric titrations} may be used to measure zeta

potentials. Dyvamic hight scattering may also be utilized to determine particle sizes.
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Instruments such as the Zetasizer Nano 28 (Malvern Instruments Ltd, Malvern,
Worcestershire, UK) may also be used to measure mudtiple characteristics of an LNP
coraposition, such as particle size, polvdispersity index, and zeta potential. RNA
encapsulated efficiency 1s determined by a combination of methods relving on RNA binding
dves (ribogreen, cybergreen to determine dye accessible RNA fraction} and LNP de-

formulation followed by HPLC analysis for total RNA content.

{8455} In some embodiments, the LNP may have a mean diameter in the range of 1-250
oo, 1-200 ooy, 1-150 om, 1-100 nm, 30-250 nm, 36-200 nm, 50-150 nm, 50-100 am, 75-250
mm, 75-200 nm, 75-150 nm, 75-100 yun, 100-250 nm, 100-200 nm, 100-150 nm. In certam

embodiments, the LNP composttions may have a mean diameter of about Inm, aboat 10 nm,
about 20 nm, about 30 nm, about 40 nm, about 30 nm, about 60 nm, about 70 nmy, about 80

nm, about 90 nm, about 100 nan, about 110 nm, about 120 nm, about 130 nm, about 140 nim,
about 150 nim, about 160 nm, about 170 nm, about 180 nrm, about 190 nm, or about 200 nm.

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

3456} Alternatively or in addition, the LNP compositions may have a polydispersity
index in a range trom 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, 0.08-6.2, ¢.1-1,0.1-0.75, 0.1-0.53, 0.1-0.4, 0.1-0.3, 0.1-0. 2.
In certain embodiments, the polvdispersity index is i the range of 0.1-0.25, 0.1-0.2, 0.1-0.19,

0.1-0.18, 0.1-0.17, 0.1-0.16, or 0.1-0.15.

{3457} 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
potential of about ~-10 mV fo about +20 mV. The zeta potential may vary as a function of pH.
As a result, in certain embodiments, the LNP compositions may have a zeta potential of about
~10 mV to about + 30 mV or about 0 mV o + 30 mV or about -+ 5mV to about + 30 mV at
pH 5.5 or pH 3, and/or a zeta potential of about -30 mV to about + 5 mV or about ~ 20 mV to

abouwt + I3V atpH 7 4.
V. PAYLOADS

{6458] The LNP compositions may comprise an agent, for example, a nucleie acid
molecule for delivery to a cell {¢.g., an mune cell) or tissue, for example, acell {e.g., an

vamune cell} or tissue in a subject.
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{6459} The LNP compositions of the present invention may include a nucleic acid, for
example, a BNA or RNA, such as an mRNA_tRNA, microRNA, siRNA, or dicer substrate
siRMA. 1t 1s contomplated that nucleic acids can contain naturally occurring componends,
such as, naturally occurring bases, sugars or linkage groups {e.g., phosphodiester hinkage
groups) or may contain non-naturally occurring components or modifications, {e.g. , thioester
linkage groups). For example, the nucleic acid can be synthesized to contain base, sugar,
finker modifications known to those skilled in the art. Furthermore, the nucleic acids can be
Iinear or circular, or have any desired contiguration. The LNP composttions can include
mudtiple nucleie actd molecules, for example, maltiple RNA molecules, which can be the

sam¢ or ditteront.

{460} In certain embodiments, the payload s an mRNA. In certain embodiments, a
particular LNP composttion may contain a number mRNA molecules that can be the same or
different. In certain embodiments, one or more LNP compositions including one or more
different mRNAs mav be combined, and/or simaltaneously contacted, with a cell. It is
conderaplated that an mRNA may mclude one or more of a stem loop, a cham terounating
nucleoside, a polvA sequence, a polyadenylation 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 immune disorder, inflammatory disorder or cancer. In addition, the mRNA may
encade 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.

{3461} In certain embodiments, the LNP composition may include one or more other
components including, but not limited to, onc or more pharmacceutically acceptable
excipients, small hydrophobic molecules, therapeutic agents, carbohydrates, polymers,

poermeability enhancing molecules, and surface altering agents.

{0462} In some embodiments, the wifwt ratio of the lipid component to the pavload {c. g,
mRNA} in the resulting LNP composition is from about 1:1 to about 50:1. In certain
embodiments, the wi/wt ratio of the lipid component to the payload (e g., mRNA} in the
resulting composition is from about 5:1 o about 5G:1. In certain crubodiments, the wt/wt
ratio is from about 511 to about 40:1. In certain embodiments, the wit/wt ratio 1s from about

10:1 to about 40:1. In certaun embodiments, the wi/wt ratio is from about 15:1 o about 25:1.
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{6463} In certain cbodiments, the encapsulation efficiency of the payicad {c.g., mRNA}
in the lipid nanoparticles is at least 50%. In certain embodiments, the encapsulation

efficiency 1s at least 80%, at least 90% or, or greater than 90%.

RNA PAYLOAD

{6464} In certain embodiments, the RNA payioad is an mRNA, {(RNA, microRNA | or
siRMNA payload.

(3465} In certain embodiments, the lipid nanoparticle compositions are optimized for the
delivery of RNA, e.g., mRNA | to atarget cell for translation within the cell. An mRNA may
be a naturally or non-naturally occurrmg mRNA. An mRNA may include one or more

modified nucleobases, nucleosides, or nucleotides.

{3466} The nucleobases may be selected from the non-lmiting group consisting of
adenine, gaaning, aracil, cytosme, 7-methylguanine, S-methylcytosing, 5-

hydroxymethyleyvtosine, thymine, pseudouractd, diliwdrouracil. hypoxanthine, and xanthine.

{8467} A nucleoside of an mRNA is a compound including a sugar molecule (c.g., a 5~
carbon or 6-carbon sugar, such as pentose, ribose, arabinose, xylose, glucose, galactose, ora
deoxy derivative thereof) in combination with a nucleobase. A nucleoside may be a
canonical nucleoside (e.g., adenosine, guanosine, cytidine, undine, S-methyluridine,
deoxvadenosine, deoxyguanosine, deoxyeytidine, deoxyuridine, and thymidine} or an analog

thereof and may include one or more substitutions or moditications.

{8468} A nucleotide of an mRNA is a compound containing a nucleoside and a phosphate
group or alternative group {¢.g., boranophosphate, thiophosphate, selenophosphate,
phosphonate, alkyl group, amidate, and glveerol). A nuclectide may be a canonical
nuclectide (¢.g., adenosine, guanosine, cytidine, undine, S-methvhuridine, deoxyadenosine,
deoxyguanosing, deoxyeytiding, deoxyuridine, and thynudine monophosphates) or an analog
thercof and may include one or more substitutions or modifications including but not hmited
to alkyl, aryl, halo, oxo, hydroxyl, atkyloxy, and/or thic sebstitutions; 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 alicmative
groups. For example, a nucleotide may include a nucleoside and a triphosphate group. A

"mucleoside triphosphate” (¢ .g., guanosine triphosphate, adenosine triphosphate, cvtidine
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triphosphate, and undine triphosphate) may refer to the canonical nucleoside triphosphate or
an analog or derivative thereof and may include one or more substitutions or modifications as

descrtbed herein.

{3469} AnmRNA may include a 5" untransiated region, a 3' untranslated region, and/or a
coding or translating sequence. An mRNA nay include any number of base pairs, including
tens, hundreds, or thousands of base pairs. Any number {¢.g., all, some, or none) of
nucleobases, nucleosides, or nuclestides may be an analog of a canonical species, substituted,
madified, or otherwise non-naturally occurring. In cortain embodiments, all of a particular
nucleobase type may be modified. For example, all eytosine 1n an mRNA may be 5-

methyleytosine.

{6474} In certain embodiments, an mRNA may mclade a 5° cap structure, a chain

terminating mucleotide, a stem foop, a polyA sequence, and/or a polyadenylation signal.

{3471} A cap stractare or cap species is a compound including two nucleoside moieties
joined by a linker and may be selected from a naturally occurring cap, a non-naturally
OCCWITing 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 inclode a guanine nucleotide
and a guanine (G} nucleotide methylated at the 7 position joined by a triphosphate linkage at
their 5' posttions, ¢.g., m7G{(3Yppp(3)G, commonly written as m7GpppG. A cap species may
also be an anti-reverse cap analog. A non-liniting list of possible cap species includes

m7GpppQ, m7Gpppm7G, m73'dGpppG, m7Gpppm TG, m73'dGpppG, and m27 02'GppppG.

{6472} Alternatively or i addition, an mRNA may include a chain tormunating
nucleoside. For example, a chain ternunating nucleoside may mohede those mucleosides
deaxygenated at the 2' and/or 3' positions of their sugar group. Such species may include 3'-
deoxvadenosine {cordycepm}, 3-deoxyundine, 3'-deoxyeytosine, 3'-deoxvgnanosine, 3'-
deoxythymine, and 2' 3-dideoxynucieosides, such as 2, 3-dideoxyadenosing, 2',3'-

]

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

{8473} Alternatively or i addition, an mRNA may imnchide a stem loop, such as a histone
stera loop. A stem loop may inclade 1,2, 3,4, 5, 6, 7. 8, or more nucleotide base pairs. For
example, a stem loop may include 4, 5, 6, 7, or 8 nucleotide base pairs. A stem loop may be

focated 1 any region of an mBRNA. For example, a stem loop may be located in, before, or
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after an untranslated region {a 5" untranslated region or a 3' uatranslated region), a coding

region, or a polvA sequence or tail.

{3474} Alternatively or in addition, an mRNA may nclade a polyA sequence and/or
polyadenviation signal. A polvA sequence may be comprised entirely or mostly of adenine
nucleotides or analogs or derivatives thereof. A polvA sequenee mav be a tail located

adjacent to a 3" untransiated region of an mRNA.

[B8475] An mRNA may encode any polvpeptide of interest, mncluding any naturally or
non-naturally occurring or otherwise modified polypeptide. A polypeptide encoded by an
mENA may be of any size and may have any secondary stracture or activity. In some
cmbodiments, a polypeptide cucoded by an mRNA may have a therapeutic effect when
expressed n a cell. In some embodiments, the mRNA may encode an antibody, enzyme,
growth factor, hormone, cytokine, viral protein {e.g, a viral capsid protein), anligen, vaccine,
or receptor. In some embodiments, the mRNA may encode an engineered recepior such as a
CAR or an antigen for use in a therapeutic vaccine {e. g, a cancer vaccine)} or a prophylactic
vaceine {e.g. a vaceine for minimizing the risk or severity of an infection by a microbial or
viral pathogen). In some embodiments, the mRNA encodes a polvpeptide capable of
regulating mmmune response in the immune cell. In some crubodiments, the mRNA cncodes a
polypeptide capable of reprograronung the immune cell. In some embodiments, the mRNA

encodes a synthetic T cell receptor (synTCR ) or a Chimeric Antigen Receptor (CAR).

{3476} A lipid compostition may be designed for one or more specific applications or
targets. For example, an LNP composition may be designed to deliver mENA to a particular
cell, tissue, organ, or system or group thereof in a maramal's body, such as the renal system.
Physiochemical properties of LNP compositions may be altered in order to increase
selectivity for particalar 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 ENP
comaposiiion may also depend on the desired dehvery target or targets. For exanple, an
mRNA may be selected for a particular mdication, condition, disease, or disorder and/or for
delivery to a particular cell, tissue, organ, or system or group thereof (c.g., localized or

specific delivery).

{8477} The amount of mRNA in a lipid composition may depend on the size, sequence,

and other characteristics of the mRNA. The amount of mRNA 10 an LNF may also depend
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on the size, composition, desired target, and other characteristics of the LNP composition.
The relative amounts of mRNA and other elemenis {e.g., lipids) may also vary. The amount
of mRNA m an LNP composition may, for example, be measured using absorption

spectroscopy {e.g., ultraviolet-visible spectroscopy).

{0478} In somc embodiments, the one or more mRNAs, lipids, and polymers and
amounts thereof may be selected to provide a specific NP ratio (the ratio of positively-
chargeable lipid or polymer amine (N = nitrogen) groups to negatively-charged nucleic acid
phosphate (P} groups). The NP ratio of the composttion refers to the molar ratio of nitrogen
atoms i one or more Hpids to the mumber of phosphate groups i an mRNA. In general, a
lower N:P ratio is preferred. A NUP ratio may be dependent on a specific lipid and its pKa.
in certain erbodiments, the mBRNA and LNP composition, and/or their relative amounts may
be sclected to provide an NP ratio from about 1:1 to about 30: 1, or from about 1.1 to about
28:1. In certain embodiments, the NUP ratio can be, for example, 111, 2:1, 3:1, 41, 5.1, 6.1,
7:1, or &:1. In certain embodiments, the N:P ratio may be from about 2:1 to about 5:1. In
certain crobodiments, the NoP ratio may be abouwt 4:1. To other embodiments, the NP ratio s
from about 4:1 o about 8:1. For example, the N:P ratio may be about 4:1, about 4.5:1, about
461, about 471, about 4 8.1, about 4.9:1, about 5.0:1, about 3.1:1, about 5.2:1, about 5.3:1,

about 5.4:1, about 3.5:1, about 5.6:1, about 5.7:1, about 6.0:1, about 6.5.1, or about 7.0:1.

{8475} The amount of mBNA in a nanoparticle composition may depend on the size,
sequence, and other charactenistics 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
clements (c.g., lipids) may also vary. In some combodiments, the wi/wt ratio of the lipid
component to an mRNA in a nanoparticle composition may be from about 5:1 to about 50: 1,
suchas 5:1,6:1, 721, 8:1, 91, 10:1, 10, 1200, 1300, 1400, 150, 1601, 171, 18, 19:1, 20: 1,
25:1, 3001, 35:1, 40:1, 45:1, and S0:1. For example, the wt/wt ratio of the lipid component to
an mRNA may be from about 10:1 o about 46:1. The amount of mRNA in a nanoparticle
coraposition may, for example, be measured using absorption spectroscopy {¢.g., ultraviolet-

visible spectroscopy}.

{6484} The efficiency of encapsulation of an mRNA describes the amount of mRNA that
is encapsulated or otherwise associated with a liptd composition after preparation, relative to

the initial amount provided. The encapsulation efficiency is desirably high (¢ g., close to
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100%). The encapsulation efficiency may be measured, for example, by comparing the
amount of mRNA in a solution containing the lipid 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
myvention, the encapsulation efficiency of an mRNA may be at least 50%, for example 30%,
55%, 60%, 65%. T0%, 75%, 80%, 83%, 90%, 91 %, 92%, 93%. 949, 95%, 96%, 97%, 98%,

99%. or 100%. In certain embodiments, the encapsulation efficiency may be at least 86%.
Vi,  FORMULATION AND MODE OF DELIVERY

{3481} LNP compositions of the invention may be formulated in whole or in partas a
phammaceutical composition. The pharmaceutical compositions may further include one or
more pharmaceutically acceptable excipients or accessory ingredients such as those desceribe
herein. General gaidelines for the formmdation and manufacture of pharmaceotical
compositions and agents are avatlable, for example, in Remington's (2000) supra.
Conventional excipients and accessory ingredients may be used n any pharmaceutical
composition of the invention, except nsofar as any conventional excipient or accessory
ingredient may be incompatible with one or more components of an LNF composition of the
mvention. An excipient or accessory ingredicnt may be incompatible with 3 component of an
LNP composition if its combination with the component may result in any undesirable

biological effect or otherwise deleterious effect.

{3482} In some embodiments, one or more excipients or accessory mgredients may make
up greater than 50% of the total mass or volume of a pharmaceutical composition including
an LNP composition of the invention. For cxample, the one or more excipients o7 accessory
mgredients may make up 30%, 40%, S0%, 60%, 70%, 80%, 90%, or more of a
pharmaceutical 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 cmbodiments, the excipient is pharmaceutical grade. In cortain embodiments, an
excipient meets the standards of the United States Pharmacopoeia (USP}, the European

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

{6483} Relative amounts of the one or more lipids or LNPs, one or more

pharmaceutically acceptable excipients, and/or any additional ingredients in a pharmaceutical
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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.

{1484} Lipid compositions and/or pharmaceutical compositions inclading one or more
LNP compositions may be administered to any subject, including a human patient that may
benefit from a therapeutic effoct provided by the delivery of a nucleic acid, ez, an RNA
{e.g., mRNA, {RNA or siRNA) to one or more particular cells, tissues, organs, or systems or
groups thereof, such as the renal system. Although the descriptions provided herein of LNP
comapositions and pharmaceutical composttions ncluding LNP compositions are principally
directed to compositions which are suitable for administration to humans, i will be
understood by the skilled artisan that such compositions are generally suitable for
admunistration to any other mammal. Modification of compositions suitable for
adounistration to humans in order to render the compositions suitable for admunistration to

various arimals 1s understood.

(3485] A pharmaceutical composition in accordance with the present disclosure may be
prepared, packaged, and/or sold i bulk, as a single unit dose, and/or as a 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 pavioad).

{6486} Pharmaceutical compositions of the invention may be prepared in a variety of
formas suitable for a variety of routes and methods of admimsiration. For example,
pharmaceutical compositions of the invention may be prepared in hquid dosage forms {e.g.,
emulsions, microemulsions, nanoemulsions, sohitions, suspensions, syrups. and elixirs),
mnjectable forms, solid dosage forms {¢.g., capsules, tablets, pills, powders, and granules),
dosage forms for topical and/or transdermal administration {¢.g., ointments, pastes, creams,
lotions, gels, powders, solutions, sprays, inhalants, and patches), saspensions, powders, and

other forms.

{3487} Liquid dosage forms for oral and parenteral admunistration include, but are not
fimited to, pharmaceutically acceptable eroulsions, nucroemulsions, nanoemulsions,
solutions, suspensions, syrups, and/or ehxirs. In addition to active mgredients, iquid dosage
forms may comprise inert diluents commonly used in the art such as, for example, water or
other solvents, solubilizing agents and emulsifiers such as ethyl alcohol, isopropy! alcohol,

othyl carbonate, ethyl acetate, benzy! alcohol, benzyl benzoate, propylene glyeol, 13-
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butviene glveol, dimethyHormamide, oils (in particalar, cottonseed, groundnut, com, germ,
olive, castor, and sesame oils), glyceroh, tetrahydroturfuryi alcohol, polyethylene glycols and
fatty acid esters of sorbitan, and mixtures thereof. Besides inert diluents, oral compositions
can include adjuvants such as wetting agents, emulsifying and suspending agents,

sweetening, flavoring, and/or perfuming agents.

=2

{6488} Injectable preparations, for example, sterile mnjectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing agents,
wetting agents, and/or suspending agents. Stenile injectable preparations may be sterile
mjectable solutions, suspensions, and/or enmulsions in nontoxic parenterally acceptable
dilsents and/or solvents, for example, as a solution in 1,3-butanedicl. Among the acceptable
vehicles and solvents that mav be emploved are water, Ringer's solution, U.S P, and isotonic
sodinm chiornde solution. Sterile, fixed oils are conventionally employed as a solvent or
suspending mediuvm, For this purpose any bland fixed o1l can be employed mcluding
synthetic mono- or diglveerides. Fatty acids such as oleic acid can be used in the preparation

of mnjectables.

{3489} Injectable formulations can be sterilized, for example, by filtration through a
bacterial-retaining filter, and/or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed m sterile water or other sterile injectable

medium prior to use.

Other Components

{3496} In addition, it is conmtemplated that the pharmaceutical compositions may include

one or more components n addition to those described hereinabove.

{0491} The pharmaceutical compositions may also include one or more permeability
enhancer molecules, carbohydrates, polvmers, therapeutic agents, surface altening agents, or
other components. A permeability enhancer molecule mayv be a molecule deseribed, for
example, m U.S. patent application publication No. 2005/0222064. Carbohydrates may
include simple sugars (¢.g., glucose) and polvsaccharides (e.g., glvcogen and dernvatives and

analogs thereof).

{6492} ¢ pharmaceutical compositions may also contain a surface altenng agent,
meluding for example, antonic proteins {e.g., bovine serom albumin}, surfactants {e.g.,
cationic surfactants such as dimethyldioctadecyl-ammontum bromide), sagars or sugar
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derivatives {e.g.

F=2b]

cyclodextrin), polymers (e.g., heparin, polyethylene glycol, and poloxamer},
mucolytic agents {¢.g., acetylcysteine, mugwort, bromelain, papain, clerodendrum,
brombexine, carbocisicine, eprazinone, mesna, ambroxol, sobrerol, domiodol, letosteine,
stepronin, tiopronin, gelsolin, thymosin B4, domase alfa, nelicnexine, and erdosteine), and
DiNases (g.g., rhDNase}. A sorface altering agent may be disposed within and/or apon the

surface of a composition described herein.

{8493} In addition to these components, a pharmaceutical composition containing an LNP
comaposition of the invention may include any substance usefu] 1 pharmaceutical
compositions. For example, the pharmaceutical composition may include one or more
pharmmaceutically acceptable excipients or accessory ingredients such as, but not limited to,
one or more solvents, dispersion media, diluents, dispersion aids, suspension aids, granulating
ards, dismiegrants, fillers, ghidants, liquid vehicles, binders, surface active agents, isotonic
agents, thickening or emulsifving agents, bufforing agents, lubricating agents, oils,
preservatives, and other species. Excipients such as waxes, butters, coloring agents, coating
agents, flavorings, and perfuming agenis may also be meluded. Phammaceutically acceptable

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

{0494} Dispersing agents may be selected from the non-limiting list consisting of potato

starch, corn starch, tapioca starch, sodium starch glycolate, clays, alginic acid, guar gum,
citrus pulp, agar, bentonite, cellolose and wood products, natural sponge, cation-exchange
resins, calcium carbonate, silicates, sodium carbonate, cross-hinked poly{vinyl-pyrrolidone)
{crospovidone), sodium carboxymethyl starch {sodium starch glycolate), carboxymethyl
cellulose, cross-linked sodium carboxymethyl celludose {croscarmeliose}, methyloellulose,
pregelatinized starch (starch 13003, microcrystalline starch, water insoluble starch, calcium
carboxymethy! cellulose, magnestum aluminum sihicate (VEEGUM®), sodium lauryl sulfate,

guaternary anunonium compounds, and/or combinations thereof.

{0495] Surface active agents and/or emulsifiers may include, but are not limited to,
natural emudsifiers {e.g. acacia, agar, algimic acid, sodiurm alginate, tragacanth, chondrux,
cholesterol, xanthan, pectin, gelatin, egg volk, casein, wool fat, cholesterol, wax, and
ceithin), colloidal clays {¢.g. bentonite [aluminum silicate] and VEEGUM® {maguesium
aluminum silicate]), long chain anino acid derivatives, high molecular weight aleohols (e g.
stearyl alcohol, cetyt alcohol, oleyl aleohol, triacetin monostearate, ethylene glycol distearate,

elveeryl monostearate, and propylene glveol monostearate, polyvinyl alcshol}, carbomers
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{c.g. carboxy polymethylene, polvacrvlic acid, aceylic acid polymer, and carboxyvinyt
polymer), carragesnan, cellulosic dertvatives {¢.g. carboxymethylcellulose sodium, powdered
celiulose, hvdroxymethyl cellulose, hyvdroxyvpropyi cellulose, hydroxypropyl methvicellulose,
methylcellulose}, sorbitan fatty acid esters {e.g. polvoxyethylene sorbitan monolaurate
TWEEN®20], polvoxyethylene sorbitan [TWEEN® 60}, polvoxyethylene sorbitan
monooieate | TWHEEN®SQ], sorbitan monopalmitate [SPAN®4Q], sorbitan monostearate
[SPAN®RGO], sorbitan tristearate [SPAN®GS], glveeryl monooleate, sorbitan monoocleate
[SPAN®REOY), polvoxyethylene esters {e.g. polvoxyethviene monostearate [MYRI® 45},
polvoxyethylene hvdrogenated castor oil, polvethoxylated castor oil, polyoxymethylene
stearate, and SOLUTOL®), sucrose fatty acid esters, polvethyiene glveol fatty acid esters
(e.g. CREMOPHORR®), polvoxyethyvlene ethers, {e.g. polyoxyethylenc lauryl ether [BRII®
301}, poly{vinyl-pyrrolidone), diethviene glycol monolaurate, triethanolamine oleate, sodium
cleate, potassium oleate, ethyl oleate, oleic acid, ethyl laurate, sodium lauryl sulfate,
PLURONICRF 68, POLOXAMER® 188, cetrimonium bronude, cetylpyvrdinium chioride,

benzalkomum chlonde, docusate sodium, and/or combinations thereof.

{3496} Examples of preservatives may include, but are not limited to, antioxidants,
chelating agents, antimicrobial preservatives, antifungal preservatives, alcohol preservatives,
acidic preservatives, and/or other preservatives. Examples of antioxidants inclade, but are not
fimited to, alpha tocopherol, ascorbic acid, acorbyl paloutate, butylated hydroxvanisole,
butylated hvdroxyioluene, monothioglycerol, potassium metabisulfite, propionic acid, propyl
gallate, sodium ascorbate, sodium bisulfite, sodium metabisulfite, and/or sodium sulfite.
Examples of chelating agents include cthylencdiaminctetraacetic acid (EDTA}, citric acid
monchydrate, disodium edetate, dipotassium edetate, edetic acid, fumaric acid, malic acid,
phosphoric acid, sodium edetate, tartaric acid, and/or trisodium edetate. Examples of
antimicrobial preservatives include, but are not himited to, benzalkonnm chloride,
benzethonmm chloride, benzyl alcobol, brovnopol, cetrimide, cetvipyndinium chloride,
chlorhexdine, chlorobutanol, chlorocresol, chloroxylenol, cresol, ethyl alechol, glyeerin,
hexetidine, imidurea, phenol, phenoxyethanol, phenylethyi aleohol, phenyimercunic nitrate,
propylene glycol, and/or thimerosal. Examples of antifingal preservatives include, but are
not limited to, butyl paraben, methyl paraben, cthyl paraben, propyl paraben, benzoic acid,
hydroxybenzoic acid, potasstam benzoate, potassium sorbate, sodium benzoate, sodmum
propienate, and/or sorbic acid. Examples of aleoho! preservatives inchude, but are not limited

1o, ethanol, polvethviene glveol, benzy! aleohol, phenol, phenolic compounds, bisphenol,
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chlorobutanol, hvdroxybenzoate, and/or phenylethyl aleohol. Examples of acidic
preservatives include, but are not Hmited to, vitamin A, vitamin C, vitamin E, beta-carotene,
citric acid, acetic acid, debhvdroascorbic acid, ascorbic acid, sorbic acid, and/or phytic acid.
Other preservatives inclade, but are not Iimited to, tocopherol, tocopherol acetate, deteroxime
mesylate, cetrimide, butvlated hydroxyanisole (BHA), butvlated hydroxyvtoluene (BHT),
ethylencdiamine, sodmm laury] sulfate (SLS), sodivm lauryt ether sulfate (SLES), sodium

bisulfite, sodim metabisulfite, potassium sulfite, potassium metabisulfite.

{8497} Examples of buffering agents include, but are not lunited to, citrate buffer
solutions, acctate buffer solutions, phosphate buffer solutions, anumonium chloride, calcium
carbonate, calcium chioride, calcium citrate, calciom glubionate, calenim ghaceptate, caloium
gluconate, d-gluconic acid, calcium glycerophosphate, calcium lactate, calcium lactobionate,
propanoic acid, calcium levulinate, pentanoic acid, dibasic calcium phosphate, phosphoric
acid, tribasic calcium phosphate, calcram hydroxide phosphate, potassiom acetate, potassium
chloride, potassium ghiconate, potassivm mixtures, dibasic potassium phosphate, monobasic
potassium phosphate, potassuun phosphate nuxtures, sodium acetate, sodium bicarbonate,
sodium chiornde, sodium citrate, sodium lactate, dibasic sodium phosphate, monobasic
sodium phosphate, sodium phosphate mixtures, tromethamine, amino-sulfonate buffers {e.g.
HEPES), magnesium hyvdroxide, aluminum hydroxide, alginic acid, pyrogen-fiee water,

isotonic saline, Ringer's solution, ethyl alcobol, and/or combinations thereof.

{6498} In certain embodiments, the lipid nanoparticle compositions and formulations
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/ks to about 10 mg/ke is administered to a subject. Compositions in
accordance with the present disclosure may be formulated in dosage unit form for case of
administration and uniformuty of dosage. It will be understood, however, that the total daily
psage of a composition of the present disclosure will be decided by an attending physician

within the scope of sound medical judgment.

{3499} The specific therapeutically effective, prophylactically effective, or otherwise
appropriate dose level {e.g., for imaging) for any particular patient will depend upon a varnety
of factors including the severity and identify of a disorder being treated, if any; the one or
more mRNAs employed; the specific composition emploved; the age, body weight, general

health, sex, and diet of the patient; the time of administration, route of administration, and

127



WO 2022/120388 PCT/US2021/072745

rate of excretion of the specific pharmaceutical composition employed; the duration of the
treatment; drugs used in combination or coincidental with the specific pharmacoutical

coraposition emploved; and like factors well known 1n the medical arts.

Vi, METHODS
{(3500] The present disclosure provides methods of delivening a pavlcad to a target cell or
tissue, for example, a target cell or tissue 1n a subject, and LNPs or pharmaceutical

compositions containing the LNPs for use in such methods.

{6501} In certain embodiments, the invention provides a method of producing a
polypeptide of nterest {e.g., a protoin of interest) i a mammalian cell, and LNPs or
pharmaceutical compositions containing the LNPs for use in such methods. Methods of
producing polvpeptides in such a cell involve contacting a cell with an LNP composition
comprising an RNA of nterest {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.

{3502} In general, the step of contacting a mammalian cell with an LNP composition
mclading an mRNA encoding a polypeptide of interest may be performed in vive, ex vivo, or
invitro. The amount of an LNFP composition contacted with a cell, and/or the amount of
mENA therein, may depend on the tvpe of cell or tissue bemg contacted, the means of
adnunistration, the physiochemical charactenistics of the LNP composition and the mRNA
{¢.g., size, charge, and chemical composition} therein, and other factors. In general, an
cifective amount of the LNP composition will allow for etficient polypeptide production in
the cell. Metncs for efficiency may inchude polvpeptide translation (indicated by polypeptide

expression}, level of mRNA degradation, and immune response indicators.

{6503} The step of contacting an LNP composition including an maRNA with a cell may
mvolve or cause transfection where the LNP composition may fuse with the membrane of
cell to permit the delivery of the mRNA mto the cell. Upon introduction indo the cvtoplasm
of the cell, the mRNA 1is then translated into a protein or peptide via the protein synthesis

machinery within the cvioplasm of the cell.

{6504} In certain embodiments, the LNP compositions described herein may be used to
deliver therapeotic or prophylactic agents to a subject. For example, an mRNA mchuded in
an LNP composition may encode a polypeptide and produce the therapeutic or prophylactic
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polypeptide upon contacting and/or entry {¢.g., transfection} mto a cell. In certain
embodiments, an mRNA included in an LNP composition of the invention may encode a

polypeptide that may tmprove or increase the tnmunity of a subject.

{3505} In certain embodiments, contacting a cell with an LNP composition including an
mENA may reduce the tnnate mmmune response of a cell to an exogenous nucleic acid. A
cell may be contacted with a first LNP 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 mBNA may be determined. Subseguently, the cell
may be contacted with a second composition mncluding 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. Altomatively, 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 sccond compositions may be repeated one or

more thimes.

{3506} 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 untl a target protein production efficiency is achioved.

{6507} The present disclosure provides methods of delivering a nucleic acid {e.g., an
mRNA} to a mammalian cell or tissue, for example, a mammalian cell or tissue in a subject.
Delivery of an mRNA to soch a cell or tissue mvolves administering an LNP composition
including the mRNA to a subject, for example, by injection, e. g, via intramuscelar injection
or intravascular delivery into the subject. After adouuistration, the LNP can target and/or
contact a cell, for example, an immume 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 nterest.

{3508} in certain embodiments, an LNP composition of the invention may target a
particular tvpe 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 mcrease 1n the amount of mRNA 1o the targeted destination {¢.g., cells that

express or express at high levels the receptor of interest which binds to the tamune cell
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targeting group of the LNPs) as compared to another destinations {¢.g., cells that cither do not

express or only express at low lovels the receptor of mterest).

{3509} LNP compositions of the invention may be aseful for treating a disease, disorder,
or condition characterized by missing or aberrant protein or polvpeptide activity. Upon
delivery of an mRNA encoding the missing or aberrant polypeptide to a cell, translation of
the mRNA may produce the polypeptide, thereby reducing or climinating an issue caused by
the absence of or aberrant activity caused by the polypeptide. Because {ranslation may occur
rapidly, the mothods and compositions of the invention may be useful in the treatient of
acute diseases, disorders, or conditions such as sepsis, stroke, and myvocardial infarction. An
mRNA ncladed in an ENP composition of the invention may also be capable of altering the

rate of transcription of a given specics, thereby affecting gene expression.

{6516 Diseases, disorders, and/or conditions charactenized by dysfunctional or aberrant
protein or polypeptide activity for which a composition of the invention may be administered
melude, but are not hinuted to, cancer and proliferative diseases, genetic discases (e.g., cystic
fibrosis), autoimmune diseases, diabetes, nearodegenerative diseases, cardio- and reno-
vascubar diseases, and metabolic discases. Multiple diseases, disorders, and/or conditions
may be characterized by missing {or substantially duminished such that proper protem
function does not oceur} protein activity. Such proteins may not be present, or they may be
essentially non-functional. A specific example of a dysfunctional protein 15 the missense
mutation variants of the cvstic 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 subject by administering an LNP composition including an mBRNA and a lipid
component including KL 10, a phospholipid (optionally unsaturated), a PEG lipid, and a
structural hipid, wherein the m RNA encodes a polvpeptide that antagonizes or otherwise

overcomes an aberrant protein activity present in the cell of the subject.

{511} The therapeutic and/or prophylactic compositions described heremn may be
adnunistered to a subject using any reasonable amount and any route of administration
effective for preventing, treating, diagnosing, or inaging 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 particelar composition, the mode of adnunistration, and the like.
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Compositions in accordance with the present disclosure may be formulated in dosage unit
form for ease of administeation 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.

{6512} A LNP composttion including one or more mBNAs may be administered by a
variety of routes, for example, orally, intravenously, intramuscolardy, intra-arterially,
mtramedullary, intrathecally, subcutancously, mtraventricularly, trans- or intra-dermally,
mtradermally, rectally, intravaginally, intraperttoncally, topically, nwcosally, nasally,
miratumorally. Tn certaim embodiments, an LNP composition may be administered
mtravenouosly, intramuscuolarty, intradermally, intra-arterially, intratumorally, or
subcutancously. However, the present disclosure encompasses the delivery of LNP
compositions of the invention by any appropriate route taking into consideration bikely
advances i the sciences of drug delivery. In general, the most appropriate route of
administration will depend upon a variety of factors inchuding the nature of the ENP
composition including one or more mRNAs {e.g., its stability in various bodily environments
such as the bloodstrearm and gastrointestinal tract}, the condition of the patient {e.g., whether

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

{6513} In certain embodiments, compositions i accordance with the present disclosure
may be admimistered at dosage levels safficient to deliver from about 0.0001 mg/ke to about
1 0 mg/ke, from about 0.001 mg/kg to about 1 0 mg/ke, from about 0.005 mg/kg to about 1 0
mgrkg, from about 0.01 mg/ke to about 1 0 mg/kg, from about 0.05 mg/kg to about 1 0
mg/kg, from about 0.1 mg/kg o about 1 0 mg/kg, from about 1 mg/kg to about T 0 mg/kg,
from about 2 mg/kg to about 1 0 mg/kg, from about 3 mg/ke to about 1 0 mg/kg, from about
0.0001 mg/ke to about 5 mg/kg, from about 0.001 mg/kg to about 5 mg/kg, from about 0.063
mg/keg to about 5 mg/ke, from about 0.01 mg/kg to about 5 mg/ke, from about 0.05 mg/kg to
about 3 mg/ke, from about 0.1 mg/kg to about 5 mg/ke, from about 1 mg/kg to about 3
me/kg, from about 2 mg/ke to about 5 me/kg, from about 0.0001 mg/kg to about 2.5 me/kg,
from about 0.001 mg/kg to about 2.5 mg/ke, from about 0.005 me/kg to about 2.5 mg/ke,
from about 0.01 mg/kg to about 2.5 mg/kg, from about 0.05 mg/kg to about 2.5 mg/kg, from
about 0.1 mg/kg to about 2.5 mg/kg, from about 1 mg/kg to about 2.5 mg/kg, from about 2
mg/ke to about 2.5 mg/kg, from about 0.0001 mg/ke to about 1 mg/kg, from about 6.001

mg/kg to about 1 mgkg, from about $.005 mg/kg to about 1 mg/kg, from about 0.01 mg/kg
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to about 1 mg/kg, from about .05 mg/kg to about 1 mg/ke, from about 0.1 mg/kg to about 1
mg/kg, from about 6.0001 mg/kg to about .25 mg/kg, from about 0.001 mg/kg o about 0.25
mg/kg, from about 0.005 mg/kg to about 0.25 mg/ks, from about .01 mga/ke to about 0.25
mgrkg, from about 0.05 mg/ke to about 6.25 mg/kg, or from about 8.1 mg/kg to about 0.25
mg/ke of a composition i a given dose, where a dose of 1 mg/kg provides I mg of a

composition per | kg of subject body weight.

{6514} In particular embodiments, a dose of about 6.001 mg/kg to about 1 O mgrkg of an
LNP composition of the invention may be administrated. To other embodiments, a dose of
about 0.005 mg/ke to about 2.5 mglkg of an LNP composttion may be admnistered. In
certamn embodiments, a dose of about 0.1 mg/kg to about T mg/kg may be administered. In
other embodiments, a dose of about 0.05 mg/kg to about 0.23 mg/kg may be administered. A
dose may be adounistered one or more times per day, m the same or a different amount, to
obtain a desired level of mRNA expression and/or therapeutic, diagnostic, prophylactic, or
imaging effect. The desired dosage may be delivered, for example, three times a day, two
times a day, once a day, every other day, every therd day, every week, every two weeks,
every three weeks, or every four weeks. In certain embodiments, the desired dosage mayv be
delivered using multiple adnunistrations (¢ g, two, three, four, five, six, seven, etght, mine,
ten, eleven, twelve, thiricen, fourteen, or more adminustrations). In some embodiments, a
single dose may be adounistered, for example, prior to or after a surgical procedure or i the

mstance of an acute disease, disorder, or condition.

{515] LNP compositions including one or more mRNAs may be used in combination
with one or 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
mchiding one or more different m RNAs may be administered in combination. Compositions
can be admimistered concurrently with, prior to, or subsequent to, one or more other desired
therapeutics or medical procedures. {o general, cach agent will be adminustered at a dose
and/or on a time schedule determined for that agent. In some embodiments, the present
disclosure encompasses the delivery of compositions of the invention, or imaging, diagnostic,

or prophylactic compositions thereof in combination with agents that tnprove their
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bigavailability, reduce and/or modify their metabolism, inhibit their excretion, and/or modify

their distribution within the body.

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

comabination may be lower than those utiized mndividually.

{3517} The particular combination of therapies (therapeutics or procedures) to employ in
a combination regusen will take into account compatibility of the desired therapeutics and/or
procedures and the desired therapeutic effect to be achieved. It will also be appreciated that
the therapies employed may achieve a desired effect for the same disorder {for example, a
composition useful for treating cancer may be adounistered concurrently with 2
chemotherapeutic agent}, or they may achieve different effects {¢.g., control of any adverse

effects).

{6518} In some embodiments, no more than 1%, no more than 2%, no more than 3%, no
more than 49, 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 56% of cells that are not meant {o 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 arc subject’s non~-inuoune cells. In some embodiments, the cells that are vot 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.

{#519] in some embodiments, the half-life of the nucieic acid delivered by the LNP
described herein to the unmune cell or a polypeptide encoded by the nucleie acid delivered
by the LNP and expressed in the mumune cell 1s 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 lcast 80%, at least 90%., at least 2 times, at least 3 times, at

least 4 times, or at least 5 times longer than the half-life of the nucleic acid delivered by a
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reference LNP to the immumne cells or a polypeptide encoded by the nucleic acid delivered by

the reference LNP and expressed in the immune cell.

3526} In some embodiments, the composition of the LNP differs from the composition
of the reference LNP in the type of tonizable cationic lipid, relative amount of ionizable
cationic lipid, length of the lipid anchor in PEG lipid, back bone or head group of the PEG
hpid, relative amount of PEG lipid, or type of immaune cell targeting group, or any
combination thereof. In some embodiments, the composition of the LNP differs from the
comaposition of the reference LNP only in the type of jonizable cationic hipid. 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 DLio-MC3-DMA or Lipid 7, but otherwise as the same as a tested LNP. In

somge embodiments, PEG lipid 15 a free PEG hipid.

{0521} In some embodiments, at least 1%, at least 5%, at least 10%, at least 15%, at least
20%, at least 23%, at least 30%, at least 35%, at least 409, at least 45%, at teast 50%, at least
53%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least €5%, at least
90%, or at least 95% of the immune cells are transfocted by the LNP. In some embodiments,
the tomune cells are subject’s mumune cells, In some embodiments, the immune cells are
mmmune cells targeted by the method. Tn some embodiments, the imnune cells are subject’s

mnmune cells targeted by the method.

{3522} 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 159, at least 20%, at least 253%,
at least 30%, at least 35%, at lcast 40%, at least 45%, at least 30%, at least 60%, at least 70%,
at teast 80%, at least 90%, at least 2 times, 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 1s measured by the ratio of cells expressing the encoded
polypeptide. In some embodiments, the expression level s measured with FACS. In some
embodiments, the expression level is measured by the average amount of the encoded
polypeptide expressed n cells. In some embodiments, the expression level is measured as
mean fluorescence mtensity. In some embodiments, the expression level 1s measured by the

amount of the encoded polypeptide or other materials secreted by cells.
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{6523} 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
congacting the immune cell with a lipid nanoparticle (LNP). In some embodunents, the LNP
comprises an ionizable cationic lipid. In some embodiments, the LNP comprises a conjugate
comprising the compound of the folfowing formula: {Lipid] — {optional linker] - [immune
coll targeting group]. In some embodiments, the LNP comprises a sterol or other structural
lipid. In some embodiments, the LNP comprises a neutral phosphohipid. In some
embodiments, the LNP comprises a free Polyethylene glycol (PEG) lipid. In some

embodiments, the LNP comprises the nucleic acid.

(35241 In some embodiments, an aspect of the disclosure relates toan LNPora
phammaceutical composition containing thereof, as disclosed herein, for use in a method of
targeting the delivery of a nucleic acid to an immune cell of a subject. Such a metbod may be
for the treatment of a disease or disorder as disclosed hereafier. In some embodiments, a
method as disclosed herein can comprise contacting i vitro or ex vive the immme cell of a
subject with a lipd nanoparticle (ENP). In some crobodiments, the LNP is an LNP as

described herein n the present disclosure.
{0525) In somc embodiments, the LNP provides at least one of the following bencfits:

(v mereased specificity of targeted delivery to the tmnune cell compared to a reference

LNP:

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

(11}  mcreased transfection rate compared to a reference LNP, and

{iv} a low level of dye accessible mRNA {<15%) and high RNA encapsulation ctficiencies,
wherein at least 80% mRNA was recovered i final formulation relative to the total RNA

used in LNP batch preparation.

