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Use of Glycerides for LNP Formulations

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to European Patent Application No. 23306047 4, filed

June 28, 2023, the disclosure of which is incorporated herein by reference in its entirety.

BACKGROUND

Effective targeted delivery of biologically active substances such as nucleic acid
molecules (e.g., mRNA) represents a continuing medical challenge. In particular, the delivery
of nucleic acids to cells is made difficult by their low in vivo stability, propensity toward
rapid degradation, and low cell permeability. Thus, there exists a need to develop methods
and compositions to facilitate the delivery of therapeutic and/or prophylactics such as nucleic
acids to cells.

Lipid-containing nanoparticle compositions have proven effective as transport
vehicles into cells and/or intracellular compartments for biologically active substances such
as small molecule drugs, proteins, and nucleic acids. Such compositions generally include
one or more ionizable (e.g., cationic) lipids, phospholipids including polyunsaturated lipids,
cholesterol-based lipids, and/or lipids containing polyethylene glycol (PEGylated lipids).
Though a variety of such lipid-containing nanoparticle compositions have been demonstrated,

there remains a need for lipid nanoparticle formulations having improved efficacy.

SUMMARY

The present disclosure provides, inter alia, a composition comprising a lipid
nanoparticle (LNP), wherein the LNP comprises: (I) an ionizable lipid; (II) a glyceride or an
acylglycol; and (IIT) one or more lipids selected from the group consisting of: (a) a structural
lipid; (b) a helper lipid; and (c) a stealth lipid.

In some embodiments, the LNP comprises: (I) an ionizable lipid; (II) a glyceride or an
acylglycol; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises: (I) an ionizable lipid; (II) a glyceride or an
acylglycol having a structure according to Formula I or Formula II, as defined herein; (III) a
structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

The present disclosure further provides a composition comprising a lipid nanoparticle

(LNP), wherein the LNP comprises: (I) an ionizable lipid having a structure according to
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Formula CAT-I or CAT-II, as defined herein; (II) a glyceride or an acylglycol; (III) a
structural lipid, (IV) a stealth lipid; and (V) a helper lipid.

In some embodiments, the LNP comprises: (I) an ionizable lipid having a structure
according to Formula CAT-I or CAT-II, as defined herein; (II) a glyceride or an acylglycol
having a structure according to Formula I or II, as defined herein; (III) a structural lipid, (IV)
a stealth lipid; and (V) a helper lipid.

The present disclosure further provides an LNP as described herein, further
comprising a nucleic acid molecule, wherein the nucleic acid molecule is encapsulated in the
LNP. In some embodiments, the nucleic acid molecule is an mRNA molecule.

The present disclosure further provides a method of preventing an infection or
reducing one or more symptoms of an infection, comprising administering to the subject,
optionally intramuscularly, intranasally, intravenously, subcutaneously, or intradermally, a
prophylactically effective amount of a composition described herein.

The present disclosure further provides the use of a composition described herein for
the manufacture of a medicament for use in treating a subject in need thereof.

The present disclosure further provides a kit comprising a container comprising a
single-use or multi-use dosage of a composition described herein, optionally wherein the

container is a vial or a pre-filled syringe or injector.

DETAILED DESCRIPTION

The present disclosure provides lipid nanoparticle (LNP) formulations for delivering
cargo, such as a nucleic acid molecule (e.g., mRNA), to a target cell. In particular, the LNPs
of the present disclosure comprise an ionizable lipid, a glyceride or an acylglycol, and at least
one of a structural lipid, a helper lipid, and a stealth lipid (e.g., PEGylated). In some
embodiments, the LNPs comprise an ionizable lipid, a glyceride or an acylglycol, a structural
lipid, a helper lipid, and a stealth lipid.

It has been discovered that addition of a glyceride or an acylglycol to LNP
formulations can improve the delivery efficiency of the mRNA, thereby increasing the
expression of the protein encoded by the nucleic acid molecule when compared to LNP
formulations without a glyceride or an acylglycol. For example, LNP formulations of the
present disclosure comprising hEPO mRNA were found to significantly improve protein

expression over control formulations.
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Definitions

Unless otherwise defined herein, scientific and technical terms used in this
application shall have the meanings that are commonly understood by those of ordinary
skill in the art.

As used in the specification and in the claims, the term “comprising” can include the
embodiments “consisting of”” and “consisting essentially of.” The terms “comprise(s),”
“include(s),” “having,” “has,” “can,” “‘contain(s),” and variants thereof, as used herein, are
intended to be open-ended transitional phrases, terms, or words that require the presence of
the named ingredients/steps and permit the presence of other ingredients/steps. However,
such description should be construed as also describing compositions or processes as
“consisting of”” and “consisting essentially of”” the enumerated ingredients/steps, which
allows the presence of only the named ingredients/steps and excludes other ingredients/steps.

As used herein, the term “approximately™ or “about,” as applied to one or more values
of interest, refers to a value that is similfar to a stated reference value, In certain embodiments,
the term “approximately” or “about” refers to a range of values that fall within 25%, 20%

19%, 18%, 17%, 6%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2%, Y96, or less in etther direction (greater than or less than) of the stated reference value
unless otherwise stated or otherwise evident from the context {except where such mumber
would exceed 100% of a possible value).

23

As used herein, the term “delivery” encompasses both local and systemic delivery.
For exarnple, delivery of mRNA sgocompasses situations in which an mRNA 1s delivered to a
target tissue and the encoded protein is expressed and retained within the target tissue (also
referred to as “local distribution” or “local delivery™), and situations in which an mRNA s
delivered to a target tissue and the encoded protein is expressed and secreted into patient's
circulation system {e.g., serum) and systematically distributed and taken up by other tissues
{also referred to as “systemic distribution” or “systemic delivary).

As used herein, “expression’” of a nucleic acid seguence refers o translation of an
mRNA into a polypeptide, assemble multiple polypeptides {e.g., heavy chain or Hght chain of
antibody) inte an intact protein {e.g., antibody) and/or post-translational medification of a
polypeptide or fully assembled protein (e.g., antihody). In this application, the terms
“expression” and “production,” and grammatical equivalent, are used inter-changeably

As used berein, a “functional” biological molecule is a biological ruolecule ina form

in which it exhibits a property andfor activity by which it is characterized.



10

15

20

25

30

WO 2025/003754 PCT/1B2024/000334

As used herein, the term “half-life” is the time required for a guantity such as nucleic
acid or protein concentration or activity to fall to half of its value as measured at the
beginning of a time period,

9% Gxl

As used herein, the terms “improve,” “increase” or “reduce,

5?

or graroraatical
equivalents, indicate values that are relative to a baselive measurernent, such as a
measurement in the same individual prior to initiation of the treatment described herein, or a
roeasurement i a control subject {or roultiple control subject) 1o the absence of the treatruent
described herein. A “‘control subject” is a subject afflicted with the same form of discase as
the subject being treated, whe s about the same age as the subject being treated.

As used herein, the term “in vitroe” refers to events that occur in an artificial
environruent, €.2., i a test tube or reaction vessel, in cell culture, etc,, rather than within a
nuiti-ceflular organism,

As used herein, the term “in vivo” refers to events that occur within a multi-celiular
organistn, such as 2 buman and a non-humao animal. In the context of cell-based systems, the
term may be used to refer to events that oceur within a living cell (as opposed to, for
example, in vitro systems).

As used herein, the terms “local distribution,” “local delivery,” or grammatical
eqguivalent, refer to tissue specific delivery or distribution. Typically, local disiribution or
delivery requires a protein {g.g., enzvme) eucoded by mRNAs be translated and expressad
wtracellularly or with limited secretion that avoids entering the patient's circulation system.

As used herein, the term “ruessenger RNA (mRNAY refers to a polynucieotide that
encodes at least one polypeptide. mRNA as used herein encompasses both modified and
pnmodified RNA. mRNA may contain one or more coding and non-coding regions. mRNA
can be purified from natural sources, produced using recombinant expression systerns and
opticnally purified, chemically synthesized, etc. Where appropriate, ¢.g., in the case of
chemically synthesized molecules, mRNA can comprise nucleoside analogs such as analogs
having chemically modified bases or sugars, backbone modifications, etc. An mRNA
sequence 18 presented in the 5 to 37 direction unless otherwise indicated. In some
embodiments, an mBNA is or comprises natural nucleosides {e.g., adenosine, guanosine,
cytidine, uridine); nucleoside analogs {e.g., 2-aminoadenosine, 2-thiothymidine, inosine,
pyrrolo-pyrimidine, 3-methyl adenosine, 5-methyleytidine, C-5 propynyl-cytidine, C-3
propynyl-uridive, 2-avoinoadenosine, US-bromouridine, Ci-fluorouridive, CS-iodouridine,
CS-propynyi-uridine, CS-propynvi-cytidine, CS-methyleytidine, Z-aminoadenosine, 7-

deazasdenosine, 7-deazaguanosine, 8-oxoadenosine, 8-oxoguanosine, O{6)-methylguanine,
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and 2-thiocytidine); chemically modified bases; biclogically modified bases (e.g., methylated
bases); mtercalated bases; modified sugars {¢.g., 2'-fluororibose, riboge, 2-deoxyribose,
arabinose, and hexose); and/or modified phosphate groups (e.g., phosphorothicates and §°-N-
phosphoramidite linkages).

In some embodiments, the mRNA comprises one or more nonstandard nucleotide
residues. The nonstandard nucleotide residues may include, e.g., S-methybcytidine (“5mC™),
psendouridine (ywl™), and/or 2-thio-uridine (“23U7). See, ¢.g., U.S. Pat. No, 8,278,036 or
WO2011012316 for a discussion of such residues and their incorporation inte mENA. The
mRNA may be RNA, which is defined as RNA in which 25% of U residues are 2-thio-
uridine and 25% of { residues are S-methylcytidine. Teachings for the use of RNA are
disclosed US Patent Publication US20120195936 and international publication
WOZG1 1012316, both of which are hereby incorporated by reference in their entivety. The
presence of nonstandard nucleotide residues may render an mRNA more stable and/or less
iununogenic than a control mMRMNA with the sarne sequence but containing only standard
residues. In further cmbodiments, the mRNA may comprise one or more nonstandard
nucleotide residues chosen from isocytosine, pseudoisocytosine, S-broraouract, 5-
propynyviuraci, 6-aminopurive, 2-aminopurine, inosine, diaminopurine and 2-chloro-6-
amanopuring cytosine, as well as combinations of these modifications and other nucleobase
modifications. Certain embodiments may further include additional modifications to the
furanose ring or nucleobase. Additional modifications may include, for exarple, sugar
modifications or substitutions {e.g., one or more of a 2-0-alkyl modification, a locked
aucleic acid {(LNA)). In some embodiments, the RNAs may be complexed or hybridized with
additional polynucleotides andfor peptide polyouclectides (PNA). In embodiments where the
sugar medification is a 2'-O-alkyl medification, such medification may include, but are not
fimited to & 2'-deoxy-2-thoro modification, g 2'-O-macthyl modification, a 2-0-
methoxyethyl modification and a 2'-deoxy modification. In certain embodiments, any of
these meditications may be present in 0- 100% of the nucleotides——for example, more than
0%, 1%, 10%, 25%, 50%. 75%, 85%, S0%, 95%, or 100% of the constituent nucleotides
individually or in combination.

As used herein, the term “nucleic acid,” 1o its broadest sense, refers to any covapound
and/or substance that is or can be incorporated into 2 polynuciestide chain. In some
embodiments, 4 nucleic acid is a compound and/or substance that s or can be incorporated
into a polynuclectide chain via a phosphodiester linkage. In some embodiments, “nucleic

acid” refers to individual nucleic geid residues (e.g., nucleotides and/or nucleosides). In some
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embodiments, “nucleic acid” refers 1o a polynuciectide chain comprising individual nucleic
acid residues. In some embodiments, “nucleic scid” encompasses KNA as well as single
and/or double-stranded DNA and/or cDBNA.

The terrn “pharmacentically acceptable” as used herein, refers to substances that,
within the scope of sound medical judgment, are suitable for use in contact with the tissues of
human beings and animals without excessive toxicity, irritation, allergic response, or other
probiera or coraplication, commensurate with a reasonable benefit/risk ratio,

39 4c

As used herein, the terms “systemic distribution,” “systemic delivery,” or
gramumnatical equivalent, refer to a delivery or distribution mechanism or approach that aftect
the entire body or an entive organism. Typically, systemic distribution or delivery is
accomphished via body's cireulation system, e.g., blood stream. Compared to the definition of
“local distribution or delivery.”

As used herein, the term “subject” refers to a human or any non-human animal (e.g.,
mouse, vat, rabbit, dog, cat, catile, swine, sheep, horse or primate). A homan includes pre-
and post-natal forms. In many embodiments, a subject is a human being. A subjectcan be a
patient, which vefers to a human presenting to a medical provider for diagnosis or treatment
of a disease. The term “subject” is used heretn interchangeably with “individual” or “patient.”
A subject can be afflicted with or is susceptible to a disease or disorder but may or may not
display sympioms of the disease or disorder.

As used herein, the term “substantially” refers to the gualitative condition of
exhibiting total or near-total extent or degree of a characteristic or property of interest, Oue of
ordinary skill in the bological arts will understand that biological and chemical phenomena
rarely, if ever, go to completion andfor proceed to completeness or achieve or avoid an
absolute result. The term “substantially” is therefore used herein to capture the potential fack
of completeness inherent in many biclogical and chemical phenomena.

As used herein, the term “target tissues” refers to any tissue that is affected by a
disease to be treated. In some embodiments, target tissues include those tissues that display
disease-associated pathology, symptom, or feature.

As used herein, the term “therapeutically effective amount” of a therapeutic agent
rpeans an amouunt that is sufficient, when administered to a subject suffering from or
suscepiible to a disease, disorder, and/or condition, to treat, diagnose, prevent, and/or delay
the onset of the syraptom{s) of the disease, disorder, and/or condition, It will be appreciated
by those of ordinary skill in the art that a therapeutically effective amount is typically

administered via a dosing regimen comprising at least one unit dose,
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As used herein, the term “treatment” or “treating,” is defined as the application or
administration of a therapeutic agent to a patient, or application or administration of a
therapeutic agent to an isolated tissue or cell line from a patient (e.g., for diagnosis or ex vivo
applications), who has a disorder or disease as described herein, a symptom thereof; or the
potential to develop such disorder or disease, where the purpose of the application or
administration is to cure, heal, alleviate, relieve, alter, remedy, ameliorate, improve or affect
the disorder or disease, or its symptoms. Such treatments may be specifically tailored or
modified, based on knowledge obtained from the field of pharmacogenomics.

As used herein, the term “prevent” or “prevention” means no disorder or disease
development if none had occurred, or no further disorder or disease development if there had
already been development of the disorder or disease. Also considered is the ability of one to
prevent some or all of the symptoms associated with the disorder or disease.

Dicfinitions of specific functional groups and chemical terms are described in more
detatl below.

Compounds described hercin can comprise one o7 more asymimetric centers, and thus
can exist in various isomeric forms, e.g., enantiomers and/or diasterecrers, For example, the
compounds described herein can be in the form of an individual enantiomer, diastereomer or
geomeinic isomer, or can he in the form of a mixture of stereoisormers, including racernic
mixtures and mixtures enriched in one or move stereoisomer. Isomers can be isolated from
raixtures by methods known o those skilled 1n the ant, including chiral high performance
fiquid chromatography (HPLO) and the formation and crystallization of chiral salis; or
preferred isomers can be prepared by asymimetric syntheses. See, for example, Jacques et
al., Frantiomers. Racemates and Resolutions {(Wiley Interscience, New York, 1981); Wilen
et al,, Tetrahedron 332725 (3977, Eliel, £, L. Stereochemistry of Carbon
Compounds McGraw-Hill, NY, 1962y, and Wilen, 5. H. Tables of Resolving Agenis and
Optical Resolutions p. 208 (E. L. Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, Ind.
1972y, The invention additionally contemplates compounds as individual isomers
substantially free of other isomers, and alternatively, as mixnures of various isomers.

When a range of values is listed. it is intended to encompass each value and sub-range
within the range. For example “Cis alkyl” is intended to encompass, Ty, O, Cs, Ca, G, Cg,
Crg, Cis, Cra, Tz, Crz, Cos, Cas, Cogy, Cos, Cro, Cas, Cag, Cae, Cus, and Cop alkeyl

As used berein, “alkyl” refers to 4 radical of a straight-chain or branched saturated
hydrocarbon group having from 1 to 50 carbon atoms (“C1-50 alloyl™}). In some embodiments,

an alkyl group has 1 to 40 carbon atoms (“C1-40 alkyl™). In some embodiments, an alkyl
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group has 1 to 30 carbon atoms (“C1-30 alkyl™). In some embodiments, an alkyl grouap has |
0 20 carbon atoms (C1-20 alky!”), In some embodiments, an alkyl group has | to 10 carbon
atoms (“C1-10 atkyl”™). In some embodiments, an alkyl gronp has 1 to 9 carbon atoms ("C1-9
alkyl™), In some embodiments, an alkyl group has 1 to 8 carbon atoms (“C1-8 alky!™). In
some ernbodiments, an alkyl group has 1 to 7 carbon atoms (“C1-7 alkyl”). In some
embodiments, an atkyi group has 1 to 6 carbon atoms (“C1-6 alkyl™). In some embodiments,
au alkyl group has 1 to 3 carbon atoms ("C1-3 alkyl”), In some exobodirments, av alkyl group
has 1 to 4 carbon atoms (“C1-4 alkyl™}. In some embodiments, an alky!l group has 1 10 3
carbon atoms (“CL-3 alkyl™), In some embodiments, an alkyl group has { 1o 2 carbon atoms
(*"C1-2 alky!”). In some embodiments, an alkyl group has 1 carbon atom ("C1T alkyl™). In
some embodiments, an alkyl group has 2 to & carbon atoms (*C2-6 alkyl”). Exaraples of C1-6
alloyl groups include, without limitation, methyi {C1), ethyl (U2}, n-propyl (C3), isopropyi
(C3), n-butyl (C4), tert-butyl {4}, sec-butyl (T4}, iso-butyl (T4), n-pentyt (C3), 3-pentanyl
(3, amyl (C5), peopentyl (US), 3-methyl-2-butanyl (U5}, tertiary amyl (C5), and n-hexyl
{6}, Additional examples of alkyl groups include n-heptyl {C7), n-octyl {CE) and the like,
Unless otherwise specified, each iostance of an alkyl group s independently unsubstituted
{an “onsubstituted alkyi”) or substituted (3 “substituted alky!”) with one or more substituents.
In certain embodiments, the alkyl group is an unsubstituted C1-30 alkyl. In certain
embodiments, the atkyl group is a substituted C1-50 alkyL

As used herein, “heteroalky!” refers to an alkyl group as defined herein which further
inclodes at least one heteroatom (e.g., 11025, e.g., 1, 2, 3, or 4 hetercatorns) selected frow
oxygen, sulfur, nitrogen, boron, silicon, and phosphorus within (i.e., inserted between
adjacent carbon atorns of) and/or placed at one or more terminal position(s) of the parent
chain. In certain embodiments. a heteroalky! group refers to a saturated group having from 1
to 50 carbon atoms and 1 or more heteroatorns within the parent chain CheteroC1-50 alkyl™),
in certain embodiments, a heteroalloyl groap refers to a saturated group having from 1o 40
carbon atoms and | or more heteroatoms within the parent chain (“heteroC1-40 alkyl”). In
certain embodiments, a heteroalkyl group refers to a saturated group having from 1 to 30
carbon atoms and | or more heteroatoms within the parent chain (“heteroC1-30 atky!™). In
certain embodiments, a heteroalky] group refers to a saturated group having from 1 1o 20
carbon atoms and 1 or more heteroatoms within the parent chain (“heteroC1-20 alky!”). In
certain embodiments, a heteroalkyl group refers to a saturated group baving from 1 to 10
carbon atoms and 1 or more heteroatoms within the parent chain (“heteroCI-10 alkvl™). In

some embodiments, a keteroalkyl group is g saturated group having I to % carbon atoms and
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1 or more heteroatorns within the parent chain {(“heteroC1-9 alloyl”). In some embodiments, a
heteroalkyl group is a saturated group having | to ¥ carbon atoms and | or more heteroatoms
within the parent chain (“heteroC1-8 alkyl™). In some embodiments, a heteroalkyi group is a
saturated group having 1 to 7 carbon atoms and | or more heteroatoms within the parent
chain “heteroC1-7 alloyl”). In sowe embodiments, a heteroalkyl group s a saturated group
having 1 to 6 carbon atoms and 1 or more heteroatoms within the parent chain (“heteraCl-6
atkyl”). In some embodiments, a heteroalkyl group is a saturated group having 1 to S carbon
atoms and 1 or 2 hetercatoms within the parent chain (“heteroC1-5 alky!™), In some
embodiments, g heteroalky! group s a saturated group having 1 to 4 carbon atoms and 1 or 2
heteroatoms within the parent chain (“heteroC’1-4 alkyl”). In some embodiments, a
heteroalkyl group is a saturated group having 1 to 3 carbon atoms and 1 heteroatorn within
the parent chain (“heteroC1-3 alloyl”). In some embodiments, a heteroalkyl group isa
saturated group having 1 to 2 carbon atoms and 1 heteroatom within the parent chain
(“hetercC1-2 alkyl”). In sowe embodiments, a heteroalkyl group is a saturated group having
1 carbon atom and | heteroatom (“heteroC1 alkyl™). In some embodiments, a heteroalkyl!
group is a saturated group having 2 to 6 carbon atorus and 1 or 2 heteroatoms within the
parent chain {“heterol’2-6 alkyl”}). Uunless otherwise specified, each instance of a hetercaliyi
group 1s independently unsubstituted (an “vnsubstituted heteroalkyl”) or substituted (a
“substituted heteroalkyl”™) with one or more sabstituents. In certain embodiments, the
heteroalkyl group is an unsubstituted heteroC1-30 alkyl In certain embodiments, the
heteroalkyl group is a substituted heteroC1-30 atkyl.

As used herein, “alkenyl” refers to a radical of a straight-chain or branched
hydrocarboun group baving from 2 to 50 carbou atoms and one or woore carbon-carbon double
bonds (e.g., 1, 2, 3, or 4 double bonds) (“CZ-50 alkenyl”}). In some embodiments, an alkenyl
gronp has 2 to 40 carbou atoms (“C2-40 alkenyl”). In some embodiments, an alkenyl group
has 2 to 38 carbon atoms ("C2-30 alkenyi™). In some embodiments, an aflkenyi groap has 2 to
20 carbon atoms (MC2-20 alkeny!”), In some embodiments, an alkenyl group has 2 to 10
carbon atoms (“C2-10 alkenyl™}. In some embodiments, an alkenyi group has 2 to 9 carbon
atoms (“C2-9 alkenvy!™). In some embodiments, an alkeny! group has 2 to § carbon atoms
{(*C2-8 alkeny!™). In some embodiments, an alkenyl group has 2 to 7 carbou atovos ("C2-7

N

alkeny{™}. In some embodiments, an alkenyl group has 2 to 6 carbon atoms ("C2-6 atkeny!™).
In some embodiments, an alkenvl group has 2 10 5 carbou atoms (*(C2-5 alkenyl™). In some
embodiments, an alkenyl group has 2 to 4 carbon atoms (“C2-4 alkeny!”). In some

embodiments, an alkenyl group has 2 to 3 carbon atoms (C2-3 alkenyl”). In some
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embodiments, an atkenyl group has 2 carbon atoms (“C2 alkenyl™}. The one or more carbon-
carbon double bonds can be interpal (such as in 2-butenyl) or terminal (such as in 1-butenyl}.
Examples of C2-4 allcenyl groups inchude, without limitation, ethenyl (C2), 1-propenyl ({23},
2-propenyl (T3}, I-butenyl {C4), 2-butenyl (C4), butadienyl {C4), and the like. Examples of
C2-6 alkenyl groups include the aforernentioned C2-4 allcenyl groups as well as pentenyl
{"5)., pentadienyl (C3). hexenyl (C6), and the like. Additional examples of atkenyl include
heptenyl (U7}, octeny! (8, octatrieny] (T8}, and the like. Unless otherwise specified, each
instance of an alkenyl group is independently unsubstituted (an “unsubstituted alkeny!™) or
substituted {a “substituted alkenyl”) with one or more substituents, In certain erabodioents,
the alkenyl group is an unsubstituted £2-50 alkenvl, In certain embodiments, the alkenyl
gronp is a substituted C2-50 alkenyl.

As ased herein, “heteroalkeny!” refers to an alkenyl group as defined herein which
further inclndes at least one heteroatom {e.g., 1 10 25, e.g., 1, 2, 3, or 4 heteroatoms) selected
from oxygen, sulfur, nitrogen, borow, silicon, and phosphorus withio (Le., inseried between
adjacent carbon atoms of} and/or placed at onc or more terminal position{(s} of the parent
chain, o certain embodiments, a heteroalkenyl group refers to a group having from 2 to 50
carbon atoms, at least one double bond, and 1 or more heteroatoms within the parent chain
(“heteroC2-50 alkenyl”). In certain embodiments, a heteroalkenyl group refers to a group
having from 2 to 40 carbon atorss, at least one douable boud, and 1 or more heteroatoms
within the parent chain (“heteroC2-40 alkeny!”). In certain erobodiments, a hetercalkenyl
group refers to a group having from 2 to 30 carboun atoms, at least ove double bond, and [ or
more heteroatoms within the parent chain (“heteroC2-30 alkeny[™}. b certain embodiments, 3
heteroalkenyl group refers to a group having from 2 to 20 carbon atoms, at least oune double
bond, and 1 or more heteroatoms within the parent chain {"“heteroC2-20 alkeny!”). In certain
embodiments, a heteroatkeny! group refers to a group having from 2 to 10 carbon atoras, at
least one double bond, and 1 or more heteroatoms within the parent chain (“hetero{"2-10
alkeny!™), In some emmbodiments, g heteroalkenyl group has 2 to 9 carbon atorus at least one
doubie bond, and 1 or more hetercatoms within the parent chain {“heteroC2-9 alkeny!™). In
some embodiments, a heteroalkenyl! group has 2 to 8 carbon atoms, at least one double bond.,
and 1 or more heteroatoms within the parent chain “hetero{C2-8 alkenyl”). In some
embodiments, a hetercalkenyl group has 2 to 7 carbon atoms, at least one donble bond, and 1
or more heteroators within the parent chain (“heteroC2-7 alkenyl”™). In some erobodiments, a

~

heteroalkeny! group has 2 to 6 carbon atorns, at least one double bond, and 1 or more

heteroatoms within the parent chain (heteroC2-6 alkenyl™). In some embodiments, a

10
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heteroallceny! group has 2 to 5 carbon atoms, at least one double bond, and T or 2

heteroatoms within the parent chain (“heteroC2-5 alkenyl™). In some embodiments, a
heteroatkenyl group bas 2 to 4 carbon atoms, at least one double bond, and for 2 heteroatoms
within the parent chain (“heteroC2-4 alkenyl”). In some embodiments, a heteroatkenyl group
has 2 to 3 carbon atoms, at least one double bond, and 1 heteroatom within the parent chain
{*“heternC2-3 alkeny!™}). In some embodiments, a heteroalkenyl group has 2 to & carbon
atoms, at least one double, bond, and 1 or 2 heteroatoms within the parent chain (“hetero(C2-6
alkeny!™}, Unless otherwise specified, cach instance of a heteroalkenyi group is
independently unsubstituted (an “vosubstituted heteroalkenyl”) or substituted (a2 “substituted
heteroallcenyl”) with one or move substituents. In certain emsbodiments, the hetercaltkenyl
group is an unsubstituted heteroC2-50 atkenyl. In certain embodiments, the heteroatkenyl
group is a substituted hetero(CZ2-50 alkenyl.

As used herein, “alkynyvl” refers o a radical of a straight-chain or branched
hydrocarbon group baving from 2 to 50 carboun atoms and ove or roore carbon-carbon triple

bonds (e.g., 1, 2, 3, or 4 triple bonds} and optionally one or more double bonds {(e.