{6526} In some aspect, provided are methods of expressing a polypeptide of interest ina
targeted tmmune 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 wnizable cattomic lipid. In some embodunents, 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

13
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embodiments, the LNP 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 the polypeptide. In some embodirents, an aspect of the disclosure
relates to an LNP or a pharmacentical composition containing thereof, as disclosed herein, for
use 1t a method of expressing a polvpeptide of interest in 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 i vitro ot €X vivo

the wmmmne cell of a subject with a lipid nanoparticle (LNP),
{0527} 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,
(it} increased specificity of expression in the immune cell compared to a reference LNP;

(inn} increased half-life of the nucleic acid or a polvpeptide encoded by the nucleic acid n the

wnmune cell compared to a reference LNP,
{(iv) mereased transfoction rate compared to a reference LNF; and

{v}alow level of dye accessible mRNA {(<15%) and hugh RNA encapsulation efficiencies,
wherein at least 80% mRNA was recovered in final formulation relative to the total RNA

used m LNP batch preparation,

{3528} In some aspects, provided are methods of modulating cellular function of a target
immune cell of a subject. To some embodiments, the method conprises admimistering to the
subject a lipid nanoparticle (LNP). In some embodiments, the ENP comprises an ionizable
cationic lipid. In some embodiments, the LNP comprises a conjugate comprising the
following structure: {Lipid] — [optional linker] ~ fimmune cell targeting group}. In some
crobodiments, the LNP comprises a sterol or other structural lipid. o some crabodiments, the
LNP comprises a neutral phospholipid. In some embodiments, the LNP comprises a free
Polyethylene glycol (PEG) hipid. In some embodiments, the LNP comprises a nucleic acid
encading a polypeptide for modulating the cellular function of the tmmune 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 tmmune celi of a sebject. Such a method may be for the treatment of a discase or

disorder as disclosed hereafier. In some embodiments, a method as disclosed berein can
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comprise contacting in vitro or ex vivo the immane cell of a subject with a lipid nanoparticle

{(LINP).
35291 In some embodiments, the LNP provides at least one of the following benefits:

(1} increased expression level in the mmmune cell compared to a reference LNP;
{11} increased specificity of expression in the tomune cell compared to a refercnce LNP;

(i1} increased half-life of the nucleic acid or a polypeptide encoded by the nucleic acid 1o the

immune cell compared to a reference LNP;
{iv} mcreased transfection rate compared 1o a reference LNP;

(v} the LNP can be admiumstered at a lower dose compared to a reference LNP to reach the
same brologic effect in the immune cell; and

2o,

(vi} a low level of dye accessible mRINA {<15%;) and high RNA encapsulation efficiencies,
wherein at least 80% mRNA was recovered i final formulation relative to the total RNA

used in LNP batch preparation.

{6536} In some embodiments, the modulation of cell function comprises reprogramupung
the immune cells to inthiate an immume response. Tn some embodiments, the modulation of

cell fanction comprises modulating antigen specificity of the immune cell.

{65831} In some aspect, provided are methods of treating, amehiorating, or preventing a
symptom of a disorder or discase in a subject in need thergof. In some embodiments, the
method comprises administering to the subject a lipid nanoparticle (LNP) for debivering a
nucleic acid info an mmune cell of the subject. In some embodiments, the LNP comprises an
tonizable 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 hipid. In some
embodiments, the LNP comprises a neutral phospholipid. In some embodiments, the LNP
comprises a free Polvethyviene glyeol (PEG) bipid. In some embodiments, the LNP comprises

the nucleic acid.

{3532} In some embodiments, the nucleic acid modalates the immume response of the
immune cell, therefore to treat or ameliorate the symptom. In some embodiments, an aspect

of the disclosure relates to an LNP or a pharmaceutical composition containing thereof, as
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disclosed herein, for use in a method 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 vivo the immune cell of a subject with a hipid nanoparticle (LNP).
{0533 In somc embodiments, the LNP provides at least one of the following bencfits:

{1} increased specificity of delivery of the nucleic acid into the immune cell compared to a

reference LNP;

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

(iv}) the LNP can be adounistered at a lower dose compared to a reference LNP to reach the

same treatment efficacy;
{v) increased level of gam of function by an immune cell compared to a reference LNP; and

{vi) a low level of dye accessible mRNA (<15%) and high RNA encapsulation efficiencics,

wherein at least 80% mRNA was recovered in final formulation relative to the total RNA

used in LNP batch preparation.

{3534} In some embodiments, the disorder is an inumumne disorder, an inflammatory
disorder, or cancer. In some embodiments, the nucleic acid cncodes an antigen foruscin a

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

{1535] In some embodiments, no more than 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, or
10% of non~-immune cells are transfected by the LNP. In some embodiments, no more than
196, 2%. 3%, 4%, 3%, 6%, 7%, 8%. 9%, or 10% of undesired immune cells that are not
meaut to be the destimation of the delivery are transfected by the LNP. In some embodiments,
the half-life of the nucleic acid delivered by the LNP o the immune cell or a polypeptide
encoded by the nucleic acid delivered by the LNP 1s 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.
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{6536} In some embodiments, at least 5%, at feast 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 80%, at least 859, at least 90%, at
least 93% or more mmmune cells that are meant to be the destination of the delivery are

transfected by the LNP.

{6537} In some embodiments, expression level of the nucleic acid delivered by the ENP
is at least 5%, at least 109, at least 10%, at least 10%, at least 10%, at least 10%, at least
10%, at least 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, S 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 LNP.

{6538} In some aspect, provided are methods of targeting the delivery of a nucleic acid to
an tonune cell of a subject. In some embodiments, the method comprises contacting the
wmune cell with a hipid nanoparticle (LNP) provided herein. In some embodiments, the
method s for targeting NK cells. In some embodiments, the immune cell targeting group
binds to CD356. In some embodiments, the method is for targeting both T cells and NK celis
simuitancously. fn some embodiments, the immune cell targeting group binds to CD7, CDE,
or both CD7 and CDE. In some embodiments, the method 1s for targeting both CD4+ and
CD8+ T cells simultancously . In some embodiments, the immune cell targeting group

comprises a polypeptide that binds to CD3 or CD7.

{3539} in some aspect, provided are methods of expressing a polypeptide of interest in a
targeted invoune coll of a subject. In some cmbodiments, the method comprises contacting

the immune cell with a hipid nanoparticle (LNP) provided herein.

{3540} In some aspect, provided are method of modulating celiular function of a targe
wmmune cell of a subject. In some embodiments, the method comprises administering to the

subject a ipid nanoparticle (LNP) provided herein.

{8541} In some aspect, provided are method of treating, amelicrating, 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.
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{6542} In some aspect, provided are methods of treating a disease or disorder related to
D8 in a subject. In some embodiments, the method comprises administering a
pharmaceutical composition described herein to the subject. In some cmbodiments, the

disease or disorder is cancer.

{0543 L.NPs disclosed in the present disclosure and as claimed are suitable tor the

methods described above.

VIR Kiyrs vor USE IN MEDBICAL APPLICATIONS

{544 Another aspect of the invention provides a kit for treating a disorder. The kit
comprises: an onizable cationic lipid, a Hipid-immune cell targeting group conjugate, a lipid
nanoparticle composition comprising an ionizable catiordc lipid and/or a lipid-immune cell
targeting group conjugate with or without an encapsulated pavload (e 2., an mRNA}, and

mstractions for treating a medical disorder, such as, cancer or a microbial or viral mfection,

EXAMPLES
{(3845] The mvention now being generally described, will be more readily understood by
reference to the following examples, which are incladed merely for purposes of ilhustration of
certain aspects and embodiments of the present invention, and are not intended to Hmit the

vention.

EXAMPLE | — PREPARATION OF IONIZABLE CATIONIC LiriDS
This Example describes the synthesis of various cationic hipids.
Cationic Lipid 1

{0546] The synthesis of Cationic Lipid 1, shown in the following formula,

was prepared as described in the following scheme |
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{Scheme 1)
{3547} Ether mtermediate 1-3 was prepared by reacting hydroxy-functional, protected
1,2-diol starting material (1-1) {(0.151 mol, 24 g} with dimethylaminopropyichioride,
compound 1-2¢ 0.051 mol, 24 g, | equiv.) and TBAT (0.0015 mol, S54 mg, 0.01 equiv.)in
the presence of NaOH (32%)/THF at 80°C overnight to afford ether intermediate compound
1-3{20.1g, 0.1 mol). Thercafter, compound 1-3 (2.2 g, 0.61 mol} was deprotected {THF, 6 M
HCL, 4 hours} to obtain vicinal diol intermediate compound 1-4 (1.6 g, 0.009 mol) in
guantitative yield. Compound 1-4 (1.12 g, 0.006 mol} was bis-acylated using fatty acid 1-8
(5.9 mL 0.01% mol, 3 equiv .} using 10 cquiv. EQ DIPEA in DUM using EDC (3.8 g, 0.019
mol, 3.2 equiv. ) to afford Lipid Compound | {238 mg, (.0034 mol). Lipid Compound | was
punified by preparatory HPLC (CombiFlash Nexigen 300+ Teledyne ISCO), and final
product purity was 98% (RP-HPLC-ELSD, using Durashell-C18, 4.6 x S0mm, 3 ub, Cat#
DC930503-0y.

{4348} Purified Lipid 1 free base ({C44HTONOS, molecular weight 702.12 g/mol) was
characterized by proton NMR Spectroscopy (400 MHz) in CBCl as shown in FIG. 1, and by
LC-MS to confirm structure (NMR, m/z} and purity (NMR, LC) as shown in FIGS, 2A and
2B.

Cationic Lipid 2

{8549} 'The synthesis of Cationic Lipid 2, shown in the following foroula,
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{Scheme 23
{65504 Ester intermediate 2-3 was prepared by acylating protected 1,2-dtol (1.2-0-

isopropviidene-D-olveerol) starting material (2-1) with dimcethylaminobutanoic acid

corapound 2-2 €0.03 mol, 4.19 2, 0.03 eq ) using EDCH(0.03 mol, 573 g, Leq ). DIPEA (012
mol, 12.9 ¢, 4.0 ¢q.) and DMAP (0.006 mol, 733 mg, 8.2 eq.) in DCM (300 b)) sohution to
obtain 5.44 g (0.02 mol) of 2-3. Intermediate 2-3 (670 mg, 0.0027 mol, 1.0 oq.) was
deprotected in a mixture of 10 mb. TFA/water (50:50 v/v)y and 10 mL 6 M HCl at room
temperature to afford 360 mg (0.0027 mol) of compound 2-4. Compound 2-4 {0,003 mol,
641 mg, 1 eq.) was csterified with fatty acid 1-5 (0.009 mol, 2.52 g, 3 eq.} in 530 mL of DCM,
using EDC (0.009 mol. 1.72 g, | ¢q.). DIPEA(D.001 mol, 122 mg, 0.33 eq.) to atford cationic
bipid 2 (260 mg, 0.0003 mol).

{3551} Lipid Compound 2 was purified by preparatory HPLC. The resulting product was

greater than 99% pure (Reverse phase HPLC-ELSD using Durashell-C18, 4.6 x S0nun, 3 uM,

Caté DC9I30505-0).

{1552} Purified Lipid 2 free base (C4SHTONGO, molecular weight 73010 g/mol) was
characterized by proton NMR Spectroscopy (400 MHz) in CDCls as shown in FIG. 3 and by
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LC-MS to confirm structure (NMR, m/z} and purity (NMR, LC) as shown in FIGS. 4A and
4B.

{3553} Lipid 6 was synthesized using a method analogous to the synthesis of Lipid 2
except that dicthylaminobutanoic acid was used to generate the tertiary amine head group

stead of dimethylaminobutanocic acid used for Lipid 2.

{B6554] Purified Lipid 6 was characterized by proton NMR spectroscopy as shown in

FIG. 41 and mass spectrometry and reverse phase HPLC as shown in FIGS. 42A and 42B.

Cationic Lipid 3

{6555} The synthesis of Cationie Lipid 3, shown in the following formula,

EOC
DIPEX
CHUCEONME

{Scheme 3}

{6556} Fatty acid 3-10 was prepared using the following scheme 3a:
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{Scheme 3a}

{0557} Fatty acid 3-18 (92, 127)-hexadeca~-9,12-dienoic acid was synthesized using a
Wittig reaction approach as shown in Scheme 3a. In order to produce compound 3-7, 9-
bromononancic acid (0.0148 mol, 3.50 g} was combined with PPha (0.0148 mol, 3.87¢g, 1 eq )
in 5 mL toluene and refluxed for 48 hours to atford 7.23 g of phosphonium bromude 3-7. In
order 1o produce compound 3-8, compound 3-8 (0.0076 mol, 0.87 g) was oxidized using
Degs-Martin periodinane (0.0082 mol, 3.48 g, 1.1 eq.) in 20 mL DCM to afford aldehyde
(.85 g of 3-9. Compound 3-2 {0.0076 mol, 085 g} was reacted with compoand 3-7 {0.0076
mol, 3.78 g, 1 eq.} in 7.6 mL of 40% NAHMDS in 60 mL THF 1o afford 400 mg of fatty acid
3-16,

{3558] As shown i Scheme 3, mtermediate 3-3 was produced by the tosylation of the
free hydroxyl on a protected 1,2, 4-butanctriol starting material (3-1} (0.0342 mol, 5.0 g, 1
eq.) using tosylchloride (3-2) (0.034 mol, 6.5 g, 1 eq.} and tricthviamine {0.034 mol, 4.9 mL,
1eq.), DMAP (0.011 mol, 200 mg, 0.3 ¢q.} in 250 mL DCM at room temperature.
Mucleophilic displacement of compound 3-3 (0.0032 mol, 1.0 g, | ¢q.} with duncthylamine
{0.03 mol, 1.5g, 10 eq.} in 16.6 mL of THF to afford 400 mg of tertiary amine 3-4.
Compound 3-4 was deprotected with 2 M HCHin MeOH to afford 410 mg of compound 3-5.
Compound 3-5 (90 mg) was esterified with fatty acid 3-10 (0.0016 mol, 400 mg, 3 eq.) using
EDC (00018 mol, 306 mg, 3 eq.), DIPEA (0.0024 mol, 88 mL, 4.5eg.} in 5.4 mL of DCM,
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2 hours) to afford 12 mg of ionizable lipid 3 . Lipid Compound 3 was purified by preparatory
HPLC.

{35359] Lipid Compouand 3 was purified by preparatory HPLC {CombiFlash Nextgen
300+ Teledyne ISCO). Product purity of 99% was determined by reverse phase HPLC-ELSD

{using Durashell-C18, 4.6 x 50mam, 3 uM, Cat# DCI30503-0).

Cationic Lipid 4

{(3560] The synthesis of Cationic Lipid 4, shown in the following formula,

was prepared as described in the following Schene 4.
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{Scheme 4}
{3561} Fatty acid 9-1 was synthesized using a protocol analogous to that used for

synthesis of fatty acid 4-6 above using 9-bromononanocic acid heptanal starting materials.

{6562} The bis-acylation of 1-4 (0.003 mol, 600 mg) by fatty acid 9-1 {0.01 mol, 2.4 g, 3
eqg.) proceeded asing EDC (0.009 mol, 1.7 g, 3.2 eq.), DIPEA (0.009mol, 245 ml, 3.2 eg.)
m 7 mb of DCM provided 203 mg of ionizable lipid 4 {mass, yield). Lipid Compound 4 was
purified by preparatory HPLC (CombiFiash Nextgen 300+ Teledyne ISCO) and yield 99%
pure product (HPLC-ELSD using Durashell-C18, 4.6 x 50mm, 3 aM, Cat# DL930505-0).

{6563} Purified Lipid 4 was characterized by proton NMR spectroscopy as shown i FIG.

6 and mass spectrometry and reverse phase HPLC as shown in FIGK, 7A and 7B.

Cationic Lipid 8

{8564} The synthesis of Cationic Lipid 3, shown in the following formula,
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{Scheme 53

{365] As shown in Scheme S, mtermediate 3-3 was produced by the tosyiation of the
free hydroxyl on a protected 1,2 4-butanetriol starting material (5-13 {(0.0342 mol, 5.0 ¢, 1
£q.) using tosyichloride (5-2) (0.03%9 mol. 7.5 g, | ¢q.} and tricthylamine {0.039 mol, 5.6 mL,
1 eq.), DMAP (0.013 mol, 230 mg, 0.3 eq.) in 250 mL DCM at room temperature.
Nucleophilic displacement of compound 3-3 (0.0032 mol, 1.0 g, I eq.) with dimethylamine
{0.03 mol, 1.5g, 10 ¢q.} in 16.6 mL of THF overnight to afford 1.1 g of tertiary amine 5-4.
Compound 3-4 (712 mg) was deprotected in 6 M HCI 1o water (5 mL} to afford 551 mg of
compound 5-5. Compound 5-8 (2 g} was esterified with fatty acid 1-8 (35.5 mmol, 8.88g, 3
eq.) using EDC HCL (355 mol, 6.7 g, 3 ¢q.), DIPEA (47 mmol, 6.7 mL, 4 eq.) in §5 mb of
DCM, 2 hours) to afford 1.09 g of ionizable lipid 5. Lipid Compound 5 was purified by

preparatory HPLC.

{06566} Lipid Compound 5 was purified by preparatory HPLC (CombiFlash Nextgen
300+ Teledyne ISCO). Product purity of 99% was determined by reverse phase HPLC-ELSD
(using Durashell-C18, 4.6 x S0mm, 3 uM, Catd DCI30505-0).
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{6567} Purified Lipid 5 free base (CaHaNG4, molecalar weight 657 .57 g/mol.) was
characterized by proton NMR Spectroscopy (400 MHz} in CDCL as shown i FIG. 3%A and
by mass spectrometry to confiom structure (NMR, av/z) and purity (LC-ELSD) as shown i

FIGS, 40A and 408,

{0568] Lipid 7 was synthesized using a method analogous fo the synthesis of Lipid 5
except using dicthyl amine instead of dimethyl anine to incorporate the tertiary amine head

QIOUp.

{35369] Purified Lipid 7 was characterized by proton NMR spectroscopy as shown in

FIG. 43 and mass spectrometry and reverse phase HPLC as shown in FIGS. 444 and 448

{6576 Scheme 6 below depicts the synthesis of Lipid 9, Lipid 10, and Lipid 11

e

Sagsssd §)

{Scheme 6)
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Cationic Lipid 8

{35871} Ester intermediate -2 was prepared by acylating 4 ¢ (30.2 gunol) of protocted
1,2~diol {1, 2-O-1sopropylidenc-D-glycerol) starting material (1) with
dimethylaminopropanoic acid compound D1 (333 mmol, 6.06 g, 1.71 ¢q), EDCI (332
mol, 6.28 g, 1.1 eqy, BIPEA (121.0 mmol, 21.08 mL, 4.0 eq). and DMAP (6 mmol, 740
mg, 0.2 eq) in DCM (100 mL) solution to obtain 2.6 g (0.02 mol) in 37% vield of D-2.
Intermediate B-2 (2.5 g, 10.68 mmol, 1.0 eq.) was deprotected in a 1:3 (v/v) mixture of IM
aq. HCI and THF (total volume 20 mi) at room temperature to afford 2.4g (12.6 mmol) of
crade compound B-3. Crude compound -3 (12.6 mmol, 2.4 g, 1 eq.} was esterttied with
fatty acid 2 (8.9 g, 2 Seq, 31.8 munol), EDCI(6.1 g, 2.5 eq. 31 8 nuncl), DIPEA (.53 mi,
2.5 eq, 31.8 mumol), DMAP (285 mg, 0.2 eq, 2.6 mamol), DCM (100 mL}) to afford 7g of crude
fonizable lipid 9. Crude product (3g} was purified by preparatory HPLC o obtain 100 mg of
pure Lipid (>99% pure bv Reverse phase HPLC-ELSD using Durashell-C18, 4.6 x 50mm, 3
ulM, Caté DCY30505-0).

{6572} Purified Lipid 9 free base (C44HTTNOG6, molecular weight 716.10 g/mol.} was
characterized by proton NMR Spectroscopy (400 MHz} in CDBCI3 and Mass Spectrometry to
confimm stractare (FIG. 48A and FIG. 48B) and by LO-ELSD to determine purity (FI1G. 48C).

Cationic Lipid 10

{6573} Ester intermediate E-2 was prepared by acylating 4 g (30.2 mumol) of protected
1,2-diol {1,2-O-isopropvhidene-D-glveerol) starting matenal (1) with
dimethylaminopropanoic acid compound E-1 (4.76 g, 1.1 eq, 33 mmol), EDCI (638 g, 1.1
eq, 33 munol), DIPEA (21.08 mL, 4.0 eq, 120 mmol), and DMAP (680 mg, 0.2 eq, 6 mmol},
mn DCM (150 mL) solution to obtain 1.9 g (7.38 mmol} 10 25% vicld of E-2. Imtermediate E-
2{1.9 g 738 mmol, | eq) was deprotected n a 113 (v/v} mixture of 1M ag. HCl and THF
{total volume 80 mL} at room temperature to afford 1.58 g (7.27 mmol} of crode compound
E-3. Crude compound E-3 (7.27 mmol, 1.58 g, 1 eq.) was esterified with fatty acid 2 (182
mmol, 5.1 g, 2.5¢q), EDCI (18 2 nunol, 348 g, 2.5 eq), DIPEA (182 mmol, 3.16 mL, 2.5
eq), and DMAP (1.4 mmol, 160 mg, 0.2 eq) in DCM ( 80 mL) solution to afford ~7.5 g of
crude tonizable bpid 10, Crude product (3g) was purified by preparatory HPLC to obtain 105
mg of pure Lipid (>99% pure by Reverse phase HPLC-ELSD using Durasheli-C18 4.6
50mm, 3 uM, Cat#t DCO30505-0)
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{8874} Purified Lipid 10 free base (C46HTONOG, molecular weight 742 14 g/mol } was
characterized by proton NMR Spectroscopy (400 MHz} in CDCI3 and Mass Spectrometry to
confimm structure (FIG. 49A and FIG. 49B) and by LC-ELSD to deternune purity (FIG. 49C).

Cationic Lipid 11

{3575] Ester intermediate F-2 was prepared by acylating 4 g (30.2 mmol) of protected
1,2-diol {1,2-O-1sopropyhdene-B-glycerol} starting matenial (1) with
dimethylaminopropanoic acid compound F-1 (6.06 g, 1 .38 ¢g, 41.7 mmol), EDCI (638 g, 1.1
eq, 33.3 mamol), DIPEA (21.08 mL, 4.0 ¢q, 121.0 mumol), and DMAP (740 mg, 02eq, 6
mmol}, in BCM (100 mL) solution to obtain 3.3 g (12.7 numol} in 41.7% vield of F-2.
Intermediate F-2 (3.2 g, 12.3 mmol, 1 eq) was deprotected in a 1:3 (v/v}) mixture of 1M aq.
HCl and THF (total volwme 80 mL) at room temperature to afford 3.1 g (14 .1 mmol) of crude
compound F-3. Crude compound F-3 (14.13 mmol, 3.1 g, 1 eq.) was esterified with fatty
acid 2 (35.3 mmol, 9.9 g, 2.5¢q), EDCE (6.8 g, 2.5 g, 35.3 mmol), PIPEA (6.2 mbL, 25 eq,
35.3 mmol}, and DMAP (316 mg, 0.2 ¢q, 2.8 mmol} in DCM { 100 mL) solution to afford ~9
g of crude tonizable hipid 11, Crude product (3g) was puritied by preparatory HPLC to obtain
55 mg of pure Lipid 1 (>99% pure by Reverse phase HPLC-ELSD using Durashell-C15, 4.6
x 50mm, 3 oM, Cat# DC9305035-0).

{1876} Purified Lipid 11 free base (C46HBINO6, molecular weight 744,16 g/mol ) was
characterized by proton NMR Spectroscopy (400 MHz) in CDCI3 and Mass Spectrometry to
confirm stracture (FIG. 50A and FIG. 56B) and by LC-ELSD to determine purty (FIG.
50C).

{B5377] Scheme 7 and Scheme 8 below depict the synthesis of Lipid 12 and Lipid 13:
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{Scheme §

Cationic Lipid 12
{6578} Fmoc protecied intermediate 3A was produced from (R)-(2,2-dimethyi~1,3-

dioxolan-4-yvhmethanol (1}, 2.0 3 (1.0 eq. 13.2 mmol} using Fmoc chioride (30 mmol, 79 g,
2.0 eq) in pyndine (20 mL) to afford 3.8 g of 3A in 71% vield (Step 1, Scheme 7). 34,23 ¢
(1.0 eq, 6.5 mumoh) was selectively deprotected in IM HCETHFE (1:3, 20 mL) and 0.5 mL
mgthanol to afford ~2 g of 4A (Step 2, Scheme 7). C-acyiation of 4A, 13 g (1.0eq, 4.2
mmol} with inoleic acid, 1-3 (9.2 mmol, 2.9 mL, 2.2 ¢q) using PyBOP (9.2 mmol, 4.7 g, 22
eq) and DIPEA (9.2 mmol, 1.6 mL., 2.2 eq.} in 3mL DMF. Combined product from two
batches afforded a total of 1.6 g {(21%;) of pure intermediate H-8" {Step 3, Scheme 7). Fmoc
removal {Step 4, Scheme 7) from H-8°, 2.05 g (1.0 eq, 2.44 mmol} using 1% piperidine in
THEF (25 mL), 0 °C, 4 hours, vielded 680 mg of purified imtermediate H-9 m 45% vield. Key

wtermediate H-9 was used in sabsegquent steps for production of Lipid 12 {via O-acviation of
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G-47% as well as for production of Lipid 13 {via G-acylation of H-5" as described in relevant

section below).

{35791 Protected compound G-47, 3-((2-{(tert-batyvldimethylsiltyl) oxy} ethyl} (methyvl}
amino} propanoic acid, was prepared using starting materials, methyl acrylate, H-2", and 2-
{methylamino} ethan-1-ol, G-17 via Michael addition. Methvl acrylate (H-27), 1.6 ml (1 eq,
17 8 mumol} was reacted with G-17 (2 g, 1.5 g, 26.6 mmol) and Aluminum oxide (904 mg,
0.5 eq. 8.9 mmol} under solvent free conditions at room temperature for 3 hours to afford
258 g (91%) of G-2” (Step 7, Scheme 8). G-27, 1.33 g (1 eq, 8.26 mmol) was converted to
the terhiary butyl dimethylsiivl protected intermediate G-37 (Step 8, Scheme 8) using tert-
butyldimethylsilyl chlonide, TBDMSCI {1.62 g, 1.3 ¢q, 10.74 mmol) and TEA (23 ml, 2 ¢q,
16.52 nunol) in 3 ml DCM at room temperature, overnight, resulting i recovery of about
1.13 g (50%;) for purified G-3°. Subsequent selective deprotection of G-37, 114 g (1eq 4
mmol) in THEMeOH/I M HCI(3/2/1 (viv): total volume of 6 mi} at room temperature,
overnight, yielded 1.13g of G-4” (Step 9, Scheme 8). G-47 and H-9 were combined to
produce tdermediate G-6 (Step 5A, Scheome 8). H-9, 400 mg (1.0 g, 0.65 mmol) was
acvlated with G-4" (0.98 mmol, 268 mg, 1.5 eq) using EDCI (198 mg, 1.5 eq, 0.98 mmol},
DIPEA (167 ul, 1.5 eg, 0.98 mmol}, BDMAP (159 mg, 0.2 eqg, 8.13 mmol) in 2.0 mL DCM
to afford 308 mg (55%;} of crude G-6. Crude G-6 (308 mg) was deprotected in HF pyridine
(9.0 vuool, 641 ul, 25 eq) in 6.0 mL of THF (Step 6A, Scheme 7) vielding 308 mg of crude
Lapid 12, Crude product was purtfied twice using preparatory HPLC 1o isolate 213 mg {79%)
of purified Lipid 12. >99% pure by Reverse phase HPLC-ELSD using Durashell-C18, 4.6 x
50mm, 3 uM, Cat# DCO30505-0).

{3586} Puriticd Lipid 12 free base (C45HTINOT, molecular weight 746.13 g/mol.) was
characterized by proton NMR Spectroscopy (400 MHz) in CDCI3 and Mass Spectrometry to
confirm stracture {FIG. S1A and FIG. 51B) and by LC-ELAD to determine purity (FIG.
51C).

Cationic Lipid 13

{6581} Protected compound 3-¢bis{2-{(tert-butyldimethyisibylyoxyiethyDaminojpropanoic
acid (H3") was prepared using starting materials, methy! acrylate, H-27, and 2,2'-
azanedivibis{ethan-1-ol), H-1" via Michael addition. Methyl acrvlate (H-273, 1.65 g (1 eq,
19.2 munol) was reacted with H-17 (285 mumol, 3.0 g, 1.5 eq.). Aluminum oxide {960 mg, 0.5

£q. 9.6 ramol} under solvent free conditions at room temperature for 3 boursto afford 3.53 g
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(97%) of H-3". H-3", 830 mg {1 ¢q, 4.3 mmol) was converted t¢ the fertiary butyl
dimethylsilyi protected intermediate H-4 using tert-butyldimethyisilvl chloride, TBDMSCH
{(1.56¢g, 2.5¢eq, 109 mmol), TEA (1.16 ml, 2.0 g, 10.9 mmol in 8 mL DCM at room
temperature, overmight, resulting in recovery of about 1.51 g (83%) for punified H-4".
Subsequent selective deprotections of H-47, 600 mg (1 eq, 1.4 mmeol) in THF (3 myMeGH
(2 mby/1M LiOH (1 ml} at room temperature, overnight vielded ~500 mg of H-5".
Intermoediate H-10 was produced by O-acylation of H-9 using 3-(bis(Z-({tert-
butyldimethylsilvDoxylethyvhammoypropanote acid (H57). H-5 and H-Y were combined to
produce intermediate H-10 (Step 5, Scheme 7). H-9, 150 mg (1.0 eq, 0.24 mmol) was
acyiated with H-37 (0.36 mmol, 150 mg, 1.5 eq) using EDCY{0.36 mmol, 74 mg. 1.5 eq),
DIPEA (0.36 mmol, 62 uL, 1.5 eq), DMAP (0.048 mmol, 6 mg, 8.2 ¢g)in 1.0 mL DCM 1o
afford 108 mg (44%) of crude H-10. Crade H-10, 108 mg (1.0 &g, 0.11 mmol } was
deprotected in HE pyridine (2.75 mmol, 200 ul, 25 ¢g), in 2.0 mL THF yiclding 41 mg
(48%) of crude Lipid 13, Crude product from two batches was combined and purified twice
using preparatory HPLC to isolate 71 mg of punfied Lipad 13, (>99% pure by Reverse phase
HPLC-ELSD vsing Dorashell-C18, 4.6 x 50mm, 3 oM, Catdf DC930505-0).

(3582} Purified Lapid 13 free base {C46HB INOS, molecular weight 776.15 g/mol ) was
characterized by proton NMR Spectroscopy (400 MHz) in CDCI3 and Mass Spectrometry to
confirm stracture (FIG. S2A and FIG. 52B) and by LC-ELSD to determine purity (FIG.
52C).

EXAMPLE 2 — PREPARATION OF LNPS By VORTEX MixinG UsiNG EXEMPLARY {ONIZABLE

Lirmns

{6583} Excemplary LNPs were created using cationic Lipid 2 and cationic Lipid § as
synthesized in Example 1 as well as commercially available cationic Lipid 8 and cationic
Lipid DLin-MC3-DMA (MedChemExpress, New Jersey, US; Catalog #HY-112758).

{3584} LNPs were created with an encapsulated mRNA payload and lipid blend by vortex
noixing an agqueous mRNA solution and an ethavolic lipid solution. The raRNA (a 91 w/w
mix of mRNA encoding ¢GFP and eGFP mRNA labeled with Cy 5, TriLink Biotechnologies,
California, US) was mixed with pH 4 accetate buaffer to provide a final agueous mRNA
sohution containing 133 pg/mL mRNA and 21.7 mM acetate buffer. The lipid components
were dissolved v anhvdrous ethanol at the relative ratios set forth in TABLE 3 below.
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TABLE 3
Lipid Source Ratio of Lipid to Concentrationnin  § Theoretical LNP
mRNA (nmol Lipid Solution Lipid Composition
lipid/100 pg (M) {mol%)
mRNA)
Jonizable Cationic | - 1,506 & 488
Lipid
Cholesterol Dishman 1,200 4.8 300
Netherands
DSPC Avanti Polar 300 12 a8
Lipids, Alabama,
U.Ss.
DMG-PEG(2000) | Avanti Polar 75 0.3 2.4
Lipids, Alabama,
U.s.
{6585} Briefly, the mRNA solution (375 ul.} was transferred mto a conical botiom

centrifuge tube, and the lipid solation (125 ul.} was rapidly added into the tube contamning the
mRNA sohution (3:1 v/v ratio of mRNA solution to lipid solution). The tube containing the
uxture was inmediately capped and vortexed for 15 s at 2,500 rpm, followed by incubation
at room temperature for not less than 5 min before proceeding to ethanol removal and buffer

exchange.

{6586} Following mixing, ethanol removal and buffer exchange was performed on the
resulting LNP suspension using a Sephadex G-235 resin packed SEC columa (PD MiniTrap
(-25, Cytiva, Massachusetts, U.S), by gravity flow. Briefly, the SEC column was rinsed five
times with 2.5 mL of exchange buffer (25 mM pH 7.4 HEPES buffer with 150 mM Na(l)
before then loading 425 Ll of ENP suspension. Once the LNP suspension fully moved into
the resin bed, a 75 uk stacker volume of exchange buffer was applied to the column to
achieve the specified target load volume of the column and maximize recovery, according to
manufacturer specifications. After the stacker fully moved into the resin bed, the SEC

columm was transferred to a new centrifuge tube, and the LNP suspension was eluted by
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adding 1.0 mL of exchange buffer to the column. Eluate containing the LNPs in the

exchange buffer was recovered and stored at 4°C until further use.

EXAMPLE 3~ CHARACTERIZATION OF LNPS

{6387} This Example describes the characterization of LNPs produced i Example 2.

{(588] Saroples of the LNPs produced in Example 2 were characterized to deternune the
average hvdrodynanue diameter, zeta potential, and mRNA content (total and dyve-
accessible). The hydrodynamic diameter was determined by dynamic light scattering {DLS}
using a Zetasizer model ZEN3600 (Malvern Pananalytical, UK}, The zeta potential was
measured i 5 mM pH 5.5 MES buffer and 5 M pH 7.4 HEPES buffer by laser Doppler

electrophoresis using the Zetasizer.

{3389} RNA content of the nanoparticles 1s measured using Thermo Fisher Quant«T
RiboGreen RNA Assay Kit. Dye accessible RNA, which mchides both non-incorporated
RNA and RNA that is near the surface of the nanoparticle, is measured by diluting the
nanoparticles to approximately | ug/mL mRNA using HEPES buffered saline, and then
adding Quant~iT reagent to the mixture. Total RNA content is measured by diluting the
particles to 1 pg/mL mRNA osing HEPES buffered saline, disrupting the nanoparticles by
heating them to 60 °C for 30 minutes in HEPES buffered saline contaning 0.5% Triton, and
then adding Quant-it reagent. RNA is gquantified by measuring fluorescence at 485/535 nm,
and concentration is determined relative to a contemporaneously nim RNA standard curve.

The results are set forth in TABLE 5.

TABLE S
Formulation | lonizable DLS Z-Avg. | BLS PDI Zeta Zeta Dye-
No. Lapid Diameter Potential at  § Potential at | Accessible
{(nm) pH S5 pH 7.4 mRNA (%)
{mV) {mV)

1 Cationic 120 ¢6.19 21 54 16

Lipid 2
2 Cationic 109 0.14 23 0.3 13

Lipid 5
3 Catiogic 91 012 20 0.9 6.3

Lipid 8

et
23
(o]
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4 Cationic 96 0.14 i6 -3.4 94
Lipid DLn-~
MC3-DMA

Example 4 - Preparation of Fab conjugzates to enable T-cell tareeting

{0594] This Example describes the production of an exemplary hipid-tmowne cell

targeting group conjugate.

{3591} An anti~CD3 Fab (hSP34 with mouse lambda and human lambda) {see amine acid
sequences below) was conjugated to DSPE-PEG(2k}-maleimide via covalent coupling
between the maleimide group and a C-terminal cysteine in the heavy cham (HC). Anti-CD3
Fab clone Hu291, anti-CD38 Fab clone TRX2, anti-CDE Fab clone OK'TE, a non-functional
mutated OKT8 {mutOKTE), anti-CD4 Fab from ITbalizumab sequence, anti-CDS Fab clone
He3, anti-CD7 Fab clone TH-69, anti-CD2 Fab clone TS2/18.1, anti-CD2 Fab clone 9.6, anti-
D2 Fab clone 9-1 with human kappas were also conjugated using similar methods described
herein. The protein (3-4 mg/ral.}, aficr butfer exchange into oxyvegen free, pH 7 phosphate
buffer, was reduced in 2 mM TCEP in oxygen free pH 7 phosphate buffer for 1 hour at room
temperature. The reduced protein was isolated using a 7 kDa SEC colamn to remove TCEP

and buffer exchanged into frosh oxygen free pH 7 phosphate buffer.

{6392} ‘The conjugation reaction was initiated by addition of a 10 mg/mb micellar
suspension of DSPE-PEG-malcinude (Avanti Polar Lipids, Alabama, US) and 30 mg/ml
DSPE-PEG-OCHs (Avanti Polar Lipids, Alabama, US) (111 to [:3 weight ratio 1s used
depending on protein} in oxygen free pH 3.7 citrate buffer (1 mM Citrate). Protein solution is
concentrated to 3 - 4 mg/mL using a 10 kDa Regenerated Cellulose Membrane and
subsequently buffer exchanged in oxygen free pH 7 phosphate buffer using a 40 kDa Size
Exclusion Column. The conjugation reaction is carried out using 2 — 4 mg/ml protein and a
3.5 molar excess of malemmide at 37°C for 2 howurs followed by incubation at room

temperature for an additional 12 - 16 hours.

{3593} The production of the resulting conjugate was monitored by HPLC and the
reaction guenched i 2 mM cysteine. The resulting conjugate (BSPE-PEG(2k)-anti-hSP34
Fab) 13 1solated using a 100 kDa Millipore Regenerated Cellulose membrane filtration using
pH 7.4 HEPES buffer saline (25 mM HEPES, 150 mM NaCl) buffer and stored at 4°C prior

t use. After quenching, the final micelle composition consists of a mixture of DSPE-PEG-
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Fab, DSPE-PEG-maleimide{cysteine terminated), and DSPE-PEG-OCH;. The ratio of the
three components is DSPE-PEG-Fab: DSPE-PEG-maleimide{cysteine terminated). DSPE-
PEG-OCH; = 11 2.45: 3.45 -10.35 (by roole)).

{3594} The resulting conjugate displayed comparable binding to recombinant Rhesus

CD3 epsilon as the uncorjugated anti-CD3 Fab by ELISA assay.

Anti-CD3 hSP34-Fab sequence:

hSP34 HC (SEQ ID NGO 1y

EVQLVESGGGLVQPGGSLKLSCAASGFTINKY AMNWVROAPGEGLEWVARIRSKY
MNNYATYYADSVKDRFTISRDDSKNTAYLOQMNNLETEDTAVY YCVRHOGNFGNSYISY
WAYWGOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLY SLSSVVTVPSSSLOETQTYICNVNHKPSNTKVDKKVEP
KSSDKTHTC

hSP34~mlam LC (uouse lambda) (SEQ 1D NO: 2):
QTVVIQEPSLTVSPGGTVTLTCGSSTGAVTSGNY PNWVYQOKPGQAPRGLIGGTKFLA
PGTPARFSGSLLGGKAALTLSGVOQPEDEAEYYCVEWY SNRWVFGGGTKLTVLGOPK
SSPSVTLFPPSSEELETNKATLYVCTITBFYPGVVTVDWKVDGTPVTQGMETTRQPSKGS
NNKYMASSYLTLTARAWERHSSYSCQVTHEGHTVEKSLSRADSS

SP34-blam LC (human lambda) (SEQ 1D NO: 3}
QTVVTQEPSLTVSPGGTVTLTCGSSTGAVTSGNYPNWYQQKPGQAPRGLIGGTKFLA
PGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCVEWY SNRWVEFGGGTKLTVLESQPK
AAPSVTLFPPSSEELOQANKATLVCLVSDFYPGAVIVAWKADGSPVKVOGVETTKPSK
QSNNKYAASSYLSLTPEQWERSHRSYSCRVTHEGSTVEKTVAPAESS

Anti-CD3 Hu291-Fab sequence:

Hu291 HC (SEQ ID NO: 4}

QVOLVOSGAEVKKPGASVKYVSCKASGY TFISYTMHWVROQAPGOGLEWMGYINPRS
GYTHYNQKLKDKATLTADKSASTAYMELSSLRSEDTAVYY CARSAYYDYDGFAYW
GOOGTLVTVSSASTRKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVEWNSGALT
SGVHTFPAVLQSSGLY SLESVVTVPSSSLOTOTYICNVNHKPSNTKVDKKVEPKSSDK
THTC

Hu 291 LC (SEQ ID NO: 5):
MDMRVPAQLLGLLLLWLPGAKCDIQMTQSPSSLSASVGDRVTITCSASSSYSYMNW
YQOKPGKAPKRLIY DTSKLASGVPSRFSGSGSGTDFTLTISSLOPEDFATYY CQUWSS
NPPTFGGGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWRY
DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHK VY ACEVTHQGLSSPVTK
SFNRGES

Apti-CD8 TRXZ-Fab sequence:

TRX2 HC (SEQ ID NO: 6):
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QVQLVESGGGVVQPGRSLRLSCAASGFTFSDFGMNWVROQAPGKGLEWVALIYYDG
SNKFYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKPHYDGYYHFFDS
WOOGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGAL
TSGVHTIFPAVLQSSGLY SLSSVVTVESSSLGTQTYICNVNHKPSNTKVDKKVEPKSSD
KTHTIC

TRX2 LC (SEQ ID NO: 73
DIOMTQSPSSLSASVGDBRVTITCKGSODINNY LAWY QOKPGKAPKLLIYNTDILHTG
VPSRFSGSGSGTDFTFTISSLOPEDIATYYCYQYNNGY TFGOGTEVEIKRTVAAPSVF]
FPPSDEQLKSGTASVVCLLNNFY PREAKVOWK VDNALQSGNSQESVTEQDSKDSTY
SLSSTLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGES

Anti-CD8 OKT8-Fab sequence:

OKT2 HC (SEQ ID NO: 8y
QVOLVOQSGAEDKKPGASVKVSCKASGRNIKDTYTHWVROQAPGOGLEWMGRIDPAN
DNTLYASKFOQGRVTITADTSSNTAYMELSSLRSEDTAVYYCGRGYGY Y VFDHWGQ
GTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTIVESWNSGALTSG
VHTFPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNYVNHEPSNTEVDKKVEPKSSDRTH
TC

OKT8 LC (SEQ ID NO: o)

DIVMTQSPSSLSASVODRVTITCRTSRSISGY LAWY QEKPGKAPKLLIYSGSTLOSGVP
SRESGSGSGTDFTLTISSLOPEDFATYYCQOHNENPLTFGOGTKVEIKRTVAAPSVEIF
PPSDEQLKSGTASVVULLINNFYPREAKVOWEKVDNALGSOGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGES

Anti-CD4 Thalizumab-Fab sequence:

Thalizamab HC (SEQ 1D NO: 10):
OVOLOQQSGPEV VKPGASVEKMSCKASGY TFTSY VIHWVROKPGOGLDWIGY INPYND
GTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNY ATGAWFAY
WGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGAL
TSGVHTFPAVLOSSGLY SLSSVVTVPSSSLOTQTYVICNVNHKPSNTK VDK K VEPKSSD
KTHTC

Ibalizomab LC (SEQ ID NG: 1)

DIVMTOQSPDSLAVSLGERVTIMNCKSSQSLLY STNQENY LAWY QGQKPGOSPKLLIYW
ASTRESGVPDRFSGSGSGTDRFTLTISSVQAEDVAVYYCQQYYSYRTIFGOGTKLEIKRT
VAAPSVFIFPPSDEGLEKSGTASVVULLNNFYPREAKVOWKVDNALOSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOQGLSSPVTKSFNRGES

anti-UD3 He3-Fab sequence:
He3 HC (SEQ 1D NG: 12}

EIQLVQSGGGLVEPGGSVRISCAASGY TFINYGMNWYVROAPGKGLEWMGWINTHT

GEPTYADSFKGRFTFSLDDSKNTAYLQINSLRAEDTAVYFCTRRGY DWYFDVWGQG
TIVTVSSASTRKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVH
TFPAVLOSSGLYSLSSVVTVPSSSLOTOTYICNVNHKPSNTRKVDKEKVEPKSSDKTHTC

He3 LC (SEQ ID NO: 131
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DIGMTQSPSSLSASVGDRVTITCRASQDINSY LSWFQQKPGKAPKTLIYRANRLESGVP
SRESGSGSGTDYTLTISSLOYEDFGIVYCQQYDESPWTFGGGTKLEIKRTVAAPSVEIFP
PSDEQLKSGTASYVCLLNNFYPREAKVOQWKVDNALQSGNSQESVTEGDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHOGLSSPYTKSFNRGES

anti-CD7 TH-69-Fab sequence:

TH-69 HC (SEQ ID NO: 14):

EVOQLVESGOGLVKPOGGSLEKLSCAASGLTRFSSY AMSWVRQTPEKRLEWVASISSGGFT
YYPDSVEGRFTISRDNARNILYLOMSSLRSEDTAMY YCARDEVRGYLDVWGAGTTY
TVSSASTKGPSVFPLAPSSKSTSGOGTAALGCLVKDYFPEPVTVSWNSGAL TSGVHTFR
AVEQSSGLY SLSSVVTVPSSSLGTQTYICNVNHKPSNTRKVDKKVEPKSCDKTHTC
TH-69 LC (SEQ ID NO: 15}

DIGMTOQTTSSLSASLGDRVTISCSASQUGISNYLNWY QOQRPDGTVELLIVYTSSLHSGVP
SRFSGSGSGTDY SLTISNLEPEDIATYYCQQYSKLPYTFGGGTKLEIKRTVAAPSVFIFP
PSDEQLKSGTASVVCLINNFYPREAKVOWRKVDNALQSGNSQESYTEQDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

anti-CH2 TS2/18.1-Fab sequence:

TSR 1T HC (SEQIDNG: 16):
EVQLVESGGGLVMPGGSLKLSCAASGFAFSSYDMSWVRQTPEKRLEWVAYISGGGF
TYYPDTVKGRFTLSRDNAKNTLY LOMSSLKSEDTAMYYCARQGANWELVYWGGGT
LVTVSAASTKGPSVFPLAPSSKSTSGGTAALGCLYKDYFPEPVTVSWNSGALTSGVHT
FPAVLQSSGLYSLESVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSSDKTHTC
T82/18.3 LC(SEQID NO: 17y
DIVMTQSPATLSVTPGDRVFLSCRASQSISDFLHWYQQKRSHESPRLLIKY ASQSISGIFS
RFSGSGSGSDFTLSINSVEPEDVGYYFCONGHNFPPTFGGGTKLEIKRTVAAPSYFIFPP
SDEQLKSGTASYVCLINNFYPREAKVOWEVDNALQSGNSQESVTEQDSKDSTYSLSS
TLTLSKADYEKHEKVYACEVTHQGLSSPVTKSFNRGES

anti-{UD2 9.6-Fab sequences

0.6 HC (§EQ ID NO: I8)

QVOLOQOPGAELVRPGSSVKLSCKASGY TFTRYWIHWVKQRPIQGLEWIGNIDPSDSE
THYNQKFKDKATLTVDEKSSGTAYMOLSSLTSEDSAVYYCATEDLYYAMEYWGQGT
SVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTIVSWNSGALTSGVHT
FPAVLQSSGLYSLESSVVTVPSSSLGTOTYICNVNHKPENTKVDKKVEPKSSDKTHTC

9.6 LC (SEQ ID NO: 19):

NIMMTQSPSSLAVSAGEKVTMTCKSSQSVLYSSNOKNY LAWY QOKPGQSPKLLIYW
ASTRESGVPDRFTGSGSGTDFTLTISSVQPEDLAVY YCHQYLSSHTFGGGTKLEIKRTVY
AAPSVFIFPPSDEGLKSGTASVVULLNNFYPREAKVOWKVDNALGSGNSQESVTEQGD
SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTRKSFNRGES

anti-CH2 9-1-Fab sequence:

9-1 HC (SEQ ID NO: 20):



WO 2022/120388 PCT/US2021/072745

QVQLGQPGTELVRPGSSVKLSCKASGYTFTSYWVNWYKQRPDQGLEWIGRIDPYDS
ETHYNQKFTDKAISTIDTSSNTAYMQLSTLTSDASAVYYCSRSPRDSSTNLADWGQG
TLYTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTYSWNSGALTSGVH
TFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTRKVDKKVEPKSSDKTHTC

9-1 LC (SEQ ID NO: 21

RESGSGSGSDFTLSINSVEPEDVOGVYYCONGHSFPLTFGAGTKLELRRTVAAPSVEIFP
PSPDEGLKSGTASVVCLINNFYPREAKVOWEVDNALQSGNSQESVTEQDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGES

mutOKTE-Fab sequence:

mutOKTE HC (SEQ 1D NG: 22):
QVOLVOQSGAEDKKPGASVKVSCKASGINIKDTYIHWVRQAPGOGLEWMGRIDPAND
NTLYASKFQGRVTITADTSSNTAYMELSSLRSEDTAVYYCGRGAGAYVFDHWGOGT
TVIVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTIVSWNSGALTSGVHT
FPAVLQSSGLYSLESVVTVPRSSSLGTOTYICNVNHKPSNTKVDKKVEPKSSDKTHTC
outOKT8 LC (SEQ 1D NO: 23y

DIVMTOSPSSLSASVGDRVTITCRTSRSISAALAWY QEKPGRKAPKLLIYSGSTLOSGYP
SRESGSGSGTDFTLTISSLOPEDFATYYCQOHNENPLTFGOGTKVEIKRTVAAPSVFIFP
PSDEQLKSCTASYVYVCLLNNFYPREAKVOWKVDNALQSGNSQGESVTEGDSKDSTYSLS
STLTLSKADYEKHKVYACEVTHOQGLSSPYTKSFNRGES

EXAMPLE 5~ PREPARATION OF LNPS CONTAINING T CELL TARGETING GROUP

{6595] This Example describes the meorporation of an exemplary mmune cell targeting

conjugate into a preformed LNP.