{ g.1,2,3

or 4 double bonds) (“C2-50 alkynyl”). Au alkynyi group that has one or more triple bonds
and one or more double bonds is also referred to as an “ene-yne”. In some embodiments, an
alkynyl group has 2 to 40 carbon atorns ("C2-40 alkynyl”). In sorme embodiments, an alkynyl
group bas 2 10 30 carbon atoms (“CZ2-30 alkynyl™y. In some embeodiments, an alkvoyl group
has 2 to 20 carbon atorns ("C2-20 alkynyl”). In some embodiments, an alkynyl group has 2 1o
10 carbon atorns ("C2-10 alkyoy!™). In sowe exabodiments, ao alkynyl group has 210 9
carbon atoms ("C2-9 alkynyl”). In some embodiments, an alkynyl group has 2 to § carbon
atoms (C2-8 alkynyl”) In some erobodiments, an alkynyl group has 2 to 7 carbon atoms
(*C2-7 alkynyl”). In some embodiments, an alkynyl group has 2 to © carbon atoms ("C2-6
alkyoyl”). In some erabodiments, an alkynyl group has 2 to 5 carbon atoms (“C2-5 alkyny!™).
in some embodiments, an alkynyl group has 2 to 4 carbon atoms ("C2-4 alkyoyl”). In some
embodiments, an alkynyl group has 2 to 3 carbon atoms (“C2-3 alkynyl”). In some
embodiments, an alkynyl group has 2 carbon atoms ("C2 atkynyl™). The one or more carbon-
carbon triple bonds can be internal (such as in 2-butynyl) or terminal (such as in I-butynyd).
Examples of C2-4 alkyoy] groups include, without himitation, ethynyl (C2), T-propynyl (C3),
2-propvayl {C3), -butynyl {C4), 2-butynyl (C4), and the like. Examples of C2-0 alkenyl
groups juclade the atorerventioned 2-4 alkyvoyi groups as well as peotyonyi {C3), hexyuyl
{6, and the like. Additional examples of altkynyl include heptynyl (C7), octynyl (C&), and

the like. Unless otherwise specified, cach instance of an alkyny! group is independently
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unsubstituted (an “unsubstitated alkynyl"} or substituted (a “substituted abioyayi™) with one or
more substituents. In certain embodiments, the alkynyl group is an unsubstituted C2-50
allcynyl. In certain emnbodiments, the alkynyl group is a substituted C2-50 alkynyl.

As used herein, “heteroalkynyl” refers to an alkynyl group as defined herein which
further 1nclodes at least ope heteroatom (e.g., [ to 25, e.g., 1, 2, 3, or 4 heteroatoms) selected
from oxygen, sulfur, nitrogen, boron, silicon, and phosphorus within (i.e., inserted between
adjacent carbon atoms of) and/or placed at ove or more terroinal position(s) of the parent
chain. In certain embodiments, a hetercalkynyl group refers to a group having from 2 to 50
carbon atoms, at least one triple bound, and | or more hetercatoms within the parent chain
(“heteroC2-50 alkyuy!™). In certain embodiments, a hetercalkynyl group refers to a group
having from 2 to 40 carbon atoms, at least one triple bond, and 1 or more heteroatoms within
the parent chain (“hetero(C2-40 alkyny!”). In certain embodiments, a heteroalkynyl group
refers to a group having from 2 to 30 carbon atoms, at least one triple bond, and | or more
heteroatoms within the parent chain “heteroC2-30 alloyny!™). In certain embodiments, a
heternalkyny! group refers to a group having from 2 to 20 carbon atoms, at least one triple
bond, and 1 or more heteroatoms within the parent chain heteroC2-20 alkyoyi”). In certain
embodiments, a heteroalkynyl group refers to a group having from 2 to 10 carbon atoms, at
ieast one triple bond, and | or more heteroatoms within the parent chain (“heteroC2-10
atkynyl™y. In some embodiments, a heteroalkynyl group has 2 to 9 carbon atoms, at least one
triple bond, and | or more heterogtorns within the parent chain (heteroC2-% alkynyl™). In
some embodiments, a heteroalkynyl group has 2 to 8 carbon atoms, at Ieast one triple bond,
and 1 or more heteroatoms within the parent chain (“heteroC2-& alkynyi™). In some
embodiments, a heteroalkynyl group has 2 10 7 carbon atoms, at least one triple bond, and 1
or more heteroatoms within the parent chain {“heteroC2-7 alkynyl”}. In some embodiments, a
heteroalkynyl group has 2 to 6 carbon atoms, at least one triple bond, and 1 or more
heteroatoms within the parent chain (“hetero2-6 alkyny!™). In some embodiments, a
heteroalkynyl group has 2 to 5 carbon atoms, at least one iriple bond, and 1 or 2 heteroatorns
within the parent chain (“heteroC2-5 alloynyi™). In some ernbodiments, a hetercalkynyl group
has 2 to 4 carbon atorns, at least one triple bond, and for 2 heteroatoms within the parent
chain C“heteroC2-4 alkynyl”). In some embodiments, a heteroalkynyl group has 2 to 3 carbon
atoms, at least one triple bond, and 1 heteroatom within the parent chain (“heteroC2-3
atkynyl™). In some embodiments, a heteroalkynyl group has 2 to 6 carbon atorns, at least one
iriple bond, and 1 or 2 heteroatoms within the parent chain (“heteroC2-0 alkynyl”). Unless

otherwise specitied, each instance of & heteroalkynyl group is independently snsubstituted
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{an “uunsubstitoted heteroalkynyl”} or substitated (a “substituted heteroalkyny!™s with one or
more substituents. i certain embodiments, the heteroalkyny! group is an unsubstituted
heterof”2-580 alkvovl. o certain embodiments, the heteroalkynyl group is a substituted
heterof72-50 alloynyl.

As used herein, “carbocycliyl” or “carboceychic” refers to a radical of a non-arorsatic
cyclic hydrocarbon group having from 3 to 10 ring carbon atoms (“C3-10 carbocyely!”) and
zero hetercatoms in the non-aromatic ving systern, In some embodiments, a carbocyelyl group
has 3 to 8 ring carbon atoms (“C3-8 carbocycly!l™), In some embodiments, a carbocyelyl
group has 3 to 7 ring carbon atoms ((C3-7 carbocyelyl™). In some embodiments, a
carboceycelyl group has 3 to & ring carbon atoms (“C3-6 carboeyelyi”™). In some embodiments,
a carbocyclyl group has 4 to & ving carbon atoms (“C4-6 carbocyeiyl”). In some
embodiments, a carbocyclyl group has 5 to 6 ring carbon atoms ("C5-6 carbocyclyl™). In
some embodiments, a carbocyclyl group has 5 to 10 ring carbon atoms (“C5-10
carbocyclvl”). Exemplary C3-6 carboceyelyl groups inclade, without imitation, cyclopropyl
{C3), cyelopropenyl {(C3), cyclobutyl (C4), cyclobuteny! {C4), cyclopentyl (U5},
cyclopentenyl (T3, cyclobexyl (C6), eyclohexenyl (C6), eyclobexadienyl (C6), and the like.
Exemplary U3-8 carbocyelvl groups include, without limitation, the aforementioned 3-6
carbocyelyl groups as well as eyeloheptyl (C7), eycloheptenyl (C7), cycloheptadienyl (C7),
cycloheptatrieny] {C7), cyclooctyl (U8}, cyclooctenyl (U8}, bicyclo{2.2. 1 jheptanyl] (7).
bicyein[2.2 2joctanyl {(C8), and the Iike, Exemplary C3-10 carbocyclyl groups include,
without limitation, the aforersentioned 3-8 carbocyelyl groups as well as eyclononyl (93,
cyclononenyl (C9), eyclodecyl (C10}, cyclodecenyl (U186}, octahydro-1H-indenyl ({09},
decahvdronaphthalenyl (C10), spirof4.5}decanyl (C10), and the like. As the foregeing
examples illustrate, in certain embodiments, the carbocyclyl group is either monocyclic
{“monocyclic carboeyelyl™) or polyeyclic {e.g., containing a fused, bridged or spiro ring
system such as a bicyelic systen (“bicyclic carbocycivi”) or tricyciic system (Miricyelic
carboeyelvl”)) and can be saturated or can contain one or more carbon-carbon double or triple
bonds. “Carbocycelyl” also includes ring systems wherein the carbocyelvl ring, as defined
above, is fused with one or more aryl or heteroaryl groups wherein the point of attachment is
on the carbocyelyl ring, and in such instavces, the number of carbons continue to designate
the number of carbons in the carbocyelic ring system. Unless otherwise specified, gach
instance of a carbocyelyl group is independently unsubstituted {an “ansubstituted

carbocyclyl™) or substitnted {a “substituted carbocyclyl™) with one or more substituents. In
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certain embodiments, the carbocyelyl group s an unsubstituted (3-10 carbocyelyl, In certain
embodiments, the carbocycelyl group is a substituted C3-10 carbocyelyl

in some embodiments, “carboevelyl” or “carboeyelic” is referred to as a “cycloaltkyl”,
i.e., 3 monocyclic, saturated carbocyclyl group having from 3 to 10 ring carbon atoras (“C3-
18 eycloalky!™). In some embodiments, a cycloalkyl group bas 3 to 8 ring carbow atoms (U3~
& cycloalkyl”). In some embodiments, a cycloalkyl group has 3 to & ring carbon atoms ("{C3-
6, cycloalkyl™). In some embodiments, a cycloalkyl group has 4 to 6 ring carbon ators (*C4-
6 cycloalieyl”). In some embodiments, a cycloalky! group has 5 to 6 ring carbon atoms (“C5-6
cyeloatkyl”). In some embodiments, a cycloalkyl group has 3 to 10 ring carbon atoms (“CS-
18 cycioalkyl™). Examples of U5-6 cycloalkyl groups include cyciopentyt (C5) and
cyclohexyl (C5). Examples of C3-6 cycloalkyl groups include the aforementioned U5-6
cycloatkyl groups as well as cvelopropyl (C3) and cyclobutyl (C4). Examples of C3-8
cycloatkyl groups include the aforementioned CU3-6 cycloalkyl groups as well as cycloheptyl
(7 and cyclooctyl (C8). Unless otherwise specified, each instance of a cycloaliovt group is
independently unsubstituted {an “unsubstituted cycloalkyl”) or substituted (a “substituted
cycloalkyl™) with one or more substituents. In certain embodiments, the cycloatkyl group is
an upsubstituted C3-10 cycloallovl. In certain embodiments, the cycloalkyl group is a
substituted C3-10 eycloalkyl.

As used herein, “heterocyelyl” or “heterocyelic” refers to a radical of a 3- to 14-
rembered non-gromatic ting systern having ring carbon atoms and 1 or more {e.g., 1, 2, 3, or
43 ring hetercatoms, wherein each beteroatoru is fndependently selected from oxygen, sulfur,

s

nitrogen, boron, silicon, and phosphorus {(“3-14 membered heterccyelyl™). In heterocyclyl
groups that contain one or more niirogen atoms, the point of attachment can be a carbon or
nitrogen atom, as valency permits. A heterccyelyl group can either be monocyclic
{“monocyclic heterocyelyl”) or polycycehic {e.g., a fused, bridged or spiro ring system such as
a bicyclic system (“bicyclic heterocyclyl™) or tricyclic system (Miricyclic heterocyclyl”}), and
can be saturated oF can contain one or more carborn-carbon double or triple bonds,
Heterocyelyl polyeyclic ring systems can include one or more heteroatoms in one or both
rings. “Heterocyelyl™ also includes ring systems wherein the heterocyely! ring, as defined
above, 18 fused with one or roore carboeyelyl groups wherein the point of attachment is either
on the carbocyelyl or heterocyelyl ring, or ring systems wherein the heterocyclyl ring, as
defined above, s fused with one or more aryl or heteroaryl groups, wherein the point of
attachiment is on the heterocyelyl ring, and in such instapces, the nomber of ring members

continue to designate the number of ring members in the heterocyelyl ring system. Urdess
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otherwise specified, sach instance of heterocyclyl is independently unsubstituted (an
“unsubstituied heterocyclyl”) or substifuted (3 “substituted heterocyelyl™) with one or more
substituents. [ certain embodiments, the heterocycelyl group is an unsabstituted 3-14
membered heterocyelyl. In certain embodiments, the heterocyelyl group is a substituted 3-14
membered heterocyelyl,

In some embodiments, a heterocyclyl group is a 5-10 membered non-aromatic ring
system having ring carbon atoms and 1 or more (e.g., 1, 2, 3, or 4) ring beteroatoras, wherein
each heteroatom is independentiy selected from oxygen, sulfur, nitrogen, boren, silicon, and
phosphorus {(*3- 10 membered heterocyelyl”). In some embodiments, a heterocyclyl group i a
3-8 membered non-aromatic ring system having ring carbon atoms and 1 or more (e.g., 1, 2,
3, or 4) ring heteroatoms, wherein each hetercatorn is independeuntly selected from oxygen,
sulfur, nitrogen, boron, silicon, and phosphorus ("5-8 membered heterocyelyl”). In some
embodiments, a heterocyclyl group is a 5-6 membered non-aromatic ring system having ring
carbon atoms and | or more (e.g., 1, 2, 3, or 4} ring heteroatoms, wherein each hetercatom is
independentiy selected from oxygen, sulfur, nitrogen, boron, sificon, and phosphorus (“3-6
membered heterocyelyl”), o some ernbodiments, the 5-6 membered heterocyelyl has 1 or
more {e.g., 1, 2, or 3} ring heteroatoms selected from oxygen, sulfur, nitrogen, boron, silicon,
and phosphorus. In some embodiments, the 5-6 membered heterocyelyl has 1 or 2 ring
heteroatoms selected from oxygen, sulfur, nitrogen, boron, silicon, and phosphorus. In some
embodiments, the 5-6 raembered heterocyelyt has 1 ring hetercatom selected from oxygen,
sulfor, nitrogen, boron, silicon, and phosphorus.

Exemplary 3-membered heterocyclyl groups containing | heteroatom include, without
Hroitation, azirdinyl, oxiranyl, thiorenyl Exemplary d-membered heterocyelyl groups
containing 1 heteroatom include, without Himitation, azetidinyl, oxetanyl and thictanyl.
Exemplary S-membered heterocyelyl groups containing | heteroatorn include, without
limitation, tetrahydrofuranyl, dihydrofuranyl, tetrahydrothiophenyl, dihydrothiophenyl,
pyrrolidinyl, dihydropyrrolyl and pyrrolyl-2,5-dione. Exemplary S-membered heterocyelyl
groups containing 2 heteroatons include, without limitation, dioxolanyl, oxathiolanyl and
dithiolanyl. Exemplary S-membered heterocyclyl groups containing 3 heteroatoms include,
without limitation, tmazolinyl, oxadiazolinyl, and thiadiazolinyl. Exemplary 6-merabered
heterocyclyl groups containing 1 heteroatom include, without limitation, piperidinyl,
tetrahydropyranyl, dihydropyridioyl, and thianyl, Exemplary S-membered heterocyclyl
groups containing 2 heteroatons include, without limitation, piperazinyl, morpholinyi,

dithianyl, dioxanyl. Exemplary 6-membered heterocyclyl groups containing 2 heteroatomnms
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include, without limitation, triazinanyl. Exemplary 7-membered heterocyelyl groups
containing | heteroatom include, without Hmitation, azepanyl, oxepany! and thiepanyl.
Exemplary 8-membered heterocyelyl groups containing T beteroators include, without
Hrnitation, azocanyl, oxecanyl and thiocanyl. Exeruplary bicyclic heterocyelyl groups
include, without limitation, indolinyl, tsoindohinyl, dihyvdrobenzofuranyl,
dihydrobenzothienyl, tetrahydrobenzothienyl, tetrahydrobenzofuranyl, tetrabydroindolyl,
tetrahydroquinolinyl, tetrahvdroisoguinolinyl, decabydroguinolinyl, decahvdroisoguinolinyd,
octahydrochromenyl, octahydroisochromenyl, decahydronaphthyridinyl, decahydro-1,8-
naphthyridinyl, octabydropyrrolo[3,2-blpyrrole, indolinyl, phthalimidyl, naphthalinddyl,
chromanyi, chromenyl, 1H-benzofel{l 4idiazepinyi, 1,4,5,7-tetrahvdropyrano|3,4-blpyrralvi,
5,6-dihydro-4H-furo[3.2-bipyrurelyl, 6,7-dikydro-3H-furof3.2-blpyranyl, §5,7-dihydro-4H-
thieno{2.3-clpyranyl, 2. 3-dihydro-1H-pyrrolo{2,3-bipyridinyi, 2,3-dihydrofiiure{2,3-
bipyridinyl. 4,5,6,7-tetrahydro- 1H-pyrrolo-{2,3-bipyridinyl, 4,5,6,7-tetrahydrofurof3,2-
clpyridinyd, 4,5,6,7-tetrabydrothieno[3,2-bipyridinyl, 1,23 4-tetrabhydro-1,6-naphthyridinyl,
and the hke.

As used herein, “aryl” rvefers to a radical of a woonoecyclic or polyeyclic {e.g., bicyclic
or tricyclic} 4n+2 aromatic ring system {(¢.g., having 6, 18, or 14 & electrons shared in a cyclic
arrayv) having 6-14 ring carbon atoms and zero heteroatoms provided in the aromatic ring
syster (“C0-14 aryl™). In some embodiments, an aryl group has & ring carbon atoms (“C6
aryl”; e.g., phenyl). In some embodiments, an aryl group has 10 ring carbon atoras ("CI0
arvi”; e.g., naphthyl such as -naphthyl and 2-naphthyl). In sowe ewbodivoents, an arvl group
has 14 ring carbon atoms {"C14 aryl”; e.g., anthracyl). “Aryi” also includes ring systems
wherein the aryl ring, as defined above, is fused with one or miore carbocyelyl or beterocycivi
groups wherein the radical or point of attachment is on the aryl ring, and in such instances,
the mumber of carbon atoms continue to designate the number of carboun atoms 1o the aryl ring
system. Unless otherwise specified, each instance of an aryl group is independently
unsubstituted (an “unsubstituted aryl”) or substituted {a “substituted aryl”} with one or more
substituents. In certain embodiments, the aryl group is an unsubstituted €6-14 aryl. In certain
embodiments, the aryl group is a substituted £6-14 arvl.

As used herein, “heteroaryl” refers to a radical of a 3-14 membered monocychic or
polycyclic {e.g., bicyclic or tricyclic) 4nt2 aromatic ring system {e.g., having 6, 10, or 14 xn
electrons shaved in a cyclic array) having ting carbon atoms and L ormore (eg., 1,2, 3, ov d
ring heteroatoms) ring heteroatoms provided in the aromatic ring system, wherein each

heteroatom is independently selected from oxygen, sulfur, nitrogen, boron, silicon, and
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phosphorus (*5-14 membered heteroaryl™). In heteroaryl groups that contain one or more
nitrogen atorns, the point of attachment can be a carbon or nitvegen atom, as valency perraits,
Hetercaryl polyeyclic ring systemas can include one or more heteroatoms in one or both rings.
“Heteroaryl” includes ring systerns wherein the heteroaryl ring, as defined above, is fused
with one or more carboeycelyl or heterocyelyl groups wherein the point of attachment is on
the heteroaryl ring, and in such instances, the number of ring members continue to designate
the number of ring members in the heteroaryl ring system. “Heteroaryl” also includes ring
systems wherein the heteroarvl ring, as defined above, is fused with one or more aryl groups
wherein the point of attachment is either on the ary! or heteroaryl ring, and in such instances,
the number of ring members designates the pumber of ring members in the fused polyeyclic
{arylheteroaryl) ring system. Polyeyclic heteroaryl groups wherein one ring does not contain
a hetercatom (2.g., indolyl, quinolinyl, carbazolyl, and the like) the point of attachment can
be on cither ring, i.c., either the ring bearing a hetercatom (e.g., 2-indolyl) or the ring that
does not contain a hetercatom {e.g., S-indolyl).

In some embodiments, a hetercaryl group is a2 5- 10 membered aromatic ring system
haviog ring carbon atoms and 1 ormore {e.g., 1, 2, 3, or 4) ring beteroatorns provided in the
arcmatic ring system, wherein each heteroatom is independently selected from oxygen,
sultur, nitrogen, boron, silicon, and phosphorus (°5-10 membered heteroaryl™), Tn some
embodiments, a heteroaryl group is a 53-8 membered aromatic ring system having ring carbon
atoms and | or more {¢.g., 1, 2, 3, or 4} ring heteroatoms provided in the aromatic rving
system, wherein each heteroatom is independently selected from oxygen, sulfur, nitrogen,
boromn, silicon, and phosphorus (*5-8 membered heteroaryl™). In some embodiments, a
heteroary] group is a4 5-6 membered aromatic ring systern having ring carbon atomws and 1 or
more {2.g., 1. 2, 3, or 4) ring heteroatoms provided in the aromatic ring system, wherein each
heteroatom 1s independently selected from oxygen, sulfur, nitrogen, boron, silicon, and
phosphoras {“5-0 membered heteroaryl™). In some embodiments, the 5-6 membered
heteroary! has 1 or more {e.g,, 1, 2, or 3} ring heteroatoms selected fromm oxygen, sulfur,
nitrogen, boron, silicon, and phosphorus, In some embodiments, the 5-6 membered heteroaryl
has 1 or 2 ring heteroatoms selected from oxygen. sulfur, nitrogen, boron, silicon, and
phosphoras. In some embodiments, the 5-6 merobered hetercaryl has | ring hetercatom
selected from oxygen, sulfur, nitrogen, boron, silicon, and phosphorus. Unless otherwise
specified, each justance of a hetercaryl group is tndependently unsubstituted (ap
“unsubstinsted hetercaryl”) or substituted {a “substituted hetercaryl™} with one or more

substituents, In certain embodiments, the heteroaryl group is an unsubstituted 5-14 membered
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heteroaryl. In certain embodiments, the hetercaryl group is a substituted 5-14 membered
heteroaryl.

Exemplary S-membered heteroaryl groups containing 1 heteroatom include, without
Hroitation, pyrrolyl, furanyl and thiophenyl. Exemplary S-merabered hetercaryl groups
containing 2 heteroatoms include, without livaitation, imidarolyl, pyrazolyl, oxazolyl,
isoxazolyl. thiazolyl. and isothiazolyl. Exemplary 53-membered hetercaryl groups containing
3 heteroatoros inchude, without Timitation, triazolyl, oxadiazoivl, and thiadiazolvl, Exemplary
S-membered hetercaryl groups containing 4 hetercatoms include, without limitation,
tetrazolvl. Exernplary G-merabered hetercaryi groups containing 1 heteroatom include,
without limitation, pyridinyl, Exemplary 6-membered heteroaryl groups containing 2
heteroatoms jnclade, without Bmitation, pyridazinyl, pyrimidinyl, and pyrazinyl. Exeraplary
H-membered heteroaryl groups containing 3 or 4 heteroatoms include, without limitation,
triazinyl and tetrazinyl, respectively. Exemplary 7-membered hetercaryl groups containing 1
heteroatom include, without Hmitation, azepinyl, oxepioyl, and thiepinyl. Exemplary 5,6-
bicyclic heteroaryl groups inchade, without limitation, indolyl, isoindolyl, indazolyl
benzotriazolyvl, benzothiophenyl, sobenzothiophenyl, benzofuranyl, benzotsoturanyl,
benzimidazoiyl, benzoxazolyl, benzisoxazolyl, benzoxadiazolyl, benzthiazolvl,
benzisothiazolyl, benzthiadiazolyl, indolizinyl, and purinyl. Exemplary 6,6-bicyclic
heteroary! groups include, without limitation, naphthyridinyl, pteridinyl, guinolinyi,
soguinolinyl, cionolinyl, quinoxalinyt, phthalazinyl, and guinazolinyl. Exeroplary tricyclic
heteroaryl groups include, without limitation, phenanthridinyi, dibenzofuranyl, carbazolyl,
acridinyl, phenothiazinyl, phenoxaziny! and phenazinyl

As used berein, the term “partially unsaturated” vefers to 4 ring molety that includes at
icast one double or triple bond. The term “partially unsaturated” is intended to encompass
rings having multiple sites of unsaturation, but 1s not intended to include aromatic groups
{e.g., aryl or hetercaryl moieties) as herein defined.

As used herein, the term “saturated” refers to a ring moiety that does not contain a
deuble or triple boud, i.e., the ring contains all single bounds,

Affixing the suffix “-ene’ to a group indicates the group is a divalent moiety, e.g.,
atkylene is the divalent moiety of alkyl, alkenylene is the divalent raocety of alkenyl,
alkynylene is the divalent moiety of alkynyl, hetercalkylene is the divalent moiety of
heteroalkyl, heteroalkenyiene is the divalent molety of heteroalkenyl, hetervalkyvoyiene is the

divalent moiety of hetercalkynyi, carbocyclylene is the divalent moiety of carbooyelyvl,
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heterocyelylene is the divalent moiety of heterocyelyl, arvlene is the divalent moiety of aryl,
and heteroarylene is the divalent moiety of hetercaryl,

As anderstood from the above, atkyl, altenyl, alkynyl, heteroalkyl, hetercalkenyl,
heteroalkynyl, carbocyclyl, heterceycelyl, arvl, and heteroaryl groups, as defined herein, are,
in certain embodiments, optionally substituted, as defined in the variable delfinitions for the
compounds provided herein. In general, the term “substituted” means that at least cne
hydrogen present ou a group is replaced with a permissible substituent, e.g., a substituent
which upon substitution results in a stable compound, .g.. a compound which does not
sporttanecusty undergo transformation such as by rearrangement, cyclization, elimination, or
other reaction. Unless otherwise indicated, a “substituted” group has a substituent at one or
more substitutable positions of the group, and when roore than one position in any given
structure is substituted, the substituent is either the same or different at each position. The
tern “substituted” is contemplated to include substitution with all permissible substituents of
organic compounds, any of the substituents described herein that resolts in the formation of a
stabie compound. The present invention contemplates any and all such combinations in order
£ arrive at a stable corapound. For purposes of this disclosure, hetercatoms such as nitrogen
may have hydrogen substitnents and/or any suitable substituent as described herein which
satisty the valencies of the hetercatoms and results in the formation of a stable moiety.

As used herein, the term “halo™ or “halogen” refers to floorine (fluoro, —¥F), chiorine
{¢hlore, —Cl1}, bromine (bromo, —Br), or wodine (iodo, —1).

As used herein, a “counterion” is a negatively charged group associated with a
positively charged quarternary amine in order to maintain electronic neutrality. Exemplary

O, Br—, I}, NO2-, C104-, OH—, HIPO4-,

connterions jnclude halide 1ous (e.g., F
HSO-, sulfonate ions (e.g., methansuifonate, trifluoromethanesulfonate, p-toluenesulfonate,
benzenesulfonate, 10-camphor sulfonate, naphthalene-2-sulfonate, naphthalene-L-sulfonic
acid-3-snlfonate, ethan-1-sulfonic acid-2-sulfonate, and the like}, and carboxylate lons (e.g.,
acetate, ethanoate, propanoate, benroate, glyeerate, lactate, tartrate, glyeolate, and the like),

Nitrogen atoms can be substituted or unsubstituted as valency permits, and include
prirnary, secondary, tertiary, and quaternary nitrogen atoms.

In certain embodiments, the substitoent present on a nitrogen atom is a nitrogen
protecting group (also referred to as an amino protecting group). Nitrogen protecting groups
are well known in the art and incinde those described 1n detail 1n Protecting Growps in
Organde Synthesis, T W, Greene and P. G. M. Wats, 3rd edition, John Wiley & Sons, 1959,

incorporated herein by reference.
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In certain embodiments, the substifient present on an oxygen atom is an oxygen
protecting group {(also referred to as g hydroxyl protecting group). Oxygen protecting groups
are well known in the art and inchude those described in detail in Profecting Groups in
Crganic Synthesis, T. W. Greene and F. G. M. Wuts, 3rd edition, John Wiley & Sons, 1999,
incorporated herein by reference,

In certain embodiments, the substituent present on a sulfur atom is a sulfur protecting
group {also referred to as a thiol protecting group). Sultur protecting groups are well known
in the art and inchude those described in detail in Protecring Groups in Organic Svnthesis, T,
W. Greene and P. G. M. Wats, 3rd edition, John Wiley & Sons, 1999, incorporated herein by
reference.

As used herein, use of the phrase “at least one instance” refers to one instance, but
also encompasses more than one instance, e.g., forexample, 1,2, 3,4, 5, 6,7, 8,9, or [
instances, and up to 100 instances.