{6596} LNPs from Example 3 and the conjugate from Exaraple 4 were combined as
shown in Table 6 in an Eppendorf tube and vortexed for 10 seconds at 2,300 rpm. The
Eppendorf tubes were placed in the ThermoMixer at 37 “C at 300 rpma for 14 hours, and then

stored at 4°C until use.

TABLE 6
nimol tfotal FAb
lipid / mg FAbtarget | FAb mg/mg| RNA g/l Fab mg/ ml. { LNP
RNA g/mol lipid | RNA mg/mb, LNP | Fab LNP mL/mL Fab
30,750 17 (.52273 1 1 0.52 1.91

{3597} This Example describes the incorporation of an immaune cell targeting conjugate

into a preformed LNP.
{6598} ENPs from Example 2 and conjugates (anti-CD3 (h8P34} and anti-CD8 (TRX-2}
conjugates) were prepared using methods described in Example 4 were combined as shown
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in Table 6A in an Eppendorf tube and vortexed for 10 seconds at 2,500 rpm. The Eppendorf

tubes were placed in the ThermoMixer at 37 °C at 300 rpm for 14 hours, and then stored at

4°C unti] use. Alternatively, the Eppendorf tubes were placed in the ThermoMixer at 60 °C

at 300 rpm for 30 minutes to 3 hours, followed by continved nmuxing at 4 °C and 300 rpm for

an additional 12 — 24 hr and then stored at 4°C untif use.

TABLE 6A
FAb S NOTE
Mol DSPE-
nmol total farget FAb RNA FAb Fab LNP ¢ ;?LG
lipid / mg g/mol mg/mg mg/mb mg/ mg/mb mi/mb R LNP
RNA fipid RNA LNF Fab LNP Fab )
30,756 0.52278 0.45 1.46 $.235 6.2 0.47

EXAMPLE 6 — Preparation of LNPs By Microfluidic Mixing Using Exemplary lonizable

Lipids
{3599}

cationic Lipid 8 by a nuerofluidic mixing method.

10660

This examople describes the preparation of LNPs using cationic Lipid 5 and

ENPs were created with an encapsulated mRNA payload and lipid blend by

mixing an agueous mRNA solution and an cthanolic lipid solution using an in-line

microfhuidid mixing process. The mRNA (a 9:1 wiw muix of mRNA encoding ¢GFP and

¢GFP mRNA labeled with Cy5, TriLink Biotechnologies, California, US}) was mixed with pH

4 acetate buffer to provide a final agueous mRNA solution containing 133 pg/mL mRNA and

21.7 mM acetate buffer. The lipid components were dissolved in anhvdrous ethanol at the

relative ratios set forth in TABLE 7 below.

TABLE 7

Lipid Source Ratio of Lipid o Concendrationin | Theoretical LNP
mRNA (nmol Lipid Solution Lipid Composition
1ipid/ 100 pg (mM) (mol%:)
mRNA)

lonizable Cationic | - 1,500 6 488

Lipid

Chelestero] Drishman 1,200 4.8 39.0

Nethedands




WO 2022/120388 PCT/US2021/072745

DSPC Avantt Polar 300 12 9.8
Lipids, Alabama,
us

DMG-PEG(2000) | Avanti Polar
Lipids, Alabama,
Us

~q
(]

0.3 24

{6601} The mRNA and lipid solutions were mixed using a NanoAssemblr lenite
microfluidic nuxing device (part no. NINOGOT) and NxGen nuxing cariridge (pari no.
NINGG02} from Precision Nanosystems Inc. (British Columbia, CA). Briefly, the mRNA and
tipid solutions were cach loaded nto separate polypropyiene synnges. A mixing cartridge
was inserted into the NanoAssemblr Ignite, and the syringes were then attached to the
cariridge. The two solutions were then mixed at a 3:1 v/v ratio of mRNA solution (975 ul)
to lipid solution (325 pb) at a total flow rate of & mL/min using the NancAssemblr Igmite.
The resulting suspension was incubated at room temperature for not less than 5 min before

proceeding to ethanol removal and buffer exchange.

{3602} Following mixing, cthanol removal and buffer exchange was performed on the
resulting LNP suspension using two Sephadex G-25 resin packed SEC columns (PD
MimiTrap -25, Cytiva, Massachusetts, US), by gravity flow. Briefly, the SEC columns were
cach rinsed five times with 2.5 mL of exchange buffer (25 mM pH 7.4 HEPES buffer with
150 mM NaCl) before then loading 450 ul. of LNP suspension per column. Once the LNP
suspension fully moved nto the resin bed, a 50 pl. stacker volume of exchange buffor was
applied to each column to achieve the specified target load volume of the colummn and
maximize recovery, according to manufacturer specifications. After the stacker fully moved
mto the resin bed, the SEC columns were transferred o new centrifuge tubes, and the LNP
suspension was cluted by adding 1.0 mL of exchange buffer to each column. Eluate
containing the LNPs in the exchange buffer was recovered from each cohumn, combined into

a single LNP batch, and stored at 4°C wnttd further use.

{3603} The resulting LNPs were characterized as described in Example 3. The results are
summarized in TABLE 8 below. As scen in Table 8, the microfluidic process results in sub-
100 nm particles exhibiting narrow polydispersity and good mRNA encapsulation (<20% dye

accessible RNA)
TABLE 8
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Formulation { lonizable DLS Z-Avg. | DLS PDI Zeta Zeta Dye-
No. Lipid Drameter Potential at | Potential at | Accessible
{nm) pHS53 pH 7.4 mRNA (%)
(mV} (mVv)
5 Cationic 52 0.1 24 38 io
Lipid 3
6 Cationic 35 0.15 24 4.0 11
Lipid 8

Example 7 - Characterization of LNPs pKa Using Toluidinyl-naphthalene Sulfonate
{TNS) flporescent probe

{0604} 'This example describes the fluorescent dye based method used for measurement
of the apparent pKa of the hpid nanoparticles. Apparent pKa determines the nanoparticle
surface charge ander physiological pH conditions, typically a pKa value in the endosomal pH
range {6 — 7.4) results in ENPs that are noutral or slightly charged at plasma or the
extracchiular space (pH 7.4) and become strongly positive under acidic endosomal
environments. This posttive surface charge drives fusion of the LNP surface with negatively
charged endosomal membranes resulting in destabilization and rupture of the endosomal
corapartment and ENP escape into the cyvtosolic compartment, a critical step in cytosolic

dehvery of mRNA and protein expression via engagement of the cells ribosomal machinery.

{6683} The apparent pKa of LNPs made using tonizable Lipids 2, 5 (synthesized as

described in example 1), 6 and 7 {(synthesized using method analogous to Lipid 2, 5,
respectively, except using diethyl amine instead of dimethyl amine to incorporate the tertiary
amine head group} were determined by 6-(p-Tohuidino)-2-naphthalenesulfonic acid {TNS)
fluorescence measurement in aguecous buffers covering a range of pH values (pH 4 ~ pH 10).
TS is non-fluorescent when free in solution, but which fluoresces strongly when associated with
a positively charged lipid nanoparticle. At a pH values below the pKa of the nanoparticle,
positive LNP surface charge results in dye recruitment at the particle interface resulting m TNS
fluorescence. At pH values above the LNF pKa no fluorescence is observed. The apparent pKa
of the LNP is reported as the pH at which the flusrescence s at 30% of its maxamum, as
determined using a four-point logistic curve fit. Lipids 2 exhibtied an apparent pKa of 7.5 and
chemical modification of tertiary amine head group in Lipd 6 resulted in a pKa shift to lower
values (Lipid 6 pKa ~7, FIG. 8A). Sumilarly, Lipid 5 exhibited an apparent pKa of 6.9 and

chemical modification of tertiary amine head group in Lipid 7 resulted in a pKa shift to lower
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vatues (Lipid 7 pKa ~6.3, FIG. 8B}. As a result, both modifications were found to create
LNPs potentially capable of improved ability to fise with negatively charged endosomal

membranes and result in improved cytosolic delivery of the mRNA pavload.

Example 8 -~ In Vitro Transfection Protoecol in Primary Human T-cells

{6606} This example describes the protocol used for in vitro LNP transfections m primary
human T-cells. This method is vsed to assess LNP 7 vifro efficacy in relevant target cells
{(CD3+ T cells) by first transfocting the cells ustng LNPs loaded with mRNA encoding fora
reporter gene, such as GFP mRNA, and then asscssing transfection by measuring reporter
gene expression by fluorescence-actuated cell sorting (FACS). Additionally, particle
association with cells may be observed by in the same assay by labeling individual
nanoparticle components, such as the mRNA, with a fluorescent dye, such as Cv5, and then

observing cell/dye association by FACS.

{607} CD3+ T cells were isolated from frozen peripheral blood monomuclear eclls using an
EasySep Human T Cell Isolation ¥it on a RoboSep automated cell isolation system from
STEMCELL. T cells were plated into a flat bottom 96-well plate in RPMI cell culture media
supplemented with glatamax, 10% fetal bovine scrum, and 40 ng/mL IL2. 100 uL of cell
suspension was sceded per well at a density of IM T cells/mL (300K T cells/well). Cells were
allowed to rest for two hours 1 a 37°C incubaior, and then were transfected by gently adding 10
pl of a 22 pg/mi (by mRNA} aasoparticle suspension, resulting in a final aRNA conceniration
of 2 pg/ral. Cells were gently mixed with a pipette and then incubated for 24 hours ma 37 °C
incubaior. After incubation the cells were analyzed using an ThermoFisher Attune NXT flow
cytometer. Cy3 was detected usiog a 638 nm laser with 670/14 om filier. eGFP wags detected
using a 488 nm laser and a 530/30 am filter. Data were analyred using Flowlo software from BD
biosciences. FACS data were first gated to exclude doublets and dead cells and then gated for
GFP and Cyv3. Gates for GFP+ and Cy3+ were set such that a control sample (PBS treated T

cells) was <00.1% positive.

Example 9 Lipid 2, lipid 6 LNP properties and in vitro protein expression in primary
human T-cells

{3608} This example describes the transfection ability of LNPs derived from Lipid 2 and
Lipid 6. Nanoparticles are first produced using a mixing process followed by buffer
exchange. Particles thus produced were subsequently tested i vifro 1o human CD3+ T eells

to assess LNP association with cells, and expression of a reporier gene.
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{6609} Lipid 2 and Lipid 6 LNPs encapsulating a 90-10 (w/w) mixture of GFP-mRNA
and Cyanine-5 dye labelled mRINA {TriLink Biotechnologies Inc.} were prepared using the
mixing process described in Example 6, the buffer exchange process deseribed below in

Example 21. Both formulations resulted in particles exhibiting hydrodvnamic diameters in
the sub-150 nm range and moderate polydispersities, as well as good mRNA encapsulation
and recovery {<25% dye aceessible mRNA and > 0% cncapsulated mRNA was recovered

using the Triton-deformulation procedure described in Example 3).

{6616} As seen in FEGS. 94 and 9B and Table 9, moderate changes i particle size and
PDI were observed upon nsertion of an anti-CD3 hSP34-PEG2k-DSPE conjugation using
the insertion procedure described in Example 4. The resulting targeted LNPs were evaluated
in primary human T-cells using the in vitro transfection protoco! described in example 8. As
seen in FEG. 11, both fornwulations were well tolerated by T-cells below 0.5 pg/ml dose
{<40% drop in cell viability relative to PBS control) with Lipid 6 LENPs resulting in
moderately higher viability at higher dose of 2 png/mL. Dosc dependent expression of GEFP
protein was observed with both 1onizable hipids (2 and 6) as illustrated by hugh percentage of
GEFP+ cells and strong GFP MFT values. As illustrated by the Cy5+ and Cy5 MFI values,
both formulations were equally assoctated with cells suggesting the conjugate insertion
process was not dependent of the ionizable lipid chenustry. Both ionizable lipids (2 and 6)
resulted m acceptable levels of mRNA encapsulation {(<30% dye accessible RNA and >60%

total mRNA recovery).

Table 9. Lipid 2 and Lipid 6 LNP mRNA content

i et Sagai Maesnred foial {Triton Ribonraan Dye % Dyse
foiaahie | Theomiieal i st} MmN Ascessibie mANA | Acesssitis
& o R Sk ekl SERRA
Lo g 33 % 3

U & W &8

These findings demonstrate that lipid nanoparticies made using alternative 1onizable lipids 2

and 6 may effectively encapsulate mRNA and transfect T cells i vitro.

Example 18- Lipid 5, lipid 7 LNP properties and in vitre protein expression in primary

human T-cells

{8611} This example describes the transfection ability of LNPs derived from Lipid 3 and

Lipid 7. Nanoparticles are first produced using a muxing process followed by buffer

16
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exchange. Particles thus produced were subsequently tested in vifre in human CD3+ T cells

to assess LNP association with cells, and expression of a reporter gene.

{612} Lipid 5 and Lipid 7 LNPs encapsolating a 90-10 (w/w) mixture of GFP-mRNA
and Cyanine-3 dye labelled mRNA (Trilink Biotechnologies Inc ) were prepared using the
mixing process described in Example 6, the buffer exchange process described below in
Example 21. Both formudations resulted in particles exbubiting hydrodynamic diameters in
the sub-150 nm range and moderate polydispersities, as well as good mBNA encapsulation
and recovery {(<23% dye accessible mRNA and > 80% encapsulated mRNA was recovered
using the Triton-deformulation procedure described in Example 3. As seen in FIGS. 18A
and 19B and Table 10, Lipid 5 LNP exhubtted a larger change in hydrodynamic diameter
(relative to Lipid 7 LNP} wpon msertion of an anti-CD3 hSP34-PEG2K-DSPE conjugate
using the insertion procedure described in Example 4. The resulting targeted LNPs were
evaluated n primary human T~cells using the in vitro transfection protocol deseribed m
example 8. As scen in FIGS, 12A-12E, both formalation were well tolerated by T-cella at
and below 0.5 yg/ml. dose (minimal drop in cell viability was observed relative to the PBS
control). As illustrated by the Cy3+ and Cv3 MFT values, both formulations were equally
associated with celis suggesting the comjugate insertion process is not dependent on the

tonizable lipid chenustry.

{0613}
ipids {5 and 7} as illustrated by similar % GFP+ and GFP MFI values (FIGS, 12A and B).

Bose dependent expression of GFP protemn was observed with both ionizable

Both formulations resulted in similar levels of cell association as lustrated by simular

Y%Ly 5+ and CyS MFI values (FIGS, 12C and B). However, Lipid 7 LNF fornudation
(apparent pKa ~ 6.4) exhibited significantly lower level of GFP protein expression relative to
Lipid S LNP formulation {(apparent pKa ~ 7} suggesting relatively poor cytosolic access with
Lipid 7 LNPs. Both onizable hipids (5 and 7) resulted in acceptable levels of mRNA

encapsulation (<30% dye accessible RNA and >60% total mRNA recovery).

Table 10, Lipid § and Lipid 7 LNP mBNA content

e . . Moasurad ol {Tritos Fibroprann Dy REET]
m:i’i‘?& ?;‘;ﬁ;‘ﬁ;iifi’;s st} mRRK .&amg&fbi& WRNA  LAccsuaibiy
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Lipig § % 43 3
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Example 11 - Lipid 5, Lipid 8 and DLn-MC3-DMA LNP properties in vitro protein

expression in primary human T-cells

{3614] This example compares the GFP protein expression resulting from LNP’s derived
from Lipid § and Lipid 8 to LNPs made using DLn-MC3-DMA. Nanoparticles are first

produced using a suxing process followed by buffer exchange. Particles thus produced were
subseqguently tested in vifro m human CD3+ T cells to assess LINP association with cells, and

expression of a reporter gene.

{615] Lipid 5, Lipid 8 and DLa-MC3-DMA LNPs encapsulating a 90-10 (w/w) mixture
of GFP-mRNA and Cyanine-5§ dye labelled mRNA (Trilink Biotechnologies Inc.} were
prepared using the vortexer mixing and buffer exchange process described in Example 4. All
three formulations resufted in particles exhubiting hydrodynamic diameters in the sub-150 nm
range and moderate polydispersities (FIG. 37A and B). Additionally, all three formulations
made using the vortexer method asing Liptds 5, 8 and DEn-MC3-DMA exhibited acceptable
mRNA encapsulation {<30% dye accessible mRNA} and moderate mRNA recovery (>60%
encapsulated mRNA recovered using the Triton-deformulation procedure described n
Example 3). As seen in FIG. 37, the insertion of an anti-CD3 hSP34-PEG2k-DSPE
conjugation using the msertion procedure described 1n Example 4 resulted in only slight
mcreases in hydrodynamic diameter and PDE The resulting targeted LNPs were evaluated in
primary buman T-cells using the in vitro transfection protocol described m example 8. Ags
seen in FIG. 38, all three formolations were well tolerated by T-cells below 0.5 pg/mL dose
{<40% drop in cell viahility relative to PBS control) with Lipid § LNPs exhibiting shightly
lower viability at higher dose of 2 pg/mL (FIG. 38E). Dose dependent expression of GFP
protein was chserved with ionizable Lipids 2 and 8 as fllustrated by high percentage of GFP+
cells and strong GFP MFI values (FIGS. 384, BY. However, Din-MC3-DMA (also shown
i FEIGS. 38A, B) LNPs failed to express GFP protein. Comparison of the Cy5+ and Cy5
MFT values in Lipad 2 or Lipid 8 formulations with the corresponding levels in the DLo-
MC3-DMA LNP transfections (FIGS, 380 and D) indicates that all three formudation
associated equally with T-cells suggesting that the efficiency of the antibody insertion
process 1s independent of ionizable lipid chemustry. Poor performance of DLa-MC3-DMA
LNPs may be attributed to this formulation resulting in poor cvtosolic availability of mRNA

in primary human T-cells.
TABLE 11A. Lipid §, Lipid 8 and DLo-MC3-DMA LNP mRNA content
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EXAMPLE 12 — IN VITRO PROTEIN EXPRESSION - CD3 AND CD8 YARGETED CVS/GFP LNP

WITH VARIQUS BENSITIES

{3616} This Example describes targeting buman CD8 T cells with either anti-CD3 or anti-
CDR Fabs post-inserted into Cy5/GFP mRNA LNPs at varous Fab deonsities and their effoct

on particle binding, transfection, viability, D69 upregulation and IFNy secretion.

{0617) LNPs were propared using the nuxing process described in Example 6, the buffer
exchange process described in Example 21, hSP34 and TRX2 Fab-lipid conjugates generated
from methods described in Example 4 and 3 non-T cell specific anti-HERZ lipid-conjugate
{Nellis DF, Ekstrom DL, Kirpotin BB, Zhu J, Andersson R, Broadt TL, Cucllette TF, Perking
SC, Roach JM, Druvwnond DC, Hong K, Marks D, Park JW and Giardina SL (20035)
Preclinical manufacture of an anti-HER2 scFv-PEG-DSPE, liposome-mserting conjugate. 1.
Gram-scale production and purification. Biotechnol Prog 21:205-220} were post-inserted at
various denstties (SP34 0.6-17 g/mol; TRX2 3-9 g/mol; anti-HER2 17 g/mol} into LNPs
contatning Lipid 8, {yS labeled GFP mRNA and GFP mRNA (1:9 CyS:GFP mass ratio} by
adding conjugate and LNPs together and heating the solation withoot mixing in a thermal
cyoler at 60C for 60 min and cooled to 4 °C for 3-5 min. Particles were then diluted to 25
pe/mL mRNA with Hepes Buffered Saline pH 7.4 prior to transfection of human CD8 T cells
using a method similar to Example 8 where the final concentration was approximately 2.5
ng/mL mRNA for approximately 24 hr (or 10 gL of Hepes Buffered Saline pH 7.4 buffer
was added as a mock transfection). After transfection, LNP binding efficiency {Cy5) and
transfection efficiency (GFP) was cvaluated by flow cytometry. Supernatants were measured
for human IFNy concentration using a commercially available ELISA kit under

manufacturers recommended conditions (R&D Systerns Duoset).

{6618} High transfection (FIG. 13A) and binding (FIG. 13B) was observed for SP34 and
TRX2 Fab post-inserted LNPs with a broad range of Fab densities mediating transfection
while non-specific HER? targeted LNPs exhibited low binding and transfection. Some loss
n cell viability was observed (FIG. 144A) using hSP34 CD3 targeted LNPs while TRX2 €D
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targeted LNPs had similar viabilities to non-specific HER? targeted LNPs and untransfected
{mock buffer added) T cells. Additionally, h5P34 (with mouse or human lambda) CD3-
targeted LNPs mediated high IFNy secretion (FIG. 14B) relative to TRX2 CD8-targeted,

HER2-targeted LNPs and the mock T cell transfection conditions.

{6619} This study shows that CD8 T cells can be efficiently transfected with D3 and/or
CD8 targeted LNPs using a broad range of Fab densities iv all cases. Adduionally, using
anti-CD8 Fab can mediate efficient LNP transfection while avording gh CD69 upregulation

and IFNy secretion.

EXAMPLE 13 — IN VITRO PROTEIN EXPRESSION - CD3, CD8 anp CDX DS tarcrren TTR-

$23 LNP wWiTH VARIOUS DENSITIES

G624} This example describes targeting human CD3 T cells with either anti~CD3 or anti-
D8 Fabs post-inserted into anti-CD20 CAR (TTR-023) mRNA LNPs at various Fab

denstties and their effect on transfection, viability, C69 upregulation and IFNy secrction.

{6621} LNPs were prepared using the mixing process described in Example 6, the buffer
exchange process described below in Example 21, Using methods simifar to Example 12,
hSP34 and TRXZ Fab-lipid conjugates and a non-T cell specific anti-HER2 lipid-conjugate
(Nellis DF, Ekstrom DL, Kirpotin DB, Zhu I, Andersson R, Broadt TL, Guellette TF, Perkins
SC, Roach JM, Drummond DC, Hong K, Marks ID, Park JW and Giardina SL (2003)
Preclinical manufacture of an anti-HERZ scFv-PEG-DSPE, liposome-inserting conjugate. 1.
Gram-scale production and purification. Biofechnel Frog 21:205-220) were post-inscrted at
various densittes (5P34 0.25-17 g/mol; TRX2 0.25-9 g/mol; 5P34 + TRX2 0.25-0 g/mol each
conjugate; anti-HER2 17 g/mol} into LNPs containing Lipid 8 and anti-CD20 targeting
CART mBNA. Transtections were performed with human CD3 T cells at approximately 2.5
ng/mL mRNA for approxamately 24 hr. For FACS analysis T cells were staned with Mi
antibody {Sigma, F3040} that bind a N-terminus FLAG-tag variant sequence on the TTR-023
CAR (sequence provided below) in addition to staining for CD69 (Biolegend, 310930) and
CD4 (Biolegend, 344648) to differentiate CD8 from CD4 cells.

{6622} High transfection efficiency (FIGS. 15A and 15B) was observed between 2-17
g/mol Fab for hSP34 alone or co-targeted with TRX2 and transfection was detected over

background for TRX2 at 6-9 g/mol Fab. Consistent with the transfection results, CD6Y was
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ppregulated in a target specific manner where CD3 targeting by h8P34 Fab induced CD69
expression on both CD8 and CD4 cells while CDS targeting by TRXZ mediated CD69
expression on CDE cells only (FIGS. 16A and 168B). CDR8-targeted LNPs with TRX2 Fab
mduced low fevels of IFNy seerction (FIG. 17) relative to CD3 and CD3/CD8 targeted LNPs

despite observable CD6Y upregulation on CDE T cells.

{03623} This study shows that both CD4 and CD8 T celis can be efficiently transfected
with CD3-targeted and CD3/CD8-targeted LNPs and CDE cells can be specifically
{avoidance of CD4 transfoction) transfected with CD8-targeted LNPs using a broad range of
Fab densities in all cases. Additionally, using anti-CD8 Fab can meduate officiont

transfection with CAR mRNA while avoiding high CB69 upregulation and IFNy secretion.

{3624] TTR-023 anti-CD20 (Leu-16) CAR sequence (including leader) (SEQ D NO:
243

METDTLLLWVLLLWVPGSTGDYKAKEVGLOQSGAELVKPGASVEKMSCKASGYTFT
SYNMHWVKQTPGQGLEWIGATY PGNGDTSYNOQKFKGKATLUTADKSSSTAYMQLSS
LTSEDSADYYCARSNYYGSSYWFFDVWGAGTTVTVSSGOOSGGGSGGGGSSDIVLT
QSPAILSASPGEKVTMTCRASSSYVNYMDWYQKKPGSSPKPWIYATSNLASGVPARFS
GSGSGTSYSLTISRVEAEDAATYYCQOWSFNPPTFGGGTKLEIKGGGGSAAAIEVMY
PPPYLDNEKSNGTIHVKGKHLCPSPLFPGPSKPFWVELVVVGGVLACYSLLVTVAFUF
WVRSKRSRLLHSDYMNMTPRRPGPTREHY(QPYAPPRDFAAYRSRVKFSRSAEPPAY
QOGONQLYNELNLGRREEYDVLDKRRGRUPEMGGKPRRKNPGEGLY NELOKDKM
AFAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY DALHMQALPPR

Corresponding nucleie acid sequence (SEQ 1D NO: 25):

atggagacegacacectgtigetttggetacigttactiiggetocceggatctaceggtgattacaaggccaaggaggigcagely
cageagageggagecgagetggtgaagecaggogcticegigaagatgictigtaaggoectecggetacacattcaccagetaca
atatgcactgggtaaagcagactecgggecaggacciggagtegataggigccalctaccetggraacggogacaccagetaca
accagaagttiaagggsaaggctacictaacagoggacaagicgicctetaccgectacatgeaacticageteccigacgagega
ggactecgeggactactactgigeccgotocaactactacggcictagciatiggticiicgacgtgtggoocactggaacgaccgt
gacogigicttecggigpageticcggagocggaageggcggipgogacagticegacategtocteacccagageccigeca
toctgtecgeticeccggeagagaaagtiacgatgaccigeogagegagetecagtgtcaactacatggatiggtaccagaagaa
gocoggeageagicccaagecgtggatttacgctactagoaacctggegtocggigteccggctegcticicaggticiggeicgg
gtactagttaticatiaaccatitctegegtggaggcigaggacgetigoecacctactacigecaacagiggtctiicaacccicocactt
tcggaggeggeaccaagetcgagateaagggegagagtggcicegeagcagccattgaggigaigtatectecticectatitgga
caacgagaagtcaaatggceaccatcaiccacgitiaagggcaageaccigtgeccatciceecigticocaggecccictaagooctt
ctggateciggtegtgeicggcpgogioctiggcatgitactctctgetegtgacegicgegticateatctttigggicoggiccaag
cgeageegeetgetocacticcgactacatgaatatgactecicgtaggeccggiceaaceegaageactaceagocgtacgege
cgoccagagactitgotgottacegatccagagigaaattitctaggicggocgaaccicocgoatatcageagooeeaganccag
ctgltacaacgaacicaactigggacggcgegaggaatacgatgigeiggatasacgecgiggocgegatccogagatgogcss
gaagecacgicgeaaaaaccctcaggaggocctitacaacgagtigeagaaggacanaatggeggaggoctactecgagateg
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gaatgasgggogagcgocggogeggcanagggcatgacggccictaccagggeetgiceacagecacgaaagacacctalga

(=t

oo
cgoectgeatatgeaggeoeigecceegegetgataatga

EXAMPLE 14 — IN VITRO PROTEIN EXPRESSION - U3 anp CD8 TARGETED WITH OTHER

CLORES
{0625} This example describes targeting buman CD8 T cells with esther anti~CII3 or anti-

D8 Fabs post-inserted into Cy5/GFP mBRNA LNPs at various Fab densities and their effect

on particie binding, transfection, viability, CD69 upregulation and IFNy secretion.

{8526} ENPs were prepared using the nuxing process described in Example 6, the buffer
exchange process deseribed in Example 21, Using methods similar to Example 12, h8P34,
Hu291, TRX2, OKTE Fab-lipid conjugates and a non-T celf specific anti-HERZ lipid-
conjugate (Nellis DF, Ekstrom DL, Kirpotin DB, Zhu I, Andersson R, Broadt TL, Quellette
TF, Perkins SC, Roach IM, Drummond DC, Hong K, Marks JDy, Park JW and Giardina SL
(20035} Preclinical manufacture of an anti-HER2 s¢Fv-PEG-DSPE, liposome-inserting
conjugate. 1. Gram-scale production and purification. Biotechnol Prog 21:205-220) were
post-inserted at various densities (Table 11) into LNPs containing Lipid 8 and Cy5/GFP
mBNA. Transfections were performed with human CD8 T cells at approxamately 2.5 pug/mL

mRNA for approximately 24 hr.

6627 SP34 mediated higher %transfection (FIG. 18A) and substantially higher GFP
expression levels (FIG. 18B) quantified by mean fluorescence intensity, MF1} than Hu291
despite both clones showing high levels of %Cy5+ T celis and binding the same target, CD3
(FIGS. 1%A and 19B). Similarly for CDS targeting, TRXZ mediated higher transfection than
OKT8 by both metrics of %GFP+ and MFI (FIGS. 18A and 18B) despite both clones
mediating high levels of particle binding measured by %Cy3+ (FIG, 184A). Additionally,
combining OKT8 and TRX? increased the amount of particle binding (FIG. 19B) while

providing no enhancement of transfection (FIGS, 18A and 18B).

{6628} This data indicates that the epitope that the Fab binds on the target protein may be
important in determining its ability to mediate efficient particle uptake, transfection and

translation and that efficient binding to the target does not guarantes efficient transfection.

Table 11: Target post-insertion LNP Fab densities
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Fab clone Fab density 1 (g/mol) Fab density 2 (g/mol)
SP34-~mlam 12 17
Hu291 [ 12
OKTE 3 6
TRX2 3 6
QKT8 /TRX2 3 6
F3 17 -

EXAMPLE 15— IN VITRO PROTEIN EXPRESSION ~ D3, UD8, CD4 Axnp UD8/CD4 TARGETED

{6629 This example shows targeting buman CD3 T cells with either anti-CD3, anti-CD8
anti-CD4 or anti-CD8 and anti-CD4 Fabs post-inserted into Cy3/GFP mRNA LNPs at
various Fab densities and their effect on particle binding, transfection, viability, CD69

upregulation and IFNy secretion.

{6634} LNPs were prepared using the mixing process described in Example 6, the buffer
exchange process deseribed in Example 21, Using methods similar to Example 12, hSP34,
TRXZ, and Toalizumab Fab-~lipid conjugates and a non-T cell specific anti-HER? lipid-
conjugate were post-inserted at varous densities (specified in FIGS. 26A and 208 into
LNPs containing Lipid & and Cy5/GFP mRNA. Transfections were performed with human
CB3 T cells at approximately 2.5 ug/mb mRNA for approximately 24 br and stained for
CD69 (Biolegend, 310930) and CD4 (Biolegend, 344648) to differentiate CDE from Ch4

cells by FACS analysis.

{3631} Consistent with previous results, hSP34 and TRXZ mediated specific LNP binding
and transfection to CD3 and CD8 cells respectively (FIGS, 20A and 208 and FIGS. 214
21B). A CD4 targeting Fab based on the VH and VL sequences of Tbalizomab mediated high
binding and transfection of CD4 T celis while displaying minimal off-target binding and
transfection of CD8 T cells. When TRX2 and Ibalizumab Fabs were post inserted into the
same LNPs, high levels of binding and transfection were observed in both CD¥4 and CD3
cells using a broad range of Fab densities. While hSP34 drive high levels of (D69

upregulation (FIGS. 224 and 22B), TRX2 alone, Ibalizumab-Fab alone and TRXZ combined
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with Ibalizumab-Fab mediated much lower levels of CD69. o addition, SP34 drove higher
levels of IFNy (FEG. 23) than TRX2, Ibaltzumab-Fab or the combination thereof,

{6532} This study shows that both CD4 and CD8 T cells can be efficiently transfected
with CD3-targeted and CD8/UD4-targeted LNPs, CD3 cells can be specifically {(avoidance of
CD4 transfection) transfected with CD8-targeted LNPs and U4 cells can be specifically
{avoidance of CDS transfoction) transfected with CD4-targeted LNPs using a broad range of
Fab densities in all cases. Additionally, asing anti-CDE& Fab, anti-CD4 Fab or both anti-CD8
and anti-CD4 Fab can mediate efficient transfection while avording high CD69 upregulation

and IFNy secretion.

EXAMPLE 16— IN VITRO EXPERIMENTAL PROTOCOL FOR WHOLE BLOOD TRANSFECTION

{6633} This Example describes the method used to transfect imvaune cells in whole blood

using Fab targeted mRNA LNPs.

{3634} Venous blood from healthy volunteers was anti-coagulated m heparin tubes (BD
Biosciences #367526) and seeded at SO pL in a 96-well round-bottom plate. Transfection of
while blood was carried out simply by adding nanoparticles containing 5 pg/mbL mBRNA to
the celis and co-culturing at 37°C until the time of analysis. To assess transfection cfficiency,
cells were analyzed 24-hours post-transfection by flow cyvtometry. ENPs used (with and
without post-inserted targets}) at 2.5 ng/mL . RDBMO73.23. Cells obtained from human blood
were analyzed by flow cytometry. Prior to the analysis of whole blood transfection
efficiency, red blood cells were lysed twice with Versalyse Lysing Solution {Beckman
Coulter #A09777) for 10 minutes at room temperature. Primary antibodies applied in the
flow cytometry analysis of whole blood included the following: CD4-FITC (12003 (BD
Biosiences #555346), CD19-BUV393 (1:400) (BD Biosiences #363351), CD36-BUV737
{1:400) (BD Biosiences #741842). Fixable Viability Dve eFluor780 (¢Biosciences #65-
0865-14} was used to assess viability for all samples. For flow analysis, 1<107 cells were Fe-
blocked (BD Biosciences #564219) for 5 minutes on ice, followed by labeling dead cells with
fixable viability dye ¢Fluor780 and surface staining for 30 nunuies on ice with specific

antibodies.

{6635} Compensation for each fluorochrome was performed in the multicolor flow panels

psing positive and negative compensation beads. Fluorescence munus one (FMO) samples
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and wunstained controls were cluded to determine the level of background flucrescence and

to set the gates for the negative cell populations versus the positive cell populations.

{636} All samples were acguired on a BD LSRFortessa X-20 (BD Biosciences) ranning
FACSDIVA software (Becton Dickinson). Al data collected were analyzed using Flowlo

10.7.1 software and GraphPad Prism version 9.0.

Example 17 — I vitro-cell specific protein expression {mcherry) in buman whele bisod

{8637} 'This example describes specifically targeting human T cells in whole blood with
anti~-CD3, anti~-CD8, anti-CD2, anti-CD3, anti-CD7 Fabs or combinations thereof post-
mserted into mCherry mBNA LNPs at various Fab densities and their effect on transfection

and CD69Y upregulation secretion.

{6638} LNPs were prepared using the vortex mixing process described in Example 2
psing the component ratios described n Table 12 below. Conjugate from a process desertbed
m Example 4 was post-inserted after particle formation). Particle properties were

charactenized vsing methods described in Example 3 and are descnibed below in Table 13.

Table 12
Batch nmol lipid per 100ug mRNA
Lipid 8 Cholesterol DSPC DMG- Conjugate
PEG2600
73.23 1506 1260 360 75 0.1-0.6%
*depending on specific conjugate. TRX 2 used 1n 0.6 nmol per 100ug mRNA.
Table 13
Batch Size () DI EE (%} Zeta at pH 7.4 (;mV)
73.23 123.6 0.217 93.2 ND.

{6639} Using the methods described i Example 16, the transfection efficiency with the

classic 1onosphere formulation with Fab clones hSP34 (anti-CD3), TRX2 (anti-CDE), He3
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{anti-CD3), anti-CD2 (TS2, 9.6 or 9-1), anti-CD7 (TH-69} or mutOK TR, post-inseried

respectively {densitics described in Table 14}, and combinations of these, directly in human

whole blood. LNPs with Lipid 8 were transfected in WB with 2.5 pg/rol. mCherry mRNA

for 24 hours.

Table 14

Conjugate 1 Conjugate 2 Density (g/mol) Target 1 Target 2
hSP34 - 9,0{ D3 -
TRX2 - 9,00 D8 -
TRXZ hSP34 9,00 CDR D3

He3 - 3,00 CDs -
He3l TRX2 3,00 D35 Cns
TS2/18.1 - 1,50 D2 -
8.6 - 1,50 D2 -
TS2/18.1 TRX2 1,50 D2 B8
9.6 TRX2 1,50 D2 Chbsg
TH-69 - 3,00 ey -
TH-69 TRXZ2 3,00 Cn7 ChR
G-1 TSI/18.1 1,50 2 o
9-1 9.6 1,50 com D2
Hel TH-69 3,00 CDS D7
mutOKTS - 9,00 NT -

DSPE-PEG - 9,00% NT -

TH-69 hSP34 3,00 D7 Cns
TS2/18.1 He3 1,50 D2 Co3

*DSPE-PEG amount added to mateh the amount added from 9 g/mol of a ~48kD Fab

{0640] All of the targeting Fabs enable observable transfection relative to background

with varying degrees of efficiency depending on the target and clone. The most efficient

transfection of both CD8 and D4 cells was observed using hSP34, He3 and combinations of
hSP34/He3, He3/TH-69, hSP34/TRX2, He3/TRX 2, hSP34/TH-69, TH-69/TRX2. 9.6/9-1,
TS2/9-1 (FIGS. 244 and 24B). TRXZ efficiently transtects CD8 T-celis without transfection
observed in CD4 T-colls (FIGS. 24A and 24B). Additive effects were observed m terms of
transfection efficiency for combinations with TRX2/He3, 9.6/9-1, TS2/9-1 and He3/TH-69
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(FIGS. 24A and 24B) indicating svnergistic effects can be mediated by targeting two
different targets or two different epitopes on the same target. Transtection was also observed
in NK cells with CD3, CD8, D2 and CD7 targeting in addition to combinations thereof
(FIG. 25B). Generally, no off-target transfection is observed in B-cells (FIG. 254) and
Granulocytes (FIG. 26A). High UD69 upregulation was only observed in CD4 and €D
cells with CD3-targeting or C3 targeting in combination with other targets such as CD8 or
CD7 (FIGS. 268 and 26C). Additionally, non-targeted LNPs post-inserted with stailar
DPSE-PEG relative to Fab targeted formulations and LNPs post-inserted with mutOKTE Fab
did not exhibit transfection of any of the immune cell types indicating specific transfection s

mediated by Fab targeting (FIGS. 244 and 248).

{641} This study shows that 1o whole blood, CD4 and CD& T ceils can be efficiently
transtected with CD3-targeted, CD35-targeted, CD7-targeted or CD2-targeted LINPs as well as
targeting combmnations thercof, CD8 cells can be specifically (avoidance of CD4 transtection)
transfected with CD8-targeted LNPs, transfection can be skewed towards CD8 cells versus

CD4 cells using CD8~targeting in combination with CD3, CD7 or CD2 targeting.