As used berein, a “polymer” refers to a compound comprised of at least 3 (e.g., at
feast 10, 20, 30, 40, 58, 60, 70, 80, 90, 100, ete.} repeating covalently bound structural units,

“Attached” refers 1o the covalent attachment of a group.

As used herein, “lipophilic” refers to the ability of a group to dissolve in fats, oils,
lipids, and hipophilic non-polar solvents such as hexane or toluene, In general, a lipophilic
group refers to an unsubstituted n-atkyl or unsubstituted n-alkeny! group having 6 to 50
carbon atoms, 2.2, 61040, 610 30,610 20,8t 20,8510 19, 80 18,810 17, Bto 16, or 8 to
15 carbon ators,

As used herein, the term “salt” or “pharmacentically acceptable salt” refers to those salts
which are, within the scope of sound medical judgment, saitable for use in contact with the
tissues of humans and lower animals without undue toxicity, irritation, allergic response and
the like, and are conunensurate with a reasonable benetit/risk ratio. Pharmaceutically
acceptable salts are well known in the art. For example, 5. M. Berge et al,, describes

pharmaceutically acceptable salts in detail in J. Pharmaceurical Sciences (1977 66:1-19.

Compositions of the Present Lipid Nanoparticles

The present disclosure provides a composition comprising a lipid nanoparticle (LNP).
The LNP comprises at least an ionizable lipid, a glyceride or an acylglycol, and at least one
of a structural lipid, a helper lipid, and a stealth lipid. In some embodiments, the LNP
comprises an ionizable lipid, a glyceride or an acylglycol, and a structural lipid. In some

embodiments, the LNP comprises an ionizable lipid, a glyceride or an acylglycol, and a
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helper lipid. In some embodiments, the LNP comprises an ionizable lipid, a glyceride or an
acylglycol, and a stealth lipid. In some embodiments, the LNP comprises an ionizable lipid, a
glyceride or an acylglycol, a structural lipid, and a helper lipid. In some embodiments, the
LNP comprises an ionizable lipid, a glyceride or an acylglycol, a structural lipid, and a stealth
lipid. In some embodiments, the LNP comprises an ionizable lipid, a glyceride or an
acylglycol, a helper lipid, and a stealth lipid. In some embodiments, the LNP comprises an
ionizable lipid, a glyceride or an acylglycol, a structural lipid, a helper lipid, and a stealth
lipid.

Ionizable/Cationic Lipids

An ionizable lipid facilitates mRNA encapsulation and may be a cationic lipid. A
cationic lipid affords a positively charged environment at low pH to facilitate efficient
encapsulation of the negatively charged mRNA drug substance.

In some embodiments, the ionizable lipid is a cationic lipid.

In some embodiments, the cationic lipid has a structure according to Formula CAT-I:

RS R’
~ N/
e [ 1
W4
(@] (@]
R6 -
N—l/ | Re
R’ - Jp
(CAT-D),

or a pharmaceutically acceptable salt thereof,

wherein:

p is an integer of between 1 and 9, inclusive;

each instance of R?is independently hydrogen or optionally substituted Cie alkyl;

each instance of L is independently an optionally substituted alivlene, optionally
substitiried alkenviene, optionally substituted alkynyiene, optionally substituted
heteroalkylene, optionally substituted hetercalkenylene, optionally substituted
heteroalkynylene, optionally substituted carbocyclylene, optionally substituted
heterocyelylene, optionally substituted aryvlene, or optionally sebstituted heteroarylene, or
combination thereof:

each instance of R®and R’ is independently a group of formula (1), (i), or (iii);
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Formulae (i), (ii), and (iii) are:
=
RL P
Q—YR
§ R (i),

(i),

(iii),

wherein:

each instance of R’ is independently hydrogen or optionally substituted alkyl;

Xis O, S, or NR*, wherein R* is hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted
heteroaryl, or a nitrogen protecting group;

Y is O, S, or NRY, wherein RY is hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted
heteroaryl, or a nitrogen protecting group;

R”is hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted abicynyl, optionally substituted carbocyelyl, optionally substituted heterocyelyl,
optionally substituted aryl, optiovally substituted hetercaryl, an oxygen profecting groap
when attached to an oxygen atom, a sulfur protecting group when attached to a sulfur atom,
or a nitrogen protecting group when attached to a nitrogen atom; and

& is optionally substituted Cy.0 alkyl, optionally substitated Co.sc alkenyi, optionally
substituted Crso alkynyl, optionally substituted hetero(Cis0 alkyl, optionally substituted
hetero(’z.50 allenyl, optionally substituted heterozs0 alkynyl, or a polymer.

In certain embodiments of the lipid of Formula CAT-1, a group of formula (i)
represents a group of formala (1-a) or a group of formmla (i-b):

RL R
YRP

(i-a),
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(i-b).

wherein each variable is independently as defined above and described herein, In
some embodiments of the lipid of Formula CAT-1, a group of formula (1) is a group of
formula {i-a). In some embodiments of the Hpid of Formula CAT-1, a group of farmula () is a
group of formula (-b).

In some embodiments of the Hpid of Formula CAT-1, each of ROand R is
wdependently a groap of formula (. In some ernbodirsents of the lipid of Formula CAT-I,
each of R® and R is independently a group of formula (ii). In some embodiments of the lipid
of Formula CAT-1. each of R®and R’ is independently a group of formula (iii). In some
embodiments of the lipid of Formula CAT-1, each of R” and R’ is independently a group of
formula (i-a). In some embodiments of the lipid of Formula CAT-1, each of R and R is
wdependently a group of formula (-b).

in some embodiments of the lipid of Formula CAT-1, cach instance of R’ is hydrogen.

In some embodiments of the lipid of Formula CAT-L L is an optiovally sobstituted
alkylene.

As generally defined sbove with respect to the Hpid of Formula CAT-L p is an integer
of between | and 9, inclusive. In certain embodiments of the lipid of Formula CAT-1, pis 1.
In certain embodiments of the lipid of Formula CAT-L, p is 2. It certain embodiments of the
iipid of Formula CAT-I, p is 3. i certain embodiments of the lipid of Formula CAT-L, p is 4.
in certain embodiments of the lipid of Formula CAT-L, p is 5. In certain embodiments of the
iipid of Formula CAT-L, p is 6. In certain erobodirents of the lipid of Formula CAT-L p is 7.
in certain embodiments of the lipid of Formula CAT-L, p is §. In certain embodiments of the
iipid of Formula CAT-1, p is 9.

In some embodiments of the lipid of Formula CAT-L the lipid has a structure

according to Fornmla CAT-la:

R R7
\N/
v
AV
o) o)
RG
N—t/ g2
R’ (CAT-Ta),
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or a pharmaceutically acceptable salt thereof, wherein each variable is independently as
defined above and described herein.

{n certain embodiments of the lipid of Formula CAT-L, L. is an optionally sabstituted
alkylene: e.g., optionally substituted Ciscalkylene, optionally substituted Cigpaliylene,
optionally substituted Cialkylene, optionally substitated Cralkylene, optionally
substituted Caapallcviene, optionally substituted Ceonalkylene, optionally substituted Cs
wallylene, optionally substituted Choasalkylene, optionally substituted Crealkylene,
optionally substituted Crealkylene, optionally substituted Cs.ealkylene, optionally substituted
Caealloyiene, optionally substituted Casalkylene, or optionally substituted Caqalkylene. In
some erabodiments of the lipid of Formula CAT-1, L s opticually substituted C; alkvlene. In
some embodiments of the lipid of Formula CAT-L, L is opticnally substituted s alkylene. In
some embodiments of the lipid of Formula CAT-L, L is optionally substituted 5 alkylene. In
some embodiments of the lipid of Formula CAT-L, L is optionally substituted Cy alkylene. In
some evobodiroents of the lipid of Formula CAT-L, L is optionally substituted Cs alkylene. In
some embodiments of the lipid of Formula CAT-1, L is opticnally substituted Ce alkylene. In
some embodiments of the lipid of Formula CAT-L, L. is optionally substituted Cy alkylene. In
some embodiments of the lipid of Formula CAT-L L. is optionally substinsted Cs alkylene. In
some ermnbodirnents of the lipid of Formula CAT-L, L is —CHa—. In some embodiments of
the lipid of Formula CAT-L, L is —{CHa}o—. In some embodiments of the lipid of Formula
CAT-L, L 18 —{CHz)3—. In some embodiments of the lipid of Formula CAT-L, L is
{CHas—. In some embodiments of the lipid of Formula CAT-L L. is —({CHa)s—. In some
embodiments of the lipid of Formula CAT-L L is —(CHzje— In some embodiments of the
iipid of Formula CAT-I, L is —{CHap—. In some embodiments of the Hpid of Formula
CAT-L L is —{CH)z—.

Tn certain erabodiments of the Hpid of Formula CAT-1, L is an optionally substituted
allcenylene, e.g., optionally substituted (' spalkenyiene, optionally sabstitated Co.
soalkenyiene, optionally substituted Cosnalkenylene, optionally substituted Chacalkenylene,
optionally substituted Cionalkenvlene, optionally substituted Coooalkenylene, optionally
substituted Csaoalkenylene, optionally substituted Cigocalkenylene, optionally substituted Co.
satkenylene, optionally substituted Cygalkenylene, optionally substituted Casallienylene,
optionally substituted Cysalkenylene, or optionally substituted Casalkenylene.

In certain embodiments of the lipid of Formula CAT-L L is an optionally substituted
altkynylene, e.g., optionaily substituted Cosealkynylene, optionally substitated Oy

snalkynylene, optionally substituted Cassalicynylene, optionally substituted Caocalkynylene,
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optionally substituted Ciaoalkynylene, optionally substituted Csapalkynylene, optionally
substituted Cspoalkynylene, optionally substituted Cionoalkynylene, optionally substituted Cs.
salkynylene, optionally substituted Cisalloynyiene, optionally substituted Cagalkynylene,
optionally substituted Casalkynylene, or optionally sabstitoted Csaalkynylene,

In certain embodiments of the lipid of Formula CAT-L, L is an optionally substituted
heteroalkylene; e.z., optionally substituted heteroCrspatkylene, optionally substituted
heteroUigoalkylene, optionally substituted heteroCcalkylene, optionally substituted
heteroCioeatkylene, optionally substituted heteroCaopaikyiene, optionally substituted
heteroCozoalkylene, optionally substituted heteroCeosalicylene, optionally substituted
heteroCacalkviene, optionally substituted heteroU salkylene, optionally substituted
heteroCzealkylene, optionally substituted heteroCss-alkviene, optionally substituted
hetero{’s calkylene, optionally substituted heteroysalkyvlene, or optionally substituted
heteroCyqalkylene.

In certain embodiments of the Hpid of Formula CAT-L, L is an optionally substituted
heteroalkenylene, e.g., optionally substituted heteroCo soalkenylene, optionally substituted
heteroCagoalkenylene, optionally substituted heteroCsaealkenylene, optionally substituted
heteroCx poalkenylene, optionally substituted heterollypalkenylene, optionally substituted
heteroCozoalkenylene, optionally substituted heteroCeocalkenylene, optionally substituted
heteroChiomalkenylene, optionally substituted heteroChr salkenylene, optionally substituted
heteroCsealkenylene, optionally substituted heteroCacalkenylene, optionally substituted
heteroCasatkenyiene, or optionally substituted heteroCagalkenylene.

in certain embodiments of the lipid of Formula CAT-L L is an optionally substituted
heteroalkynylene, e.g., optionally substituted heteroUCrspalkynylene, optionally substituted
heteroCruoalkynylene, optionally substituted hetero(: spatkynylene, optionally substituted
heteroCzapalkynylene, optionally sabstituted heteroCagsalkynyiene, optionally substituted
heteroCa.onalkynyiene, optionally sebstituted heteroCaacalloynylene, optionally substituted
heteroCioaalkynylene, optionally substituted heteroCrcalkynylene, optionally substituted
heteroChgalkyoylene, optionally substituted heteroCasalkynylene, optionally sabstitnted
heteroCysalkynyiene, or optionally substituted heteroCsqatkynylene.

fn certain embodiments of the lipid of Formula CAT-L, L. is an optionally sabstitated
carbocyciylene, e.g., optionally substituted Csiocarbocyclylene, optionally substituted Cs.
acarbocyclylene, optionally substituted Cs.ecarbocyclylene, optionally substituted

Cscarboeyclylene, or optionally substituted Cecarbocyclylene.
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In certain embodiments of the lipid of Formula CAT-L, L is an optionally substituted
heterocyclylene, e.g.. optionally substituted 3-14 mermbered heterocyclylene, optionally
substituted 3-10 membered heterocyclylene, optionally substituted S-8 membered
heterocyclylene, optionally substituted 3-6 membered heteroeyclylene, optionally substituted
S-membered heterocyclylene, or optionally substitoted 6-roembered heterocyelylene.

In certain embodiments of the fipid of Formula CAT-L, L is an optionally substituted
arviene, e.g., optiopally substituted phenylene. In some embodiments, L is optionally
substituted phenylene. In some embodiments, L is substituted phenylene. In some
embodiments, L is unsubstituted phenylene.

In certain embodiments of the lipid of Formula CAT-L L is an optionally substituted
heteroarylene, e.g., optionally substituted 5-14 membered heteroarvlene, optionally
substituted 5-10 membered heteroavylene, optionally substituted 5-6 membered
heteroaryiene, optionally substituted S-membered hetercarvlene, or optionally substituted 6-
memberad heteroarylene.

In some embodiments of the lipid of Formula CAT-L, the fipid has a structure

according to Formula CAT-1b:

RS R’
\N/
() ),
HN
O O
RO H
N-t)
/7 q
R (CAT-Ib),

or a pharmaceutically acceptable salt thereof, wherein each variable is independently as
defined above and described herein, and wherein 1 1s an integer between | and 10,

In certain embodiments of the lipid of Formula CAT-Ib, g is an integer between 2 and
16, inchusive. In certain embodimeunts of the lipid of Formula CAT-Ib, g is an integer between
2 and §, inclusive. In certain embodiments of the lipid of Formula CAT-Ib. g is an integer
between 2 and 6, inclusive. In certain embodiments of the lipid of Formula CAT-Ib, g is 3 or
4. o certain embodiments of the Hipid of Formula CAT-Ib, ¢ is 1. In certain embodiments of
the lipid of Formula CAT-Ib, q is 2. In certain embodiments of the lipid of Formula CAT-Ib,
g is 3. In certain embodiments of the lipid of Formula CAT-Ib, q is 4. In certain embodiments

of the lipid of Formula CAT-Ib, g is 5. In certain embodiments of the lipid of Formula CAT-
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Ib, ¢ is 6. In certain embodiments of the lipid of Formula CAT-Ib, q is 7. In certain
embodiments of the lipid of Formula CAT-Ib, q is 8.

In some embodiments of the lipid of Formula CAT-1, R”is a group of formula (i), In
some embodirnents of the Hpid of Formula CAT-1, R%is a group of fornuula (i-a). In some
emmbodiments of the lipid of Formula CAT-1, R®is a group of formuela (i-ai);

RL
OH

(i-al).

In some embodiments of the lipid of Formula CAT-1, R%is a group of formula (-b). In
some embodiments of the Hipid of Formula CAT-1, K®is a group of formula (ii}. In some
embodiments of the lipid of Formula CAT-1, R®is a group of formula (ib).

In some embodiments of the lipid of Formula CAT-I, R is a group of formula (i}. In
some ernbodiments of the lipid of Formula CAT-1, R7is a group of formula (i-a). In some
embodiments of the lipid of Formula CAT-I, R” is a group of formula (i-a1). In some
embediments of the lipid of Formula CAT-1, R” is a group of formula (i-b). In some
embodiments of the lipid of Formula CAT-I, R is a group of fornmia (i), In some
embodiments of the lipid of Formula CAT-L, R” is a group of formula (iii).

In some embodiments of the lipid of Formula CAT-I, each instance of Réand R is
independently a group of the formula (i), In some embodiments of the lipid of Formula CAT-
L, each instance of R%and R’ is independently a group of the formula (i-a). In sorme
embodiments of the lipid of Formula CAT-1, each instance of R®and R’ is independently a
group of the formula (3-b). In some embodiments of the lipid of Formula CAT-1, each
instance of R%and R” is independently a group of the fornmuia (it). In sore embodiments of
the lipid of Formula CAT-I, each instance of R® and R’ is independently a group of the
formula {iii).

In some embodiments of the lipid of Formula CAT-I, R® and R’ are the same. In some
embodiments of the lipid of Formula CAT-1, RO and R are different.

In some embodiments of the lipid of Formula CAT-1, R® and R’ are the same group of
formula {(i~aln

RL
OH

(i-al),

wherein RY is as defined above and described herein.

27



WO 2025/003754 PCT/1B2024/000334

In some embodiments of the lipid of Formula CAT-1, R® and R’ are the same group of
formula

RL
OH

T

(i-al),

wherein RV is optionally substituted Cisealkyl, optionally substitated Cosealkenyl, optionally
S substituted Cosealkynyl, optionally substituted heteroC sealkyl, opticnally substituted

heteroCasoalkenyl, or optionally substitated heteroUasoalkynyl

In some embodiments of the lipid of Formula CAT-1, R® and R” are the same group of
formula
RL

OH

+

(i-al),

10 wherein R is optionally substituted Cszsalkyl, optionally substituted Cs zsalkenyl, optionally
substitoted Csosalkynyl, optionally substituted heteroCsasalkyl, optiovally substituted
hetero{Cszsalkenyl, or optionally substituted heteroCs.asalkynyl

In some embodiments of the lipid of Formula CAT-I, R® and R7 are the same group of

formula

OH

+

15 (i-al),

wherein RYis optionally substituted Cs.isalkyl, optionally substituted Cs.isallenyl, optionally
substituted Cs.psalkynyl, optionally substituted heteroCssalkyl, optionally substituted
hetero{s.1salkenyl, or optionally substituted hetero{Cs.salkynyl

In some embodiments of the lipid of Formula CAT-I, R® and R7 are the same group of

20  formula

OH

+

(i-al),
wherein RYis optionally substituted Cysoalkvl.
In some embodiments of the lipid of Formula CAT-1, R® and R’ are the same group of

formula
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RL
OH

(i-al),
wherein R is optionally substituted Csosalkyl.
In some embodiments of the lipid of Formula CAT-I, R®and R’ are the same group of
formula

RL
OH

(i-al),
wherein R¥ is optionally substituted Cszoalkyl.
in some emsbodiments of the lipid of Formula CAT-1, R” and R’ are the same group of
formula

RL
OH

(i-al),
wherein R is optionally substituted Cs.isalkyl.

In some embodiments of the lipid of Formula CAT-L, R* is hydrogen. In some
embodiments of the lipid of Formula CAT-I, at least one instance of R” is hvdrogen. In some
embodiments of the lipid of Formula CAT-L, each instance of R* is hydrogen.

In certain embodiments of the lipid of Formula CAT-I, R*is optionally substituted (.
salkyl, optionally substitated Chealkyl, optionally sabstituted Csiealkyl, optionally sebstitated
Casalkyi, opticnally substituted Casalioyl, or optionally substituted Caalkyl. In certain
embodiments of the lipid of Formula CAT-1, at least one instance of R” is optionally
substituted Crealkyl.

As generally defined above with respect 1o the lipid of Formula CAT-I, each instance
of R' is independently hydrogen or optiovally substitnied alkyl. In some embodiments of the
fipid of Formula CAT-1, R’ is hydrogen. In some embodiments of the lipid of Formula CAT-
I, R’ is substituied altkyl. In certain embodiments of the lipid of Formula CAT-1, at lzast one
instance of R' s hydrogen. In certain emboediments of the lipid of Formula CAT-1, at least
two instances of R are hydrogen. In certain embodiments of the lipid of Formula CAT-,
each instance of R is hydrogen. n certain embodiments of the lipid of Formula CAT-L, at

icast one instance of R’ is optionsally substituted alkyl, e.g., methyl. In certain embodiments of
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the lipid of Formula CAT-I, at least two instances of R are optionally substituted alkyl, e.g.,
maethyl In some embodiments of the lipid of Formula CAT-L, at least one instance of RV i
hydrogen, and at least one instance of R’ is optionally substitited alkyl. In certain
emtbodiments of the lipid of Formula CAT-1, one instance of R’ is optionally substituted
alkyl, and the rest are hydrogen.

As generally defined above with respect to the lipid of Formula CAT-1. X is 3, 8, or
NRX Tn some erobodiments of the lipid of Formula CAT-L, X is (3. In some embodiments of
the lipid of Formula CAT-L, X is 8. In some embodiments of the lipid of Formula CAT-1, X
is NRX, wherein R¥ s as defined above and described herein.

As generally defined above with respect to the lipid of Formula CAT-I, R% is
hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally substituted
alkyuyl, optionally substituted carboceyclvl, optionally substituted heterocyelyl, optionally
substituted aryl, optionally substituted hetercaryl, or a nitrogen protecting group. In some
embodiments of the lipid of Formula CAT-1, R™is hydrogen. fn sorue ernbodirsents of the
fipid of Formula CAT-I, R* is optionally substituted alkyl. In some embodiments of the lipid
of Formula CAT-1, R™ is optionally substituted alkenyl. In some embodiments of the lipid of
Formula CAT-I, R is optionally substituted alkyayl. In some embodiments of the lipid of
Formula CAT-I, B*is aptionally substituted carbooyelyvl. In some ernbodirnents of the lipid
of Formula CAT-1, R” is optionally substituted heterocyciyl. In some embodiments of the
lipid of Formula CAT-1, R* is optionally substituted aryl. In sorne ernbodirents of the lipid
of Formula CAT-1, R™ is optionally substituted heteroaryl. In some embodiments of the lipid
of Formula CAT-1. R* is a nitrogen protecting group.

As generally defined above with respect to the lipid of Formula CAT-1, Y is G, S, or
NRY, In some embodiments of the lipid of Formula CAT-L Y is ¢. In some embodiments of
the lipid of Formula CAT-1, Y is S, In some embodiments of the lipid of Formula CAT-1, Y
is NRY, wherein RY is as defined above and described herein,

As generally defined above with respect to the lipid of Formula CAT-L, R is
hydrogen, optionally substituted alkvl, optionally substituted allcenyl, optionally substituted
alkynyl, optionally substituted carboeyelyl, optionally substituted heterocyclyl, optionally
substiteted aryl, optionally substituted heteroaryl, or a nitrogen protecting group. In sore
embodiments of the lipid of Formula CAT-L, R is hvdrogen. In some embodiments of the
lipid of Formula CAT-L, RY is optionally substituted alkyl, In some embodiments of the lipid
of Formula CAT-1, R is optionally substituted alkenyl. In some embodiments of the lipid of

Formula CAT-I, R¥ is optionally substituted alikynyl. In some embodiments of the lipid of
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Formula CAT-1, R¥ is opticnally substituted carbocycivl. In some embodiments of the lipid
of Formula CAT-1, R¥ is optionaily substituted heterocyelvl, In some ernbodiments of the
lipid of Formula CAT-L, RY is optionaily substituted aryl. In some embodiments of the Hpid
of Formula CAT-I, R is optionaily substituted hetercaryl. In some embodiments of the lipid
of Formula CAT-I, R ¥ is a nitrogen protecting group.

As generally defined above with respect to the lipid of Formula CAT-L R%is
hydrogen, optionally substituted aikyi, optionally substituted alkenyl, opticnally substituted
alkvnyl, optionally substituted carbocyclyl, optionally substituted heterocyelyl, optionally
substituted aryl, optionally substituted heteroaryl, an oxygen protecting group when attached
to an oxygen atony, a sulfur protecting group when attached to a sulfur atom, or a nitrogen
protecting group when attached to a nitrogen atom. In some embodiments of the lipid of
Formula CAT-I, R” is hydrogen. In some embodiments of the lipid of Formula CAT-I, R is
optionally substituted alkyl. In some embodiments of the lipid of Formula CAT-1, R is
optionally substituted afkenyl. In some embodiments of the Hpid of Formula CAT-1, R is
optionally substimted alkynyi. In some embodiments of the lipid of Formula CAT-I, R¥is
optionally sebstituted carbocyelyl, In some ernbodiments of the lipid of Formula CAT-L, B is
opticnally substituted heterocyelyl. In some embodiments of the lipid of Formula CAT-],
RYis optionally substituted aryl. In some embodiments of the lipid of Formula CAT-I, RV is
optionally substituted heteroaryl, In some embodiments of the lipid of Formula CAT-L, R is
an oxygen protecting group when attached to an oxygen atom. In some embodiments of the
iipid of Formula CAT-L, R is a sulfur protecting group when attached to a sulfur atorn. In
some embodiments of the lipid of Formula CAT-1, R" is a nitrogen protecting group when
attached to a nitrogen atom,

As generally defined above with respect to the lipid of Formula CAT-1. R"is
optionally substituted Ciso alkyl, optionally substituted Coso alkenyl, optionally substituted
Chsoatkynyi, optionally substituted hetero{”y 50 atkyl, optionally substituted heteroCs.
so alkenyl, optionally substituted heteroCaoss alloynyl, or a polymer.

in some embodiments of the lipid of Formula CAT-L, R"is optionally substituted C;.
soalkyl, In some embodiments of the lipid of Formula CAT-L, R* is optionally substituted Co.
s5alkyl, T some ersbodinments of the lipid of Formula CAT-1, R* is optionally substituted Cs.
z0alkyl. In some embodiments of the lipid of Formula CAT-1, K*is optionally substituted Cs.
15 alkyl. In some embodiments of the lipid of Formula CAT-L, R* is optionally substituted Ca-

i alkyl
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In some embodiments of the lipid of Formula CAT-1, R¥is optionally substituted Ce.
soalkyl, In some embodiments of the lipid of Formula CAT-L, R is optionally substituted Ca
s alkyl. In some embodiments of the lipid of Formula CAT-1, R is optionally substituted Ce.
a0alkyl. In some embodiments of the lipid of Formula CAT-1, R*is optionally substituted Ce.
isalkyl. In some embodiments of the lipid of Formula CAT-I, RY s optionally substituted Ce.
o atkyl.

in soree erobodiments of the lipid of Formula CAT-L for example, 1o any of the above
entbodiments, R™is a substituted alky! group. In some embodiments of the lipid of Formula
CAT-I, B*is an unsubstituted alkyl group. In some embodiments of the lipid of Formula
CAT-I, R is an optionaily substituted straight-chain alkyl group. In some embodiments of
the lipid of Formula CAT-I, R is a substituted straight-chain alkyl group. In some
embodiments of the lipid of Formula CAT-1, R is an unsubstituted straight-chain alky
group. In some embodiments of the lipid of Formula CAT-1, R" is an optionally substituted
branched alkyl group. In sore ernbodirnents of the lipid of Formula CAT-I, R™is a
substitated branched alkyl group. In some embodiments of the lipid of Formula CAT-1, R*is
au aosubstituted branched alkyl group.

In certain embodiments of the lipid of Formula CAT-1, at least oune instance of R is
an unsubstituted alkyl. Exemplary nnsubstituted alkyl groups inclade, but are not Himdted to,
—{"Hs, —CHs, — sy, —Cale, —Csyy, — Uz, —Cibhs, — sy, —Cobyo, —ChoHa,
------ CiiHoz, —CioHas, —CiaHoy, —CialHa, —CisHa, —Ciglaa, —CHas, —CisHsy,
Cigze, —CooMHa—CoHar, —Copblas, —Caalay, —CoglHue, and —CosHss,

In certain embodiments of the lipid of Formula CAT-1, at least one instance of Ris a
substituted alkyl, For example, in certain ernbodiments of the lipid of Formula CAT-1, at least
one instance of K™ is an alky! substituted with one or more fluorine substituents. Exemplary

fluorinated alkyl groups inchude, but are not Haited to
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In some embodiments of the lipid of Formula CAT-1, R¥is optionally substituted Ca.

soalkenyl. In some embodiments of the lipid of Formula CAT-L, R"is opticnally substituted
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Cago alkenyl, In some embodiments of the lipid of Formula CAT-I, R is optionally
substituted Coog alkenyl. In some embodiments of the Hpid of Formula CAT-I, R"is
optionally substitated Caae alkenyl. In some embodiments of the lipid of Formula CAT-I,
R¥is optionally substituted Tz alkenyl, In some embodiments of the lipid of Formula CAT-
I, REis optionally substituted Coo alkenyl.