{3642} Using Fabs targeting different targets or Fab clones that bind the same target but
known to target different epitopes {e. g, anti-CD?2 clones 9.6 and 9-1) in combination can lead
to synergistic increases n transfection efficiency. NK cells were transfected with D8, CD7
or UD2 targeting Fabs or combinations thereof constatent with known surface expression of
these markers on human NK cells or NK cell subsets. While LNPs with anti-CD3. anti-CDS§,
anti-ChS, anti~-CD7 or anti-CD2 Fabs or combinations thereof can mediate efficient
transfection of T cells and NK cells (for some Fabs), minimal transfection was observed 1o B
cells or Granelocyies indicating high specific uptake and transfection enabled by Fab
targeting given nov-targeted Fab (mutOKT8) or nontargeted LINPs did not transfect T celis or
NK cells. Additionally, using anti-CDR, anti-CD3, anti-CD7 or anti-CD2 Fabs or
combinations thereof can mediate efficient transfection without driving high D69

CXPCSSION.

EXAMPLE 18 — IN-VIVO REPROGRAMMING OF IMMUNE CELLS WITH LNP EXPRESSING

MCHERRY

{8643} This example describes the time cousse of reprogrammuing of immune cells in

bhumanized mice treated with LNP expressing mCherry.
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Mice Strains and Humanization

[0644]  The NCG mouse (NOD-Pridcem6Ces? 1 2rpem200d21u{r] ) mouse model was
purchased from Charles River Laboratories. 4 weeks old male mice were engrafted with 10
million PBMC of qualified donor (by Charles river) in stenile PBS by tail vein mjection and
were shipped to Tidal facility. Individual body weight was monitored twice a week and
blood samples were collected at appropriate interval to evaluate human immune cells

engraftment.

Evaluation of Fuman T-cell Engraftment in the Ioununoedeficient Mice

{3645} 30ul blood was collected by tail vein bleed from cach mouse. Red blood cells
were bysed using Versalyse, RBC lysis solution following protocol as instructed by
manufacturer (Beckman Coulier A097773. Cells were stained with hCD45 & hCD3 1o
determine the engrafiment of human T-cells. After 30 days of PBMC injection, mice had
anywhere from 30-60% huCD45+. These humanized mice were evaluated for

reprogramming of mmune cells by LNPs expressing mCherry.

Reprogranuning of moiune Cells

{6646} At time zero, 9 mice were injected with mCherry expressing LNPs prepared vsing
cationic Lipid & and the mixing process described in Example 6, the buffer exchange process
described 1o Example 21, and targeted with hSP34-lipid using the process described i
Example 5 (Lot# 201 109APG-NF70-4093, by 1.v. at 3mg/kg or 6 mice were wnjected with
appropriate buffer. At each time point, 24, 48 and 96 b, 3 mice treated with LNPs or 2 mice
treated with buffer were sacrificed. Terminal blood and tissues collection was performed to

deternmine mCherry expression i different organs and omune cells as below.

Tissue and blood sample collection

{36647} At above specified timopoints, mice were ancsthetized with CO2 before sample
collection. For blood collection, the chest was opened to expose the heart. Up to 300 ul blood
was drawn from the left ventricle and dispensed into a K3EDTA muni collect tube (Gremer
Bio-One)j. Then a new syringe was used to draw remaining blood from the heart as much as
possible. Al the immune organs; spleen, bone marrow, thymus and all the lvmph nodes
{linginual, axillary, submandibual and mesentry} were isolated along with liver. Immune cells
were isolated from spleen, thymus and lymph nodes via smearing and shredding it through

syringe and cell suspension was filtered through 70 uM cell strainer and was washed with
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PBS. A piece of liver tissue was gently grinded with tissue homogenizer and the
homogenized tissue was incubated with digestive solution (16 mi HBSS supplemended with
0.05% of tvpe 1V collagenase (Sigma C5138-5G) 0.02% BSA {(Sigma A2153-1006G), 0.001%
DNASE 1, Grade H (Sigma 10104159001} and | mM calcium chlonide (Sigma C7902-500G )
for 30 min at 37°C. After 30 nuns the digestion was terminated with 16 mi of ice cold

solution of HBSS,

Inununophenotvping Analvsis

{3648} Immune cells from blood and all the above organs were processed with Versalyse,
RBC lysis buffer as per manufactuning instructions. Immune cells were stamed with
live/dead fixable dye and surface markers with standard flow analysis protocol as shown in

below panel. Attune, Thermo flow cytometer was used to determine positive population.

Table 15. Panel 1

Antigen Fluorophore Clone Company Catalog#
Alive Dead dye Zombic Agua NA BroLegend 423102
Anti-human CB45 FITC 201 Biolegend 368508
Anti-human CB3 PerCP/Cyanine5.5 UCTHI Biolegend 300430
Anti-human D8 APC-Fire750 SK1I Biolegend 344746
Anti-human CD4 BV711 SK3 BioLegend 344648
Anti-human CD69 BV421 FN36 Biolegend 310930
Anti-human CD137 BV42i 4B4-1 Biolegend 309820
Anti-human 279 APC NATOS Biolegend 367406
P-4

Anti-human CD366 APC F38-2F2 BioLegend 345012

178



WO 2022/120388 PCT/US2021/072745

l m{herry 3 m{herry ; NA l NA I NA

Table 16. Panel 2

Antigen Fluorophore Clone Company Catalog#
Alive Dead dye Zomobic Agua NA Biolegend 423102
Anti-human FITC pARN Biuolegend 368508
Anti-buman/mouse BY78S MU70 Biolegend 101243

CD1b
Anti-mouse F4/80 APC BMS Biolegend 123116
Anti-human CD19 BV7i1 5325C1 Biolegend 563036
mCherry mCherry NA NA

huNCG-PBMC mice treated with CD3 targeted LNP expressing mCherry at 3mg/kg showed
meherry in T cells of blood, liver and spleen. CD8+ T cells (FIGS. 27A, 27 and 27E)
showed highest mCherry expression, with up to ~30% of CD8+T cells in blood, liver and
spleen. CD4+ T cells (FIGS. 278, 27D and 27F) showed up to ~15% mCherry expression in
blood, liver and spleen. No reprogramming was seen in other organs analvzed. The
expression of mCherry is restricted to CD3+ cells. Mmimal or no mCherry expression was
observed 1o liver myeloid, macrophages or Kupffer cells (FIG. 28},

Overall, CD3 targeted mCherry LNP specifically reprogrammed T cells with minimal orno

expression in mycloid population.

EXAMPLE 19—~ IN-VivO REPROGRAMMING OF IMMUNE CELLS WiTH LNP £XPRESSING

MOCHERRY OR CD20 CAR witH FITHER CD3 AnND OR CD8 TARGETING ANTIRODY
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{8649} This Example describes in vivo reprogramming with LNP expressing either

mCherry or CD20 CAR and compares UD3 vs CDS targeting or combination of both.

Mice Strains and Humamization

{0654] NSG female mice were purchased from Jackson lab. At 8 weeks of age mice were
i.v. injected with 20 million PBMC ¢in house isolated leukopak, donor 555046, Precision for

Medicine).

Evaluation of Homan T-cell Encrafiment in the Immunodeficient Mice

{6651} 50ul blood was collected by tail vein bleed from cach mouse. Red blood cells
were fysed using Versalyse, RBC lysis solution following protocol as instructed by the
manufacturer (Beckman Coulter AG9777}. Cells were stained with hCD43 & hUD3 to
determine the engraftment of human T-cells. Atficr 30 days of PBMC injection, mice had
anywhere from 60-80% huCD45+. These humanized nuce were evaluated for reprogramming

of tmmune cells as below.

Reprogramming of Immune Cells with mChenry & CD20 CAR with CD3 and/or CD8

targeting antibody

{6652} Attime zero, mice (n=3) were 1.v. injected at the dose of 3mg/kg with either
Buffer or LNP expressing; 11} TTR-023 mRNA targeted with 17g/mol of hSP34; 111y TTR-023
mENA targeted with 9g/mol of hSP34; 1v) TTR-023 mRNA targeted with Sg/mol of TRX2;
v} TTR-023 raRNA targeted with 9g/mol of TRX2 + 9g/mol of hSP34; vi) mCherry mRNA
{n=3 nuce) targeted with 17g/mol of hSP34. After 24h, 50mli blood was collected and
processed as mentioned in example 18. At 96h, Znd dose of either LNPs {(as above} or buffer
was injected in mice at 3mg/kg. After the 2nd dose, terminal blood and organs were collected

and processed as described in example 18 at 40k time pount.

{0653} LNPs were propared using cationic Lipid 8 and the mixing process described 1
Example 6, the buffer exchange process deseribed below in Example 21, and targeted with
h&SP34-lipid or TRX2-Hpid using the process described in Example S, The table below

summarizes the formulations and lot numbers used.

Table 17.

180



WO 2022/120388

Test Article Description

{Lot Number for 1st Dose

Matenal

Lot Mumber for 2nd

Dose Material

TTR-023 LNPs inserted with §7

o/mol hSP34

210128APG-NTS

3T

216201APG-NT3 17

TTR-023 LNPs inserted with 9
o/mio] hSP34

210128APG-NT309

210201 APG-NT304

TTR-023 1
g/mol TRX2

210128APG-NT809

210201 APG-N

TTR-023 LNFs inserted with ©
o/mol hSP34 and 9 g/mol TRX2

Z10128APG-NT38

210201 APG-NT38

o/mol hSP34

reCheny LNPs inserted with 17

210128 APG-NM317

230201 APG-NM317

5.3 wt% sucrose in HRBS

210128APG-S1

210128APG-S1

Loownophenotvping Avalysis

10654]

PCT/US2021/072745

Similar immunophenotyping analysis was done as described in example 18 with

panels listed below. CD20 CAR expression was evaluated by detecting M1 tag expressed by

CD20 CAR with primary M1 antibody followed by secondary antibody.

Table 18. Panel 1
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Antigen Fluorophore {Clone Company Catalog#
Alive Dead dye Zombie Agua NA BioLegend 423162
Anti-human D45 FITC 2D1 BicLegend 368508
Anti-human CD3 PerCP/Cyanimed.S | UCTHI BioLegend 300430
Auti-huran CD8 APC-Fire750 SK1 Biolegend 344746
Anti-human CD4 BV711 SK3 Biolegend 344648
Anti-human CDo69 BYV421 FN30 BioLegend 310930
Anti-human CD137 BV421 4B4-1 BioLegend 309820
M1 tag NA NA Sigma M1-F3040
Secondary antibody to APC NA Southern biotech 1090-118
M1
mCherry mCherry NA NA NA

Table 19. Panel 2

Antigen Fluorophore Clone Company Catalog#
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Alive Dead dye Zombie Agua NA BioLegend 423102
Anti-human FITC 201 Biolegend 3643508
Anti-human/mouse BY786 M1/70 BioLegend 101243
Chlib
Anti-mouse F4/80 Bv421 BM8 BioLegend 123132
Anti-human CD19 BV711 SI25CH Biolegend 563036
mCherry mCherry NA NA NA
M1 tag NA NA Sigma MI-F3040
Secondary anttbody to APC NA Southern biotech | 1090-118
M1

After 24 hr of first dose at 3mg/kg, >60% T cells are reprogrammed with mCherry mRNA
using anti~-CD3 targeting (Fig 294). Both CD3 and CDR8 targeting showed >20% of T cells
reprogrammed with D20 CAR mRNA, whereas combination of both showed ~30% T cells
reprogrammed with CD20 CAR mRNA (Fig 29B). After 40hr of 2% dose at 3mg/kg of anti-
P20 CAR expressing LNP >30% of T cells are reprogrammed with anti-CD20 CAR using
CD3 targeting; Spleen > Blood > Liver > Boune Marrow > Thymus (Fig 30A-E). No
significant increase n reprogramming of T cells 15 observed with mcreasing density of anti-
(D3 targeting (Fig 30A-E). After 40 hr of 2™ dose at 3mg/kg of anti-CD20 CAR expressing
LNP targeted with D showed maximurm reprogramming in spleen (>50%) as compared to
other tissue (Fig 30A-E). As expected, CDE-targeted selectively reprograms CD8+ T cells
over D4+ cells. Combination of CD3 and CD8 targeting shows the most robust
reprograguning i multiple tissues; Blood = Spleen > BoneMarrow > Thymus > Liver (Fig
30A-E). After 40h of 2™ dose >60% of T cells are reprogrammed with mCherrv mRNA

using anti-CD3 targeting; Spleen > Liver > Bone Marrow > Blood (Fig 31A-E). No
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reprogramming is observed in thymus or lymph node at this time point with mCherry

exprossing LNPs.

Overall, there 15 difference in distribution of CD3 or CD8 targeted reprogrammed cells that
appears to also mRNA cargo dependent. Withouot wishing to be bound by theory, 1t could
also be due to different kinctics of redistribution of already reprogrammed T cells in
periphery and other organs. CD¥ targeting shows speciticity for reprogramming of CDR T
cells in blood and all the organs tested. No reprogramming was observed in myeloid cells in

blood or organs.

Example 24: Pharmacokinetics Study in Mice with LNPs

{6658} This example describes the pharmacokinetics of LNPs in female BALC/c muce.
{6656] LNPs were prepared using the vortex mixing process described in Example 2

using the component ratios described in Table 20 below. Particle properties were

characterized using methods described in Example 3 and are described below in Table 21

Table 20.
Batch omol Hpid per 100pg mRNA
Lipd & Cholesterol BSPC DBMG- Dil-C18(3}-
PEG2Z000 DS
83.1 1500 1200 300 75 9
Table 21
Batch Size {nm) PD EE (%}
831 1574 0.165 79.6%

*Encapsulation efficiency possibly affected by Dil-CI8(3)-DS fluorescence mnterfering with
mRNA guantification

{6657} 8 female BALB/c mice were purchased from Janvier Labs {(Le Genest-Samnt-fsle,

France) and acclimated for one week. Food was provided ad hibitum.

{6658} Mice were injected intravenously through the tail vein with a single dose of 3
mg/kg LNPs formulated with L'-Dioctadecyl-3,3.3' 3 Tetrametbylindocarbocyanine-5,5'-
Bisulfonic Acid (Dil-C18(3}-D5}, and mCherry mRNA. Blood samples were obtained from

the facial vein and saraple collection ocourred at times ranging from 30 minutes to 24 hours
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{n=2 for each time point). Samples were centrifuged at 16,000g x 10 minutes, and serum was
stored at 4°C until the time of analysis. The pharmacokinetics of LNPs of the formulation
described 1o Table 20 were deterouned in Balb/c muce following collection of blood at the
timepoints outlined in FIG. 32 and are shown in FIG. 33, where the LNPs are cleared only

slowly from the circudation over 24 h.

{6659} The fluorescence quantification was carried out using a fleorescence microplate
reader (Spark multimode reader, Tecan). Readings were from the top with
excitation/cmission wavelengths at 555/570 nm. Quantification of nanoparticles in circulation

was performed through interpolation using a standard curve.

{6664} Using an average mouse weight of 25 g and approxunate blood volume of 2 mL to
calculate a theoretical initial LNP concentration of 37.5 pug/mL i serum, ~80% of the
mjected dose was detected in plasma after 30 min, ~40% after 1 hour and ~10% after 8 hours

(FI1G. 33).

{661} This study shows that the current formulation can maintain mRNA fevels in the
circulation above a concentration of 0.5 yg/mL for more than 24 hours when dosed at an

mBNA dose of 3 mg/kg.

EXAMPLE 21 — PREPARATION OF LNPS BY MICROFLUIBIC IN-LINE MIXING AND

TANGENTIAL FLOW FILTRATION USING EXEMPLARY IOGNIZABLE LipiDps

{8662} This example describes preparation of LNPs using scalable unit operations,
namely in-line microfluidic mixing followed by tangential flow filtration (TFF) for ethanol

removal and buffer exchange.

{3663} Using the mixing process in Example 6, multiple LNP batches were pooled
together, totaling 60 mL at an RNMA concentration of 300 pg/ml.. Ethanol removal and buffer

exchange was subsequently performed using tangential flow filtration (TFF).

{3664} Following mixing, ethanol reraoval and buffer exchange were performed on the
resulting LNP suspension using a hollow fiber TFF module (Rephgen, US P/N DO2-E100-
05-N). Briefly, the TFF module was rinsed with DI water and pumped dry before use. LNPs
were then added to the reservoir, and the exchange bufter (25 mM pH 7 4 HEPES buffer with

150 mM NaCly was used as the diafiltration buffer. The TFF module was primed, and
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diafiltrations (DVs) were then initiated by ramping up the peristaltic pump to target flow rate
and adjusting Retentate valve until target transmembrane pressure {TMP) is reached. A flow
rate of 212 mL/oun and a TMP of 3.5 pst were the target operating parameters for the system
once diafilivation was initiated. Throughout the diafiltration process, the TMP was kept
constant by adjusting the retentate valve. Permeate flow rate was monitored and did not
decrease significantly over time. Six diafiltrations were performed, with samples set aside at
the end of cach diafiltration to later track the buffer exchange process. Final ethanol content
was < 0.1%, as measured by refractive index measurements on DV samples, and pH
measurements confirmed the buffer exchange into the exchange buffer. Upon the completion
of six diafiltrations, the pump was stopped, and a concentration of the resulting LNP

suspension was subsequently performed.

{6665] The concentration of the LNP suspension was performed using the same TFF
module that was used during the buffer exchange process. TMP and flow rate, after pump
ramyp op, from baffer exchange process were maintained and the suspension was allowed to
concentrate by stopping the addition of diafiltration buffer. The resulting LNP suspension
was collected and filtered with a 0.2 um syringe filter. The suspension was sampled for

analytical purposes and then stored at 4°C until further use.

{6666} Using the LNP charactenization process in Example 3, LNP batch was
characterized to determine the average hydrodynamic diameter and mRNA content (total and
dye-accessible); set forth in Table 22 below. As seen in Table 22, the microfluidic mixing
process with ethanol removal and buffer exchange by TFF results in sub-100 nm particles
exhibiting narrow polydispersity and good mRNA encapsulation {(<20% dye accessible

RNA).

TABLE 22
Sample Process DLS Z- DLS | Total Dve- Dve-
DViot Point/Description | Ave. PDI | mRNA Accessibl | Accessibl
Number Diameter Content e mRNA | e mRNA
{nm) {pg/mlb) Content {%}
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{ug/ml)

210107TMTM- | LNPs after 6 DVs | 64 6,08 1282 i1 4%
NR2G n HBS
210107TMTM- | LNPs afier 64 0.10 111 43 4%
NR30 Concentration

{(pre-filter)
210107TMTM- | LNPs after 63 0.06 1099 30 3%
NR40 Concentration

and 0.2 um

filtration

Example 22: Effect of PEG in Whole Bloed transfection of mRNA LNPg

{0667} This example describes specifically targeting human T cells in whole blood with
anti-CH3 Fab post-mserted into mCherry mBNA LNPs with or without DiR labeling and
with varving levels of PEG incorporated dunng particle formation to determine the effect of

PEG on LNP binding (DiR signaly and transfection efficiency (mCherry).

{0668} SP34-Fab lipid conjugate from the process described in Exarple 4 is a nuxture of
3 PEG-hpid variants (DSPE-PEG2k-Fab, DSPE-PEGZk-maletnude{quenched), DSPE-
PEG2k-0OCH:) therefore the effect of an additional PEG (DMG-PEG2(0) was explored.
LNPs were prepared using the vortex mixing process described m Example 2 using the
component ratios described in Table 23 below and conjugate was post-inserted after particle
formation. Particle properties were characterized using methods described in Example 3 and

are described below 1 Table 24.

Table 23.

Batch amol lipid per 100pg mCherry mRNA

Lipad 8 Cholesterol | DSPC DMG- DiR Conjugate
PEG2000
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RDMO858 | 1500 1200 300 75 45 1.0
RDMGCI38 {1575 1200 300 - 4.5 1.0
RDMO073.19 | 1500 1200 300 75 - 1.0
RDM 149 1575 1200 300 - - 1.0

Table 24.
Batch Size (nm) PDI EE (%)
RDMOB5 8 103.2 06,113 96.3
RDMO138 113.8 $4.096 87.4
RDMO73.19 1194 G129 83.4
RDM149 1705 $.083 923

10669]

{Sarsted #04.1959.001) and seeded at 50 uL. in a 96-well round-bottom plate. Transfection of

Venous blood from bealthy volunteers was anti-coagulated in Hirudin tubes

whole blood was carried out by adding LNPs containing 2.5 pe/mi mRNA to the cells and
co-~culturing at 37°C until the time of analysis. To assess binding of iR labeled LNPs, cells
were analvzed 2-hours post-LNP addition and for transfection etficiency, cells were analyzed

after 24-hours of incubation by flow cyvtometry.

{6674} For non-targeted LNPs, only DSPE-PEG2k was post-inserted to match SP34
targeted LNPs, labeled DSPE-PEG in FIGS, 34A-368. No detectable binding (FIGS. 34A-
33B) or transfoction (FIGS, 36A and 36B) was observed for non-targeted LNPs indicating
SP34 mediated highly specific transfoction via CD3 targeting. For SP34-Fab lipid conjugate
post-inserted particles, LNPs lacking DMG-PEG200 during particle formation exhibited
higher binding by DiR signal for CD4 (FIGS. 34A and 34B) and CD8 (FIGS. 35A and 348)
T cells but lower transfection efficiency (FIGS. 364 and 36B) than LNPs that contained
DMG-PEG200 durmg particle formation.
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{8671} This study indicates introduction of a 4th PEG-lipid variant into the particle in
addition to the 3 PEG-lipid varants that get added as part of the post-insertion process can
have a dramatic effect on particle uptake and transfection efficiency, 1o this case, an

approximate 2-3 fold difference was observed in transfection efficiency.

Example 23~ Lipid 8 and lipid 5 LNP properties, in vitre cell viability and protein

expression in primary buman T-cells

{6672} This example describes the relative i virro toxacity of CD3 targeted LNPs derived
from Lipid 8 and Lipid § in primary human T-cell transfection of GFP-mRNA. Nanoparticles
are first prodaced using a mixing process followed by buffer exchange. Particles thus
produced were subsequently tested in vifro in hmuman CD3+ T cells o assess T-cell viability

at three LINP doscs, LNP association with cells, and expression of a reporter gene.

{6673} Lipid 8 and Lipid 5 LNPs encapsulating a 90-10 (w/w) mixture of GFP-mRNA
and Cvanine-3 dye labelled mRNA (TriLink Biotechnologies Inc.) were prepared using the
mixing process described in Example 6, the buffer exchange process deseribed in Example
21. Lipid 5 LNPs were produced using Lipid 5 stock solutions that had been stored frozen at -
20C for either 2 weeks or 1 day (Lipid 5 {O) and Lapid 5 (N), respectively). Both
formulations resulted in particles exhibiting hydrodynamic diameters in the sab-100 nm
range and moderate polydispersities, as well as good mRNA encapsulation and recovery
{Table 25, <25% dye accessible mRNA and > 80% encapsulated mRNA was recovered using
the Triton~-deformulation procedure described n Example 3}, As seen in FIGS, 454 and
43B, Lipid § LNP exhubited a larger change in hydrodynamic diameter {relative to Lipid &
LNP) upon insertion of an andi-CD3 hSP34-PEG2E-DSPE conjugate using the insertion
procedure described in Example 4. The resulting targeted LNPs were evaluated i primary
human T-cells using the mn vitro transfection protocol deseribed in example 8. As seenin
FIGS. 46A-46E, the PBS control arm extubited about 530% T-cell viability while doses of
0.125, 0.5 and 2 ug mRNA/mL per well of Lipid 8 LNPs exhibited a dose dependent toxicity
towards T-cells with T-cell viability dropping from about 45% live at 0.125 ug mRNA/mL
per well to about 25% live at 2 ug mRNA/mL per well. In contrast, Lipid 5 LNPs (both
sample “O7 and “N7) were consistently betier tolerated by T-cells with 40 — 45% T-cell
viability observed at all three dose levels. Lower toxicities observed with Lipid 5 LNPs may
be attnbuted to more rapid degradation and clearance of Lipid 5 from T-cells driven by

hydrolytic and/or enzymatic degradation of labile ester bonds i the Lipid 5 molecule.
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{8674} Dose dependent expression of GFP protein was observed with both tonizable

bipids (5 and 8}, however, as illustrated by both % GFP+ and GFP MF1 values (FIGS. 46A
and B}, Lipid 5 LNPs resulted in greater overall protein expression at all three mRNA dose

levels suggesting improved cvtosolic availability of the mRNA payload with Lipid 5 LNPs.

Table 25 Lipid 8 and Lipid § LNP mRNA countent

- cal ; Measured total Ribogreen Dye
Theoretical tota < .
Tonizable Lipid RNA L {Triton method) Accessible mRNA
mRNA (ug/ml) o/ L
e mRNA {pg/mlL) {ng/ml)
4
Lipid 8 45 40
.. \ 4{; TR 7
Lipid 5(O) - 38
Lipid 5 (N} - -
{6675} Overall, these data show that UD3-targeted LNPs formed with Lipid 5 showed

both fower cellular toxicity and higher transfection activity in human T-cells compared to

LINPs prepared with Lipid 8.

EXampLE 24 - Standard Procedure for fn-Vive Reprogramuming of Immune Cells with
Bif LNP expressing GFP

10676

with Dl LNP expressing GFP was used in the experiments n Example 29

The following standard procedure for in-vivo reprogramming of wmmune cells

Mice Strains and Humanization

68677} The NSG (NOD.Cg-Prkdescid I12rgtm P Wi1/52]) mouse model was purchased

from Jax Laboratories. 6-8 wecks old male mice were engrafted with 10 million PBMC of
gualified donor in sterile PBS by tail vein mjoction. Jadividual body weight was monitored
twice a week and blood samples were collected at appropuate interval to evaluate human

immune cells engraftment.

Evaluation of Human T-cell Engraftmment in the Immunodeficient Mice
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{6678] 50ul blood was collected by tail vein bleed from each mouse. Red blood cells
were bysed usimg Versalyse, RBC lysis solution following protocol as instructed by
manufacturer (Beckman Coulter AG9777). Cells were stained with hC435 & hCD3 10
determine the engraftment of human T-cells. Afier 15 days of PBMC injection, mice had
anywhere from 30-60% haCD45+. These humanized mice were evaluated for reprogramming

of immune cells by LNPs expressing Dif dye and GFP.

Reprogramming of Immaune Cells

{6679} At time zero, mice (n=4 per group) were ijected with GFP expressing il LNPs
(by i.v. at 0.3mg/ks or 0.1 mg/kg with appropriate buffer. At each time poimnt, 24 or 48h
depending on the example mice treated with either LNPs or buffer were sacrificed. Terminal
blood and tissucs collection was performed to determine Dil and GFP expression in different

organs and tmmune cells as below.

Tissue and blood sample collection.

{36806} At above specified timepoints, mice were anesthetized with COz before sample
collection. For blood collection, the chest was opened to expose the heart. Up to 300 ul blood
was drawn from the loft ventricle and dispensed into a KGEDTA mini collect tube (Greiner
Bio-One). Then a new syringe was used to draw remaining blood from the heart as rouch as
possible. All the inumune organs; spleen, bone marrow was 1solated along with ver and lung.
Immmune cells were isolated from spleen, via smearing and shredding 1t through syringe and
cell suspension was filtered through 70 uM cell strainer and was washed with PBS. Bone
marrow was flushed with needie to collect all the tmmune celis. A piece of hiver and long
tissue was gently grinded with tissue homogenizer and the homogenized and cells were
isolated using militenyi liver dissociation kit, (Miltenyi Biotec, Catalog# 130-103-807) and
lung dissociation kit (Miltenyi Biotece, Catalog# 130-0950927) and instruction were followed

according to the manufacturing mstruction.

Immunophenotypins Analysis

{0681} Immune cells from blood and all the above organs were processed with Versalyse,
RBC lysis buffer as per manufactaring ostructions. Inunune cells were stained with ive/dead
fixable dye and surface markers with standard flow analysis protocol as shown in below

panel. BD symphony flow cytometer was used to determine positive population.
Panel
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Amntigen Flaorophore Clone Company Catalog#
il APC NA NA NA
GFP mRNA NA NA NA
Anti-CD45 BUV395 HI36 BD Bioscicnces 563792
Anti-CD3 BUVS03 UCHT? BD Biosciences 612893
Anti~-CD4 BVTi1 SK3 BicLegend 344548
Anti-CD8 BV4zi RPA-TB BD Biosciences 562428
Apti-CD45 BR700 30-Fi1 B} Biosciences 566439
Aati-CD b BV78S M1/7 BioLegend 101243
Apti-F4/80 PE Dazzle BMS BicLegead {23146
Apti~CD31 BUV737 MEC 133 BD Biosciences 612802
TruStain Monocyie NA NA
Blocker BioLegend 462103
NA NA NA 01-3333-42
Are Amine Comp beads
UltmCorap cBeads NA NA Tovifrogen 01-3333-42
ii}’E/'DEAD Far Red NA NA Tnvitrogen 1.34974
Aam
TruStain Fe X NA NA Tovitrogen 422302

Example 25 -~ AUTERNATIVE ETHANQCL REMOVAL AND BUFFER EXCHANGE PROCESS

{1682} In addition to the ethanol removal and buffer exchange process described n
Example 6, an alternative process can be used to produce LNPs of the present diselosure.
Particularly, following mixing, ethanol removal and butfer exchange was performed on the
resulting LINP suspension using a discontinuous diafiltration process. A centrifugal
ultrafiltration device with 100,000 kBa MWCO regenerated cellulose membrane {Amicon
Ultra-15, MilliporeSigma, Massachusetts, US) was sanitized with 70% ethanol solution and
then washed twice with exchange buffer (25 mM pH 7.4 HEPES buffer with 150 mM Na(ly.
The LNP suspension (1.5 mL} was then loaded into the device and centrifuged at 500 ref
until the volame was redaced by half {(0.75 mL}. The suspension was then diluted with
exchange buffer (0.75 mL) 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 the exchange
buffer was recovered from the centrifugal ultrafiltration device and stored at 4°C ontil further

use.
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Example 26 — Lipip 8 AND Lip1D 5 LNP PROPERTIES, AND IN VITRO CELL VIABILITY AND

PROTEIN EXPRESSION IN PRIMARY HUMAN T-CELLS

13683}

This example compares the properties of ENPs prepared using Lipid 5 and Lipid 8

and the GFP protein expression in primary human T-cells. Both LNP formulations (Table 26}

were prepared using the microfluidic mixing process as described in Example 6 and using a

discontinuous diafiltration process for ethanol removal as deseribed m Example 25, The

L.NPs were formulated using eGFP encoding mRNA (TriLink Biostechnologies, California,

US) and labeled with 0.01 mol% DIICIR(5)-DS (Invitrogen, Massachusetts, US) using the

lipid ratios shown in Table 26 below. The LNPs were then inserted with a targeting conjugate

using the specified conditions to provide the final targeted LNP formulations. The LNPs were

characterized as described in Example 3. The characteristics of the LNPs are shown in Table

27.

Table 26. LNP formulation composition and Antibody conjugate insertion conditions

Tomizable | Formulation | Lipid- Lipid- Targeting | Conjugate fnsertion
Lamd No. PEG PEG Conjugate | Insertion Condition
Content Density
{mol%:) {z/moh)
Lipid 8 EXP210021 {DMG- 125 h5P34 9 60°C forlhin
75~ PEG pH 74 HBS
NOCHGOT
Lipid 5 EXP210021 i DMG- |25 B5P34 9 37°%C fordhin
NOZH374T

Table 27. LNP Size, Charge (Dvnamic Light Scattering) and mRNA cncapsulation

(Ribogreen assay)

Tonizab | Formulation | Post-Insertion Pre-Inserfion Pre-Insertion Pre-Insertion
I bipid | Na. DLS Z-Avz, Zeta Potential at | Dve- mRNA
Diamcter {fomy/ | pH S5 Accessible content
BDI mV)/ pH74 (ug/mLY*/%
(MY} encapsulation
Lipid 8 | EXP2100217 {75/0.24 421987433 12
G-NOOH60T
Lipid 5 { EXP2100217 {81/0.24 +233/4+3.0 14
9-NO2H374T
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*mRNA content determined using the Triton-deformulation procedure deseribed in Example

~
2

{3684} Both Lipid 5 and Lipid § fornwlations resulted 1o paricles exhibiting
hydrodynamic diameters in the sub-100 nm range (Table 27 and FIG. 53A) with narrow
polydispersity (<0.1} prior to antibody conjugate tnsertion and moderately higher
polydispersities {(<0.3) after antibody conjugate insertion. Additionally, low levels of dye
accessible mRNA (<15%;) and high RNA cencapsulation efficiencies (> 0% mRNA was
recovered in final formulation relative to the total RNA used i LNP batch preparation) were
observed in both formulations. These improvements to LNP size distribution are attributed to
the use of discontinuous diafiltration for ethanol removal (described in Example 25) relative
to ethanol removal by buffer exchange using a size exclusion column {described in Example
6). As seen in FIGS. 838 and 83C, Lipid 5 and Lipid 8 LNPs exhibited positive zeta
potential at pH 3.3, and either near neutral or shightly negative charge at pH 7.4 both prior to
and after antibody msertion (FIG. 838), suggesting a change i LNP 1onization staic as

expected.

{3685} The resulting targeted LNPs were evaluated in primary human T-cells using the in
vitro transfection protocol deseribed in Example 8. Dose dependent expression of GFP
protein was ohserved with both ionizable Hpids (5 and &) as illustrated by similar % GFP+
and GFP MFI valucs (FIGS. 34A and 54B). However, a two-fold higher mean fluorescence
mtensity (GFP MFI) was observed with the Lipid § LNP (at both 0.5 ug/mL and 1.0 ug/mL
dose/well} suggesting more efficient cyviosolic release of the mRNA payload (and thus greater
GFEP protein expression} with the Lipid 5 formulation relative to the Lipid 8 formulation. As
illustrated by the Dil+ and Dil MFI values, both formulations were equally associated with
cells suggesting the conjugate msertion process is not dependent on the ionizable lipid
chemistry (FIGS. 34C and 34D). As scen mn FIGS., 34K, both formulations were well
tolerated by T-cells at and below 1.0 pg/ml dose (minimal drop in cell viability was

observed relative to the PBS control}.

Example 27~ Lipin §, Lipip 8 anp DEN-MC3-DMA LNP PROPERTIES AND IX VITRO GFP

PROTEIN EXPRESSION IN PRIMARY HUMAN T-CELLS
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{6686} This example compares the propertics of ENPs prepared using Lipid 5, Lipid 8
and DEn-MC3-DMA LNP properties and in vitro GFP protein expression in primary human
T-cells. Al LNP formulations (Table 28) were prepared using the microfluidic mixing
process {described in Example 6) and using a discontinuous diafiltration process for ethanol
removal (descnbed in Example 25) . The ENPs were formulated using ¢GFP encoding
mRNA (TriLink Biotechnologies, California, US) and labeled with ¢.01 mol% DUCIE{5}-DS
(Invitrogen, Massachusetts, US) using the ipid ratios shown m Table 28 below. The LNPs
were then mserted with a targeting conjugate using the specified conditions o provide the

final targeted LNP formulations. The LNPs were characterized as described in Example 3.

Table 28. LNP Formulation composition and antibody insertion conditions

fonizable Lipid Formulation | Lipid- Lipid-PEG | Targeting | Antibody
No. PEG Content Conjugate | conjugate
{mol%) / Insertion | insertion
density condition
{g/mol}
DLin-MC3-DMA | EXP210034 { DPG-PEG { 15 h&P34/9 (60°Cfor03h
71-N1H3 in pH 7.4 HBS
Lipid 8 EXP210034 | DPG-PEG { 1.8 hSP34/9 [60°Cfor0Sh
T1-N2H3 inpH 7.4 HBS
Lipid 5 EXP210034 | DPG-PEG { 15 hSP34/9 [37°Cford4hm
71-N3H3 pH 7.4 HBS

Table 29, LNP Size, Charge (Dvnamic Light Scattering} and mRNA encapsulation

(Ribogreen assay)

fonizable Lipid | Formulation | Post- Pre-Insertion | Pre-Insertion | Pre-
No. Insertion £Leta Potential | Dye- msertion
DLS Z-Avg. {atpH 55 Accessible total
Diameter (mV)/pH 7.4 { mRNA (%) mRNA
(mm}/ PDL | {mV) content
(ug/mb}
DLin-M(C3- EXP210034 | 107 /020 1647-0.1 9.1
DMA 71-N1H3
Lipid 8 EXP210034 | 103/0.19 162/16 10
71-N2ZH3
Lipid 3 EXP210034 192/0.11 201/44 6.4
7E-MN3H3
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{6687} DLn-MC3-DMA, Lipid § and Lipid 8 were formudated using 1.5 mole % DPG-
PEG. As scen in Table 29 and FIGS. 554 to 558, all LNPs display sub-100 nm
bydrodynanmic diameter (DLS) prior to antibody nsertion and roughly 100 nm or smaller post
antibody conjugate msertion. Lipid 5 LNP polyvdispersity remains narrow (<0.15) post
antibody conjugate insertion, while DLa-MC3-DMA and Lipid 8 exhibit a slightly larger
change polvdispersity {~ 0.2 after insertion. Additionally, low lovels of dye accessible mRNA
{<15%) and high RNA encapsulation cfficiencies (> 80% mRNA 1o parcot LNP samples)
were observed i all formulations (Table 29 and FIG. 33D). Ag shown in FIG. 88C, all three
formulations exhibited positive zeta potential at pH 5.3, and either near neutral or shghtly
negative charge at pH 7.4 prior to antibody insertion, suggesting a change 1o LNP ionization
state as expected. The resulting targeted LNPs were evaluated 1n primary human T-cells

using the in vitro transfection protocol described in example 8.

{6688} As scen in FIG. S8E, all fornmulations were well tolerated by T-cells below 0.125
pe/ml dose (similar o the PBS control). However, the two ester based lipids, DLn-MC3-
DMA and Lipid 5 were better tolerated at higher doses, with Lipid 5 being the least toxic at |
ug/ml dose. As iltustrated by the Dil+ and Dil MFI values (FIGS. 56C and S6D), all
fornmndations show similar levels of celf association at most dose levels tested suggesting that
the conjugate insertion process is not dependent on the tonizable lipid chemistry. In all cases,
dose dependent expression of GFP protemn was observed (FIGS. 56A and S6B). However, at
all doses tested Lipid § outperformed both Lipid 8 and DLa-MC3-DMA | showing >2 fold
higher mean fluorescence intensity (GFP MFI) at 0.5 ug/mL and 1.0 ug/mL dose/well relative
to Lipid 8 and >3 fold relative to DLa-MC3-DMA, suggesting more ¢fficient cytosolic
release of the mRNA payload (and thus greater GFP protein expression) with the Lapid S

formulation relative to both Lipid 8 and DLn-MC3-BMA formulations.

Example 28 — Lipip 5 NP FORMULATION STABILITY AFTER FREEZE THAW STRESS

This example Hustrates the stability of Lipid 5 LNP formulations after once freeze thaw cyele.
Lipid 5 LNP formulation compositions shown in Table 30 were prepared using the
microfluidic mixing process (described n Example 6) and using a discontinuous diafiltration
process for cthano! removal {(described in Example 23} . The LNPs were formulated using
eGFP encoding mRNA (TriLink Biotechnologies, California, US) and labeled with 0.06
mol% DHCIE(5)-DS (Invitrogen, Massachusetts, US). The LNPs were then nserted with a
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targeting conjugate using the specified conditions to provide the final targeted LNP
formulation. The LNPs were characterized for size by DLS and mRNA content as described

in Exampile 3.

{3689} Following the preparation of the targeted LNP formulation, the formulation was
sphit tto two portions. One portion was exchanged uto 40 mM pH 7.4 HEPES buffer, and
the other portion was exchanged into 30 mM pH 7.4 Tng buffer. The buffer exchange was
performed using a discontinuous diafiltration method where the LNF formulation sarple was
transferred into a centrifugal ultrafiltration device with 100,000 kDa MWCO regenerated
cellulose membrane (Amicon Ultra-4, MilliporeSigma, Massachusetts, US), then diluted 10~
fold with the exchange buffer, and concentrated back to the original volume by centrifuging
at 500 rcf. This dilution and concentration stop was repeated one additional time. The
exchanged LNP samples were then divided tndo separate aliguots that were mixed with
concentrated sodium chlonde and sucrose solutions to provide the final frecze-thaw sample
formalations. Samples of cach freeze-thaw fornugdation were then stored at 4 °C, frozen at
80 °C, or flash frozen in liquid nitrogen. The samples were later thawed at room temperature

and tested for size by DLS and n vitro T cell transfection.

Table 30. LNP Fornulation composition and antibody jnsertion conditions

Formulation | fonizable { Lapid-PEG { Lipid- Targeting Insertion
No. Lipid PEG Conjugate / Condition

Content | Insertion

{mol %3 density {g/mol}
EXP2100163 | Lipid 5 DMG-PEG {25 hSP34/9 37°C for 14 hin
9-N14 pH 7.4 HBS

Table 31. Lipid 5 LNP Size and Polvdispersity (DLS) prior to insertion

Formulation No. Post-Insertion DLS Z- Post-Insertion Pre-Insertion Dye-
Ave. Diameter (nm} DLS PDI Accessible mRNA (%)

EXP21001639- 106 .19 24

Ni4

Table 32. LNP formulation composition and list of storage condition/freczing methods for
Lipid 5 LNPs

Lipid 3 LNP, Buffer Species | Buffer Conc. | Sucrose Na(l Storage

Formulation No. {mM) Conc. Conc. Condition
{wt%o} {mM}

EXP21001639- pH74HEPES {20 0.6 0 4°C

N24

EXP21001639- pH 74 HEPES |20 9.6 0 =80 °C

N28§
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EXP21001639- pH74HEPES {20 9.6 0 LN2*
NZN
EXP21001639- pH 74 HEPES |20 9.6 25 4°C
N34
EXP21001639- pH 74 HEPES 120 96 25 -80 °C
N3%

EXP21001639- pH 74 HEPES {20 0.6 25 LN2
N3N

EXP21001639- pH 74 HEPES | 20 9.6 30 4°(
N44

EXP21001639- pH74HEPES |20 9.6 56 =80 °C
N48

EXP2100163%9- pH 74 HEPES |20 9.6 50 LN2
N4N

EXP21001639- pH 74 HEPES {20 1%.6 0 4°C
N34

EXP21001639- pH74HEPES |20 18.6 0 =80 °C
N358

EXP21001639- pH74HEPES |20 186 0 LN2
N3AN

EXP21601639- pH 7.4 Tuis 5 9.6 0 4°C
N&4

EXP21001639- pH 7.4 Tris 15 2K 0 -80°C
N83

EXP21001639- pH 7.4 Tris 15 5.6 0 LN2
NEN

EXP21001639- pH 7.4 Tris 5 18.6 0 4°C
N4

EXP21001639- pH 7.4 Tns 5 18.6 0 -80 °C
NoS

EXP210061639- pH 7.4 Tris 15 18.6 0 LNZ
NON

*LN2: Liguid Nitrogen

{6654 As shown in FIGS, $7A and 578, the freczing method used (flash frozen in
Liquid Nitrogen versus storage in -80C froezer) did not unpact the post freeze-thaw LNP size
distributions with both hvdrodynamic radius and polvdispersity trending similarly between
the two methods. However, the cryoprotectant and buffer composition significantly impacted
post freeze-thaw LNP size characteristics. Frozen storage in HEPES buffer with no added salt
or with 25 and 50 mM NaCl as well as with cither 9.6 wt.% or 18 wt.% sucrose resulted in
significant increases in NP polvdispersity. In contrast, storage in TRIS buffer and either 9.6
wt. % or 18 wt.% sucrose preserved the LNP size and polydispersity effectively relative to the
4C stored LNP that were not subjected to frecze-thaw stress, Al formulations were evaluated

m primary human T-cells using the n vitro transfoction protocol described in Example &
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{6691} As scen in FIGS. 584 and 58B, all LNPs stored 1o HEPES buffer lost the ability
to transfect T-cells after the frecze-thaw cycle, while formulations stored i TRIS buffer
retained the ability to transfoct T-cells post freeze-thaw activity. As scen in FEGS, 58C and
38D, cell association {as measured by the Bil %+ cells and D1l MFT values) of the HEPES
buffer compositions was slightly diminished after the freeze thaw cyele while that of the
TRIS buffer tormuiations was maintained. Lower cell association levels and changes m LNP
size properties atter freeze-thaw stress 1 the HEPES buffer formulations is likely responsible
for the loss of activity observed. Notably, storage in TRIS buffer maintains both LNP

propertics and their ability to transfect T-cells after frozen storage and freeze-thaw stress.