In some embodiments of the lipid of Formula CAT-1, R¥is optionally substituted Ce.
soalkenyl. In sore ernbodiments of the lipid of Formula CAT-I, BF is optionally substituted
Coa0 alkenvi. In some embodiments of the lipid of Formula CAT-I, R* is opticnally
substituted Ceo alkenyl. In some embodiments of the Hpid of Formula CAT-1, R*is
optionally substituted (s.ys atkenyl. In some embodiments of the lipid of Formula CAT-1,

R is optionally substituted Ca s alkenyl. In some embodiments of the lipid of Formula CAT-
I, RYis optionally substituted Cs.1p alkenyl.

In some embodiments of the lipid of Formula CAT-1, for example, in any of the above
embodiments, R"is a substituted alkyl group. In soroe embodiments of the lipid of Formula
CAT-1, R%is an unsubstituted alkyl group. In some embodiments of the lipid of Formula
CAT-I, BF is an optionally substituted straight-chain allcenyl group. In some ersbodiments of
the lipid of Formula CAT-1, R* is a substituted straight-chain alkenyl group. In some
embodiments of the lipid of Formula CAT-1, R™is an unsubstituted straight-chain alkenyl
group. In some embodiments of the lipid of Formula CAT-1, R"is an optionally substituted
branched alkenyl group. In some embodiments of the Hpid of Formula CAT-1, RYis a
substituted branched alkenyl groap. To some ervbodirents of the lipid of Formula CAT-1,
RYis an unsubstituted branched alkenyi group.

Exeropiary unsubstituted alkenyl group inclade, but are not limited to:
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s Myristolele —(CH O H=CH(CHCH;,
o Palmitoliec —(CHpCH=CH{CH)sCHa,
® Sapienic —(CH)CH=CH{CHCHg,

* Oleie (a3 CH=CH{CH ) CHa,

& Linoleic —(CHy pyCH=CHCH CH=CH{CH LCH:,
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® g-Linotenic —(CH)CH=CHO RO = HOHCH=CHCHCH,,
® Arachinodonio —

{CH ) CH=CHCH CH=CHCH CH=CHCH CHe=CH{UH 34CH;,

p Hicosapentacnoic
{CH o CH=CHCH CHs=CHOH CH=UHCH CHs=CHCH CH=CHCHCHa,

® Erucic —{UH ) CH=H{C{CHy»CHa, and

® Docosahexaenoic —
{(CH2 pCH=CHCHCH=CHCHCH=CHCHCH=CHCH: CH=CHCH,CH=CH
CH>CH;s.

In some embodiments of the lipid of Formula CAT-1, wherein R"is defined as a Cs.
soalkyl or Ceasoalkenyl groups, such groups are meant to encompass Hpophilic groups (also
referved 10 as a “lipid tail”). Lipophilic groups comprise a group of molecules that include
fats, waxes, oils, fatty acids, and the like. Lipid tails present in these lipid groups can be
satarated and unsatorated, depeunding ou whether or not the lipid tail comprises double bonds,
The lipid taii can alse comprise different lengths, often categorized as medium (i.e., with tails
between 7-12 carbons, e.g., Crpalkyl or Crp alkenyly, long (e, with tails greater than 12
carbons and up to 22 carbons, e.g., Crazalkyl or Ciaaz alkenyl), or very long (e, with tais
greater than 22 carbons, e.g., Caase alloyl or Coasoe alkenyl).

In some embodiments of the lipid of Formula CAT-1, R"is optionally substituted Ca.
soalkynyl. In some embodiments of the lipid of Formula CAT-1, K™ is optionally substituted
Coaoalkyoyl, In soroe ernbodirnents of the lipid of Formula CAT-1, R™ is optionaily
substituted Caz0 alkynyl, In some embodiments of the lipid of Formula CAT-1, R* is
optionally substituted Coys alkynyl, In some emsbodiments of the lipid of Formula CAT-I,

R* is optionally substituted Ca.1o alkynyl.

In sorme embodiments of the lipid of Formula CAT-L, R is optionally substituted Ce.
soalkynyl. In some embodiments of the fipid of Formula CAT-I, R"is eptionally substituted
Coao alkynyl. In some embodiments of the lipid of Formula CAT-I, R*is optionally
substituted Coo allynyl. In some embodiments of the lipid of Formula CAT-1, R*is
optionally substituted Cos alkynyl. In some embodiments of the lipid of Formula CAT-I,

&b is optionally substituted Ceo alkynyl,

in some embodiments of the lipid of Formula CAT-1, for example, in any of the above
embodiments, R™is a substituted alkynyl group. o some erubodiments of the lipid of Formula
CAT-1, R"is an unsubstituted alkynyl group. In some embodiments of the fipid of Formula

CAT-I R"is an optionally substituted straight-chain alkynyl group. In some embodiments of
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the lipid of Formula CAT-I, RYis an opticnally substituted straight-chain alkynyi group. In
some embodiments of the lipid of Formula CAT-I, R*is a substituted straight-chain alkynyl
group. In some embodiments of the lipid of Formula CAT-1, R is an unsubstituted straight-
chain alkynyl group. In sorne embodiments of the lipid of Formula CAT-L R is an optionaily
substituted branched alkynyl group. In sorse ermnbodiments of the lipid of Formula CAT-I,
R*is a substituted branched alkyny! group. In some embodiments of the lipid of Formula
CAT-I, B" is an unsubstituted branched alkyoy! group.

In some embodiments of the lipid of Formula CAT-I, & is optionally substituted
heteroCi-soalkyl. In sorne embodiments of the Hpid of Formula CAT-1, R"is optionally
substituted heterolza0alkyl. In some embodiments of the lipid of Formula CAT-I, R is
optionally substituted heteroCzooaltkyl. In sorne erabodirents of the lipid of Formula CAT-1,
R'“is optionally substituted heteroCs.isalkyl. In some embodiments of the fipid of Formula
CAT-1, R* is optionally substituted heteroCh.joalkyl.

In some embodiments of the lipid of Formula CAT-1, R* is optionally substituted
heteroCssoalkvl. In some embodiments of the lipid of Formula CAT-1, R"is optionally
substituted heteroCeasalkyl. In sorue embodiruents of the lipid of Formula CAT-1, R is
opticnally substituted heteroCsaoalliyl, In some embodiments of the lipid of Formula CAT-I,
RYis optionally substituted heteroCe.isalkyl. In sorne embodiments of the lipid of Formula
CAT-1, R"is optionally substituted heteroCs.joalkyl.

o sorne ernbodirnents of the lipid of Formula CAT-1, for example, in any of the above
embodiments, R™ is a substituted hetercalkyl group. In sorne embodiments of the lipid of
Formula CAT-I, 8" is an unsubstituted heteroalkvl group. In some embodiments of the lipid
of Formula CAT-1, R™ is an optionally substituted straight-chain heteroalkyl group. In some
embodiments of the lipid of Formula CAT-I, R"is a substituted straight-chain heteroalkyl
group. In some embodiments of the Hpid of Formula CAT-1, RV is an unsubstituted straight-
chain heteroalkyl group. In some embodiments of the lipid of Formula CAT-I, R is an
optionally substituted branched heteroalicyl group, In some erubodiments of the lipid of
Formula CAT-I, R"is a substituted branched heteroalkyl group. In some embodiments of the
{ipid of Formula CAT-1, R*is an unsubstituted branched heteroalkyl group.

Exemplary uonsubstituted heteroalloyt groups inchude, but are not limited to:
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\o/?,*

In some embodiments of the lipid of Formula CAT-1, & is optionally substituted
heteroCs-sealkenyl. In some embodiments of the lipid of Formula CAT-1, R is optionally
substituted heterol z.0alkenyl. In some embodiments of the fipid of Formula CAT-I, R%is
optionally substituted heteroCz ooalkenyl. In some embodiments of the lipid of Formula CAT-
I, R is optionally substituted heteroCs.salkenyl. In some embodiments of the lipid of
Formula CAT-1, 8" is optionally substituted heteroCo.ealkenyl.

In some embodiments of the lipid of Formula CAT-1, R* is optionally substituted

heteroCs.soalkenyl. I some embodiments of the lipid of Formula CAT-1, R¥ is opticnally
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substituted heterolUs spalkenyl. In some embodiments of the lipid of Formula CAT-L, R"is
optionally substituted heterofCeooalkenyl. In some embodiments of the lipid of Formula CAT-
I. RYis optionally substituted heteros.salkenyl. In some embodiments of the lipid of
Formula CAT-I, R"is opticnally substituted heteroCs joalkenyl.

In some embodiments of the lipid of Formula CAT-1, for example, in any of the shove
embodiments, R"is a substituted heteroalkenyi group. In some embodiments of the lipid of
Formula CAT-I, R" is an unsubstituted hetercalkenyl group. In some embodirents of the
lipid of Formula CAT-I, R" is an optionaily substituted straight-chain heteroalkenyi group. In
some embodiments of the lipid of Formula CAT-1, R"is a substituted straight-chain
heteroallcenyl group. In some enibodirents of the lipid of Formula CAT-I, &*is an
unsubstituted straight-chain heteroalkenyl group. In some embodiments of the Hpid of
Formula CAT-L, R* is an optionally substituted branched heteroalkeny! group. In some
embodiments of the lipid of Formula CAT-1, R is a substituted branched heteroalkeny!
group. In some embodiments of the tipid of Formula CAT-I, R is an unsubstituted branched
heternalkenyl group.

In sore erobodirnents of the lipid of Formula CAT-IL, R" is optionalty substituted
heteroCx.soalkynyl, In some embodiments of the lipid of Formula CAT-I, R is optionally
substituted heteroCozealkynyl. In some embodiments of the lipid of Formula CAT-1, R*is
optionally substituted heteroCxopalkynyl. In some embodiments of the lipid of Formula CAT-
I, B"is optionally substituted heteroC-1salkynyl. In sorne embodiments of the lipid of
Formula CAT-I, R" is optionally substituted heteroCh walkyoyl,

In some embodiments of the lipid of Formula CAT-I, &*is optionally substituted
heteroCossoatkyoyl. In some embodirents of the lipid of Formula CAT-L, B" is optionally
substituted heteroCsscalkynyl. In some embodiments of the lipid of Formula CAT-1, R™is
optionally substituted heteroCezoalkynyl, In some embodiments of the Hpid of Formula CAT-
I, RYis optionally substituted heteroCs.salkynyl. In some embodiments of the lipid of
Formula CAT-I, R"is optionally substituted heteroCs. oalkynyl,

In some embediments of the lipid of Formula CAT-L, for example, in any of the above
embodiments, R"is a substituted heteroalkynyl group. In some embodiments of the lipid of
Formula CAT-I, RY is au unsubstituted heteroalkyny! group. In some embodiments of the
lipid of Formula CAT-1. R is an optionaily substituted straight-chain heteroalkyny! group. In
some embodirents of the lipid of Formula CAT-1, R™is a substituted straight-chain
heteroalloynyi group. In some embodiments of the fipid of Formula CAT-I, RYis an

unsubstituted straight-chain heteroalloynyl group. In some embodiments of the lipid of
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Formula CAT-1, R"is an optionally substituted branched heteroalkynyl group. In some
embodiments of the lipid of Formula CAT-I, R*is a substituted branched hetercalkynyl
group. In some embodiments of the lipid of Formula CAT-1, R is an unsubstituted branched
heteroalkynyl] group.

In some embodiments of the lipid of Formula CAT-I, RY s a polymer. As used herein,
a “polymer”, in some embodiments, refers to a compound comprised of at least 3 (e.g., at
feast 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, ete.) repeating covalenily bound structural units,
The polymer is in certain embodiments biccompatible (i.e., non-toxic). Exemplary polymers
include, but are not Hmiuted to, cellulose polymers {e.g., hydroxyethyleellulose, ethyleellnlose,
carboxymethylcellulose, methyt celfolose, hydroxypropyimethylceliulose (HPMO)), dextran
polymers, polymaleic acid polymers, poly{acrylic acid) polymers, poly{vinylalcohol)
polymers, polyvinylpyrrolidone (PVP) polymers, and polyethyleneglycol (PE() polymers,
and combinations thereof.

In some embodiments of the lipid of Formula CAT-1, R%is a lipophitic, hydrophobic
and/or non-polar group. In some embodiments of the lipid of Formula CAT-1, 8- is a
fipophilic group. In some embodiments of the lipid of Formula CAT-I, R% is a hydrophobic
group. In some embodiments of the lipid of Formula CAT-1, 8" is a non-polar group.

In some embodiments of the lipid of Formula CAT-I, when an R* group is depicted as
bisecting a carbou-carbon bound, e.g., of the formula (1), it is understoond that Rk may be
bonded to either carbomn.

Yarious corobinations of the above embodiments of Formula CAT-1 are contemplated
herein.

In some embodiments, the lipid of Formula CAT-I has a structure according to

Formula CAT-1o:

40



WO 2025/003754 PCT/1B2024/000334

HO
RL
\<
RL
X on
RZ
N
(@) (@)
\r2
il
%RL
H (CAT-Ic)

wherein each of R and K" is independently as defined above and described herein.
in some ermobodiments, the lipid of Formula CAT-I has a stracture according to
Formula CAT-1d:
HO
RL

‘>—OH
RL
RL \RZ

2

5 OH (CAT-1d)
wherein each of R? and R is independently as defined above and described herein.
In some embodiments of the lipid of Formula CAT-I, CAT-Ia, CAT-Ib, CAT-Ic, or
CAT-Id, R" is (o0 alkyl or Cazo alkenyl. In some embodiments of the lipid of Formula CAT-
I, CAT-Ta, CAT-Ib, CAT-Ic, or CAT-Id, RY is Ce.on alkyl or Ceop alkenyl.
10 In some embodiments, the lipid of Formula CAT-1 s cKK-E10, having the foliowing

structure:
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In some embodiments, the lipid of Fornmla CAT-1 is OF-0Z, having the following

struchure:

5 Additional examples of cationic Hpids suitable for LNPs of the present disclosure are
described in WO 2013063468, WO 2016205691, and WO 2013063468, cach of which is
incorporated by reference herein in s entirety.