Example 29 — IMpaCT 08 PEG-LIPID ANCHOR AND PEG Y% ON IV VIVO REPROGRAMMING

{6692} The aim of this study was to identify the optinwm PEG-lipid and mol % form
vivo reprogramming of inunune cells. We had hypothesized that an intermediate anchor
length would be optinnum for engagement of T-cells/NK cells or other immune cells in the
blood since short chained anchors like PEG-DMPE or PEG-DMG (both C14) would be lost
too quickly, while PEG-lipids with Jonger acy] chains, like PEG-DSPE and PEG-DSG (both

C18), would be too stable and result in a decrease in transfection efficiency.

Part A, Anti-CD3 Lipid 8§ LNFs

{6693} in this study, we used LNPs targeted to CB3 (hsp34 Fab'-PEG-DSPE conjugaie)
and incorporating the Lipid 8 to test LNPs prepared with DMG-PEG (C14), DPG-PEG
(C16}, DPPE-PEG (16}, or BSG-PEG (C18) at either 1.5 or 2.5 mol % of the total lipid.

{6694} The LNP formulations in the table below were prepared using the microfluidic
mixing method described in Example 6 and discontinuous diafiltration method described in
Example 25. The LNPs were formulated using ¢GFP encoding mRBRNA (Trilink
Biotechnologies, Californua, US) and labeled with 0.06 mol% DUCIR(5)-DS (Tnvitrogen,
Massachusetts, US). The LNPs were then mserted with a targeting conjugate using the
specified conditions to provide the targeted LNP formulations. The final targeted LNPs
formulations were prepared by mixing the LNP suspensions with a concentrated sucrose
solution fo provide the final LNP formulations with 5.3 wit% sacrose. The LNPs were

characterized as described 1o Example 3.
Table 33. Formulation Table
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Formudation Iomizable § Lipid- Lipid- Targeting | Conjugate | Insertion
No. Lipad PEG PEG Conjugate | Insertion | Condition

Content Denstty
{mol%) {g/mol)
EXP21001532- | Lipid 8 DMG- 23 h8P34 9 60 °C for
NIt PEG 1hinpH
7.4 HBS
EXP21001532- | Lipid 8 DPG- 235 hSP34 9 60 °C for
N2T PEG 1hinpH
7.4 HBS
EXP21001532- | Lipid 8 DSG- 23 hSP34 g 60 °C for
N3T PEG ThinpH
EXP21001532- | Lipid 8 DPPE- 1.5 hSP34 9 60 °C for
N4T PEG ThinpH
74 HBS
EXP21001532-{ Lipd 8 DPPE- 2.5 hSP34 9 60 °C for
NAT PEG 1hmnpH
7.4 HBS
EXP21001532- | Lipid 8 DSPE- 15 hSP34 9 60 °C for
N6T PEG 1hinpH
7.4 HES
EXP21001532- { Lipid 8 DSPE- 235 hSP34 9 60 °C for
N7T PEG 1hinpH
7.4 HBS
Table 34. Formulation Analysis Results
Formulation Post- Post- Pre- Pre- Pre-Insertion
Ne. Insertion Insertion Insertion Insertion Bve-
DLS Z-Avg. | DLS PDI Zeta Zeta Accessible
Diameter Potential at | Potential at  § mRNA (%)
{nm) pH35 pH 74
(V) {mV)
EXP21001532- 176 0.18 213 1.8 i3
NIT
EXP21001532- 1 86 0.17 17.8 10 87
27
EXP21001532-1 96 0.18 17.1 -3.4 10
3T
EXP21001532-{ 119 .23 20.1 -5.9 i2
N4T
EXP21001532-1 73 Q.15 172 ~7.0 1§
N3
EXP21001532- 1 108 0.17 17.9 -4.9 10
N6T
EXP21001532-177 0.18 186 -6.6 10
N7T
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{6695} Results of in vivo reprogramming of immune cells with CD3-targeted Dil/GFP
LNP atthe dose of 0.3 mg/kg after 24 or 48h with cither DMG, DPG or DSG-PEG 2.5% or
afier 24h with either DPPE or DSPE 1.5 or 2.5% are show i FIGS. 894 10 597

{3696} All formulations with anti-CD3 hsp34 clone targeted Lipid 8 LNPs showed peak
GYP expression at 24h, with maxuoun expression in blood > fung > spleen > bone marrow >
hver. Irrespective of diacyl glycerol or phosphoethanolamine backbone, DPG-PEG or DPPE-
PEG. i.¢., C16 anchor length shows maximum reprogranuning with 1.5% PEG-lipid,
corapared to PEG-hipids of other acyl chain lengths (C14 or C18). GFP, MFI showed sinular
trend as GFP% positive T celis. The percent positive Dl or Dil MFT also showed a similar
trend as that of GFP positive T cells, indicating that with CD3 targeted Lipid 8 LNPs the

binding efficiency of LNPs correlates with their reprogranuming ability.

Part B, Anti-CD3 or Anti-CD8 Lipid 5 LNFs

{3697} In this study, we used ENPs targeted to CD3 (hsp34 Fab’-PEG-DSPE conjugate)
and LNPs targeted to CDE (TRX2 Fab -PEG-DSPE conjugate, or V2 -PEG-DSPE Nb
conjugate) meorporating the Lipid 5 to test LNPs prepared with DMG-PEG (C14) or DPG-
PEG (C16) at 1.5 mol % of the total Iymd.

{8698} The LNP formulations in the table below were prepared using the microfiuidic
mixing method deseribed in Example 6 and discontinuous diafiltration method described in
Example 25. The LNPs were formulated using unmodified eGFP encoding mRNA (TriLink
Biotechnologies, California, US; Catalog #1.-7601} and labeled with .06 mol% DiC18(5}-
DS (Iovitrogen, Massachusetts, US). The LNPs were theo aseried with a targeting conjugate
using the specified conditions to provide the targeted LNP formulations. The final targeted
LNPs formulations were prepared by muxing the LNP suspensions with a concentrated
sucrose solution to provide the final LNP formulations with 9.6 wt% sucrose. The LNPs were

characterized as described in Example 3.

Table 35, LNP Formulations

Fornudation Iomzable | Lapid- Lipid- Targeting | Conjugate | Insertion
No. Lipid PEG PEG Conjugate | Inscrtion | Condition
Content Density
{mol%) {g/mol}
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EXP21002551- | Lipid S DMG- 1.5 TRXZ 9 37 °C for
N6H-TRX2S PEG 4himpH
7.4 HBS

EXP21002551- 1 Lapid 5 DMG- 25 TRXZ 9 37 °C for

NTH-TRX2S PEG 4himpH
7.4 HBS

EXP21002414- | Lipid 5 DPG- 15 TRX2 2 37 °C for
NZH-TRX2S8 PEG 4 hin pH
7.4 HBS

EXP21002551- | Lipnd 3 DPG- 2.5 TRX2 9 37 °C for

NIH-TRX2S PEG 4himmpH
7.4 HBS

EXP21002551-{ Lipid 5 DMG- 15 hSP34 9 37 °Cfor

N6H-S5P348 PEG 4hinpH
7.4 HBS

EXP21002551- { Lipid § DMG- 25 hSP34 9 37 °C for

NTH-SP348 PEG 4hmpH
7.4 HBS

EXP21002414- { Lypid S DPG- s hSP34 G 37 °C for

NZH-8P348 PEG 4hiopH
7.4 HBS

EXP21002551-{ Lipid 5 DPG- 25 hSP34 9 37 °C for

N3H-SP348 PEG 4himpH
7.4 HBS

EXP21002551- { Lipmd 3 DMG- 1.5 V2 5.86 37 °Cfor

N6H-NbV2 PEG 4hinpH
7.4 HBS

EXP21002551-{ Lipid 5 DMG- 25 V2 5.86 37 °C for

N7H-Nb V2 PEG 4hinpH
7.4 HBS

EXP21002414- | Lipid § BPG- 15 V2 5.86 37 °C for

2H-Nb V2 PEG 4hmpH
7.4 HBS

EXP21002551- { Lipid S DPG- 25 V2 5.86 37 °C for

NSH-Nb V2 PEG 4hinpH
7.4 HBS

Table 36. Formulation Analysis Results

Formalation No. | Post- Post- Pre-Insertion | Pre-Insertion | Pre-Insertion
Insertion Insertion Zeta Zeta Diye-
DLS Z-Avg. | DLSPDH Potential at | Potential at | Accessible
Diameter pHS3 pH 7.4 mRNA (%)
(oo} {(mV}) {mV}

EXP21002551- 83 0.06 23.7 52 14

N6H-TRXZS

EXP21002551- 70 0.15 PARY 4.0 30

N7H-TRX2S
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EXP21002414- 90 0.12 279 7.3 6.9

N2H-TRX2S

EXP21002551- 76 0.19 229 55 17

NSH-TRX2S

EXP21002551- 96 0.16 237 5.2 14

NoH-SP348

EXP21002551- 138 0.26 219 4.0 30

N7H-SP348

EXP21002414- 104 0.14 279 7.3 6.9
2H-5P345

EXP21002551~ 79 0.17 229 35 17

N3H-SP348

EXP21002551- &5 0.10 2379 5.2 14

NoH-Nb V2

EXP21002551- 69 0.11 218 4.0 30

N7H-Nb V2

EXP21002414- 90 0.12 279 7.3 6.9

N2H-Nb V2

EXP21002551~ 82 0.21 229 3.5 17

NSH-Nb V2

{6699} Resuits of in vivo reprogramming of innune cells with CD3- or CDR- targeted

Dil/GFP LNP at 0.3 mg/kg of Lipid 5 with either DMG-PEG or DPG-PEG (1.5 or 2.5%)
after 24h are show in FIGHS, 68A 10 60T,

{700} Lipid 5 CD3 targeted LNPs showed reprogramming of both CD4 and CDE T cells,
whereas CD8 targeted antibody TRXZ or UD8 Nanobody is specific for reprogramming CD8
T cells as expected. Similarly, CD3 targeted LNPs binds to both CD4 and CD8 T cells, and
CDR targeted LNPs with either antibody or Nanobody only binds to CD8 T cells. CD3
targeted Lipid § LNPs showed sinular GFP expression with both DMG or DPG (e, Cl4, or
16 lipid anchor length) with 1.5% PEG, whereas in blood CD8 antibody or Nanobody
targeted LNPs showed maximum GFP expression with DMG-PEG, which was 2-fold more
compared to DPG-PEG at 24h. In other tissues {¢.g., hung, spleen and bone marrow), CDB
targeting LNPs with either antibody or Nanobody showed similar GFP expression with both
DMG-PEG and DPG-PEG-1.5%. GFP MF1 showed similar trend as that of GFP expression.
% Dil positive T cells are only observed 1n blood but not in other compariments, and 1l MFI

is also maximum in blood compartment.

Part C_Anti-CD8, Anti-CDiia, and Anti-CD4 Lipid 5§ INPs
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{6701} In thus study, we used LNPs targeted to CD8 (Nanobody-PEG-DSPE conjugate),
L.NPs targeted to CD11a (RMHM24 Fab -PEG-DSPE conjugate), and LNPs targeted to CB4
{(Nanobody~-PEG-DSPE conjugate or Ibalizumab-PEG-DSPE conjugate} incorporating Lipid
5 to test LNPs prepared with DPG-PEG (C16) at 1.5 mol 9 of the total lipid.

{6702} The LNP formulations in the table below were prepared using the microfhuidic
mixing method described in Example 6 and discontinuous diafiltration method described in
Example 25. The LNPs were formulated using ¢GFP encoding mRNA (Trilink
Biotechnologies, Californua, US) and labeled with 0.06 mol% DUCIR(5)-DS (Tnvitrogen,
Massachusetts, US). The LNPs were then mserted with a targeting conjugate using the
specified conditions to provide the targeted NP formolations. The LNPs were characterized

as described in Example 3.

Table 37. LNP Formulations

Formulation fonizable | Lipud- Lapid~ Targeting Conjugate | lnscriion
No. Lipid PEG PEG Conjugate | Insertion | Condition
Content Density
{mol%) {g/mol}
EXP21003027-1 Lipid 3 DPG- 1.5 h5P34 9 37 °C for
N20t PEG 4hinpH
7.4 HBS
EXP21003027- 1 Lipid 5 DMG- 1.3 BDS&n 53 37 *C for
Nigs PEG {Nanobaody) 4hinpH
7.4 HBS
EXP21003027-1 Lipud 8 DPG- 1.5 BDSn 53 37 °C for
N206 PEG {(Nanobody} 4hinpH
7.4 HBS
EXP21003027~ | Lapid S DMG- i35 hMHM24 6.12 37 °C for
NiO7 PEG Fab 4hinpH
7.4 HBS
EXP21003027- 1 Lipid 3 BPG- 1.3 hMHM?24 {612 37 °C for
Nz208 PEG Fab 4hinpH
74 HBS
EXP21003027- | Lipid 5 DMG- 1.3 1.86 37 °C for
Nio9 PEG T023200008 4hinpH
{(Nanobody} 7.4 HBS
Lipid 5 DPG- 1.3 1.86 37 =C for
PEG T023200008 4hmpH
{Nanobody} 7.4 HBS
EXP21003027- 1 Lipid 5 DMG- L5 fhalizumab | 6.12 37 °C for
Nitl PEG Fab 4hinpH
7.4 HBS
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EXP21003027- | Lipid § DPG- 1.5 Thalizumab | 6.12 37 °C for
N21Z PEG Fab 4hiinpH
7.4 HBS
Table 38. Formulation Analysis Results
Formmulation Post- Post- Pre- Pre- Pre-Insertion
Neo. Insertion Insertion Insertion Insertion Dve-
DLS Z-Avg. | DLS PDI Zeta Zeta Accessible
Diameter Potential at | Potential at | mRNA (%)
{on) pHS5.3 pH 74
{mV) {mV)
EXP21003027-1 94 0.13 Not Not 8.4
N201 measured measured
EXP21003027-1 85 0.07 213 55 11
Nios
EXP21003027- 1 89 0.07 Not Nat 84
N206 measured measured
EXP21003027- i 81 010 213 55 11
Nig7
EXP21003027-1 86 0.08 Not Not 8.4
measured measured
83 010 213 55 11
&7 0.06 Not Not 5.4
measured measured
83 0.1¢ 215 55 11
&8 0.06 Not Not 5.4
measured measured

{6703} Resuits of in vivo reprogramming of immune cells with above LNPs at 0.3 meg/kg
of Lipid 5 with cither DMG-PEG or DPG-PEG (1.5 mol%;) after 24h are show in FIGS, 61A
weiT.

{3704} Lipid 5 LNP with CD8 Nanobody targeted LNPs showed GFP expression
specifically 10 only CD8 T cells and not CD4 T cells. Sumiardy, CD4 targeting with erther
Nanobody or antibody specifically showed GFP expression in only CD4 T cells and CDilia
targeting showed both UD4 and CD8 T cells expressing GFP. CDE Nanobody LNP showed
maximum GFP expression with DMG-PEG-1.5% as compared to BPG-PEG while CDlia
Fab and both CD4 Nanobody and Fab antibody showed similar GFP expression with both
DMG-PEG and DPG-PEG (1.5 mol%). GFP MFI showed similar trend as that of GFP % T
cells. % Dil positive T cells and MFI were maximaom in blood, liver and hung with different

CD8, CD11a or CD4 targeted antibody or Nanobody.

s
<
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Part D Anti-CD7 Lipid 5 L.NPs
{0705] In this study, we used LNP targeted to CD7 (V I-PEG-DSPE comjugate)
meorporating the Lipid 5 to test LNPs prepared with DMG-PEG (C14) or DPG-PEG (C16) at

either 2.5 or 1.5 mol % of the total hipid.

{6706} The LNP formulations were prepared using the nucrofluidic mixing method
described in Example 6 and discontinuous diafiltration method described in Example 25. The
L.NPs were formulated using eGFP encoding mRNA (TrLiok Biotechoologies, California,
US) and labeled with 0.06 mol% DHICI8(53-DS (Invitrogen, Massachusetts, US). The LNPs
were then inserted with a targeting conjagate using the specified conditions to provide the

targeted LNP formulations. The LNPs were characterized as described in Example 3.

{6707} Results of in vive reprogramming of immaune celis with the LNPs at 0.3 mg/kg of

Lipid 5 with either DMG-PEG or DPG-PEG (1.5%) after 24h are show in FIGS. 634 10 63T,

{3708} Lapid 5, CD7 Nanobody targeted LNPs showed maximum GFP expressing T cells
with DMG-PEG (50%j) as compared to DPG-PEG (33%), both with 1.5 mol% PEG-hipid.
Other tissues liver and long showed equal 20% GFP expressing T cells with both BMG-PEG
and DPG-PEG-1.5%. GFP MFI showed similar trend. Dil positive T cells and Dil MFI

showed maximum binding only in blood where most GFP expression is observed.

Example 30~ L S, Len 8, DLA-MC3-DMA LNPs IN VIVO REFPROGRAMMING

COMPARISON

{6709] In this example, LNPs utilizing Lipid 5, Lipid &, or BLa-MC3-DMA (0.1 mg/kg
dose) targeted to CD3 (SP34) or CDE (V2 (Nanobody)) were tested for their ability to

reprogram immaune cells in vivo.

{6716 The LNP formulations in the table below were prepared using the microfluidic
mixing method described in Example 6 and discontinuous diafiltration method described in
Example 25. The LNPs were formulated using ¢GFP encoding mRNA (Trilink
Biotechnologies, Californua, US) and labeled with 0.06 mol% DUCIR(5)-DS (Tnvitrogen,

Massachusetts, US). The LNPs were then mserted with a targeting conjugate using the

206



WO 2022/120388 PCT/US2021/072745

specified conditions to provide the final targeted LNP formulations. The LNPs were

characterized as described in Example 3.

Table 39, LNP Formulations

Formulation lonizable | Lipid- Lipid- Targeting Conjugate | Insertion
No. Lipid PEG PEG Conjugate | Inscrtion | Condition
Content Density
{mol%) {s/mol)
EXP21003471- | DLin- DPG- 1.5 hSP34 9 60 °C for
Ni01L MC3- PEG 0.5hn
DMA pH 74
HBS
EXP21003471-1 Lipid 8 DPG- 15 hSP34 9 60 °C for
N202 PEG 0.5hin
pH 74
HEBS
EXP21003471- | Lipid 5 DPG- 1.5 hSP34 G 37 =€ for
N303 PEG 4hmpH
7.4 HBS
EXP21003471- i DLin- DPG- L5 V2 5.86 60 °C for
Niil MC3- PEG (Nanobodsy) 0.5hin
DMA pH 74
HBS

Table 40. Formudation Analysis Resulis

Formulation Post- Post- Pre-~ Pre- Pre-Insertion
No. Insertion Insertion Insertion fnsertion Dye-
DLS Z-Avg. | BLS PDI Zeta Zeta Accessible
Diameter Potential at | Potential at | mRNA (%)
{nm} pHSS pH74
{(mV) {mV}
EXP21003471- 1 107 (.20 16.4 -0.1 9.1
Ni01
EXP21003471-1 103 0.19 16.2 16 10
N202
EXP21003471-192 011 20.1 44 64
N303
EXP2i003471-1 92 0.16 16.4 -0.1 9.1
Nitl

{8711} Results of m vivo reprogramming of tmomune cells with above LNPs at 0.1 mg/kg

with DPG-PEG (1.5%) aficr 24h are show in FIGS. 624 10 628,

{6712} Comparison of DLa-MC3-DMA, Lipid 8 and Lipid 3 with DPG-PEG-~1.5% and

CD3 thsp34) targeted LNPs at 0. Img/kg dose, Lipid 5 1s superior for reprogramming T cells

207



WO 2022/120388 PCT/US2021/072745

and showed maximum reprogramming of T cells with maximum GFP expression in blood
and lung abowt 25% (blond = lang >liver>bone marrow}. GFP MF1 showed similar trend. All
3 lymds showed stmilar DA positive T cells mmdicating that all Iipids may bind equally but

Lipid 5 15 better at reprogramming T cells.

Example 31 - INVITRO PROTEIN EXPRESSION — LNP TRANSFECTION OF NK AND T CRLLS

N CO-COLTURE

{713} This example deseribes targeting co-cultured human NK and T cells with anti-
CD3, anti-CD7, anti-ChD1 la, anti-CD18, anti-CD56 (Lorvotuzumab) anti-CR137 (4B4-1) and
anti-CD2 (RPA-2.10v1) Fab or Nanobodies post-inserted into GFP mRNA Dil labeled LNPg

and their effect on transfection and translation.

{714} Prunary human T cclls were purnified using magoetic-based CI3 negative
selection. 20 million punified T cells were activated using anti-CD3/anti-CD28 coated beads
for 48 hours in media containimg 100HU/mb 1L-2. Following activation, activation beads were
removed, and T celis were expanded for an additional 48 hours in media containing

10010 AL IL~2. After the expansion pertod, T cells were concentrated to 1 million cells/mL

in preparation for co-transfection with pnimary human NK celis.

{0715} CD3-depleted PBMCs were punified using magnetic-based CD3 positive selection
and retaining of the negative fraction. 20 nnllion CD3 depleted PBMCs were added to 1 well
of a 6 well GREX plate 1n media containing 10ng/mL [L-15 for 7 days. On day 7, cach well
was split in 2 and cells were cultured further in media containing 10ng/m L 1L-15 foran
additional 7 days. On day 14, NK cells were concentrated to | million cells/mL in preparation

for co-transfection with primary human T cells.

{4716} LNPs were prepared using the mixing process described in Example 6, the buffer
exchange process described in Example 25, The LNPs were formulated using eGFP encoding
mBNA (TrLink Biotechnologics, Califomia, US), Lipid 8 as the ionizable lipid, and labeled
with 0.01 mol% DUICIE(5)-DS (Invitrogen, Massachusetts, US). Fab-lipid conjugates
generated from methods described in Example 4 while generation of Nb-conjugated differed
in using 1:1:4 Nb:DSPE-SKPEG-matlcimide: DSPE-2KPEG-OCHS3 and a 30 kD UF
membrane (Millipore Corp, Billerica, MA USA) for scparation of Nb-corgugate from free

Nb. Using methods stmilar to Example 12, conjugated Fabs and conjugated Nb were post-
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mserted at various densities (Table 41} into LNPs containing Lipid 8 and GFP mRNA with

Dil dye. mnto the LNPs containing Lipid 8, GFP mRNA, and i dyve.

Table 41. Fab or Nb density post-inserted onto the surface of the LNP

Targeting moiety

oD 11a HzMHM?24 bDS Fab 3,5, 9 a/mol
aCD 18 1184 bDS Fab 3,5, 9 o/maol
aCh7 V1 3,3, 9 g/mol
aCD56 Al FabbDS 3,9, 19 g/mol
al’D56 A2 Fab bDIS 3,9, 19 g/mol

alCD36 A3 Fab bDIS

3.9, 19 g/mol

oS8 Lorvotuzumab Fab DS

3. 6.9 g/mol

aCD137 4B4-1 Fab bDS

3

3.9, 18 g/mol

aCDZ 9.6 Fab bDS

0.75,1.5 3 g/mol

aCD2 TS2/18.1 Fab bDS

0.75,1.5, 3 g/mol

a(D2 RPA-2.10v] Fab bDS

0.75, 1.3, 3 a/mol

o D2 Lo-CD2b Fab bDS

0.73, 1.3, 3 o/mol

aCD2 351 Fab bDS

06,75, 1.5, 3 o/mol

aCD2 OKT11 Fab bBS

(.75, 1.5, 3 g/mol

Dead Fab mutOKTY

9 2/mol

aCD8 TRX2 NoDS (interchain disulfide 9 g/mol
knockout}
HEPES Buffered Saline No LNP

Anti-CD56 Al Fab sequence
A1 BDS HC (SEQ 1D NO: 26):

QVQLOQQSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSNWIRQSPSGLEWL
GRTYYRSKWYNDYAVSVESRITINPDTSKNQFSLOQLNSVTIPEDTAVY Y CARENIAA

WIWAFDIWGOGTMVTVSSASTEGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVT
VSWNSGALTSGVHTCPAVLOSSGLY SLSSVVTVPSSSLGTOTYICNVNHKPSNTKYD

KEKVEPKSSDKTHTCGGHHHHEH

A1bDS LC (SEQ ID NO: 27):

EIVMTOQSPGTLSLSPGERATLSCRASQSVESSYLAWY QUQEPGLAPRLLIYDTSLRATDI
PDRFSGSGSGTAFTLTISRLEPEDFAVYYCQQYGSSPTFGOGTEVEIKRTVAAPSVEIF
PPSDEQLESGTASVVCLLNNFYPREAKVQWEVDNALQSGNSQESVTEQDSKDSTYS
LCSTLTLSKADYEKHKVYACEVTHOQGLSSPVTEKSFNRGES

Anti-CD56 A2 Fab sequence
A2 bDS HT (SEQ 1D NG: 28):

EVQLVOQSGAEVKKPGSSVEVSCKASGGTFTGY YMHWVROQAPGOQGLEWMGWINPN

SGGTNYAQEFQGRVTMTRDTSISTAYMELSRLRADDTAVYYCARDLSSGYSGYFDY
WEOOQGTLVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTIVSWNSGAL
TSGVHTCPAVLOSSGLY SLSSVVTVPSSSLGTQTYICNVNHKPSNTEKVDKKVEPKSSD

KTHTCGGHHHHHH

A2 DS LC (SEQ ID NO: 29):
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DVVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNY LNWYLQKPGQSPQLLIYLGSN
RASGVPDRFSGSGSGTDFTLKISRVEGEDVGDYYCMQALQSPFTFGQGTKLEIKRTY
AAPSVEIFPPSDEQLKSGTASYVCLLNNFY PREAKVOWKVDNALQSGNSQESVTEQD
SKDSTYSLCSTUTLSKADYERHKVYACEVTHQGLSSPVTRKSFNRGES

Anti-CDS6 A3 Fab sequence

A3 bDS HC (SEQ ID NGO: 30):

EVOLVQSGAEVEKPGSSVEVSCKASGGTFTGY YMHWVRQAPGQGLEWMGWINPN

SGGTNYAQKFQGRVTMIRDTSISTAYMELSRLRSDDTAVYYCARDLSSGYSGYFDY

WGOGTLVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLYVKDYFPEPVTVSWNSGAL
TSGVHTCPAVLOSSGLY SLSSVVTVPSSSLGTOTYIONVNHKPSNTKYVDRKEKVEPKSSD
KTHTCGGHHHHHH

A3bDS LC (SEQ ID NO: 31):
DVVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNFLDWYLQKPGQSPQLLIYLGSN
RASGVPDRFSG3GSGTDFTLKISRVEADDVGVYYCMOSLOTPWTFGHGTK VEIKRTV
AAPSVEFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQD
SKDSTYSLCSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGES

Anti-CD56 Lorvotazumab Fab sequence

Lorvotuzumab bDS HC (SEQ ID NO: 32):

QVQLVESGGG VVQPGRSLRL SCAASGETFS SFGMHWVRQA
PGKGLEWVAYISSGSFTIVY ADSVEKGRFTI SRDNSKNTLY LOMNSLRAED
TAVYYCARMR KGYAMDYWGQ
GTLVTVESASTKGPSVIPLAPSSKSTSGGTAALGCLVKDYFPEPVIVESWNSGALTSG
VHTCPAVLQSSGLY SLSSVVTVPSSSLGTQTYICNYVNHKPSNTKVDKKVEPKSSDKT
HTCHHHHHH

Lorvotuzumab bDBS LC (SEQ 1D NG: 33):
DVVMTQSPLSLPYVTLGOPASISCRESQIMHSDONTYLEWFQQRPGQSPRRLIYKVSNR
FSGVPDRESGSGSGTDFTLKISRVEAEDVGVYYCFQGSHVPHTFGOQGTRVEIKRTVA
APSVFIFPPSDEGLKSGTASVVCLINNFYPREARKVOWERVDNALQSGNSQESVTEQDS
KDSTYSLOCSTLTLSKADYEKHKVYACEVTHQGLSSPYTKSFNRGES

Anti-CD2 RPA-2.10v1 Fab sequence

RPA-2.10v1 bDS HC (SEQ ID NG: 34y
EVKLVESGGGLVEKPGGSLKLSCAASGEFTFSSYDMSWVROQTPEKRLEWVASISGGGFL
YYLDSVKGRFTISRDNARNILYLHMTSLRSEDTAMY YCARSSYGEIMDYWGQGTSY
TYSSASTKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTICP
AVEOSSGLY SLSSVVTYPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSSDKTHTCHH
HHHH

RPA-2.10v1 bDS LC (SEQ D NO: 35):
DILLTQSPAILSVSPGERVSFSCRASQRIGTSIHWYQORTTGSPRLLIKVASESISGIPSR
FSGSGSGTDFTLSINSVESEDVADYY COOSHGWPFTFGGGTKLEIERTVAAPSVEIFPP
SDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSOESVTEQODSKDSTYSLE
STLTLSKADYEKHKVY ACEVTHQGLSSPVTKSFNRGES

Anti-CD137 4B4-1 Fab sequence
4B4-1 bD¥S HC (SEQ ID NO: 36):
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QVQLGQPGAELVKPGASYKLSCKASGYTFSSYWMHWVKQRPGOVLEWIGEINPGN
GHTINYNEKFESKATLTVDKSSSTAYMOQLSSLTSEDSAVYYCARSFTTARGFAYWG(
GTLVTVSASTKGPSVEPLAPSSKSTSGOGTAALGCLYKDYFPEPVTVSWNSGALTSGV
HTCPAVLOSSGLY SLASVVTVPSSSLOTOTYIONVNHEPSNTKVDKKVEPKSSDKTHY
CHHHHHH

4B4-1bDS LC (SEQ D NG 37):
DIVMTQSPATQSVTPGDRVSLSCRASQTISDY LHWY QQKSHESPRLLIKY ASQSISGIP
SRESGSGSGSDFTLSINSVEPEBVOGVYYCQDGHSFPPTFGGGTKLEIKRTVAAPSVEIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYS
LOSTLTLSKADYEKHEVYACEVTHOQGLSSPVTKSFNRGES

{8717} On the day of LNP transfection, 50 thoasand T cells and 50 thousand NK celis
were added to each well of a 96 well culture plate 1n a total volome of 100pL containing
100IU/mL IL-2. 10uL of each test LNP was added to cach well to facilitate simultaneous

transfection of primary human T cells and NK cells at 2.5 ug/mL mRNA.

{6718} 24 hours after LNP transfection, cell culture media was aspirated from T cell and
NK cell co-cultures after centrifugation. T cells and NK cells were resuspended with anti-
D3 and anti-CD56 fluorescently labeled antibodies to facilitate analysis of LNP transfection
mdependently in each cell tvpe within the co-culture for 20 minutes at room temperature.
Foliowing incubation, cells were concentrated by centrifugation and resuspended in 1x PBS
for analysis by flow cytometry. Following acquisition by Hlow cytometry, T cells and NK
cells were analyzed independently using Flowlo (flow cvtometry analysis software}. In exther
CD3+ cells (T cells) or CD56+ celis (NK cells), the frequency of GFP positive events relative
to GFP negative events was calculated (FIG. 64A). Additionally, the overall flaorescence of
GFP was quantificd by asscssment of mean fluorescence intensity (MFL FIG. 64B}. Similar
frequency and MFT analysis were performed for the Dil dve (FIG. 84C, FIG. 64D).
Togsther, these metrics enabled quantification of LNP transfection efficiency of all targeted

LNPs tested in primary human T cell and NK cell co-cultures.

{8719} In contrast to experiments performed with unstimulated T cells or whole blood,
both ex vive expanded NK and T cells show high %D and %GFP of LNPs post-inserted
with the non-target specific mutOK T8 Fab. Despite this difference in Yofrequency, when
comparing formulations by MFL, there was clear separation between mutOR T non-targeted
L NPs and many of the surface antigen targeted LNPs. Consistent with previous studies, T
cells were transfocted by anti-CD7, anti-CDE, anti-CD2, anti-CD 1 1a and anti-CD18 targeted

LNPs whale minumal to no transtection of T cells was observed for anti-CERN 37 or anti-CID36
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targeted LNPs. Similarly, NK cells could also be transfected by anti-CD7, anti-CDE, anti-
CD2, anti-CD11a and anti-CD1S targeted LNPs. But, in contrast to T cells, the CD36
targeted LNPs with Lorvotuzumab or the A3 clone only show highly specitic transfection of

NK cells.

{0728 This data wndicates that Fabs or nanobodies arce capable ot enabling
transfection/transiation for both NK cells and T cells using anti-CD7, anti-CD8, anti-CD2,
anti-C 1 1a or anti-CD 8 targeted LNPs, while using anti-CD56 targeted LNPs is capable of

transiations/transiation for NK cells with high specificity over other iounune cells.

Example 32 — PEG-LIPID CONJUGATION AND IN VITRO PROTEIN EXPRESSION - CDJ3 FARGETING
FARS WITH AND WITHOUT NATURAL INTER-CHAIN BISULFIBE

{721} This example describes the conjugation, purity of either anti-CD3 Fabs with and
without the natural micrchain disulfide as well as their T cell transfection post-inserted into

CyS/GFP mRNA LNPs.

[B722] LNPs were prepared using the mixing process described in Example 6, the buffer
exchange process described 1in Example 21, Conjugates were generated using a method
simnilar to that of Example 4 except 8.025, 0.1, 0.5 mM TCEP was used for hSP34 DS, 6.025,
(.2, 2 mM TCEP was used for hSP34-hlam NoDS (uerchain disulfide knockout) for
reduction prior to conjugation and the conjugation reactions were performed at 37C for 2 hr
SDS-PAGE (FIGS. 65A. 65B) was performed using the manufacturers recommended
conditions with | ug of protein (Thermo, 4-12% Bis-Tris MuuGel). RP-HPLC (FIGS. 65C,
65D} was performed using an Agilent 300 SB-CR at 0.5 mL/mun with a column temperature
of 60 °C, Mobile Phase A: Water with 0.1% TFA, Mohile Phase B: Acctonitrile with 6.1%
TFA, Gradient %B: 0 min 5%, 1 min 5%, 6.5 min 95%, 8 qun 95% mijecting 10wl with a
target of 1-25 ug of proten. Using methods sinilar to Exaraple 12, ant-CD3 h8P34 (with and
without natural interchain disulfide, DS (with interchain disulfide} vs. NoDS {without
interchain disulfide), see sequences below) PEG-lipid conjugated Fabs were post-inserted at
various Fab densities (6, 12, 17 g Fab/mol total lipid) into LNPs containing Lipid 8 and
Cy5/GFP mRNA. Transfections were performed with human CD3 T cells at approximately
2.5 pg/mL mRNA for approximately 24 hr. Levels of transfection of CD3 T cells was

measured by flow cvtometry.
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anti-HuCD3 hSP34-hlam Fabs NoDS (without mierchain disulfide} and DS (with interchain
disulfide)

hSP34-hlam NoDS HC (SEQ 1D NG: 38}
EVQLVESGGGLVQPGGSLKLSCAASGFTFNKY AMNWYRQAPGKGLEWVARIRSKY
NNYATYYADSVEDRFTISRDDSKNTAYLOMNNLKTEDTAVY Y CVRHGNFGNSYISY
WAYWGQOTLVTVSSASTRKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTIVSWN
SGALTSGVHTFPAVLGSSGLY SLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDEKVEPR
KSSDKTHTC

hSP34-hlam NoDS LC (SEQ 1D NO: 39):
QTVVTQEPSLTVSPGGTVTLTOGSSTGAVTSGNYPNWVOKPGOAPRGLIGGTKFLA
PGTPARFSGSLLGGKAALTLSGVQPEDEAEYYCVLWY SNRWYFGGGTKLTVLSGPK
AAPSVTLFPPSSEELQANKATLVCLVSDFYPGAVTVAWKADGSPVKVGVETTKPSK
QSNNKYAASSYLSLTPEQWKSHRSYSCRVTHEGSTVEKTVAPAESS

hSP34-hlam DS HC (SEQ ID NO- 40);
EVQLVESGGGLYOPGGSLKLSCAASGETENKY AMNWVROAPGKGLEWVARIRSKY
NNYATYYADSVKDRFTISRDDSKNTAYLOMNNLKTEDTAVYYCVRHGNFGNSYISY
WAYWGOGTLYTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPYTVSWN
SGALTSGVHTFPAVLQSSGLYSLS3VVTVPSSSLGTQTYICNVNHKPSNTKVDKK VEP
KSCDKTHTC

hSP34-hiam DS LC (SEQ 1D NO: 41y
QTVVTQEPSLTVSPGGTVTLTCGSSTGAVTSGNY PNWVQQKPGOAPRGLIGGTKFLA
PGTPARFSGSLLGGKAALTLSGVOPEDEAEYY CVLWY SNRWVFGGGTKLTVLSQPK
AAPSVTLFPPSSEELQANKATLVCLVSDFY PGAVIVAWKADGSPVKVGVETTKPSK
QSNNKYAASSYLSLTPEQWKSHRSYSCRVTHEGSTVEKTVAPAECS

{6723} The SP34 DS Fab nms arcund 49 kD on a non-reduced gel (FIG. 65A) while the
SP34 NoDS Fab LC and HC run similar to each other at slightly less than 28 kI3 on a non-
reduced gel (FIG. 65B) confirqung that the interchain disulfide has been knocked out by
mutating the corresponding cysteines in the heavy and light chamn to serine. SP34 DS Fab that
was reduced at varying levels of TCEP exhibited high levels of LC/HC single and double
PEG-lipid conjugation as shown in both the gel and RP-HPLC chromatogram (FIG. 65C)
where the condition with the highest purity was 0.025 M TCEP during reduction while 0.1
and 0.5 mM TCEP had intractable amounts of double conjugate. In contrast, the SP34 NoDS
Fab shows high purity at the full range of TCEP ovaluated up to 2 mM TCEP highlighting
that removal of the interchain disultide bas a dramatic effect on the ability to generate bighly
pure (single ipid) comugated Fab. For T cell transfection studics, 0.025 mM TCEP generated
SP34 DS Fab was sclected given i was the purest of the reaction conditions and had similar

recoveries to the other conditions after UF purification (TABLE 42) and 0.2 mM TCEP
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generated 5P34 NoDS Fab was selected given it had both high purity and gave the best

recovery after UF purification (TABLE 43}

Table 42. Relationship between TCEP concentration during reduction and final recovery of
SP34-hlam DS conjugate after UF punfication

TCEP mM YeRecovery Post
UF
0.5 20.5
0.1 27.6
0.025 243

Table 43. Relationship between TCEP concentration during reduction and final recovery of
SP34-hlam NoDS conjugate after UF purnification

TCEPmM | %Recovery Post
UF
2 14.0
0.2 555
0.025 259

{4724} The SP34 NoDS Fab mediated higher Y%transfection (FIG. 65E) and higher GFP
expression levels (FIG. 658F) than the SP34 DS Fab at the lowest, 6 g/mol, and middle, 12

g/mol, Fab densities indicating that the potency of this conjugate is higher than that of SP34
DS Fab which is consistent with its correspondingly bigher purtty (1 PEG-Lipid per Fab, no

LC-PEG-hipid).

{4725} This data indicates that knocking out the natural interchain disulfide enables
highly efficient, site-specific conjugation towards the c-terminal cysteine with a single PEG-
lipid. This broadens the range of reducing agent that can be employved to obtain high purity
coujugatc {1 PEG-Lipwd per Fab) with high process recovery and avoids conjugation of 2 or
more PEG-Lipids per Fab which can reduce the final transfection efficiency of targeted LNPs

for immune cells.

Example 33 — FAB-PEG-LIPID CONJUGATION AND PURITY — CD2 AND UD8 TARGETING FABS
WITH AND WITHOUT NATURAL INTER-CHAIN BISULFIDE

{0726} This example describes the conjugation and punty of anti-CD2 and anti-CD8 Fabs

with and without their natural interchain disulfide (FIG. 47).

{8727} Conjugates were generated using a method sinular to that of Example 4 except
0.025, 0.0375, 0.05, 0.0625 oM TCEP was used for anti-CD2 TS2/18 1 and 9.6 DS Fabs,
0.05,0.1, 0.2 wM TCEP was used for anti-CD2 TS82/18.1 and 2.6 NoDS Fabs {sce sequences
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below}, 0.025, .05, 0.1, 0.2 mM TCEP was used for anti-CD8 TRX2 NoD§S Fab for
reduction prior to conjugation and the conjugation reactions were performed at 37C for 2 hr.
SDS-PAGE (FIGS. 66A and 66B) was performed using the manufacturers recommended
conditions with I ug of protein (Thermo, 4-12% Bis-Tris MiniGel). RP-HPLC (FIG. 66C
and 668} was performed using an Agilent 300 SB-C8 at 6.5 mL/min with a cohunn
temperature of 60 °C, Mobile Phase A: Water with (.1% TFA, Mobile Phase B: Acetonitrile
with 0.1% TFA, Gradient %B: 0 min 3%, 1 min 3%, 6.5 oun 95%, 8 nun 95% mjecting 10 ul

with a target of 1-25 vg of protein.

Anti-CD2 TS2/18.1 DS Fab

TS2/18.1 138 HC (SEQ HIy NO: 42):
EVQLVESGGGLVMPGGSLKLSCAASGFAFSSYDMSWVROTPEKRLEWVAYISGGGEF
TYYPDTVKGRFTLSRONAKNTLY LOMSSLKSEDTAMY YCARQGANWELVYWGORG
TLVIVSAASTRKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGY
HIFPAVLOSSGLY SLSSVVTVPSSSLOTOTYICNVNHKPSNTKVDKKVEPKSCBKTHT
C

TS2/18.1 S LC (SEG ID NO: 43):

DIVMTQSPATLSVTPGDRVFLSCRASGSISDFLAWY QUKSHESPRLLIKYASQSISGIPS
RESGSGSGSDFTILSINSVEPEDVOVY FCONGHNEFPPTFGGGTKLEIKRTVAAPSVEIFP
PSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSL
SSTLTLSKADYEKHEVYACEVTHQGLSSPVTKSFNRGEC

Anti-CD2 9.6 DS Fab

9.6 DS HC (SEQ 1D NO: 44}
QVOLOQOPGAELVRPGSSVKLSCKASGY TFTRY WIHWVKQRPIQGLEWIGNIDPSDSE
THYNOKFKDKATLTVDKSSGTAY MOLSSLTSEDSAVYYCATEDLY YAMEYWGQGT
SVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT
FPAVLOSSGLY SLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKK VEPKSCDKTHTC

9.6 DS LC (SEQ IDNQ: 45):
NIMMTOSPSSLAVSAGERKVTMTCESSOSVLYSSNOQENYLAWYQQKPGOSPRKLLIYW
ASTRESGVPDRFTGSGSGTDFTLTISSVQPEDLAVYYCHQYLSSHTFGGGTKLEIKRT
YVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKRKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

{6728} The TS2/18.1 and 9.6 DS Fabs run arcund 49 kD on a non-reduced gel (FIG. 26-

1) while the TS2/18.1, 9.6 and TRX2 NoDS Fabs LC and HC run sinular to cach other at
slightly less than 28 kID on a non-reduced gel (FIG. 66B) confirnung that the interchain
disulfide has been knocked out by mutating the corresponding the cysteines in the heavy and
hight chain to serine. The TS2/18.1 and 9.6 DS Fabs reduced at varying levels of TCEP prior
to conjugation exhibited high levels of LC/HC single and double PEG-lipid conjugation as
shown by both the SDS-PAGE (FIG. 66A) and RP-HPLC chromatograms (TS2/i8.1 only,
FIG. 66C) where the condition with the highest purity was .025 mM TCEP during reduction
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and ligher TCEP levels increased the amount of LC conjugate and double conjugate {2 PEG-
lipid per Fab). In contrast, the TS2/18.1, 9.6 and TRX2 NoDS Fabs shows high purity at the
full range of TCEP cvaluated up to 0.2 mM TCEP highlighting that removal of the interchain
disulfide has a dramatic effect on the ability to generate highly pure (1 PEG-lipid per Fab}

conjugate.

{6729} This data across a number immaune cell targeting Fabs indicates that knocking out
the natural interchain disulfide is a generalizable approach to enable highly efficient, site-
specific conjugation towards the c-ternunal cysteine on the heavy chain while avoiding

conjugation 1o the light chain and conjugating more than one PEG-lipid per Fab.

{0736} Fxample 34 - INVITRO PROTEIN £XPRESSION - CD3 AND TCR TARGETING
COMPARISON AND SP34 FABR WITH AND WITHOUT BURIED DISULFIBE This example describes
targeting human CD3 T celis with either anti-CD3 or anti-TCR Fabs and an anti-CD3 Fab
with and without a buried interchain disulfide (FIG. 47) post-inserted into Cy5/GEFP mRNA

LNPs and their effect on transtection and IFNy secretion.

{6731} LNPs were prepared using the nuxing process described in Example 6, the buffer
exchange process described in Example 21, Conjugates were generated using a method
similar to that of Example 4 except 0.1 mM TCEP was used for reduction prior to
conjugation and the conjugation reaction was performed at 37C for 2 hr. Using methods
similar to Example 12, anti-CD3 hSP34 {with and without buried disulfide, bDS vs. NoD§},
TR66 {Bortoletto et al Optimizing anti-CD3 affinity for effective T cell targeting against
taomor cells, Bu. J of Immun. 2002; Frank ot al Combinmg T cell specific activation and in
vivo gene delivery through CD3-targeted lentivival vectors, Blood Adv 2028), anti-CD3
TRX4, anti-CD3 humanized UCHTT (HzUCHT), and anti-CD3 Teplizumab PEG-lipid
conjugated Fabs were post-inserted into LNPs containing Lipid 8 and Cy5/GFP mRNA.
Transfections were performed with human CD3 T celis at approximately 2.5 pg/mL mRNA
for approxunately 24 hr. Levels of transfection of both CDR and T4 cells was measured by
flow eviometry using an anti-CD4 antibody (clone SK3) to distinguish the two cell types.
IFNy in the supernatants was measured using the manufacturers recommended procedure

(R&D Systems, DYZR5B).

Anti-CD3 hSP34-hlam bDS Fab sequence
hSP34-hlam bDS HC (SEQ 1D NO: 46):
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EVQLVESGGGLVQPOGGSLELSCAASGFTFNKYAMNWYRQAPGKGLEWVARIRSKY
NNYATYYADSVEDRFTISRDDSKNTAYLOMMNLKTEDTAVYYCVRHGNFGNSYISY
WAYWGQOGTLVTVSSASTKGPSVEFPLAPSSKSTSGGTAALGCLVEKDYFPEPVTVSWN
SGALTSGVHTCPAVLOSSGLY SLESVVTVPSSSLOGTOTYICNVNHEPSNTKVDKKVEP
KSSDKTHTCHHHEHEH

h8P34-hlam bDS LL (SEQ ID NO: 47):
QTVVTQEPSLTVSPGGTVTLTCGSSTGAVTSGNYPNWVQQKPGQAPRGLIGGTRFLA
PGTPARFSGSLLGGKAALTLSGVGPEDEARY YCVLWY SNRWVYFGGGTKLTVLSQPK
AAPSYTLEPPSSEELQANKATLVCLVSDFY PGAVIVAWKADGSPVKVGVETTKPSK
QSNNKYAACSYLSLTPEQWKSHRSYSCRVTHEGSTVEK TVAPAESS

Ant-CD3 TR66 bDS Fab sequence

TR66 bDS HC (SEQ ID NG: 48):
QVOLOQSGAELARPGASVEKMSCETSGY TFTRY TMHWVKQRPGRQGLEWIGYINPSR.
GYTNYNQKFKDKATLTIDKSSSTAYMQLSSLTSEDSAVYYCARYYDDNYSLDYWG
QGTTLTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSG
VHTCPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHKPSNTKVDKKVEPKSSDKT
HTCHHHHHH

TR66 bDS LE (SEQ ID NG: 49}

QIVLTQSPSSLSASLGERKVIMTCRASSSVSYMNWY QQKPOGTSPERWIYDTSKVASGY
PDRFSGSGSGTSYSLTISSMEAEDAATYYCQOQWASNPLTFGAGTRLELKRTVAAPSY
FIFPPSDEQLKSGTASYVVCLLINNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDST
YSLCSTLTLSKADYEKHKVYACEVTHQGLSSPVTRKSFNRGES

Anti-CD3 TRX4 bDS Fab sequence

TRX4 bDS HC (SEQ 1D NO: 50y
EVQLLESGGGLVQPGGSLRLSCAASGFTEFSSFPMAWVROAPGKGLEWVSTISTSGGR
TYYRDSVEGRFTISRDNSKNTLY LQMNSLRAEDTAVYYCAKFRQYSGGFDYWGQG
TLYTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGY
HTCPAVLQSSGLY SLASVVTVPSSSLGTOTYICNVYNHEKPSNTKVDKKVEPKSSDKTHY
CHHHHHH

TRX4 bDS LC (SEQ ID NO: 51):
DIQLTOPNSVSTSLGSTVKLSCTLSSGNIENNY VHWY QLYEGRSPTTMIYDDDKRPD
GVPDRFSGSIDRSSNSAFLTIHNVAIEDEAIYFCHSY VSSFNVFGGGTKLTVLGQPKAN
PTVTLFPPSSEELQANKATLVCLISDFY PGAVIVAWKADGSPVEAGVETTEPSKOSN
NKYAACSYLSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTESS

Ant-CD3 HAZUCHT! bDS Fab sequence

HzUCHTI(YSYT) bDS HC (SEQ 1D NO: 52}

EVQLVESGGGLVQPGGSLRLSCAASGYSFTGY TMNWVROQAPGKGLEWVALINPTK

GVSTYNQKFKDRFTISVDRKSKNTAYLOMMNSLRAEDTAVYYCARSGYYGDSDWYFD
WEOGTLVTYSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGA

LTSGVHTCPAVLQSSGLY SLSSVVTVPSSSLGTQTYICNYNHKPSNTKVDKKVEPKSS

DKTHTCHHHHHH

HzUCHT! bDS L (SEQ D NG: 53y

[
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DIQMTQSPSSLSASVGDRVTITCRASQBIRNYLNWY QQKPGKAPKLLIYYTSRLESGY
PSRFSGSGSGTDYTLTISSLOPEDFATYYCQOONTLPWTIFGQOTKVEIKRTVAAPSVET
FPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTY
SLCSTLTLSKADYEKHEKVYACEVTHQGLSSPVTKSFNRGES

Anti-CD3 Teplizumab bDS Fab sequence

Teplizamab bDS HC (SEQ 1D NO: 34}
QVOQLVQSGGGVVOPGRSLRLSCKASGY TFTRY TMHWVROAPGKGLEWIGYINPSRG
YINYNORVKDRFTISRDNSKNTAFLOMDSLRPEDTGVYFCARYYDDHYCLDYWGQ
GTPVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGY
HTCPAVLOSSGLY SLSSVVTVPSSSLGTOTYICNVNHEPSNTKVDKKVEPKSSDKTHY
CHHHHHH

Teplizamab bDS LC (SEQ 1D NO: 535):
DIGMTQSPSSLSASVGDRVTITCSASSSVSYMNWY QOTPGRAPKRWIYDTSKLASGY
PSRFSGSGSGTDYTFTISSLOPEDIATYY CQOQWSSNPFTFGQOTKLOGITRTVAAPSVFIF
PPSDEQLKSGTASVVCLLINNFYPREAKVOWKVDNALQSGNSQESVTEQGDSKDSTYS
LCSTLTLSKADYEKHKVYACEVTHOQGLSSPVTKSFNRGES

{732} The SP34 NoDS Fab mediated higher %transfection (FI1G. 674) and higher GFP
expression levels (FIG. 678) quantified by mean fluorescence uxtensity, MFT) than the other
Fab constructs. While the 5P34 bDS and TR66 bDS Fabs mediated sinmilar levels of
Yransfection by GFP the expression levels were lower than that of the SP34 NoDS Fab
quantified by mean fluotescence ntensity. For SP34 the NoDS and b3S Fab formats had
similar levels of IFNy secretion (FIG. 67C). Additionally, while TR66, TRX4, HzUCHT!
and Teplizumab had higher levels of IFNy secretion than SP34, they exhubited lower levels of
GFP expression (FIG. 678

{6733} This data indicates that across multiple {D3 targeting Fabs, whether they have
kappa or lambda light chains, many are capable of mediating high transfection/transiation in
either the NoDS or DS exemplifying CD3 as a robust T cell target for mediating CD8 and
P4 T cell transfection and translation. For the 5P34 clone, the NoDS format is preferred
over the bDS format with regards to T cell transfection/translation efficiency. Additionally,
this data suggests that T cell activation does not guarantee efficient transfection and

transiation.

Example 35— INVITRO PROTEIN EXFRESSION — CD8 TARGETED FAB WITH AND WITHOUT

BURIED DISULFIDE AND OTHER U2 TARGETED FAB CLONES

{6734} This example describes targeting human CDE T cells with anti-CD8 Fabina
NoD$ or bDS format or anti-CD2 Fabs post-inserted into Cy5/GEFP mRNA LNPs and their

effect on transfection and translation.



WO 2022/120388 PCT/US2021/072745

{6735} LNPs were prepared using the mixing process described in Example 6, the buffer
exchange process described in Example 21, Fab-lipid conjugates generated from methods
described 1o Example 4. Using methods similar to Example 12, ant-CD3 hSP34, anti-CD8
TRX?2 and anti-CD2 clones Lo-CD2b (ATCC, PTA-802), 35.1 (ATCC, HB-222) and OKT1
(ATCC, CRL-8027} PEG-lipid conjugated Fabs were post-inserted into LNPs containing
Lipid & and Cy5/GFP mRNA . Transtections were performed with human CD3 T cells at
approximately 2.5 pg/ml mRNA for approximately 24 br. Levels of transfection of CD3

cells was measured by flow cviometry.

Anti-CD8 TRXZ bDS Fab sequence

TRX2 bDS HC (SEQ D NO: 56}
QVOLVESGGGVVQPGRSLRLSCAASGFTFSDFGMNWVROAPGRGLEWVALIYYDG
SNKFYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYY CAKPHYDGYYHEFDS
WGEOQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGAL
TSGVHTCPAVLQSSGLY SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSSD
KTHTC

TRX2 bDS LC (SEQ ID NO: 57):

DIGMTOSPSSLSASVGDRVTITCKGSODINNY LAWY QQEPGKAPKLLIVNTDILHTG
VPSRESGSGSGTDETFTISSLOPEDIATY YCYQYNNGY TFGQGTRVEIKRTVAAPSVEL
FPPSDEQLKSGTASVVCLLNNFY PREAKVOWKVDNALQSGNSQESVTEQDSKDSTY
SLOSTLTLSKADYEKHKVYACEVTHOQGLSSPYTKSFNRGES

Anti-CD2 Lo-CD2b bDS Fab sequence

Lo-CD2b bDS BC (SEQ 1D NQO: 58):
EVQLVESGGGLVQPGASLKLSCVASGFTFSDYWMSWVRQTPGKPMEWIGHIKYDGS
YINYAPSLEKNRFTISRDNAKTTLYLOMSNVRSEDSATYYCAREAPGAASYWGQGTL
VIVSSASTKGPSYFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT
CPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTEVDRKKVEPKSSDKTHTC

Lo-CD2b bDS LC (SEQ 1D NG: 59
DVVLTQTPVAQPVTLGDQASISCRSSQSLVHSNGNTYLEWFLOKPGOQSPOLLIYKVYS
NRFSGYPDRFIGSGSGSDFTLKISRVEPEDWGVY Y FOQGTHDRPYTFGAGTKLELKRT
VAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQ
DSKDSTYSLOSTLTLSKADYEKHEVYACEVTHQGLSSPVTKSFNRGES

Apti-CD2 35,1 BDS Fab sequence

351 DS HC (SEQ 1D NG: 60}
EVQLOQQSGAELVKPGASVKLSCRTSGFNIKDTYIHWVKORPEGGLEWIGRIDPANGN
TKYDPKFOQDKATVTADTSSNTAYLOLSSLTSEDTAVYYCOVIYAYDGNWYFDVWGA
GTAVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVEWNSGALTSG
VHTCPAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHEKPSNTKVDKKVEPKSSDKT
HTC

351 DS LC (SEQID NG 61}
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DIKMTQSPSSMY VSLGERVTITCKASQDINSFLSWEFQQKPGKSPRTLIY RANRLVDGY
PSRFSGSGSGODY SLTISSLEYEDMEIVY CLOQYDEFPYTFGGOGTKLEMERTVAAPSVE
FPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTY
SLCSTLTLSKADYEKHEKVYACEVTHQGLSSPVTKSFNRGES

Apti-CD2 OKT11 bDS Fab sequence

OKTH bDS HC (SEQ 1D NO: 62):

QVQLOQPGAELVRPGTSVRKLSCKASGYTFTSY WMHWIKQRPEQGLEWIGRIDPYDS
ETHYNEKFKDKAILSVDKSSSTAYIQLSSLTSDDSAVYYCSRRBDARKYDGYALDYWG
QGTSVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSG
VHTCPAVLOSSGLY SLSSVVTVPSSSLOTOTYICNVNHKPSNTKVDEKVEPKSSDKT
HYC

OKT11 DS LC (SEQ ID NG 63):
DIVMTQAAPSVPVTPGESVSISCRSSKTLLHSNGNTYLYWFLOQRPGQSPOVLIYRMSN
LASGVPNRFSGSGSETTFTLRISRVEAEDVOGIYYCMQHLEYPYTFGGGTKLEIERTVA
APSVFIFPPSDEQLKSGTASVYCLLNNFYPREAKVOQWKVDNALQSGNSQESVTEQDS
KDSTYSLCSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGES

{3736} The interchain disulfide knockout (NoDS) anti-CD8 TRXZ Fab had slightly
higher Ystransfection (FIG. 68A) and GFP expression levels (FI1G. 688) than the buried
disulfide (bDS) TRX2 Fab however the difference was small. Similar to Example 17, none of

the CD2 targeting Fabs explored herein performed as well as anti-CD3 or anti-CD8 Fab.

{6737} This data indicates that the TRX2 clone 1 the NoDS format is preferred however
Fabs in the bDS format can mediate efficient T cell transfection/translation. Additionally,

CDR and CD3 are preferred targets over CD2 for the clones evaluated.

Example 36 —~ IN VITRO PROTEIN EXPRESSION — CD8 TARGETED FAB WITH AND WITHOUT

BURIEDR DISULFIBE AND OTHER CI2 TARGETED FABR CLONES

{6738] This example describes targeting human T cells by co-targeting with anti-CD3
and ant-CD 1 13 or anti-CD3 and anti-CD18 Fabs post-inserted 1nto Cy5/GFP mRNA LNPs

and their effoct on transfection/translation and IFNy cytokine secretion.

{67391 LNPs were prepared using the nuxing process described in Example 6, the buffer
exchange process described 1n Example 21, Fab-lipid conjugates generated from methods
described in Example 4. Using wethods similar to Example 12, ant-CD3 hSP34, anti-CDlle
HzMEHM24, anti-CD18 Erlizumab PEG-hipid conjugated Fabs were post-inserted into LNPs
containing Lipid % and Cy5/GFP mRNA. Transtections were performed with human CD3 T
celis at approximately 2.3 pg/mL mRNA for approximately 24 br. Levels of transfection of

both CD8 and CD4 cells was measured by flow cviometry using an anti-CD4 antibody (SK7)
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to distinguish the two cell types. IFNy in the supernatants was measured using the

manufacturers recommended proceduare {(R&D Systems, DY283B).

{6744} Targeting either CD¥H la or CDE alone mediated transfoction (FIG. 6%A) and
GFP expression (F1G. 698) for both CD8 and D4 T cells. Importantly, by co-targeting
cither anti-CD3 clone with any of the anti-CD11a or U118 clones, the levels of IFNy
secrction was reduced by vearly 50% while the levels of transfection and translation were

either similar or higher than CD3 targeting alone (FIG. 69C).

{6741} This data indicates that targeting CD 1 la and CD18 can mediate efficient immune
cell transfection/translation and that co-targeting CD3 with either CBila or CDE can
substantially reduce the cytokine release from T cells without negatively mnpacting T cell
transfoction and protein translation. Another anti-CD3 clone in the NoDS Fab format can

approach similar levels of transfection/iranslation of SP34 in the NoDS Fab format.

Anti-CDia HeMHM24 bDS Fab sequence

HzMHEM24 bDS HC (SEQ ID NO: 64):

EVQLVESGGGLVQPGGSLRLSCAASGY SFTGHWMNWVROGAPGKGLEWYVGMIHPSD
SETRYNQKFKDRFTISVDKSKNTLYLOMNSLRAEDTAVYYCARGIYFYGTTYFDYW
GQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVEWNSGALT
SGVHTCPAVLOQSSGLY SLSSVVTVPSSSLOGTRTYICNVNHKPSNTEVDKKVEPKSSD
KTHTCHHHMHHH

HzMHM24 bDS LC (SEQ ID NO: 65):

DIGMTQSPSSLEASYVGDRVTITCRASKTISKY LAWY QQKPGKAPKLLIYSGSTLOSGY
PSRFSGSGSGTDRTLTISSLOPEDFATYYCQQHNEYPLTFGQOTKVEIKRTVAAPSVEL
FPPSDEQLKSGTASVVCLINNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTY
SLCSTLTLSKADYERHEVYACEVTHQGLSSPVTKSFNRGES

Anti-CD8 hiB4 bDS Fab sequence

hiB4 bDS HC (SEQ 1D NOG: 66):

EVQLVESGGDLVOQPGRSLRUSCAASGFTFSDY Y MSWVRQAPGKGLEWVAAIDNDG
GSISYPDTVKGRFTISRONAKNSLYLOMNSLRVEDTALYYCARQGRLRRDYFDYWG
QGTLVTVSTASTEGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVEWNSGALTS
GVHTCPAVLQSSGLY SLSSVVTVPSSSLOTOTYICNVNHKPSNTKVDBEKVEPKSSDK
THTCHHHHHH

hiB4 bDS LC (SEQ D NO: 67):
DIGMTQSPSSLSASVGDRVTITCRASESVDSYOGNSFMHWY QUKPGKAPKLLIYRASKN
LESGVPSRESGSGSGTDFTFTISSLOPEDIATYYCQQANEDPLTFGOQGTKLEIKRTVAA
PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSK
DSTYSLOSTLTLSKADYEKHEVYACEVTHQGLSSPVTKSFNRGES
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Apti-CD18 Erlizumab bDS Fab sequence

Erhizumab bDS HC (SEQ ID NO: 68):

EVOLVESGGGLVQPGGSLRLSCATSGY TFTEY TMHWMROQAPGKGLEWYVAGINPKN
GGTSHNQRFMDRFTISVDKSTSTAYMOMNSLRAEDTAVYYCARWRGLNYGFDVRY
FDOVWGOGTLYVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTCPAVLOQSSGLY SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEP
KSSDKTHTCHHHHHH

Erhizumab bDS LC (SEQ ID NG: 69):
DIOMTQSPSSLSASVGDRVTITCRASOGDINNYLNWY QOQKPGKAPKLLIVYTSTLHSG
VPSRFSGSGSGTDYTLTISSLOPEDFATYYCQOGNTLPPTFGQGTKVEIKRTVAAPSVF
FPPSDEQLKSGTASVVCLLNNFY PREAKVOWKVDNALQSGNSQESVTEQDSKDSTY
SLCSTLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGES

Example 37 ~ INVITRO PROTEIN EXPRESSION ~ CO-TARGETED LNes Wit T4 anp CD8 rass

or CD4 / CD8 rap-Scfiv BISPECIFIC

{6742} This example describes targeting human T cells with anti-CD4 or anti-CDR Fabs,
anti-C4 and anti-CD8 Fabs and a CD4 Fab with a CD8 ScFv off the CD4 Fab light chain
{Fab-ScFv) post-inserted into Cyv5/GFP mRNA LNPs and their effect on transfection and

Ny secretion.

{6743} LNPs were prepared using the microfluidic mixing process deseribed in Example
6 and discontiaous diaftitration method described 1n Example 25. The LNPs were
formulated using oGFP encoding mRNA (TriLink Biotechnologies, California, US), Lipid 8
as the ionmizable lipid, and labeled with 0.01 mol% DIICIR(S)}-DS (Invitrogen, Massachusetis,
UB}. Fab-hipid conjugates generated from methods described in Example 4. Using methods
similar to Example 12, anti-CD3 hSP34, anti-CD4 Ibalizumab, anti-CDE TRX2 conjugated
Fabs and CD4/CD8 Thalizumab/TRX2 Fab-ScFv were post-inserted into LNPs containing
Lipid 8 and GFP mRNA with Dl dye. Transfections were performed with human CD3 T
cells at approximately 2.5 pg/mL mRNA for approximately 24 hr. Levels of transfection of
both CO8 and CD4 cells was measured by flow evtometry using an anti-CD4 antibody (5K3})
to distinguish the two cell types. IFNy i the supernatants was measured using the

manufacturers recommended procedure (R&D Systerns, DY2E5B),

{6744} Post-inserting both anti-CD8 and anti-CD4 Fab together shows similar CD8 and
D4 T cell transfection and protein expression relative to the Fabs individually post-inserted
{FIGGS. 70A and 70B). Compared to post-inserting the CD4 and CD8 Fabs together, the
CD4/CDR Fab-ScFv bispecific shows slightly lower CD4 and CD8 T cell transfoction. None
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of the CDd, D8 or CDM/CDS co-targeting conditions mediated substantial [FNy release in
contrast to CD3 targeting with SP34 Fab (FIG. 70C).

{3745} This data indicates that a bispecific targeting moiety can be leveraged to have a
single protein construct target 2 different immune cell types with minimal loss in targeting

function over post-inserting targeting moicties individually into the same LNP.

Anti-CD4/CDS Thalizumab/TRX2 bDS Fab-S5cFv sequence

{halizumab/TRX2 bDS Fab-ScFv HC (SEQ 1D NG: 70}
QVOLOQQSGPEVVKPGASVEKMSCKASGY TFTSY VIHWVRQKPGOQGLDWIGYINPYND
GTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNY ATGAWFAY
WGOGTLVTVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGAL
TSOVHTCPAVLOSSGLY SLSSVVTVPSSSLGTQTYIONVNHKPSNTKVDKEVEPKSSD
KTHTCHHHHHH

thalizumaly TRXZ bDS Fab-ScFv LC (SEG ID NG 71):
DIVMTQSPDSLAVSLGERVTMNCKSSOSLLYSTNQKNY LAWY QOKPGRSPRKLLIYW
ASTRESGVPDRESGSGSGTDFTLTISSVQAEDVAVYYCQOQYYSYRTFGGGTKLEIKRT
VAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWRKVDNALQSGNSQESVTEQ
DSKDSTYSLCSTLTLSKADYEKHKVYACEVTHQGLSSPVTESFNRGESGGGGSGGE
GSGGOGSQVOQLVESGGGVVOQPGRSLRLSCAASGFTFSDFGMNWVYRQAPGKGLEWY
ALIYYDGSNKFYADSVEKGRFTISRDNSKNTLY LOMNSLRAEDTAVYYCAKPHY DGY
YHFFBSWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSDIGMTQSPSSLSASYVGDRY
TITCKGSQDINNY LAWY QOQKPGRKAPKLLIYNTDILHTGVPSRFSGSGSGTDFTFTISSL
QPEDIATYYCYQYNNGYTFGQGTRVEIK

Example 38 — INVITRO PROTEIN EXPRESSION — T4 TARGETED FABS WITHOUT NATURAL
INTERCHAIN DISULFIDE OR WITH BURIED INTERCHAIN DISULFIDE

{0746} This example describes targeting human T cells with angi-CD3 or anti-CD4 Fabs

post-inserted into Cy5/GFP mRNA LNPs and their effect on transfection and IFNy secretion.

{6747} LNPs were prepared using the nuxing process described in Example 6, the buffer
exchange process desenibed in Example 21, Fab-lipid conjugates generated from methods
described m Example 4. Using methods similar to Example 12, ant-CD3 hSP34, anti-CD4
Tbalizumab, anti-CD4 humanized OKT4 PEG-lipid conjugated Fabs and Nb were post-
mserted into LNPs containmg Lipid & and CyS/GFP mBNA. Transfections were performed
with human CD3 T cells at approximately 2.5 pg/mL mRNA for approximately 24 hr. Levels
of transfection of both CD8 and CD4 cells was measured by flow cytometry using an anti-
CD4 antibody (8K4) 1o distinguish the two cell types. IFNy i the supematants was measured

using the manufacturers recommended procedure (R&D Svystems, DY285B).
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{6748] Amongst the CD4 targeted Fabs, Thalizumab mediated higher Yetransfection {FIG.
71A) and GFP expression levels (FIG. 71B) quantified by mean fluorescence intensity, MFT}
however it was lower than anti-CD3 SP34 Fab. None of the anti-CD4 Fabs mediated
substantial IFNy secretion levels over non-targeted mutOKT8 Fab while anti-CD3 S§P34 Fab
exhibited higher levels of IFNy (FIG. 71(}

{6749} This data indicates that anti-CD4 Fabs without the natural interchain disulfide
{Toalizumab, NoDS} or with a buried inderchain disulfide (OK'T4, bDS) can mediate highly
specific LNP transfoction and protein translation of CD4+ T cells versus CD8+ T cells and

targeting CD4 can avoid T cell activation and IFNy release.

Apti-CD4 Thalizumab NoDS Fab sequence
Thalizumab NoDS LC (SEQ ID NG: 72}

QVOLOQQSGPEVVKPGASVEMSCKASGY TFTSY VIHWVRQKPGOQGLDWIGYINPYND
GTDYDEKFKGKATLTSDTSTSTAYMELSSLRSEDTAVYYCAREKDNYATGAWFAY
WOQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPYVTVSWNSGAL
TSOVHTFPAVLOSSGLY SLSSVVTVPSSSLOTOTYICNVNHKPSNTKVDKKVEPKSSD
KTHTC

thalizumab NoDS HC (SEQ 1D NG: 73):
DIVMTQSPDSLAVSLGERVTMNCKSSOSLLYSTNQKNY LAWY QORKPGQSPKLLIYW
ASTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCQOQYYSYRTFGGGTKLEIKRT
VAAPSVFIFPPSDEQLKSGTASVVCLLINNFYPREAKVOWERKVDNALQSGNSQESVTEQ
DSKDSTYSLSSTUTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGES

Anti-CD4 OKT4 bDS Fab sequence

OKT4 bDS LC (SEQ ID NOG: 74):

EVOQLVESGGGLVQPGGSLRLSCAASGFTFSNY AMSWVRQAPGKRLEWVSAISDHST
NTYYPDSVEGRFTISRDNAKNTLYLOMNSLRAEDTAVYYCARKYGGDYDPFDYWG
QGTLVTVESASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTYSWNSGALTS
GVHTCPAVLOSSGLY SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSSDK
THTCHHHHHH

OKT4 bDS HC {(SEQ ID NG: 75y

DIQMTQSPSSLSASVGDRVTITCQASQDINNY IAWY QHKPGRGPKLLIHY TS TLOPGIP
SRFSGSGSGRDYTLTISSLOQPEDFATYYCLOYDNLULFTFGGGTKVEIKRTVAAPSVFIF
PPSDEQLEKSGTASVVULLNNFYPREAKVOWEVDNALOSGNSQESVTEQDSKDSTYS
LCSTLTLSKADYEKHKVYACEVTHOQGLSSPVTKSFNRGES

Example 39 — IN VITRO PROTEIN EXPRESSION — OTHER CD4 TARGETED FAB CLONES and A D4
TARGETED NANOBODY
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{67584 This example describes targeting human T cclls with anti-CD3 or anti-CD4 Fabs
post-inserted into GFPF mRNA Dil labeled LNPs and their effect on transfection and IFNy

secretion.

{751} LNPs were prepared using the microfluidic mixing process described in Example
& and discontinuous diafiliration method described in Example 25, The LNPs were
formulated using eGFP encoding mRNA (Trilink Biotechnologies, California, US), Lipid 8
as the ionizable lipid, and labeled with 0.01 mol% DilC138(5)}-DS (Invitrogen, Massachusetis,
US). Fab-lipid conjugates generated from methods deseribed in Example 4 while generation
of Nb-conjugated differed m using 1114 Nb:DSPE-3 4KPEG-maileimide DSPE-2KPEG-
OCHS3 and a 50 kD UF membrane (Millipore Corp, Billerica, MA USA) for separation of
Nb-conjugate from free Nb. Using mothods similar to Example 12, anti-CD3 hSP34, anti-
D4 Thalizumab, anti-CD4 bBFS conjugated Fabs and conjugated Nb {derived from Hama
immunization) were post-inserted mto LNPs containing Lipid 8 and GFP mRNA with Dil
dye. Transfections were performed with buman CD3 T cells at approximately 2.5 pg/mL
mRNA for approxumately 24 hr. Levels of transfection of both CD8 and CD4 cells was
measured by flow cviometry using an anti-CM antibody (OKT3) to distinguish the two cell
types. IFNy in the supernatants was measured using the manufacturers recommended

procedure (R&D Systems, DY 2858},

{8752} Amongst the CD4 targeted conjugates, the anti-CD4 mediated slightly higher
Yatransfection (FIG. 72A) and GFP expression levels (FI1G. 72B) quantified by mean
fluorescence mtensity, MFI) however it was lower than anti-CD3 SP34 Fab. Forthe CD4
targeted Fabs and Nb the transfection and translation was only observed in the CD4+ T cell
population. None of the anti-CI}M Fabs mediated substantial IFNy secretion levels over non-
targeted moutOKTE Fab while anti-CD3 SP34 Fab exhibited hugher levels of ITFNy.

{6753} This data indicates that both Fabs and Nanobodies can mediate highly specific
LINP transfection and protemn transtation by CD4+ T cells versus CD8 T cells and targeting

CD4 can avoid T cell activation and TFNy release.

Anti-CD4 TO23200008 Nb sequence (SEQ 1D NO: 76)

CDR1, CDR2, CDR3 underined based on IMGT designation:
EVQLVESGGGSVQPGGSLTLSCGTSGRTIFNYMGWFRGAPGKEREFVAAVRWSETGE
YYTOYADSVKSRFTISRDNAKNTVYLEMNSLKPEDTAVYYCAADTYNSNPARWDG
YDFRGOGTLYVTVSSGGCGGHHHHHH
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Example 40- IN VITRO PROTEIN EXPRESSION ~{ I8 TARGETED NANGBODY CLONE

{3754] 'This example describes targeting human T cells with anti-CD3, anti-CH8 Fab or
anti~-CD8 Nanobodies post-inserted into GFP mRNA Dif labeled LNPs and their effect on

transfection and IFNy secretion.

{8755} LNPs were prepared using the microfhndic mixing process described in Example
6 and discontinaous diafiltration method described 1n Example 25. The LNPs were
formulated using eGFP encoding mRNA (TriLink Biotechoologies, California, US), Lipid 8
as the ionizable lipid, and Iabeled with 0.01 mol% DICIB(5)}-DS (Invitrogen, Massachusetts,
US}. Fab-lipid conjugates gencrated from methods described in Example 4 while generation
of Nb-conjugated differed in using 1:1:4 Nb:DSPE-SKPEG-mailcimide: DSPE-2KPEG-
OCHS3 and a 50 kD UF membrane {Millipore Corp, Billerica, MA USA) for separation of
Nb-conjugate from free Nb. Using methods stmilar to Example 12 conjugated Fabs and
conjugated Nb {derived from llama or alpaca immunization) were post-inserted into ENPs
containing Lipid 8 and GFP mRNA with D dye. Transfections were performed with human
D3 T cells at approximately 2.5 pg/mL mRNA for approximately 24 br. Levels of
transfoction of both CD8 and CD4 cells was measured by flow cytometry using an anti-CD4
antibody (8K3) to distinguish the two cell types. IFNy in the supernatants was measured

using the manufacturers recomumended procedure (R&D Systems, DY285B).

{8756} The CD8 targeted Nb conjugate exhibited higher Ytransfection (FIG. 73A) and
GEP expression levels (FEG. 73B) than anti-CDE TRX2Z. For the CDE targeted Nb,
transfection and translation was only observed in the CD8 T cell population relative to the
motKTE Fab. The anti-CD8 Nb did not mediate substantial IFNy secretion levels over non-
targeted mutOKTE Fab while anti-CD3 §P34 Fab exhibited higher lovels of IFNy (FIG.
73C).

{6757} This data dicates that both Fabs and Nanobodics can mediaie highly specific
LNP transfection and protein translation by CD8 T cells versus CD4 T cells and targeting
CD8 can avoid T cell activation and IFNy release.

Anti-CD8 BDSn Nb sequence (SEQ ID NG: 77}

CDR1, CDR2, CBR3 underdined based on IMGT designation:
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EVQLVESGGGLVQAGGSLRLSCAASGSTFSDYGVOGWERQAPGKGREFVADIDWNG
EHISYADSVEGRFATSRDNAKNTAYLOMNSLKPEDTAVYYCAADALPYTVRKYNY
WGOGTOVTVSSGGOGGHREHEHH

Example 41 -~ IN vITRC PROTEIN EXPRESSION —~C D3 and CIV TARGETED NANOBODIES WITH
2K ORSK PEG

{6758} This example describes targeting human T cells with anti-CD3, anti-CD7 Fab or
anti-CD8 Nanobodics post-inserted into GFP mRNA Dhi labeled LNPs and their effect on

transtection and Ny secretion.

{6759} LNPs were prepared using the microfhudic mixing process described in Example
6 and discontinuous diafiitration method described in Example 25, The LNPs were
formulated using eGFP encoding mRNA (Trilink Biotechnologies, California, US), Lipid 8
as the ionizable lipid, and Iabeled with 0.01 mol% DICI8(5)}-DS (Invitrogen, Massachusetts,
US}. Fab-lipid conjugates gencrated from methods described in Example 4 while generation
of Nb-conjugated differed in using 1:1:4 Nb:DSPE-SKPEG-matleimide or DSPE-3 4KPEG-
matleinude: DSPE-2KPEG-OCH3 and a 50 kD UF membrane (Millipore Corp, Billerica, MA
USA)} for separation of Nb-conjugate from free Nb. Using methods similar to Example 12
conmjugated Fabs and conjugated Nb (E11 and G03}), V1 (anti-CD7) were post-inserted into
L.NPs contatung Lipid § and GFP mRNA with il dye. Transfections were performed with
human CD3 T cells at approximately 2.5 ug/mL mBNA for approximately 24 hr. Levels of
transfection of both CD8 and CD4 cells was measured by flow cytometry asing an anti-CD4
antibody {(8K3) to distinguish the two cell types.

{6760} For both anti-CD3 Nb clones and the anti-CB7 Nb the longer, 3K PEG, mmproved
Yatransfection (FIG. 74A) and GFP expression levels (FIG. 74B) over the 2K PEG. For the
anti-CH3 Nbs the difference between the conjugate PEG lengths was more dramatic thao for

the anti-CD7 Nba.

{6761} This data indicates that Nanobody conjugates can benefit from a PEG length
longer than 2K and that different clones can have varving degrecs of improvement.
Anti-CD3 T0170117G03-A Nb sequence (SEQ 1D NO: 783
EVQLVESGGGPVQAGGSLRLSCAASGRTYRGY SMGWFRQAPGKEREFVAAIVWSG
GNTYYEDSVKGRFTISRDNAKNIMYLOMTSLKPEDSATY YCAAKIRPYIFKIAGQYD
YWGQGTLVTVSSAGGGSGGHHHHHHC
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Anti-CD3 TOI70068E11 Nb sequence {(SEQ ID NG: 79}

EVOLVESGGGLYQPGGSLRLSCAASGDIYKSFOMGWYRQAPGKOQRDLVAVIGSRGN
NRGRINYADSVKGRFTISRDGTGNTVYLLMNKLRPEDTAIYYCNTAPLVAGRPWGR
GTLVTVSSGGGSGGHHHHHHAC

Anti-CD7 V1 Nb seguence (SEQ 1D NO: 80)

DVOLQESGGGLVQAGGSLRLSCAVSGYPY SSYCMGWFEFROQAPGKEREGVAAIDSDG
RIRYADSVEGRFTISQDNAKNTLY LOQMNRMKPEDTAMY YCAARFGPMGCVYDLSTL
SFGHWGOGTQVTVSITGGGCHHHHHHHE

Example 42 — InvITRO PROTEIN EXPRESSION — CD8, CD3, CD28, D4 and TCR TARGETED
NANOBODIES WITH 2K OR SK PEG

{0762} This example deseribes targeting human T cells with anti-CD8, ant-CD3, anti-
CD4 Fab and anti-CD8, anti-CD3, anti-CD28, anti-CUD4 and anti-TCR Nancbodies post-
mnserted into GFP mRNA Dil labeled LNPs and their effect on transfection and IFNy

secretion.

{6763} {.NPs were prepared using the mucrofluidic mixing process described in Example
6 and discontinnous diafiltration method described in Example 25, The LNPs were
fornnlated using eGFP encoding mRNA (TriLink Biotechnologies, California, US), Lipid 8
as the ionizable lipid, and labeled with 0.01 mol% DUCI8(53-DS (Tavitrogen, Massachusetts,
US). Fab-lipid congugates gencrated from methods described in Example 4 while generation
of Nb-conjugated differed i using 1:1:4 Nb:DSPE-2KPEG-maileimide: DSPE-2KPEG-
OCH3 or Nb:DSPE-SKPEG-maileimide: BSPE-2ZKPEG-OCH3 and a 50 kD UF membrane
(Millipore Corp, Billerica, MA USA) for separation of Nb-conjugate from unconjugated Nb.
Using methods sinular to Example 12 comugated Fabs and conjugated Nb {(derived from
Hama or alpaca immunization) were post-inserted mnto LNPs containing Lipid 8 and GFP
mRNA with Dil dye. Transfections were performed with buman €D3 Teells at
approximately 2.5 pg/ml mRNA for approximately 24 br. Levels of transtection of both
D8 and CD4 cells was measured by flow cvtometry using an anti-CD4 antibody (SK3) to

distinguish the two cell types.

{3764} For all of the targets evaluated, nanobodies conjugated with the longer, 3K PEG,
generally improved Yotransfection (FIGS, 75A and 758) and GFP expression levels (FIGS.
T5C and 75D over the 2K PEG with exception of anti-CD8 clone EOS which showed the

reverse relationship, The magnitude of improverment appears to be clone specific,
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{6765] This data indicates that regardiess of the target, the preferred PEG length fora

Nanobody PEG-lipid conjugate is greater than 2K

Anti-TCR TO17006700 Nb sequence (SEQ ID NO: 81)

CDR1, CDR2, CBR3 underined based on IMGT designation:

TDY ADSAKGRFTISRDESKNTVY LOQMNSLRPEDTAAY Y CRALSRIWPY DY WGQGTL
VTVSSGGCGGHHHHHH

Apti-CD28 28CDO6SGHI Nb sequence (SEQ 1D NO: &2)
EVQLVESGGGLVQPGGSLRLSCAASGSIFRLHTMEWYRRTPETQREWVATITSGGTT
NYPDSVKGRFTISRDDTRETVYLOMNSLKPEDTAVYYCHAVATEDAGEPPENYWG
QGTLVTVSSGGCGGHHHHHA

Anti-CD3 T0170061009 Nb sequence (SEQ) 1D NO: 83)
EVQLVESGGGPVOAGGSLRLSCAASGRTYRGYSMGWEFRQAPGREREFVAAIVWSD
OGNTYYEDSVKGRFTISRDNAKNTMYLOMTSLKPEDSATYYCAAKIRPYIFKIAGQYD
YWGQOGTLVTVSSGGCGGHHHHHH

Anti-CD4 TO23200008 Nb sequence (SEQ ID NG: 76)
EVOLVESGGGSVOPGGSLTLSCGTSGRIFNVMGWEFRQAPGKEREFVAAYRWSSTGI
YYTOYADSVRSRFTISRDNAKNTVYLEMNSLKPEDTAVYYCAADTYNSNPARWDG
YDFRGQGTLVTVSSGGCGGHHHHHH

EXAMPLE 43 — [N VITRO PROTEIN EXFRESSION ~{U D8, CD7 axp CD3 TARGETER NANOBODIES
WITH 5K OR 34K PEG

{8766} This example describes targeting human T cells with anti-CDE, anti-CD3 Fab and
anti-CH8, anti-CH7 and anti-CD3 Nanobodies post-inseried tnto GFP mRNA Dl labeled

LNPs and their effect on transfection.

{6767} LNPs were prepared using the microfhudic mixing process desceribed in Example
6 and discontinuous diafiltration method described in Example 25, The LNPs were
formulated using eGFP encoding mRNA (Trilink Biotechuologies, California, US), Limd 8
as the ionmizable lipid, and Iabeled with 0.01 mol% DICI8(5)}-DS (Invitrogen, Massachusetts,
US}. Fab-hipid conjugates gencrated from methods described in Example 4 while generation
of Nb-conjugated differed in using 1:1:4 Nb:DSPE-3 4KPEG-naileimide DSPE-2KPEG-
OCH: or Nb:DSPE-SKPEG-maileumnide: DSPE-2ZKPEG-OCH; and a 50 kD UF membrane
{Mitlipore Corp, Billerica, MA USA} for separation of Nb-conjugate from unconjugated Nb.

Using methods similar to Example 12 conjugated Fabs and conjogated Nb (derived from
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Hama or alpaca immumzation) were post-inserted into LNPs containing Lipid 5 and GFP
mRNA with Dif dye at temperature of 37C for 4 hrs. Transfections were performed with
buman CD3 T cells at approximately 2.5 ug/mL mBNA for approximately 24 br. Levels of
transfection of both CD8 and CD4 cells was measured by flow cyiometry using an anti~-CD4

antibody {8K3) to distinguish the two cell types.

{6768} For all of the targets evaluated, Nb conjugated with the shorter, 3.4K PEG was
similar if not slightly better than the longer 5K PEG in Ystransfection (FIG. 76A) and GFP
expression levels (FIG. 76B) or m the case of the anti-CD7 VI Nb 3.4K PEG mediated

higher transfoction and expression than the 3K PEG.

{6769} This data indicates that regardiess of the target, the generally preferred PEG
length for Nanobody-PEG-lipid conjugates is 3 4K PEG versus the shorter 2K PEG ag
previousty described in EXAMPLE 42 or the longer 5K PEG as described herein.

EXAMFPLE 44 — [N VITRG PROTEIN EXFRESSION — 2K VERSUS 3.4K PEG SPACER FOR FABRS

{8774} ‘This example describes targeting human T cells with anti-CD3, anti-CD4, anti-

CDE, anti-CD28, Fabs post-inseried into GFP mRNA Thl labeled LNPs and their effect on

transfection.
{8771} LNPs were prepared using the microfhndic mixing process deseribed in Example

6 and discontiaous diaftitration method described in Example 25. The LNPs were
formulated using eGFP encoding mRNA (Trilink Biotechnologies, California, US), Lipid 8
as the lonizable lipid, and labeled with 0.01 mol% DICIR(3)}-DS (Invitrogen, Massachusetis,
US). Fab-hipid conjugates generated from methods deseribed i Example 4. Using methods
similar to Example 12 conjugated Fab {(12D2} was post-inserted into ENPs containing Lipid 8
and GFP mRNA with D dye. Transfections were performed with human CD3 T cells at
approximately 2.5 pg/mL mRNA for approximately 24 hr. Levels of transfection of both
D8 and CD4 cells was measored by flow cviometry using an anti-CD4 antibody (SK3) to

distinguish the two cell types.

{772} While most Fab clones did not differ in Yetransfection (FIG. 77A) and GFP

expression levels (FIG. 77B) between the 2 PEG lengths, anti-CUD4 Ihalizumab showed an
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mcrease in transfection efficiency going from 2K PEG t0 3. 4K PEG while anti-CD3 SP34

transfoction efficiency decreased going from 2K PEG to 3 4K PEG.

{773} This data indicates that generally a 2K PEG spacer 18 preferred for Fab-PEG-lipid
conjugates however some clones can gain benefit front a longer PEG spacer. Additionally, it
mdicates anti-CD3 clone 12D2 with a buried disulfide with enther a 2K or 34K PEG can

efficiently transfect both CD8 and CD4 T cell subsets.

Anti-CD3 1202 bDBS Fab sequence

1252 bDS HC (SEQ 1D NO: 84):
EVKLVESGGGLVQPGRSLRLSCAASGFNFYAYWMGWVRQAPGKGLEWIGEIKKDG
TTINYTPSLEKDRFTISRDNAQNTLYLOMTKLGSEDTALYY CAREERDGYFDYWGOG
VMY TVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGY
HTCPAVEQSSGLY SESSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSSDKTHT
CGGHHHHHHA

12032 bDS LC (SEQ 1D NO: 83
QFVLTQPNSVSTNLGSTVKLSCKRSTGNIGSNY VNWY QQUHEGRSPTTMIY RDDKRPD
GVPDRFSGSIDRSSNSALLTINNVQTEDEADYFCQSY SSGIVFGGGTKLTVLSQPKAA
PSYTLFPPSSEELQANKATLVCLVSDFYPGAVTVAWKADGSPVKYVGVETTKPSKOQSN
NKYAACSYLSLTPEQWKSHRSYSCRYTHEGSTVEKTVAPAESS

EXAMPLE 45 — IN VITRO PROTEIN EXPRESSION ~{UD8 TARGETED NANOBOBY MRNA TITRATION

{B#774] This example deseribes targeting human T cells with anti-CD3, anti-CD8 Fab or
anti-CD8 Nanobodies post-inserted into GFP mRNA Dil labeled LNPs and their effect on

transfection and protein expression.

{8775} LNPs were prepared using the microfhuidic mixing process described in Example
6 and discontinuous diafiliration method described in Example 25, The LNPs were
formulated using ¢GFP encoding mRNA (TriLlink Biotechnologies, California, US), Lipid 8
as the ionizable lipid, and labeled with 0.01 mol% DilC18(53-DS (Invitrogen, Massachusetts,
USy. Fab-lipid conjugates generated from methods described 1n Example 4 while generation
of Nb-conjugated differed i using 1:1:4 Nb:DSPE-3 4KPEG-naieimide DSPE-2KPEG-
OCH3 and a 50 kD UF membrane (Milhpore Corp, Billerica, MA USA} for separation of
Nb-comjugate from free Nb. Using methods similar to Example 12 conjugated Fabs and
conjugated Nb {(derived from alpaca immunization} were post-inserted into LNPs containing
Lipid 8 and GFP mRNA with Dil dye. Transfections were performed with human CD3 T

cells at approximately 2.5, 8.5 and 0.1 ug/mL mRNA for approximately 24 hr. Levels of

N
(98]
i



WO 2022/120388 PCT/US2021/072745

transfection of both UD8 and CD4 cells was measured by flow cviometry using an anti-CD4

antibody (SK3) to distinguish the two cell types.

jB#776}) The CDE targeted Nb conjugate exhibited Yetransfection (FIG. 78A) and GFP
expression levels (FIG. 78B) greater than the ouutOK'TR negative control down to 0.1 ug/mL

mRNA.

{06777} This data ndicates that Nanobodies conjugated with 3 4K PEG-lipid can mediate

highly potent T cell transfection with low levels of mRNA concentration in solution.

EXAMPLE 46 — IN VITRO PROTEIN EXPRESSION — U228 TARGETED ¥AB CLONES

{3778} This example describes targeting buman T cells with anti-CD28, anti-CDS, anti-
CD4, anti-CD3 Fabs post-inseried into GFP mRNA LNPs (doped with Dif dye) and thewr

effect on transfection and IFNy seeretion.

[B779] L.NPs were prepared using the nucrofluidic mixing process described in Exanmple
6 and discontinnous diafiltration method described in Example 25, The LNPs were
formulated using eGFP encoding mRNA (TriLink Biotechnologies, California, US), Lipid 8
as the onizable lipid, and labeled with 0.01 mol% DUCIS(53-DS (Tovitrogen, Massachusetts,
US). Fab-lipid conjugates generated from sinular methods described in Example 4. Using
methods similar to Example 12, anti-CD28 8GEA ) anti-CD28 2E12, anti-CD28 CD28.93,
anti-CD2Z8 HZTN228, anti-CD28 TGN2122.C/H.

{4789} PEG-hipid conjugated Fabs were post-inserted into LNPs containing Lipid 8 and
GFP mRNA and doped with il dyve. Transfoctions were performed with human CD3 T cells
at approximately 2.5 pg/mL mRNA for approximately 24 hr. Levels of transfection of both
D8 and CD4 cells was measured by flow cvtometry using an anti-CD4 antibody (SK3) to
distinguish the two cell types. IFNy 1 the supernatants was measured using the

manufacturers recommended procedure (R&D Systeras, DY2E5B).

{6781} While most of the CD28 targeting Fabs show CDBR and CD4 T coll GFP
transfection (FIG. 79A) and expression levels (FIG. 79B) greater than that of the mutOKTE
post-inserted particles, none of the clones evaluated surpass single T cell subset targeting
with anti-CD4 hBF3, anti-CDE TRX2 or targeting both subsets with anti-CD3 SP34. Other
than SP34, none of the clones evaluated elicited substantial IFNy secretion over mutOKT8

LNPs (FIG. 79C).

N
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{6782} This data indicates that despite being able to transfect both D4 and D8 T cell
subsets, there is not an advantage in transtection/translation efficiency by targeting CD28

versus targeting CD4, CDR or CD3 for the clones evaluated.

Anti-CD28 8GBA Fab sequence

3GEA DS HC (SEQ ID NG: 36):

EVQLOQQSGPELVKPGASVKMSCKASGY TFTSY VIQWVKQKPGQGLEWIGSINPYND
YTKYNEKFRGEKATLTSDRESSITAYMEFSLTSEDSALYCARWGDGNYWGRGTLTVSS
ASTKGPSVFPLAPSSKSTSGGTAALGCLYVKDYFPEPVTVSWNSGALTSGVHTCPAVL
QSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTEKVDKKVEPKSSDETHTCGGHHEH
HHH

3GBA BDS LC (SEQ IDNO: 87y
DIEMTOQSPAIMSASLGERVIMTCTASSSVSSSYFHWYQKPOSSPKLCTY STSNLASGY
PPRFSGSGSTSY SLTISMEAEDAATYFCHQYHRSPTFGGGTKLETKRTVAAPSVFIFPP
SDEQLEKSGTASVVCLINNFYPREAKVOWEKVDNALQSGNSQESVTEQDSKDSTYSLC
STLTLSKADYEKHKVYACEVTHOQGLSSPYTKSFNRGES

Anti-CD28 2E12 Fab sequence

ZE12 bDS HC (SEQ ID NO: 88):
QVQLKESGPGLVAPSQSLISITCTVSGFSLTGYGVNWVROPPGRGLEWLOMIWGDGS
TDYNSALKSRLSITRKDNSKSQVFLKMNSLOTDDTARYYCARDGY SNFHYYVMDYW
GQUGTSVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTS
GVHTCPAVLQSSGLYSLESVVTVPRSSSLGTOTYICNVNHKPENTKVDKKVEPKSSDK
THTCGGHHHHHA

2E12 bDS LC (SEQ 1D NO: 89):
DIVLTQSPASLAVSLGQRATISCRASESVEYYVTSLMQWY QQKPGQPPKLLISAASNY
ESGVPARFSGSGSGTDFSLNIHPVEEDDIAMYFCQQSREVPWTFGGGTKLEIKRRTVA
APSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALOSGNSQESVTEQDS
KDSTYSLCSTLTLSKADYEKHKYVYACEVTHQGLSSPVTKSFNRGES

Apti-CD28 CD28.9.3 Fab sequence

CD28.9.3 bDS HC (SEQ ID NG: 903

QVELQQSGPGLYTPSQSLSITCTVSGFSLSDY GVHWVRQSPGQGLEWLGVIWAGGG
TNYNSALMSRESISKDNSKSOVFLEKMNSLQADDTAVYYCARDKGYSYYYSMDYW
GQGTTVTVSSASTKGPSVEFPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALT
SGVHTCPAVLQSSGLY SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSSD
KTHTCGGHHHHAH

CD28.9.3 bDS LC (SEQ ID NO: 91):

DIVLTQSPAS LAVSLGORAT ISCRASESVEYYVTSLMQWY QQKPGQPPKL
LIFAASNVES GVPARFSGSG SGTNRSLNTHPVDEDDVAMY FCQQSRKVPY
TFGGGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVGWKVDNA
LOSGNSGESVTEQDSKDSTYSLOSTLTLSKADYEKHK VY ACEVTHQGLSSPYVTKSFN
RGES

Anti-CD28 HeTN228 Fab sequence

N
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HzTN228 bDS HC (SEQ ID NO: 92y

QVOLQESGPGLVKPSETLSLTCAVSGFSLTSYGVHWIRQPGRGLEWLGVIWPGTNEN
SALMSRETISEDTSKNQVSLKLSSVTAADTAVYCARDRAYGNYLYAMBDYWGQGTL
VIVSSASTKGPSVEPLAPSSKSTSGOTAALGCLVKDYFPEPVTVSWNSGALTSGVHT
CPAVLOSSGLYSLSSVVTVPSSSLGTOQTYICNVNHEPSNTEKVDKKVEPKSSDEKTHTC
GOHHHEHHHE

HZTN228 bDS LC (SEQ D NO: 93

DIGMTQSPSLSASYVGDRVTITCRASESVEY VISLMOWY QK PGKAPKLLIYAASNVDS
GVPSRFSGSGTDFTLTISLOPEDIATY CQSREKVPFTIFGGGTKVEIKRTVAAPSVFEIFPPS
DEQLESGTASVVCLLNNFYPREAKVQWRVDNALQSGNSQESVTEGDSKDSTYSLCS
TLTLSKADYEKHKVYACEVTHQGLSSPVTRSFNRGES

Anti-CDN28 TGN2122.C Fab sequence
TGN2Z122.CHDS HC (SEQ ID NO: 94):
QVOLVQSGAEVEKKPGASVKYSCKASGY TFTDYKIHWVRQAPGOQGLEWIGYIYPYSG
SSDYNOKFKSRATLTVDNSISTAYMELSRLRSDDTAVYY CARGGDAMDYWGQGTL
VIVSSASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT
CPAVLOSSGLYSLSSYVTVPSSSLGTOQTYICNVNHEPSNTEKVRKKVEPKSSDKTHTC
GOGHHHHHHE

TGN2122.C bDS LC (SEQ ID NO: 95):
DIGMTQSPSSLSASVGDRVTITCGASENIYGALNWY QREPGKAPKLLIYGATNLADG
VPSRFSGSGSGRDY TLTISSLOPEDFATYFCONILGTWTFGGGTK VEIKRTVAAPSVEI
FPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTY
SLOSTLTLSKADYEKHKVYACEVTHOQGLSSPYTKSFNRGES

Anti-CD28 TGN2122.H Fab sequence

TGNZ122 HbDS HC (SEQ D NO: 96):
EVQLVESGGGLVQPGGSLRLSCAASGFTFNIYYMSWVROQAPGKGLELVAAINPDGG
NTYYPDTVKGRFTISRDNAKNSLYLOQMNSLRAEDTAVYYCARYGGPGFDSWGQGT
LVTVSSASTKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVIVEWNSGALTSGVH
TCPAVLQSSGLYSLASVVTVPSSSLGTOTYICNVNHKPSNTKVDKEVEPKSSDBKTHTC
GOHHHHHH

TGNZ122 HbDS LC (SEQ ID NG 97):
ENVLTQSPATLSLSPGERATLSCSASSSVSYMHWY QOKPGQAPRLWIYDTSKLASGIP
ARFSGSGSRNDYTLTISSLEPEDFAVY YCFPGSGFPFMY TFGGGTRKVEIKRTVAAPSY
FIFPPSDEQLKSGTASVVCLLNNFYPREAKVOQWEKVENALQSGNSQESVTIEQGDSKDST
YSLCSTLTLSKADYEKHKVYACEVTHOQGLSSPYTKSFNRGES

Examprii 47 — IN VITRO PROTEIN EXPRESSION — CD3, CD4, CD7, CDS§, Cia, CDIE,
C28, axp TCR TARGETED FABS AND NANOBODIES

{4783} This example describes targeting human T cells with anti-CD3, anti-CD4, anti-
CD7, anti-CD8, anti-CD1 la, anti-CD 18, anti-CD28 and anti-TCR Fabs and Nbs post-inserted

into GFP mRNA Dil labeled LNPs and their effect on transfection and IFNv secretion.
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{6784} LNPs were prepared using the microfluidic mixing process described in Example
6 and discontinuous diaftitration method described in Example 25, The LNPs were
formulated using eGFP encoding mRNA (Trilink Biotechnologies, California, US), Lipid 8
as the ionmizable lipid, and Iabeled with 0.01 mol% DICI8(5)}-DS (Invitrogen, Massachusetts,
US}. Fab-lipid conjugates generated from methods described in Example 4 while gencration
of Nb-conjugated differed in using 1:1:4 Nb:DSPE-3 4KPEG-nuaileimide BSPE-2KPEG-
OCH3 and a 50 kD UF membrane {(Mithpore Corp, Billerica, MA USA) for separation of
Nb-conjugate from free Nb. Using methods similar to Example 12 conjugated Fabs and
conjugated Nbs were post-inserted into LNPs containing Lipid 8 and GFP mRNA with Dif
dye. Transfections were performed with buman CD3 T cells at approximately 2.5 pg/ml, 0.5,
ug/mi and 0.1 ng/mL mRNA for approximately 24 hr. Levels of transfection of both CDS
and D4 cells was measured by flow cytometry using an anti-CD4 antibody (SK3)

distinguish the two cell types.

{8785} All of the clones evaluated mediated some level of transfection (FIG. 88A, 80B)
and GFP expression fevels (FIG. 86C, 80D) relative to the muutOK T8 LNP control. For
targeting both CD8 and CD4 T cell subset simultancousty anti-CD3 and anti-CD7 stand out
as having the highest transfection/transiation between both cell subscets at both the highest
and second highest mRNA dose. The anti-TCR clone has high transtection/translation
efficiency at the highest dose however falls off at the 20d bighest dose. For specific T cell
subset targeting, targeting anti-CD8 or anti-CD4 provides the highest specifictty for their
corresponding subsets regardiess of the use of a Fab or Nb. Targeting either CD3 or TCR
clicited T cell activation and secretion of IFNy while the other targeting clones did not clicit

levels substantially over the mutOKTE LNP (FIG. 80K).

{6786} This data indicates that targeting CD3 or CD7 with a Fab or Nb 1s preferred 1o
enable high transfection of both CD4 and CD8 T cell subscts. For targeting CD4 or CDR T
cell subsets individually, use of subset specific anti-CD4 or anti-CD8 Fab or Nb 15 preferred
to enable high transfection of its corresponding T cell subset. Targeting CD3 or TCR can
clicit IFNy secretion while targeting CD4, CD7, CDE, CDila, anti-CD 18 or anti-CD2E can

avoid IFNy secretion.

EXAMPLE 48 — IN VITRO PROTEIN EXPRESSION —CD7 ANk CD8 CO-TARGETED LNFS

N
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{6787} This example describes targeting human T cells with anti-CD7 anti-CD8 Nbs
post-inserted alone or together into GFPF mRNA Dif labeled LNPs and their effect on

transfection and IFNy secretion.

{3788} LNPs were prepared using the microfluidic mixing process described in Example
& and discontinuous diafiliration method described in Example 25, The LNPs were
formulated using eGFP encoding mRNA (Trilink Biotechnologies, California, US), Lipid 8
as the ionizable lipid, and labeled with 0.01 mol% DilC138(5)}-DS (Invitrogen, Massachusetis,
US). Fab-lipid conjugates generated from methods deseribed in Example 4 while generation
of Nb-conjugated differed m using 1:1:4 Nb:DSPE-SKPEG-maileimide: DSPE-2KPEG-
OCHS3 and a 50 kD UF membrane (Millipore Corp, Billerica, MA USA) for separation of
Nb-~conjugate from free Nb. Using mothods similar to Example 12 conjugated Fabs and
conjugated Nb were post-inserted into LNPs contaming Lipid 8 and GFP mRNA with Di
dye. Transfections were performed with human D3 T cells at approximately 2.5 pg/mL
mBNA for approximately 24 hr. Levels of transfection of both D8 and D4 cells was
measured by flow cytometry using an anti-CD4 antibody (SK23) to distinguish the two cell
types. IFNy in the supematants was measured using the manufacturers recommended

procedure (R&D Systems, DY 2858},

{6785} For both anti-CD8 Wb clones (V3 and V43 combined with the anti-CD7 V1 Nb the
Yatransfection (FIG. 81A) and GFP expression levels (FIG. 81B) in UD8 T cell subset were
higher than targeting CD8 alone or CD7 alone with Nb or CD8 targeting with the TRX?2
NoDS Fab. The CD7/CDR targeting combination 1s approaching similar levels of GFP
expression o the anti-CUD3 SP34 NoDS Fab for CD8 T cells while maintaining similar if not
lower levels of Transfection 1n CD4 T cells. Despite CDR/CDT co-targeting achieving similar
levels of transfection/transiation to that of anti-CI3 Fab in the CD8 T cell population, there
was not substantial amounts of IFNy secreted by the T cells relative to the non-specific

mtOK TSR control LNPs (FEG. 81C).

#7986} This data mdicates that co-targeting CD7 and CD¥ can mediate highlv efficient
transfection in the D& T cell population while avoiding substantial amounts of IFNy

secretion.

Exampie 49 — IN VITRO PROTEN EXPRESSION U D7 Anp CD8 BISPECIFIC TARGETED LNPS
AND CD8 TARGETED SCRV

N
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{8791} This example describes targeting human T cells with anti-CD8 TRX2 Fab NoDS
or anti-CI8 TRXZ Sckv, anti-CD7 or anti-CD8 Nbs post-inserted alone or together and
bispecific designs deseribed in FIG. 47 including anti-CD7/anti-CDE IxVHRBE (VI/V2), anti~
CDE/anti-CD7 IxVHH (V2/V1 or anti-CD7/anti-CDE VHH-CHI/VHI-VK bDS post-
mserted imto GFP mRNA Dil labeled LNPs and their effect on transfection/translation and

Ny secretion.

{6792} {.NPs were prepared using the microfluidic mixing process deseribed in Example
6 and discontinuous diafiliration method described 1n Example 25, The LNPs were
formulated using eGFP encoding mRNA (TriLink Biotechnologies, California, US), Lipid 8
as the ionizable lipid, and labeled with 0.01 mol% DilC18(53-DS {Invitrogen, Massachusetts,
US}. Fab-lipid conjugates gencrated from methods described 1n Example 4 while generation
of ScFv or Nb conjugation differed in using 11 1:4 Nb:DSPE-3 4KPEG-matlcinude DSPE-
ZKPEG-OCHS and a 50 kD UF membrane (Millipore Corp, Billerica, MA USA) for
separation of ScFv or Nb-conjugate from free protein. Using methods similar to Example 12
conjugated Fabs, conjugated ScFv and conjugated Nb were post-inserted tnto LNPs
containing Lipid 8 and GFP mRNA with Dhl dye. Transfections were performed with human
CD3 T cells at approximately 2.5 pg/mL mRNA for approximately 24 hr. Levels of
transtection of both CDY and CHM cells was measured by flow eytometry using an anti-CD4
antibody (SK3) to distinguish the two cell types. TFNy i the supematants was measured

using the manufacturers recommended procedure (R&D Systems, DY285B).

{B4793] The TRX2 ScFv mediated shightly lower Ytransfection (FYIG. 82A) and GFP
expression levels (FIG. 82B) in the UD8 T cell subset relative to the anti-UD8 TRXZ NoDS
Fab however the signal was greater than the non-targeted mutOKTS Fab LNP. The LNPs co-
targeting CD8 and CD7 with cither anti-CD8 and anti-CD7 Nb post-inserted together or post-
mserted bispecifics including anti-CD7/anti-CD8 2xVHH, anti-CD8/anti~CD7 2xVHH and
anti-CD7/anti-CDE VHH-CHI/VHH-Vk bDS all exhibited high levels of CD8 T cell
Yatransfection and higher levels of GFP expression than the anti-CD3 5P34-hlam NoDS Fab
mndicating a synergistic ¢ffect of combining CD¥ and CD7 targetng with Nbs similar to the
observation in EXAMPLE 17 co-targeting CDR (clone TRX2) and CD7 {clone TH-69) with
Fabs. Despite CD7/CDR co-targeting achieving similar or better transfection/translation to

that of anti-CI3 SP34 NoDS Fab inthe CD8 T cell subset there was not substantial amounts

[
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of IFNy secreted by the T cells relative to the non-specific mutOKT8 control LNPs and in

contrast to SP34 (FIG, 82C).

{3794} This data indicates an ScFv alone is capable 1s mediating similar transfection
efficiency to that of Fab. Additionally, it indicates that a synergistic effect on
transfection/transiation can be achicved when targeting both CD7 and CD8 on the same LNP
whether the targeting moieties are post inserted together as individual proteins or post

mserted as dual-targeting bi-specifics.

Anti-CD8 TRXZ ScFv sequence (SEQ ID NQG: 98):
QVQLVESGGGVVOPGRSLRLSCAASGFTFSDFGMNWVRQAPGKGLEWVYALIYYDG
SNKFYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKPHYDGY YHFFDS
WEOGTLVTVSSGGOGSGGGGSGOGGSGGOGSDIGMTOQSPESLSASVGDRVTITCKG
SODINNYLAWYQOQKPGKAPKLLIYVNTDILHTGVPSRFSGSGSGTDFTFTISSLOPEDIA
TYYCYQYNNGYTFGQGTKVEIKGGGSGGCGGHHHHHH

V1 VHH-CHI pDS HC (SEQ ID NG 99}
DVQLQESGGGLVQAGGSLRLSCAVSGYPYSSYCMGWEFRQAPGREREGVAAIDSDG
RTRYADSVEGRFTISQDNAKNTLY LOMNRMKPEDTAMY YCAARFGPMGCVDLSTL
SFGHWGQGTOVTVSITASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTVSW
NSGALTSGVHTCPAVLOSSGLY SLESVVTVPSSSLGTOTYICNVNHKPSNTKVDKRY
EPKSSDKTHTCGGHHHHHH

Exampri 50 — Lipid 2, Lipid 6, Lipid 12 and Lipid 13 LNP properties and in vitro GFP
protein expression in primary buman T-eells
{6795} This example compares the properties of LNPs prepared using Lipid 2, Lipid 6,

Lipid 12 and Lipid 13 and in vitro GFP protein expression in primary human T-cells. LNP
formulations were prepared using the mcrofluidic mixing process {described m Example 6)
and vsing a discontinuous diafiliration process for ethanol removal {described in Example
25). The LNPs were formulated using ¢GFP encoding mRNA (TrlLink Biotechnologics,
California, US) and labeled with 0.01 mol% DilC18(5)-DS (Invitrogen, Massachusetts, US)
using the lipid ratios shown m the Formulation Table 44 below. The LNPs were then mserted
with a targeting conjugate using the specified conditions to provide the final targeted LNP

formulations. The LNPs were characterized as described in Example 3.

Table 44 LNP Formulation composition and antibody insertion conditions

Tonizable Lipid Formulation No. Lipid- Lipid- | Targeting | Antibody
PEG PEG Conjugate | conjugate
Conte |/ insertion | insertion
nt density condition
{2/mol}

N
(95
o
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{moi%
3
Lipid 2 EXP21003810- DPG- 1.3 hSP34/9 §137°Cford4hm
NIiM3 PEG pH 6.5 MBS
Lipid 6 EXP21003810- DPG- L5 hSP34/9 137°Cfordhin
N2M3 PEG pH 6.5 MBS
Lipid 12 EXP21003810- DPG- 1.5 hSP34/9 1 37°Cfordhin
N3M3 PEG pH 6.5 MBS
Lipid 13 EXP21003810- DPG- 1.5 hSP34/9 (137°Cfordhin
N4M3 PEG pH 6.5 MBS
Table 45. LNP size, charge (Dynamic Light Scatiering) and mRNA encapsulation (Ribogreen
assay}
Ionizab | Formulation No. Pre-Insertion | Pre-Insertion | Pre-Inscrtion | Pre-
{e Lipid DLS Z-Avg. | Zeta Potential | Dye- insertion
Diameter atpH S5 Accessible total
{am} / PDI (mV3y/pH 74 { mRNA (%) mRNA
(mV) content
(ug/ml}
Lipid 2 { EXP21003810-NIH 1623/0.08 262/11.4 g1 364
Lipid 6 | EXP21003810-N2H {82.0/0.07 235/227 972 34 6
Lipid EXP21003810-N3H 128/-1.06 104 792
12 759/0.02
Lipid EXP21003810-N4H 1227-520 16.5 774
13 76.3/0.09

{6796} Lipid 2, Lipid 6, Lipid 12 and Lipid 13 were formalated using 1.5 mole % DPG-
PEG, as scen 1n Table 44 and Table 45, all LNPs display sub-100 oo hydrodynamic diameter
(DLS) wn pH 7.4 HEPES buffer. Buffer exchange mto pH 6.5 MES and antibody insertion
resulted in size and polydispersity increase in all four hiptd composttions. However, Lipid 2
and Lipid 6 LNPs showed significantly greater size distribution changes compared to Lipid
12 and Lynd 13 LNPs (F1G 83A and FIG.. 83B). As seen in FIG 83C, under both
physiological and acidic pH conditions (pH 7.4 and pH 5.3}, Lipid 2 and Lipid 6 showed a
greater positive surface charge relative to Lipid 12 and 13 indicating a significant shift in the
LNP apparent pKa (in Lipid 12 and 13 LNPs) to lower values resulting from the mono- and
di-hydroxvethyl substitution of the ionizable anmine head groups, respectively. Additionally,
m all four LNP compositions, low levels of dye accessible mRNA (<20%;) and good RNA
encapsulation efficiencies (> 80% mRNA in parcnt LNP samples) were observed (Table 43
and FIG. 830). The resulting targeted LNPs were evalvated in primary human T-cells using
the mn vitro transfection protocol described in example . As seen in FIG. 84K, all

formalations were well tolerated by T-cells at all LNP doses tested {T-cell viability remained

N
[95]
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similar to the PBS control}. As illastrated by the Pil+ and Dil MFI values (FIGS. 84C and
841, all formulations show similar levels of cell association at most dose levels tested
suggesting that the conjugate insertion process is not dependent on the jonizable ipid
chemistry. Lipids 2 and Lipid 6 LNPs exhibited dose dependent expression of GFP protein
(FEGS. 84A and 84B). However, at all doses tested Lipid 12 and Lipid 13 LNPs performed
poorly potentially due to non-optimal LNP surface charge properties and diminished
cytosolic access i T-colis. Additionally, Lipid 2 and Lipid 6 LNPs retained function after
being subjected to freeze-thaw stress as illustrated in FIG. 85. Both compositions showed
minor changes in particle size distributions after frozen storage at -80C relative to particles
stored at 4C as seon in FiG, 834 and FiG, 838, Furthermore, both compositions retained the
ability to bind and transfect primary human T-cells post freeze-thaw with sinmilar levels of
YoDnl+ and Dil MFI values as well as similar levels protein expression (% GFP+ cells and

GFP MFI values) observed after refrigerated (4C) and frozen (-80() storage conditions.

Exampirr 51— Dil T Cell Transfection Experiments:

{6797} CD3+ T cells were isolated from frozen peripheral blood mononuclear cells using
an EasySep Haman T Cell Isolation Kit on a RoboSep automated cell isolation system from
STEMCELL. T cells were plated into a round bottom 96-well plate in RPMI cell culture
media supplemented with glutamax, 10% fotal bovise serum, pen~strep, and 40 ng/mL [L-2.
100 pL of cell suspension was seeded per well at a density of 1M T cells/mL (100K'T
celis/well). Cells were allowed to rest for two hours in a 37°C incubator, and then were
transfected by gently adding 10 pl. of a 22 yg/mi (bv mRNA) nanoparticle suspension,
resulting i a final mRNA conecentration of 2 pg/mL (unless otherwise noted}. Cells were
gently mixed with a pipette and then incubated for 24 hours in a 37 °C incubator. After
meubation the cells were diluted with FACS bufter (BD 554637} and analyzed using a BD

Fortessa flow cytometer. Data were analvzed using Flowlo software from BD biosciences.

ExampLe 52 —~ CDB4 and CDEY Staining
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{6798] After 24 hours, cells were transferred to a 96-well contcal bottom polypropylene
plate and centrifuged at 350 = g for 5 minutes. Supernatants were removed and transferred to
a fresh conical bottom polypropylene plate for further analysis. Cells were washed by adding
200 pL. FACS buffer (BD 554657), centrifuging at 350 x g for § min, and then aspirating the
supernatant from each well. BV421 anti-human CD69 (BioLegend 310930 clone FN30} and
BY711 anti-human CD4 (BioLegend 344648 clone SK3) antibodies were diluted 100x by
adding 100 pl. of cach antibody to 10 mL FACS bufter. 100 ul, of the diluted antibody
solution was added to each well and the plate was incubated at room temperature for 20
muinutes. The plates were then washed by centrifuging at 350 x g for 5 min, removing the
supernatant, re-suspending in 200 ul. FACS buffer, centrifuging at 350 # g for S min and
aspirating the supernatant from each well. Following the wash, cells were resuspended in
100 pul of 1.6% formaldehyde and stored at 4°C until FACS analysis. FACS analysis was

performed using a BD Fortessa equipped with a High Throughput Sampler.

ExamMpLE 53—~ Human [FN-y ELISA:

{6799} FFN-~y was assayed using an R&D Duoset TL-2 ELISA ki, PN DY 2858, Briefly:
an fmmulon ZHB 96-well plate {Thermo X1506319) was coated by adding 100 pl.ofa 2
pg/mL sohution of the R&D [L-2 capture antibody to each well and then incubating the plate
overnight at 4 °C. The plate was washed three times with wash buffer (0.05 TWEEN-20 i
pH 7.4 TRIS buffered saline, Theomo 28360}, blocked with reagent diluent {0.1% BSA in
wash buffer) for one hour at room temperature, and then washed an additional three times
with wash baffer. Supernatants were diluted three-fold in reagent diluent and then 100 yL of
dilited supernatant was added to cach well. IFN-~y standards were prepared on the same plate
by serial ditution. Plates were incubated for two hours at room temperature, washed three
times with wash buffer. 100 pb of detection antibody diluted in reagent diluent was added,
meubated for 2 hours at room temperature, and then the plate was washed three times with
wash buffer. 100 pL of Stroptavidin-HRP was added, mcubated for 20 minuies at room
temperature, and then the plate was washed three times with wash buffer. 100 pL of substrate
soletion (Thermo N301) was added, incubated for 20 minutes at room temperatare and then
the reaction was quenched by adding 100 uL. of stop sohstion {(Invitrogen S504). Optical

density at 450 nm was read on a SpectraMax M3 plate reader. IFN-y concentration was
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guantified relative to a standard curve based on contemporanecusly analyzed IFNwy

standards.
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ENUMERATED EMBODIMENTS

1. A compound represented by Formula ©

X! e
Mw%wwh\m
"{QC \ TN
X3 X“‘ {Formula 1),

or a salt thereof, wherem:

R' and R? are independently Craalkyl, or R and R? are taken together with the nitrogen atom
to form an optionally sebstituted piperidinyl or morpholinyl;

Y 1s selected from the group consisting of -O-, -OC{O}-, -OC(S)-, and -CHaz-;

XL X2, %3, and X* are hiydrogen or X! and X? or X* and X* are taken together to form an oxo;
nisGor3;

o and p are independently an integer selected from 2-6;

wherein the compound is not a compound selected from the gmup consisting of
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N MmNz O , or a salt thereof,

2. The compound of embodiment 1, wherein o and p are 2.
3. The compound of embodiment 1, wherein ¢ and p are 4.
4. The compound of embodiment 1, wherein o and p are 6.

5. The compound of any one of embodiments 1-4, wherein X1 and X2 are taken together to

form an oxo and X3 and X4 are taken together to form an oxo.

6. The compound of any one of embodiments 1-4, wherein X1, X2, X3, and X4 are

bydrogen.

7. The compound of any onc of embodiments 1-6, wheremn Y is selected from the group

consisting of -0-, ~-OC{O)-, and -CH2-.

8. The compound of embodiment 7, wherein Y 15 -O-.

5. The compound of embodiment 7, wherein Y is ~0C(0)-.
10. The compound of embodiment 7, wherein Y 1s -CH2-.

11. The compound of any one of embodiments 1-10, wherein R1 and R2 are independently

Cl-3alkyl.
12. The compound of embodiment 11, wherein R and R2 are -CH3.

H

2

. The compound of embodiment 11, wherein R and R2 are -CH2CH3.
14. The compound of any one of cmbodiments 1-13, whereinn s 0.
15, The compound of any one of embodiments 1-13, wherein 015 3.

16. A compound represented by Formula It
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X' x?
Y- \ PR
H,C U MZ:V/\/MO/\(/\Y/{\/\’Z\{?E’ 1
HaC W ) O Rz
B D N PN 2
I
‘s F 03R4 {Formula I},

or a salt thereof, wherein:

R! and R? are independently Ciaalkyl, or R and R® are taken together with the nitrogen atorn
to form an optionally substituted piperidinyl or morpholinyl;

Y is selected from the group consisting of -0, -OC(0)-, -OC(S)-. and -CHa-;

X1, X2, X3, and X* are hydrogen or X! and X% or X2 and X* are taken together to form an oxo;
nis 0-4;

ois 1 and ris an integer selected from 3-8 or 0 i3 2 and 1 is an integer selected from 1-8,

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

when o and p are both 1, r and s are independently 4, 5, 7, or 8, and

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

17. The compound of embodiment 16, wherein X! and X7 are taken together to form an oxo

and X7 and X* are taken together to form an 0x0.
18. The compound of embodiment 16 or 17, wherein X!, X, 3, and X" are hydrogen.

19. The compound of any one of embodiments 16-18, wherein Y is selected from the group

consisting of -0O-, -OC(0)-, and -CHo-.

20. The compound of embodiment 19, wherem Y 15 -0~

21, The compound of embodiment 19, wherein Y ts ~-OC{(0)-.
22. The compound of embodiment 19, wherem Y 15 -CHz-.

23. The compound of any one of embodiments 16-22, wherein R! and R? are independently

Craatkyl

24. The compound of embodiment 23, wherein R' and R? are -CHs.

25. The compound of embodiment 23, wherein R} and R? are -CHLCHs.
26. The compound of any one of embodiments 16-25, whercinnis 0
27. The compound of any one of embodiments 16-25, whereim nis 3.

28, A compound selected from the group consisting of:
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Q
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H

O

, and

o o
| i
P :‘\/’\v’\./”\)'ko/\\{\o)K/\/N\
’\r!”é H

O

or a salt thereof.

29. The compound of embodiment 16, wherein the compound s a compound of Formula 1L
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\Q/Y“\/\/\ \)4 /\(\YHN R
w R

{Formula IIF),
or a salt thereof, wherein:

R! and R? are independently Cisalkyl, or R and R? are taken together with the nitrogen atorm
to form an optionally substituted piperidinyl;

Y 1s selected from the group consisting of ~O-, -OC(0)-, -OC(S)-~, and ~-CHz-;

XU X2, XC, and X* are hydrogen or X! and X? or X? and X* are taken together to form an oxo,

and

n is an infeger selected from 0-4.

34, The compound of embodiment 29, wherein R and R? are independently Cisalkyl.
31. The compound of embodiments 29 or 30, wherein R' and R? are -CHs.

32. The compound of any one of embodiments 29-31, wherem Y is ~O-.

-
.

2

The compound of any one of embodiments 29-32, wherein X! and X? are taken together
to form an oxo and X* and X* are taken together to form an oxo.

~5

34, The compound of anv one of embodiments 29-33, wheremm nis 3.

35. A compound of formula:

or a salt thereof.

36. A lipid nanoparticle {LNP) comprising a lipid blend comprising the compound of any
oune of erobodiments 1-35 or a Hipid of Table 1.

37. The LNP of embodiment 36, wherein the hipid blead further comprises one or more of a
sterol, a neutral phospholipid, a PEG-lipid, and a lipid-imumune cell targeting group
conjugate.

38. The LNP of embodiment 35 or 36, wherein the compound is present in the lipid blend in

a range of 30-70-60 mole percent.
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39 The LNP of any one of embodiments 36-38, wherein the sterol {¢.g., cholesterol) is

present in the lipid blend in a range of 20-70 mole percent.

44 The LNP of any one of embodiments 36-39, wherein the neutral phospholipid is selected
from the group consisting of phosphatidyicholine, phosphatidylethanolamine, distearoyl-sn-
glycero-3-phosphocthanclamine {BSPE), 1,2-distearoyl-sn-glveero-3-phosphocholine
(DSPC). 1,2-dicleoyl-sn-glycero-3-phosphocthanolanmine (DOPE), 1,2-diolcoyl-su-glycero-
3-phosphochotine (DOPC).

41 The LNP of any one of embodiments 36-40, wherein the neutral phospholipid is present

i the lipid blend 1o a range of 1-10 mole percent.

42. The LNP of any one of embodiments 36-41, wherein the PEG-lipid is selected from the
group consisting of PEG-distearoylglycerol (PEG-DSG), PEG-dipalattoviglycerol (PEG-
DAG, e.g., PEG-DMG, PEG-DPG, and PEG-DSG), PEG-dimyristovi-glveerol (PEG-DMG},
PEG-distearoyl-phosphatidviethanolanine (PEG-DSPE), PEG-dipahmitoyl-
phosphatidylethanolamine (PEG-DPPE) and PEG-dimyrstovi-phosphatidyiethanolamine
{(PEG-DMPE).

43, The LNP of any one of embodiments 36-42, wherein the PEG-lipid is present in the hipid

blend in a range of 1-10 mole percent.

44 The LNP of any one of embodiments 36-43, wherein the hpid-immune cell targeting
group conjugate is present in the lipid blend in a range of 0.1-0.3 mole percent or 6.002-0.2
mole percent.

45. The LNP of embodiment 44, wherein the targeting group is a T cell targeting group.

46. The LNP of embodiment 45, wherein the T cell targeting group 1s an antibody or antigen
binding fragment thereof that binds a T cell antigen.

47. The LNP of embodiment 46, wherein the T cell antigen is selected from the group
consisting of CD2, CD3, CDd, CD3, CD7, CD3, CD28, D137, and T-cell receptor {TCR)
{e.g., CD3 or CDB).

48. The LNP of any one of embodiments 36-47, wherein the T celi~targeting group is
covalently coupled to a lipid via a polyethviene glveol (PEG) contaiing linker,

49, The LNP of embodiment 48, wherein the lipid is distearoyl-phosphatidylethanolamine

(DSPE), dipalmitoyl-phosphatidyviethanolanine (DPPE)}, dimyrstoyl-
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phosphatidvlethanolamine (BMPE), distearovl-glycero-phosphoglycercl (BSPG}, distearoyi-

glyeerol {DSG), dimyristoyl-glycerol (BMG), or ceramide.

50. The LNP of embodiment 48 or 49, wherein the PEG 1s selected from the group
consisting of PEG 2000, PEG 1000, PEG 3000, PEG 3450, PEG 4000, or PEG 5000.

51. The LNP of any one of erabodiments 36-50, wherein the lipid blend further comprises
free PEG-distearovi-phosphatidviethanolamine (PEG-DSPE), PEG-dimyrstoyi-
phosphatidylethanolamine (PEG-DMPE), N-{Mcthylpolyoxyethylene oxycarbonyly-1,2-
dipaliottoyl-sn-glyeero-3-phosphoethanolanune (DPPE-PEG) 1,2-Dimyrnistoyi-rac-glveero-3-
methylpolyoxyethylene (PEG-DMG), 1.2-Dipalmitoyl-rac-glveero-3-methyvlpolyoxyethviene
(PEG-DPG), 1,2-Dioleoyl-rac-glyeerol, methoxypolyethylene Glveol (DOG-PEG) 1,2-
Dugtearoyl-rac-glycero-3-methylpolyoxyethyiene (PEG-DSG), N-palmitoyi-sphingosine-1-
{succinyl{methoxyv{polvethylenc glycol}} (PEG-ceramide), and DSPE-PEG-cysteine, or a
derivative thereof.

52. The LNP of embodiment 31, wherein the derivative of the PEG-lipid has a hydroxylora

carboxylic acid end group at the PEG terminus.

53. The LNP of any one of embodiments 36-52, wherein the LNP has a mean diameter in the
range of 50-200 nm.

54, The LNP of embodiment 53, wherein the LNP has a mean diameter of about 100 nm.

55, The LNP of any one of embodiments 36-34, wherein the LNP has a polvdispersity mdex

m a range from 0.05to 1.

56. The LNP of any one of ermobodiments 36-33, wherein the LNP has a zeta potential of
from about -10 mV to about + 30 mV at pH 5.

57. The LNP of any one of embodiments 36-35, wherein the LNP has a zeta potential of
from about -30 mV io about + SV at pH 7.4,

58. The LNP of any one of erabodiments 36-57, further comprising a nucleic acid disposed

therein.
59, The LNP of embodiment S8, wherein the nucleic acid is DNA or RNA.

60. A lipid nanoparticle (LNP) comprising a lipid blend compnising a hpid-T-celi<targeting

group conjugate and optionally a lipid set forth in Table 1.
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61. The LNP of embodiment 60, wherein the T-cell targeting group is an antibody that binds

a T cell antigen.

62. The LNP of embodiment 61, whereim the T cell antigen is selected from the group

consisting of UD2, CD3, Chd, D3, CD7, CD3, D28, CD137, and T-cell receptor (TCR) B
63. The LNP of embodiment 62, whereimn the T cell antigen 1s CD2, CD3, CD7, or CDR,

64. The LNP of any one of embodiments 60-63, wherein the T-cell-targeting group is

covalently coupled to the lipid via a polyethyiene glycol (PEG) containing Hnker.

65. The LNP of embodiment 64, wherein the lipid is distearovi-phosphatidylethanclamine
(DSPE), dimyrstovi-phosphatidylethanolanune (DMPE), distearovi-glycero-phosphoglyeerol
(DSPG), dimvristovi-glyveerol (DMG), dipalnutoyi~phosphatidyicthanolamine (DPPE),
dipalmitoyl-glycerol (DPG), or ceranude.

66. The LNP of embodiment 64 or 65, wherein the PEG s PEG 2000, PEG 1000, PEG 3000,
PEG 3450, PEG 4000, or PEG 5000,

67. The LNP of any one of erabodiments 60-66, wherein the lipid-T-cell targeting group

conjugate 15 present in the lipid blend i a range of 0.002-0.2 mole percent.

68. The LNP of any one of embodiments 60-67, wherein the hipid bend further comprises

ong or more of a cationic lipid, sterol, a neutral phospholipid, and a PEG-lipid.

69. The LNP of embodiment 68, wherein the ionizable cationic hipid is a compound of any

one of embodiments 1-35, or a lipid set forth in Table 1

70. The LNP of embodiment 68 or 69, wherein the ionizable cationic hipid is present in the
Lipid blend in a range of 40-60 mole percent.

71 The LNP of any one of embodiments 68-70, wherein the sterol {e.g., cholesterol) is

present in the lipid blend in a range of 30-50 mole percent.

72. The LNP of any one of erabodiments 68-71, wherein the neutral phospholymd is selected
from the group consisting of phosphatidvicholine, phosphatidylethanolamine, distearoyl-sn-
glveero-3-phosphocthanclamine (DSPE), 1,2-distearovl-sn-glycero-3-phosphocholine
(DSPC), 1.2-dioleoyl-sn-glycero-3-phosphoethanolamine {(DOPE}. 1,2-dioleoyl-sn-glycero-

3-phosphocholine (DOPC), sphingomyelin.

73. The LNP of any one of embodiments 68-72, wherein the neutral phospholipid is present

i the lipid blend in a range of 1-10 mole percent.
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74. The LNP of any one of embodiments 68-73, wherein the PEG-lipid 1s selected from the
group consisting of PEG-distearoyiglycerol (PEG-DSG), PEG-diacylglycerol (PEG-DAG,
¢.g., PEG-DMG, PEG-DPG, and PEG-DSG), PEG-dimyristoyl-glyeerol (PEG-DMG), PEG-
distearovi-phosphatidviethanolamine (PEG-DSPE) and PEG-dimyrstovl-
phosphatidvicthanolamine (PEG-DMPE), N-(Methylpolyoxyethylene oxycarbonyl}-1,2-
dipalmitoyl-sa-glycero-3-phosphoethanolamine (DPPE-PEG), 1,2-Dipalmitoyi-rac-glycero-
3-methylpolvoxyethyviene (PEG-DPG), 1,2-Dioleovi-rac-glveerol, methoxypolyethyiene
Glycol (BOG-PEG) and N-palmiutovi-sphingosine-1-{succinvi{methoxy{polyethyiene

glveol}] (PEG-ceramide).

75. The ENP of any one of embodiments 68-74, wherein the PEG-lipid is present in the lipid

blend in a range of 2-4 mole percent.

76. The LNP of any one of embodiments 68-75, wherein the lipid blend further comprises
free PEG-distearovi-phosphatidvicthanolamine (PEG-DSPE) or PEG-dimyrstovi-
phosphatidylethanolamine (PEG-DMPE), N-{Methylpolyoxyethylene oxycarbonyly-1,2-
dipalottoylsn-glyeero-3-phosphocthanolanune (DPPE-PEG) 1,2-Dimyristoyi-rac-glveero-3-
methylpolyoxyethylene (PEG-DMG), 1.2-Dipalmitoyl-rac-glveero-3-methyvipolyoxyethviene
(PEG-DPG), 1,2-Dholeoyl-rac-glycerol, methoxypolvethylene Glveol (DOG-PEG) 1,2-
Distearoyl-rac-glycero-3-methylpolyoxyethyiene (PEG-DSG), N-palmitoyi-sphingosine-1-
{succinyl{methoxv{polvethylenc glveol)] (PEG-ceranude), and DSPE-PEG-cysteme, ora

derivative thereof.

77. The LNP of anry one of embodiments 60-75, wherein the LNP has a mean diameter in the
range of 50-200 am.

78. The LNP of embodiment 77, where the LNP has a mean diameter of about 100 nm.

79. The LNP of any one of embodiments 60-78, wherein the LNP has a polvdispersity index
i a range from 0.05to 1.

80. The LNP of any one of embodiments 60-79, wherein the LNP has a zeta potential of
from about ~10 mV to about + 30 mV at pH 3.

81. The LNP of any one of embodiments 60-80, further comprising a nucleic acid disposed
therein.

82. The LNP of ernbodiment 81, wherein the nueleic acid is DNA or RNA (c.g., an mRNA,
tRINA, or stRNA},

o
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83. The LNP of embodiment 81 or 82, wherein the mumber of the nocleotides in the nucleic

acid is from about 400 to about 6000,

84, A method of delivering a nucleic acid to an immune cell {e.g., a T-cell), the method
comprising exposing the immune cell to an LNP of any one of embodiments 36-83
containing a nucleic acid vader conditions that permit the nucleic acid to enter the mmune

cell,

85. A method of delivering a nucleic acid to an immune celf (e.g., a T-cell) in a subject in
need thereof, the method comprising aduunistering to the subject a composition comprising
the LNP of any one of embodiments 36-83 contaiming a nucleic acid thereby to deliver the

nucleic acid to the immune cell.

86. A method of targeting the delivering of a nucleic acid {e.g., mRNA) to an munune cell
{e.g., a T-cell) in a subject, the method comprising administering to the subject an LNP of
any one of embodiments 36-83 contaiming the nucleic acid so as to facilitate targeted delivery

of the nucleic acid to the immune celi.

o
4
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INCORPORATION BY REFERENCE
{68043 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 materials, simifar or equivalent to those described herein,
can be used in the practice or testing of the present 1nvention, the preferred methods and
materials are described herein. Al publications, scientific articles, patents, and patent

publications cited are incorporated by reference herein in their entirety for all purposes.

{6801} ¢ publications discussed herein are provided solely for their disclosure prior to
the filing date of the present application. Nothing herein is to be construed as an admission
that the present jnvention is not eutitied to antedate such publication by virtue of prior

mvention.

EQUIVALENTS

{8802} The mvention 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 illastrative rather than limiting the invention described herem.
Scope of the wvention 1s thas indicated by the appended claims rather than by the foregoing
description, and alf changes that come within the meaning and range of equivalency of the
claims are intended to be embraced therem. While the invention has been described
connection with specific embodiments thereof, 1t will be understood that it is capable of
further modifications and this application is intended to cover any variations, uses, or
adaptations of the nvention following, in general, the principles of the invention and
melading such departures from the present disclosure as come within known or castomary
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 15
1. A lipid nanoparticle {(ENP}) comprising a lipid blend for targeted delivery of a nucleic acid
mto an mune cell, the lipid blend comprising:
(3} a lipid-immane cell targeting group conjugate comprising the compound of Formulda IV:

[Lipid] — [optional linker] - [inunune cell targeting groupi, and

{b) an ionizable cationic hipid comprismg

M M N N N M

or

l
NS
O
/\\//\\ — gy
he]

wherein the LNP further comprises a nucleic acid disposed therein.
2. The ENP of clamm 1, wherein the immune cell targeting group comprises an antibody that
binds a T cell antigen.

. The LNP of claim 2, whercin the T cell antigen 1s CD3, CD4, CD7, CDE ora
combination thereof {e.g., both CD¥3 and CDE, both CD4 and CD3, or both CD7 and D8},

4. The LNP of claim 2, wheretn the immune cell targeting group coniprises an antibody that

binds a Nataral Killer (NK) cell antigen.

5. The LNP of claim 4, wherein the NK cell antigen s CD7, CD8, CDS6, or a combination
thercof {¢.g.. both CD7 and CDE).

6. The LNP of any one of claims 1 o 5, wherein the immune cell targeting group i
covalently coupled to a lipid in the lipid blend via a polyethylene glycol (PEG) containing
fmker.

7. The LNP of claim 6, wherein the lipid covalently coupled to the immune cell targeting
group via a PEG contatung linker 15 distcarovlglyeerol (DSG), distearoyl-

phosphatidylethanolanine (DSPE), dimyrstoyl-phosphatidylethanolamine (DMPE),

]
9]
o
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distearoyl-glycero-phosphoglveerol (DSPG), dimyristoyi-glycerol (DMG), dipalmitoyl-

phosphatidylethanolamine (DPPE), dipalmutoyvi-glycerol (DPG), or ceramide.
8. The LNP of claim 6 or 7, wherein the PEG 18 PEG 2000 or PEG 3400,

9. The LNP of any one of claims 1-8, wherein the lipid-immune cell targeting group
conjugate 1s present in the lipid blend in a range of 0.001 -0.5 mole percent (e.g., 0.002-0.2

mole percent).

10, The LNP of any one of claims | to 9, wherein the lipid blend further comprises one or

more of a structural lipid (¢.g., a sterol}, a neutral phospholipid, and a free PEG-hipid.

11. The LNP of any one of claims 1 to 10, wherein the ionizable cationic lipid is prosent in

the lipid blend in a range of 30-70 (e, 40-60) mole percent.

12. The LNP of claim 10, wherein the sterol is present in the lipid blend in a range of 20-70

{c.g., 30-50) mole percent.
13. The LNP of claim 10 or 12, wherein the sterol is cholesterol.

14. The LNP of any one of ¢laims 10 to 13, wherein the neutral phospholymd s selected from
the group consisting of phosphatidyicholing, phosphatidviethanolamine, distearoyl-sn-
glveero-3-phosphoethanclamine (DSPE), 1,2-distearoyl-sn-glycero-3-phosphocholine
(DSPC), 1.2-dioleoyl-sa-glycero-3-phosphoethanolamine (DOPE}, 1,2-dioleoyl-sn-glycero-

3-phosphocholine (DOPC), splungomyelin.

15. The LNP of any one of claims 10 to 14, wherein the neutral phospholipid is present in

the lipid blend in a range of 1-10 mole percent.

16. The LNP of any one of claims 10 to 15, wherein the free PEG-lipid is sclected from the
group consisting of PEG-modified phosphatidvicthanolamines, PEG-modified phosphatidic
acids, PEG-modified ceranmides, PEG-modified dialkviamines, PEG-modified
diacylglycerols, and PEG-modified dialkylglycerols. For example, a PEG lipid may be PEG-
dioleoylgylcerol (PEG-DOG), PEG-dimmyristoyl-glycercl (PEG-DMG), PEG-dipalmitovl-
glvcerol (PEG-DPG), PEG-dilinolcoyl-glycero-phosphatidyl ethanolamine (PEG-DLPE)},
PEG-dimyrstoyl-phosphatidviethanolamine (PEG-DMPE), PEG-dipalmitoyl-
phosphatidylethanolamine (PEG-DPPE), PEG-distearoylglycerol (PEG-DSG), PEG-
diacviglycerol (PEG-DAG, ¢.g., PEG-DMG, PEG-DPG, and PEG-DSG), PEG-ceramide,
PEG-distearoyi-glycero-phosphoglyeerol (PEG-DSPG), PEG-dicleoyi-glycero-
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phosphoethanclamine (PEG-DOPE), 2-[(polvethylene glycoly-2000]-N N-

ditetradecylacctamide, or a PEG-distearoyl-phosphatidyiethanolamine (PEG-DSPE} hipid.

17. The LNP of anv one of claims 10 fo 15, wherein the free PEG-lipid comprises a
diacylphosphatidylethanolamine comprising Dipalnutoyt (C16) chain or Distearoyi (C18)

chain.

18. The LNP of any one of claims 10 to 17, wherein the free PEG-lipid 15 present in the pd

blend in a range of 1-4 mole percent.

19. The LNP of anv one of claims 10 to 18, wherein the frec PEG-lipid comprises the same or

a different lipid as the lipid in the lipid-immune cell targeting group conjugate.

20. The LNP of any one of claims 1 to 19, wherein the LNP bas a mean diameter in the range

of 30-200 nm.
21 The LNP of claim 20, where the LINP has a mean diameter of about 100 nm.

22. The LNP of any one of claims 1 to 21, wherein the LNP has a polydispersity index tn a

range trom 0.05 10 1.

23. The LNP of any one of claims | to 22, wherein the LNP has a zeta potential of from about

-10 mV to about + 30 mV at pH §.
24, The LNP of any one of claims 1 1o 23, wherein the nucleic acid 1s DNA or RNA.
25. The LNP of claim 24, wherein the RNA is an mRNA.

26. The LNP of claim 25, wherein the mRNA encodes a receptor, a growth factor, a
hommone, a cytokine, an antibody, an antigen, an enzyme, of a vaceine.

27, The LNP of claim 25, wherein the mRNA encodes a polvpeptide capable of regulating
wmune response in the immuane cell.

28. The LNP of claim 25, wherein the mRNA encodes a polypeptide capable of
reprogramming the immune cell.

29 The LNP of claim 27, wheremn the mRNA encodes a synthetic T cell receptor (sya TCR)
or a Chimeric Antigen Receptor (CAR),

3{. The LNP of any one of claims 1 to 29, wherein the immune cell targeting groop
comprises an antibody, and the antibody is a Fab or an immusoglobulin single vanable

domain {(e.g., a Nanobody).
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31 The ENP of any one of claims 1 to 29, wheremn the immune cell targeting groap
comprises a Fab, F{ab’)2, Fab’-8H, Fv, or scFv fragment.

3

32 ¢ LNP of claim 30 or claim 31, wherein the immune cell targeting group comprises

a Fab that 1s enginecred to knock out the natural interchain disalfide bond at the C-terminas.

33, The LNP of claim 32, wherein the Fab comprises a heavy chain fragment that
comprises C233§ substitution, and a light chain fragment that comprises C21485 substitution,

numbering according to Kabat.

34 The LNP of any one of claims 31-33, wherein the immune cell targeting group

comprises a Fab that has a non-natural interchain disuifide bond (e.g.. a engineered, buried

interchain disulfide bond).

35, The LNP of claim 34, wheren the Fab comprises F174C substitution n the heavy
chain fragment, and S176C substitution m the light chain fragment, numbering according to
Kabat.

36. The LNP of claims 31 to 35, wherein the immane cell targeting group comprises a
Fab that comprises a cysteine at the C-terminus of the heavy or light cham fragment.

37.  The LNP of claim 36, wherein the Fab further comprises one or more amino acids
between the heavy chain fragment of the Fab and the C-terminal cysteine.

38, The LNP of claim 30, whercin the voonwne cell targeting group comprises an
immunoglobulin single variable domain.

39, The LNP of claim 30 or claim 38, wherein the tmowmnoglobulin single variable
domaim comprises a cysteine at the C-ermunus.

40, The LNP of claim 39, wherein 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.

41 The LNP of any one of claims 31 and 38-40, wherein the immune cell targeting group
comprises two or more VHH domains.

42. The ENP of claim 41, wherein the two or more Vun domains are linked by an amino
acid linker.

43, The LNP of claim 41, wherein the immune cell targeting group comprises a first Vau

domain linked to an antibody CH1 domain and a second Vuu domain finked to an antibody
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light chain constant domain, and wherein the antibody CHI domain and the antibody hight

chain constant domain are linked by one or more disulfide bonds.

44. ¢ LNP of any one of claims 30 and 38-40, wherein the mmmune cell targeting group
comprises a VHH domain linked to an antibody CHI domain, and wherein the antibody CHI

domain is linked to an antibody light chain constant domain by one or more disulfide bonds.

45, The LNP of claim 43 or 44, wherein the CHI domain comprises F174C and 2335
substitutions, and the light chain constant domain comprises 8176C and C2148 substitutions,

vumbering according to Kabat.

46. The LNP of any one of claims | to 27, wherein the immune cell targeting group

comprises a Fab that comprises:

{2} a heavy chamn fragment comprising the amuino acid sequence of SEQIDNG: T and a

light chain fragment comprising the amino acid sequence of SEQIDNG:2 or 3; or

(b} a heavy chain fragment comprising the amino acid sequence of SEQID NG 6and a

light chain fragment comprising the amino acid sequence of SEQ IDNG: 7.

47. A method of targeting the delivery of a nucleic acid to an immune cell of a subject,
comprnising contacting the inumune cell with a lipid nanoparticle {LNP), wherein the LNP
comprises:

{(a) An tonizable cationic lipid,

{b) A conjugate comprising the compound of the following formula:

Lipid] - [optional linker] — [immune cell targeting group];

{c} A sterol or other structural lipid;

{d) A neutral phospholipid

{(c) A free Polyethvlene glveol (PEG) bipid, and

{f3 the nucleic acid,

wherein the LNP provides at least one of the following benefits:

(1} increased specificity of targeted delivery to the inumune ccll compared 1o a reference

LNP;

{11} mereased half-hife of the nucleic acid or a polypeptide encoded by the nacleic acid in

the inunune cell compared to a reference ENP;
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{11}  mcreased transfection rate compared to a reference LNF; and

(iv)  alow level of dve accessible mRNA (<15%) and high RNA encapsulation
efficiencies, wherem at least 8% mRNA was recovered in final formulation relative to the

total RNA used in LNP batch preparation.

48. A method of expressing a polypeptide of interest i a targeted unmune cell of a subject,
comprising contacting the mmune cell with a lipid nanoparticle {(LNP), wherein the LNP

comprises:

{a} An onizable cationic lipid;

{b) A conjugate comprising the following structure:

[Lipid] - [optional linker] — [immune cell targeting group];

{c} A sterol or other structural lipid;

(d) A neutral phospholipid

(¢} A free Polvethviene glveol (PEG) Hipid, and

{fy a nacleic acid encoding the polypeptide.

49. The method of claim 48, wherein the LNP provides at least one of the following benefits:
(1} 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;

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

imoune cell compared to a refercnce LNP;
{(iv} mcreased transfection rate compared to a reference LNP; and

{v}alow level of dye accessible mRNA {(<15%) and lugh RNA encapsulation efficiencies,
wherein at least 80% mRNA was recovered in final formudation relative o the total RNA

used in LNP batch preparation.

50. A method of modulating cellular function of a target immune cell of a subject, comprising
administening to the subject a lipid nanoparticle (NP}, wherein the LNP comprises:
{(a) An tonizable cationic lipid,

{b} A conjugate comprising the following structure:

[Liptd] — [optional hinker] - [nonume cell targeting groupl;
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{c} A sterol or other stractural lipid;
{d) A neutral phospholipid;
(e} A free Polyethylene glveot (PEG) lipid, and

& anucleic acid encoding a polypeptide for modulating the cellular function of the

7

immune cell.

51. The method of claim 50, wherein the LNP provides at least one of the following benefits:
{1} increased expression level in the wmmuane cell compared o a reference LNP,;

(i1} increased specificity of expression in the invnune coll compared to a reference LNP;

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

mmmune cell compared to a refercnce LNP;
(iv} imcreased transfection rate compared to a reference LNP; and

{v) the LNP can be adnunistered at a lower dose compared 1o a reference LNP to reach the

same biologic effect in the immune cell; and

{vi) a low level of dye accessible mRNA (<15%) and high RNA encapsulation cfficiencics,
wheremn af least 80% mRNA was recovered in final formulation relative 1o the total RNA

used in ENP batch preparation.

52. The method of claim 50 or 51, wherein the modulation of cell function comprises
reprogramming the immune cells fo initiate an 1mmune response.

53. The method of claim 50 or 31, wherein the modulation of cell function comprises
modulating antigen specificity of the immune cell.

54. A method of treating, ameliorating, or preventing a symptom of a disorder ordiscasc ma
subject m need thereof, comprising aduunistering to the subject a lipid nanoparticle (LNP) for

delivering a nucleic acid mto an immune cell of the subject, wherein the LNP comprises:
{a) An tonizable cationic lipid,

(b} A conjugate comprising the following struchure:

[Lipid] — [optional inker] — [mmumune cell targeting grouph;

{c}) A sterol or other stractural lipid;

{d) A neutral phospholipid;
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() A free Polyethviene glycol (PEG) hipid, and
{f) the nucleic acid,

Wherein the nucleic acid modulates the immune response of the immune cell, therefore to
treat or ameliorate the symptom.
55. The method of claim 50, wherein the LNP provides at least one of the following benetfits:

(1} increased spectficity of delivery of the nucleic acid imto the imamune cell compared to a
reference LNP;

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

{v) the LNP can be administered at a lower dose compared to a reference ENP to reach the
same treatment efficacy; and

{(vi} a low level of dye accessible mRNA (<15%) and high RNA encapsulation efficiencies,
wherein at least 80% mRNA was recovered n final formulation relative {o the total RNA
ased in LNP batch preparation.

56, The method of claim 54 or 35, wherein the disorder 15 an 1nunune disorder, an
mflammatory disorder, or cancer.

57. The method of clatm 54 or 35, wherein the nucleic acid cncodes an antigen foruse in a

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

38. The method of any one of claims 44 to 57, wherein the jonizable cationic lipid is

7 |

N N N N W O/ N\
S ATV PN O OH
o or

|

~ N\
o
~Q

59. The method of any one of ¢laims 44 to 57, wherein the tmowne cell targeting group

comprises an anfibody that binds a T cell antigen.
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60. The method of claim 57, wherein the T cell antigen 1s CD3, CDE, or both CD3 and
D8 .60, The method of any one of claims 44 to 56, wherein the immune cell targeting group

coraprises an antibody that binds a Natural Killer (NK) cell antigen.
61. The method of claim 60, wherein the NK cell antigen is CD7, CDS8, or CD36.

62. The method of any one of claims 58-61, wherein the antibody s a human or humanized
antibody.

63, The method of any one of claims 44 1o 62, wherem the mumune cell targeting group 15
covalently coupled to a lipid in the lipad blend via a polyethylene glveol (PEG) contaiming
timker.

64. The method of claun 63, wheremn the lipid covalently coupled to the mmmune cell
targeting group via a PEG contaning linker 1s distearoyiglycerol (DSG), distearovi-
phosphatidylethanolamine (DSPE), dimyrstoyl-phosphatidylethanolamine (BMPE},
distearoyi-glyecro-phosphoglyeerol (DSPG), dimyristoyi-glveerol (DMG), dipalmitovi-
phosphatidylethanolanune (DPPE), dipalnuioyl-glycerol (DPG), or ceranude.

65. The method of claim 63 or 64, wherein the PEG 1s PEG 2000

66. The method of any one of claims 46 to 65, wheren the hpid-tomume cell targeting group
conjugate is present in the lipid blend in a range of 0.002-0.2 mole percent.

67. The method of any one of claims 46 to 66, wherein the wnizable cationic lipid is present
i the lipid blend in a range of 40-60 mole percent.

68, The method of clam 44 to 67, wherein the sterol is cholesterol.

69, The method of any one of claims 44 to 68, wherein the sterol s present in the lipid blend
mn a range of 30-50 mole percent.

70. The method of clam 44 to 69, wherein the neutral phospholipid is selected from the group
consisting of phosphatidyicholine, phosphatidyiethanolamine, distearoyl-sn-glyeers-3-
phosphocthanolamine (DSPE), 1.2-distearovl-sn-glveero-3-phosphocholine (DSPCY, 1,2-
dioleoyl-sn-glveero-3-phosphoethanolanune (DOPE), 1,2-dioleoyl-sn-glyeero-3-

phosphocholine (DOPC), sphingomyelin {(SM).

71. The racthod of clan 44 to 70, wherein the neutral phospholipid s prosent 1o the hipid

blend 1n a range of 1-10 mole percent.
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72. The method of any one of claims 44 to 71, wherein the free PEG-hipid is selected from
the group consisting of PEG-modificd phosphatidylethanclanunes, PEG-modified
phosphatidic acids, PEG-modified ceramides, PEG-modified dialkylamines, PEG-modified
diacylglycerols, and PEG-modified dialkviglveerols. For exampie, a PEG lipid may be PEG-
dioleoylgylcerol (PEG-DOG), PEG-dimyristoyl-glycerol (PEG-DMG), PEG-dipalmitovi-
glycerol (PEG-DPG), PEG-dilinoleoyl-glycero-phosphatidyl ethanolamine (PEG-DLPE},
PEG-dimyrstoyl-phosphatidyvicthasolanune (PEG-DMPE), PEG-dipaloutoyl-
phosphatidylethanolamine (PEG-DPPE), PEG-distearoyiglycerol (PEG-DSG), PEG-
diacylglycerol {(PEG-DAG, ¢.g., PEG-DMG, PEG-DPG, and PEG-DSG), PEG-ceramide,
PEG-distearoyl-glyeero-phosphoglyeerol (PEG-DSPG), PEG-dicleoyi-glyeero-
phosphoethanolanune (PEG-DOPE), 2-[{polyvethvlene glveol)-2000]-N.N-
ditetradecylacetamide, or a PEG-distearoyl-phosphatidylethanolaming (PEG-DSPE) lipid.

73. The method of clatns 44 to 71, wherein the free PEG-hipid comprises a
diacvlphosphatidyvlethanolamines comprising Dipalmitoyi (C16) chain or Distearoyl (C18)

chain.

74. The method of any one of claims 44 to 73, wherein the free PEG-lipd 15 present in the

lipid blend in a range of 2-4 mole percent.

75. The method of any one of claims 65 to 74, whercin the free PEG-lipid comprises the

same or a different lipid as the hpid i the bipid-mmune cell targeting group conjugate.

76. The method of claims 44 to 73, wheremn the ENP has a mean diameter in the range of 50-

200 nm.
77. The method of claim 74, where the LNP has a mean diameter of about 100 nm.

78. The method of claims 44 to 77, wherein the LNP has a polydispersity index in a range

from 005t 1.

79. The method of claims 44 to 78, wheren the LNP has a zeta potential of from about ~10

mV to about + 30 mV at pH 3.
83, The method of claios 44 to 79, wherein the oucleic acid s DNA or RNA.
81. The method of claim 80, wherein the RNA is an mRNA, (RNA, siRNA, or microRNA.

82. The method of claim 81, wherein the mRNA encodes a receptor, a growth factor, a

hormone, a cviokine, an antibody, an antigen, an enzyme, OF & vaccme,
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83. The method of claim 81, wherein the mRNA encodes a polypeptide capable of regulating

immune response in the immune cell.

84. The method of claim 81, wherein the mRNA encodes a polypeptide capable of

reprogramming the immune cell.

85. The method of claim 81, wherein the mRNA encodes a synthetic T cell receptor

{sya TCR) or a Chimenc Antigen Receptor (CAR}.

86. The method of any one of clatrs 44 1o 85, wherem the invoaune cell targeting group
comprises an antibody, and the antibody 15 a Fab or an immunoglobulin single vanable

domain.

87. The raethod of any one of claims 44 to 85, whercin the vumune cell targeting group
comprises an anfibody fragment selected from the group consisting of a Fab, F{ab’)2, Fab’-
SH, Fv, and scFv fragment.

88. The method of claim 86 or 87, wherein the vmmune cell targeting group comprises a Fab

that comprises one or more interchain disulfide bonds.

89. The raethod of claum 88, wherein the Fab comprises a heavy chain fragment that
comprises F174C and C2338 substitations, and a light chain fragment that comprises S176C

and C214S substitutions, numbering according to Kabat.

50. The method of any one of clairus 86 to 89, wheremn the 1nwoune cell targeting group
comprises a Fab that comprises a cysteine at the C-terminus of the heavy or ight chain
fragment.

91. The method of claim 86, wherein the Fab further comprises one or more aming acids

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

92, The method of any one of clatas 87-91, wherein the Fab comprises a heavy chain
variable domain hinked to an antibody CHI domain and a light chain variable domain linked
to an antibody light chain constant domain, wherein the CH1 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) linked

to the C-terminus of the light chain constant domain by an amino acid linker.

93, The method of clatm &6, wherein the immune cell targeting group comprises an

mmunoglobulin single vanable domai.
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94, The method of claim 86 or 93, wherein the immunoglobulin single vanable domain

comprises a cysteine at the C-terminus.

95, The method of claim 94, wherein the immumoglobulin single variable domain
comprises a VHH domain and farther comprises a spacer cComprising one of mose amno

acids between the VHH domain and the C-terminal cysteine.

96. The method of any one of claims 86, and 93 to 95, wherein the immune ccll targeting

group comprises two or more VHH domains.

97, The method of claim 96, wherein the two or more VHH domams are hinked by an
amino acid linker.

98,  The method of claim 96, whercin the tmmune cell targeting group comprises a first
VHH domam linked to an antibody CH! domain and a second VHH domamn linked to an
antibody light chain constant domain, and wherein the antibody CH1 domain and the
anttbody hight chain constant domain are linked by one or more disulfide bonds,

59, The method of any one of claims 86, and 93 to 95, wherein the immusne cell targeting
group comprises a VHH domain linked to an antibody CH1 domain, and wheremn the
antibody CHI domain is inked to an astibody light chain constant domain by one or more

disulfide bonds.

100.  The method of claim 96 or 97, wherein the CHI domain comprises F174C and C2338
substitutions, and the light chain constant domain comprises 8176C and C2148 substitutions,

numbering according to Kabat.
101. The method of any one of claims 44 to 85, wherein the immune cell targeting group
comprises a Fab that comprses:

(a} a heavy chain fragment comprising the amino acid sequence of SEQID NG: fand a
light chain fragment comprising the amino acid sequence of SEQIDNG:2 or 3;

(b} a heavy chain fragment comprising the amino acid sequence of SEQ ID NO: 6and a
fight chain fragment comprising the amino acid sequence of SEQ ID NO: 7.
102. The method of any one of claims 44 to 101, wherein no more than 5% non-tmmune cells
are transfected by the LNP.

103, The method of any one of claims 44 to 102, wherein half-hife of the mueleic acid

delivered by the LNP or a polvpeptide encoded by the nucleic acid delivered by the LNP s at
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least 10% longer than half-life of nucleic acid delivered by a reference LNP or a polvpeptide

encoded by the nucleic acid delivered by the reference LNP.

104, The method of any one of claims 44 to 103, wherein at least 10% mmmune cells are

transfected by the LNP.

1035, The method of any one of claims 44 to 104, wherein expression level of the nucleic acid
delivered by the LNP 1s at least 10% higher than expression level of nucleic acid delivered by

a reference LNP.

106. A lipid nanoparticle (LNP) for delivering a nucleic acid into an immune cell of the

subject, wherein the ENP comprises:

{a) An tonizable cationic lipid,

(b} A conjugate comprising the following structure:
[Lipid] - [optional hinker] - [imnume cell targeting groupi;
() A sterod or other structural lipid;

{d} A neutral phospholipid;

{c) A free Polyethylene glycol {(PEG) lipid, and

63 the nucleic acid,

wherein the immune cell 1s an NK cell, and the immune cell targeting group comprises an

antibody that binds CD36.

107 A hipid nanoparticle (LNP) for delivering a nucleic acid into an imunune cell of the

subject, wherein the NP comprises:

{a) An ionizable cationic lipid,

(by A conjugate comprising the following structure:
[Lipid] — {optional linker] — [immune cell targeting group]:
{c} A sterol or other structural hipid;

{d) A neutral phospholipid;

{c) A free Polyethylene glycol (PEG) lipid, and

H) the nucleic acid,
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wherein the immume cell targeting group comprises an antibody that binds CD7 or CDS, and

the free PEG lipid is DMG-PEG.

108, A lipid nanoparticle {LNP) for delivering a nucleic acid into an immune cell of the

subject, wherein the LNP comprises:

{a) An ionizable cationic lipid,

{b} A conjugate comprising the following structure:
[Lipid] — [optional hnker] - [tanume cell targeting groupi;
() A sterod or other structural lipid;

{d} A neutral phospholipid;

) A free Polyethylene glveol (PEG) Hipid, and

{f) the nucleic acid,

wherein the immune cell targeting group comprises an antibody, and the antibody is a Fab or

an immunoglobulin single vanable domain.

109, The LNP of claum 108, whercin the Fab is enginecred to knock out the natural interchain

disulfide at the C-terminus.

110. The LNP of claim 109, wherein the Fab comprises a heavy cham fragment that
comprises £2338 substitutions, and a light chain fragient that comprises £2148

substitutions,
111 The LNP of claim 110, wherein the Fab comprises a non-natural interchain disalfide.

112. The LNP of claim 116, whergin the Fab comprises F174C substitation in the heavy
chain fragment, and S176C substitution in the light chain fragment.

113, The LNP of claim 108, wherein the antibody is an immunoglobulin single vanable (I8V)
domain, and the ISV domain is an Nanobody® ISV,

114, The LNP of claum 113, whercin the free PEG hipid comprise a PEG having a molecular
weight of at least 2000 daltons.

115, The LNP of claim 114, wherem the PEG has a molecular weight of about 3000 to 5000

daltons.

116. The LNP of claim 108, wherein the antibody is a Fab.
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117. The LNP of claim 116, wherein the Fab binds CD3, and the free PEG lipid in the LNP

comprises a PEG having a molecular weight of about 2000 dalions.

118 The LNP of claim 116, wherein the Fab is an anti-CD4 antibody, and the free PEG lipid

i the LNP comprises a PEG having a molecular weight of abowut 3000 to 3500 daltons.

119, The LNP of clainm 108, wherem the immumune cell targeting group comprises two or more

VHH domams.

120. The LNP of claim 119, wherein the two or more VHH domains are linked bv an amino

acid linker.

121. The LNP of claim 120, wherein the immune ccll targeting group coraprises a first VHH
domain hinked to an antibody CH1 domain and a second VHH domain linked to an antibody

hight chain constant domain.

122. A bpid nanoparticle (LNP)} for delivering a nucleic acid into an imumune coll of the

subject, wherein the ENP comprises:

{(a} An ionizable cationic Hpid,

(by A conjugate comprising the following structure:

[Lipid] — {optional linker] — [immune cell targeting groupl:

{c} A sterol or other structural hipid:

{d) A neutral phospholipid;

{c}) A free Polyethviene glycol (PEG) lipid, and

) the nucleic acid,

wherein the NP binds CD3, and also binds CD1la or C318.

123, The LNP of claim 122, wherein the LNP comprises two conjugates, wherein the first
comjugate comprises an antibody that binds CD3, and the second conjugate comprises an
antibody that binds CD11a or CD18.

124. The LNP of claim 122 wherein the LNP comprises one conjugate, and the conjagate
comprises a bispecific antibody that binds both CD3 and CB1la.

125, The LNP of claim 122, wherein the LNP comprises one conjugate, and the conjugate

comprises a bispecific antibody that binds both CD3 and CD18.
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126. The LNP of claim 124 or 125, wherein the bispecific antibody is an immunoglobulin

single variable domain or Fab-ScFv.

127, A lipid nanoparticle {LNP) for delivering a nucleic acid nto an immune cell of the

subject, wherein the LNP comprises:

{a) An ionizable cationic lipid,

{b} A conjugate comprising the following structure:
[Lipid] — [optional hnker] - [tanume cell targeting groupi;
() A sterod or other structural lipid;

{d} A neutral phospholipid;

) A free Polyethylene glveol (PEG) Hipid, and

{f) the nucleic acid,

wherein the LNP binds CD7 and CD8 of the immune cell.

128, The LNP of claim 127, wherein the LNF comprises two conjugates, wherein the first

conjugate comprises an antibody that binds CD7, and a second conjugate that binds CD8.

129. The LNP of claim 127, wherein the LNP comprises one conjugate, wherein the

conjugate comprises a bispecific antibody that binds CB7 and CDS.

130. The LNP of claim 129, wherein the bispecific antibody is an immunoglobulin single

variable domain or Fab-ScFv.

131, A lipid nanoparticle (LNP) for delivering a nucleic acid into two different types of

tmmune cells of the subject, wherein the LNP comprises:
{a) An tonizable cationic lipid,

(b} A conjugate comprising the following structure:
[Lipid] — [optional linker] — [tmmune cell targeting groupl:
(e} A sterol or other structural lipid;

{d) A neutral phospholipid;

{c) A tree Polyethviene glycol (PEG) lipid, and

) the nucleic acid,
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wherein the ENP binds to a first antigen on the surface of the first type of immume cell, and

also binds to a second antigen on the surface of the second type of immaune cell.

132, The LNP of claim 131, wherein the two different types of immume cclls are CD4+ T
cells and CD8+ T cell.

133, The LNP of claim 131, 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 inwnune coll,

134. The LNP of claim 131, wherein the LNP comprises onc 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.

135, The LNP of claim 134, wherein the bispecific antibody is an immunoglobulin single

variable domain or g Fab-ScFv,

136. A hipid nanoparticle (LNP) for delivening a nucleic acid into both CD4+ and CD8+ T

cells of a subject, wherein the LNP comprises:

{a} An tonizable cationic lipid,

{b} A conjugate comprising the following structure:

[Lipid] - foptional linker] — [imnmme cell targeting groupl;

{c) A sterol or other structural lipid;

{d} A neutral phospholipid;

{c) A free Polyethylene glveol (PEG) lipid, and

H the nucleic acid,

wherein the tomune cell targeting group comprises a single antibody that binds to CD3 or
Ch7.

137, A hpid nanoparticle (LNP) for delivering a nucleic acid into both T cells and NK celis
of a subject, wherem the LNP comprises:

{a) An tonizable cationic lipid,

(b} A conjugate comprising the following structure:

[Lipid] — [optional linker] — [tamune cell targeting groupl:
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{c} A sterol or other stractural lipid;

{d) A neutral phospholipid;

(e} A free Polyethylene glveot (PEG) lipid, and
) the nucleic acid,

wherein the inumune ccll targeting group binds to CD7, CD8, or both D7 and CDE.

138. A hipid nanoparticle (LNP} for dehivering a nucleic acid into both T cells and NK cells

of a subject, wherein the LNP comprises:

{(a) An tonizable cationic lipid,

{b} A conjugate comprising the following structure:
[Liptd] — [optional inker] - [immume cell targeting groupl;
() A sterol or other structural lipid;

{d} A neutral phospholipid;

{c) A tree Polyethyviene glycol (PEG) lipid, and

) the nucleic acid,

wherein the vonune cell targeting group binds to

{1) both CD¥3 and CD56;

(i) both CD8 and CD56; or

(i) both CD7 and CD36.

139, The LNP of any one of claims 106 to 138, wherein the innnune cell targeting group is
covalently coupled to a lipid in the hipid blend via a polyethylene glycol (PEG) containing

linker.

140. The LNP of claim 139, wheren the lipid covalently coupled to the immune cell
targeting group via a PEG containing linker is distearoviglycerol {DSG), distearovl-
phosphatidyicthanolamine (DSPE), dunyrstoyl-phosphatidyicthanolamine (DMPE),
distearoyl-glycero-phosphoglveerol (DSPG), dimyristoyl-glycerol (DMG), dipalmitoyl-
phosphatidylethanolamine (DPPE), dipalmitovi-glycerol (BPG), or ceramide.

141, The LNP of any one of clatras 106 to 130, wherein the ipid-tmmune cell targeting

group conjugate is present in the lipid blend in a range of 0.002-0.2 mole percent.
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142, The LNP of any one of claims 106 to 141, wherein the lipid blend further comprises one

or more of a structural lipid (e.g.. a sterol), a neutral phospholipid, and a free PEG-hipid.

143, The LNP of any one of claims 106 to 142, wheremn the 1onizable cationic lipid s present

in the lipid blend in a range of 40-60 mole percent.

144. The LNP of clain 142, wherein the sterol s prosent in the lipid blend in a range of 30-

50 mole percent.
1453 The LNP of claun 142 or 144, wherein the sters! i1s cholesterol.

146. The LNP of any one of clatms 138 to 145, wherein the neutral phospholipid is selected
from the group consisting of phosphatidvicholine, phosphatidylethanolamine, distearoyl-sn-
glycero-3-phosphoethanclamine (DSPE), 1,2-distearoyl-sn-glveero-3-phosphocholing

(DSPCY, 1,2-dioleovl-sn-glveero-3-phosphoethanolanuine (BOPE), 1.2-dicleoyl-sn-glyeero-

3-phosphocholine (DOPC).

147. The LNP of any one of claims 106 1o 146, wherein the neuiral phospholipid is present

i the lipid blend in a range of 1-10 mole percent.

148. The LNP of any ong of claims 106 to 146, wherein the free PEG-lipid 1s selected from
the group consisting of PEG-distearoyi-phosphatidylethanclammne {(PEG-DSPE) or PEG-
dimyrstovi-phosphatidylethanolamine (PEG-DMPE), N-(Methyipolvoxyethylene
oxycarbonyli-1,2-dipalnutoyi-sa-glycero-3-phosphocthanolamine (DPPE-PEG) 1,2-
Dimynistoyl-rac-glycero-3-methyipolyoxvethyviene (PEG-DMG), 1,2-Dipalmitovi-rac-
glyeero-3-methyipolvoxyethylene (PEG-DPG), 1,2-Dioleovi-rac-glycerol,
methoxypolyethyiene Glycol (BOG-PEG) 1.2-Distearoyl-rac-glycero-3-
methyvipolvoxyethylene (PEG-DSG), N-paloutoyl-sphingosine-| -~
{succmviimethoxy{polyethyiene glveol}] (PEG-ceranude), and DSPE-PEG-cysteme, or a
derivative thereof.

149 The LNP of any one of claims 106 to 148, wherein the frec PEG-lipid comprises a
diacylphosphatidylcthanolamines comprising Dipalmitoyl (C16) chain or Dnstearoyl (C18)

chain.

150. The LNP of any one of claims 106 to 149, wherein the free PEG-lipid is present in the

lipid blend in a range of 1-2 mole percent.

151, The LNP of any one of claims 106 to 150, wherein the freec PEG-lipid comprises the

same or a different hipid as the bpid m the ipid-immune cell targeting group comjugate.
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152, The LNP of any one of claims 106 to 131, wherein the LNP has a mean diameter in the

range of 50-200 am.
153, The LNP of claim (32, where the LNP has a mean diameter of about 100 nm.

134, The LNP of any one of claims 106 to 153, wherein the LNP has a polydispersity index

i a range from 0.05t0 1.

155, The LNP of any one of claims 106 to 134, wherein the LNP has a zeta potential of from

about -10 mV to about + 30 mV atpH 5.
156. The LNP of any one of claims 106 to 155, wherein the nucleic acid is DNA or RNA.
157, The LNP of claim 136, wheremn the RNA 1s an mRNA.

158. The LNP of claim 157, wherein the mRNA encodes a receptor, a growth factor, a

hormone, a cvickine, an antibody, an antigen, an enzyme, 07 4 Vaceine,

159. The LNP of claim 157, wherein the mRNA encodes a polypeptide capable of regulating

immuone response in the inunune cell.

160. The LNP of claim 139, wherem the mRNA e¢ncodes a polypeptide capable of

reprogramming the immune cell.

161, The LNP of claum 166, wherein the mRNA encodes a syathetic T cell receptor

(synTCR)} or a Chimeric Antigen Receptor {CAR).

162. A hpid nanoparticle (LNP) for delivering a nucleic acid into an tonmune cell of a subject,

wherein the LNP comprises:

{a) An ionizable cationi: lipid,

() A comjugate comprising the following structure:
[Lipid] - [optional inker] — [immune cell targeting grouph;
{c} A sterol or other stractural ipid;

{d) A neutral phospholipid;

{e} A free Polvethylene glveol (PEG) lipid, and

§3] the nucleic acid,

wherein the igunune ool targeting group comprises a Fab lacking the native interchain

disulfide bond.
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163, The LNP of claim 162, wherein the Fab is engincered to replace one or both cysteines
on the native constant light chain and the native constant heavy chain that form the native
mterchain disulfide with a non-cysteine amine acid, thercfor to remove the native mterchain

disulfide bond in the Fab.

164. A method of targeting the delivery of a mucleic acid to an immune cell of a subject,
comprising coutacting the inunune ccll with a lipid navoparticle {LNP) of any one of claius

to 106 fo 163,

165, The method of claim 164, wherein the roethod is for targeting NK cells, wherein the

mmune cell targeting group binds to CD56.

166. The method of claim 164, wherein the method is for targeting both T cells and NK cells
sirpultancously, wheremn the inunune cel targeting group binds to CD7, CD§, or both CD7
and CD8.

167. The method of clamm 164, wherein the method s for targeting both CD4+ and CD8+ T
cells simultancously, wherein the immume cell targeting group comprises a polvpeptide that
binds to CD3 or CD7.

164. A method of expressing a polypeptide of uderest in a targeted vamune cell of a subject,
comprising contacting the immune cell with a lipid navoparticle {LNF) of any one of claims
to 106 to 163

169. A method of modulating cellular function of a target immune cell of a subject,
comprising adnunistering to the subiect a lipid nanoparticle {LNP} of any one of claims to
106 to 139,

170. 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 a lipid nanopasticle {LNP)
of any one of claims to 106 to 163.

171, An vonunoglobulin single variable domain (ISVD) that binds to human CD3, wherein
the ISV comprises three complementatity deternuning domains CBR1, CDBRZ, and CDR3,
wherein

{a} the UDR1 comprises GSTFSDYG (SEQ ID NG 100),

(b} the CDRZ comprises IDWNGERT (SEQ ID NG: 101}, and

{c} the CDR3 comprises AADALPYTVRKYNY (SEQ 1D NO: 102).
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172, The ISVD of cdlaim 171, wherein the ISVD 15 humanized.
173, The ISVD of claim 172, wherein the ISVD comprises SEQ D NO: 77,

174. A polypeptide comprising GSTFSDYG (SEQ ID NG: 100), IDWNGEHT (SEQ ID NO:
101), and AADALPYTVRKYNY (SEQ 1D NG: 102).

175. A polypeptide comprising the ISVD of claim 171,

176. The polypeptide of clawm 173, further comprising a second binding moiety, wherein the

second binding moiety binds to CD8 or another different target.

177. The polypeptide of claim 176, wherein the second binding moiety s also an ISVD.
178. The polvpeptide of clam 175, further comprising a detectable marker.

179, The polypeptide of claim 175, further comprising a therapeutic agent.

180. A composition comprising the ISVD of any one of claims 171 to 173, or the polypeptide

of any one of claims 174 10 179.

181. A phammaceutical composition comprising the ISVD of any one of claims 171 to 173, or

the polypeptide of any one of claims 174 to 179, and a pharmaceutically acceptable carrier.

182. A method of treating a disease or disorder related to CD8 in a subject, comprising

administering the pharmaceotical composition of claim 181 to the subject.

183, The method of claim 182, wherein the disease or disorder 1s cancer.