In some embodiments, the cationic lipid has a structure according to Formula CAT-II:

R'A_OH N’H}PHENJ/
\[N&A«\/O H/OH

Hoﬁ) R'B

R1A
10 (CAT-II),
or a pharmaceutically acceptable salt thereof,

wherein:

O O
S
Al is selected from ?J\o};‘ s %J\S%, and 7}‘{ \Sﬁi’ , wherein the left hand

side of each depicted structure is bound to the -{CHa)a-;

O O
S
15 Z! is selected from ?{ O)J?r:, ’}{ S)Lf;, and E{ \S}{'* , wherein the right hand

side of each depicted structure is bound to the -{CHza-;
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R'% and B' are each independently selected from optionally substituted alkyl,
optionally substituted alkenyl, optionally substitnted alkynyl, optionally substituted acyl, and
WLy

each W' is independently selected from optionally substituted alkyl and optionally

S substituted alkenyl;

each X' is independently selected from -*0-(C=0)-optionally substituted alkyl, -
{(FC=0)-0-optionally substituted alkyl, -*O-{C=0})-optionally substituted alkenyl, and -
(*C=0)-O-optionally substituted atkenyl, wherein the atom marked with a * is connected to
Wi,

10 each Y’ is independently selected from hydrogen, -*O-(C=0)-optionally substituted
alkyl, -(*C=0)-0O-optionally substituted alkyl, -*0-(C=0)-optionaily substituted alkenyl, and
-(F(=0)-O-optionally substituted alkenyl, wherein the atom marked with a * is connected to
X

bis i, 2,3, 4, 0r 5; and

15 cach a is independently selected from 1, 2, 3, 4, 5, 6.7, 8, 9, and 10

fn soroe erobodiroents, the Hpid of Formula CAT-II has a structure according to
Formula CAT-Iia:

R1B

R'A H\OH
S N
HO)\ 0 (\N%S/ v
N [
V@J\o/\/ HO” SR8

R‘AJiOH

or a pharmaceutically acceptable salt thereof.

(CAT-Ta),

20 in some embodiments, the lipid of Formula CAT-II has a structure according to
Formula CAT-1ib:
R1B

H\OH
1

R‘i[OH (\N/\/Z\H;Nj\
N’H?\A‘/\/N\) HO” SR8

HO
R'A (CAT-IIb),
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or a pharmaceutically acceptable salt thereof.
In soroe ernbodirnents, the lipid of Formula CAT-II has a structure aceording to
Formula CAT-lc:

1B
A HO_ R

Ho)\ o) (\N/\/S\S/@?Nj/
KN o N

R1 B
H (CAT-1lc),

5  ora pharmaceutically acceptable salt thereof.
in some ensbodiments of the lipid of Formula CAT-II, A' and 7' are the same. In

some ernbodiroents of the Hipid of Formula CAT-I1, Al and 2! are different,

O

In some embodiments of the Iipid of Formula CAT-11, Alis ?I\O% , wherein the

ieft hand side of the depicted structure is bound to the -(CHza-. In some embodiments of the
O

10 lipid of Formula CAT-II, Alis Egj\s}i , wherein the ieft hand side of the depicted

structure is bound to the -{CHz)a-. In some embodiments of the lipid of Formula CAT-II,

S j‘;
~
Alis 3{ S , wherein the left hand side of the depicted structure is bound to the -{CHyja-

O

In some embodiments of the lipid of Formula CAT-IL, Z* is ;i O)Lf{ , wherein the

15  right hand side of the depicted structure is bound to the -(CH:ja-. In some embodiments of

O

the lipid of Formula CAT-II, 7 is ’?i S)J\f; , wherein the right hand side of the depicted

structure is bound to the -{CHzja-. In some embodiments of the lipid of Formula CAT-I1,

3{3\ 3;

i S . . . . .

£ s , wherein the right hand side of the depicted structure is bound to the -
{CH2ya-.
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@)

In some embodiments of the lipid of Formula CAT-II, Alis ?I\Oji , wherein the
O
ieft hand side of the depicted structure ts bound to the -(CHu)a-, and YART ’?{ O)J\fré ,
wherein the right hand side of the depicted structure is bound to the -{CHzja-.

O

In some ersbodiments of the lipid of Formula CAT-II, Alia 317-)]\0% , wherein the
O
left hand side of the depicted structure is bound 1o the -(CHzja-, and Flis }{ S)J\fé,
wherein the right hand side of the depicted structure is bound to the -(CH:}a-,
(@)

In some embodiments of the Iipid of Formula CAT-11, Alis 3"-)]\0;{“ , wherein the

~ - a . . ; T S\
¢ - S
ieft hand side of the depicted structure is bound o the (CHaa-, and @' s ,
wherein the right hand side of the depicted structure is bound to the -{CHaja-.
O

In some embodiments of the lipid of Formula CAT-11, Alis ?1\8% , wherein the
O

ieft baund side of the depicted structure is bound to the -(CHaja-, and FART Fi O)kr'é )
wherein the right hand side of the depicted structure is bound to the -{{CHs)a-,
(@)

in some cmbodiments of the lipid of Formula CAT-II, Alis ELJJ\S}{" , wherein the
O

ieft hand side of the depicted structure is bound to the -(CHya-, and FART ;{ S)kf‘{f ,
wherein the right hand side of the depicted structure is bound to the -{(CHaja-.
(@)

In some embodiments of the lipid of Formula CAT-II, Alis ?J\S;l{“ , wherein the

N . s . X e S %S\S%
ieft hand side of the depicted structure is bound to the -(CHzja-, and 2% is ,

wherein the right hand side of the depicted structure is bound to the ~{CHz)a-.
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In some embodiments of the lipid of Formula CAT-1I, A is , wherein the
O
ieft hand side of the depicted structure s bound to the -(CHza-, and 7 s ?{ O)S{ ,

wherein the right hand side of the depicted structure is bound to the ~(CHaja-.

s ~ - ~ 1: E‘QS\S% .
In some embodiments of the lipid of Formula CAT-1I, A' is , wherein the
O

ieft hand side of the depicted structure is bound to the -(CHza-, and AR }{ S)J\f‘r: ,

wherein the right hand side of the depicted structure is bound to the ~{CHz)a-.
. . E{S\S%
In sorse ernbodirnents of the lipid of Formula CAT-I1, Alis , wherein the

; S<
. ; . . - s
icft hand side of the depicted structure 1s bound to the -(CH2)a-, and 27 s R
wherein the right hand side of the depicted structure is bound to the -{{CHz)a-.
In some embodiments of the lipid of Formula CAT-TI, R and R'® are each

independently selected from:
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In sorne erabodirments of the lipid of Formula CAT-1I, each a is independently
selected frovn 2, 3 and 4. In some embodiments of the lipid of Formula CAT-11, each a is the
same. In some embodiments of the lipid of Formula CAT-II, each a is different.

In some embodiments of the lipid of Formula CAT-II, R and R'® are -WHLXLY1

In some embodiments of the lipid of Formula CAT-TI, W'-X'-Y" is defined as
follows: each W' is independently selected from optionally substituted Cyop alkyl and
optionally substituted Caoo allenyl, each X' is independently selected from -*0-(C=0)-
optionally substituted Ci~zp alkyl, -(*C=0)-0O-optionally substituted Ciao alkyl, -*0-{C=0)-
optionally substituted Chop alkenyl, and -(*C=(0)-Coptionally substituted Chrag alkenyl,
wherein the atom marked with a * is connected to W', each Y! is independentiy selected from
hydrogen, -*O-(C=0)-optionally sebstitated Cio alkyl, -(*C=00-0-optiopally substimted Cy
20 atkyl, “*O-(C=0)-optionally substituted Crao alkenyl, and -(*C=0}-O-optionally
substituted Coao alkenyl, wherein the atom roarked with a * s convected to L

In some embodiments of the Hpid of Formula CAT-11, - W Lyl i defined as
follows: each W' is independently selected from optionally substituted Cap alkyl and
optionally substituted Co.p alkenyl, sach X! is independently selected from -*0-(C=0)-
optionally substituted Cap alkyl -(*C=0)-G-optionally substituted Cap alkyl -*0-(C=0)-
optionally substituted Cop alkenyl and -(*C=03-G-optionally substituted Cop alkenyt
wherein the atom marked with a * is connected to W', each ¥' is independently selected from
hydrogen, -*O-(C=0)-optionally sebstituted Cap alkyl, -(FC=0)-O-optionally substituted
Cas alkyl, -*O-{C=0)-optionally substituted Cop alkenyl, and -(*C=03-C-optionally

substituted Ceop allenyl, wherein the atoro marked with a * is connected to X',
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In some embodiments of the lipid of Formula CAT-1I, Cap is Ciao and Cop is Croo,
I some embodiments Cas 15 Cras and Cop is Cris. I some erobodiments Cas 15 Crao and
Cop s Cao. I some embodiments Cap i3 Cogs and Cop 18 Caus. fn some embodiments Ca
g 18 Caopo and Coop is Caio. In some embodiments Cap is Csas and Cop 15 Cae.

In some embodiments of the lipid of Formula CAT-II, R and R™ are each
independently selected from opticnally substituted Cs 5o alkyl, optionally substituted Cs.so
alkenyl, optionally substituted Cs.so alkynyl, optionally substitated Cs.sp acyl, and -WiX1Y!
wherein -W!-X'-¥! is as defined herein.

In some embodiments of the lipid of Formula CAT-TI, R' and R™ are each
independently selected from optionally substituted Cs.so atkyl, optionally substituted (s.s0
atkenyl, optionally substituted Cs.so alkynyl, and optionally substituted Cs.so acyl.

I some embodiments of the lpid of Formula CAT-II, R'* and R™ are each
independently selected from optionally substituted Csap alkyl, optionally substituted Csao
alkenyl, optionally substituted Cs.zo alkyoyl, optionally substituted Cssp acyl and -WEX1 v,
wherein -W'-X1Y! is as defined herein.

In sorue erobodirnents of the lipid of Formula CAT-IL, R'* and R™ are each
independently selected from optionally substituted Cs.ap alkyl, optionally substituted Cago
alkenyl, optionally substituted Csao atkynyl, and optionally substitoted Csoao acyl,

In some embodiments of the lipid of Formula CAT-II, R'* and R are each:
independently selected from optionally substituted Csoao alkyl, optionally substituted Csap
alkenyl, optionally substituted Cs.oo alkynyl, optionally substitated Csop acyl, and -WX1LY!
wherein -W'- X'y,

In some embodiments of the lipid of Formula CAT-II, R and R™ are each
independently selected from opticnally substituted CUs.zo alkyl, optionally substituted Csap
alkenyl, optionally substituted Csoo alkynyl, and optionally substituted Csap acyl.

In some embodiments of the lipid of Formula CAT-II, R'* and R are each
independently optionally substituted Csso alkyl. In some embodiments of the lipid of
Formula CAT-II, R** and R™ are each independently optionally substituted Cs.x0 alkyl. In
some embodiments of the Hipid of Formula CAT-TI, ' and R™ are each independently
optionally sebstitated Cso alkyl. In some embodiments of the lipid of Formula CAT-IL, R4
and R™ are each independently optionally substituted Cs.is alkyl,

In some embodiments of the lipid of Formula CAT-TI, R'# and R™ are each
independently Cs.s0 alkyl In some embodiments of the lipid of Formula CAT-II, R** and R™

are each independently Caso alkyl. In some embodiments of the lipid of Formula CAT-II, R™
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and R™ are each independently Cs.o alkyl. In some embodiments of the lipid of Formula
CAT-IL B'* and R™ are each independently Csas alkyl,

in some embodiments of the lipid of Formula CAT-II, 8'* and R are each
independently optionally substituted Csso alkenyl. In some embodiments of the lipid of
Formula CAT-II, R** and R™ are each independently optionally substituted Csa0 alkenyl. In
some embodiments of the Hipid of Formula CAT-TI, K" and R™ are each independentiy
optionally sebstituted Csoo alkenyl. In some embodiments of the ipid of Formula CAT-II,
R'» and B™ are each independently optionally substituted Css alkenyl.

In some embodiments of the lipid of Formula CAT-II, R'* and R™ are each
independently Cs.s alkenyl. In some embodiments of the lipid of Formula CAT-II, R** and
R™ are each independently Csao alkenyl. In some embodiments of the lipid of Formula CAT-
IT, R'* and R™ are each independently Us.oo alkenyl. fn some embodiments of the lipid of
Formula CAT-II, ' and R™ are each independently Cs.is alkenyl.

In some embodiments of the lipid of Formula CAT-TI, R'# and R™ are each
independently optionally substituted Csso alkynyl. In some embodiments of the lipid of
Formula CAT-II, R'# and R™ are each independently optionally substitated Csao alkynyl. In
some embodiments of the lipid of Formula CAT-II, R'* and R'® are each independently
optionally substituted Csao alkynyl In some embodiments of the lipid of Formula CAT-II,
R** and R are each independently optionally substitated Csas alkynyl,

In some embodiments of the lipid of Formula CAT-II, B! and R™ are each
independently Cs.so alkynyl. In some embodiments of the lipid of Formula CAT-II, R'* and
R™ are each independently Csao alkynyl. In some embodiments of the lipid of Formula CAT-
IL, B!'* and R™ are each independently Csap alkynyl, In some embodiments of the Hipid of
Formula CAT-II, R** and R™ are each independently Cais alkvayl,

In some embodiments of the lipid of Formula CAT-IL, R and R™ are not optionally
substituted. In some embodiments of the lipid of Formula CAT-II, each R'™ is the same. In
some ernbodiments of the lipid of Formula CAT-II, each R'* is different. In some
embodiments of the lipid of Formula CAT-II, eacls R™ is the same. In some embodiments of
the lipid of Formula CAT-II, each R' is different. In some embodiments of the lipid of
Formula CAT-II, R** and R are the same. In some embodiments of the lipid of Formula
CAT-IL, R" and R'? are different.

In some embodiments, the lipid of Formula CAT-1I is GL-HEPES-E3-E10-DS-3-E18-
1 (2-(4-(2-((3-(Bis((Z)-2-hydroxyoctadec-9-en-1-
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yl)amino)propyl)disulfaneyl)ethyl)piperazin-1-yl)ethyl 4-(bis(2-

hydroxydecyl)amino)butanoate), having the following structure:

oH OH
O
N/\/\g/ \/\N/\ H\/\/\/\z/\/\/\/\
k/N\/\S'S\/\/N
H Hoj\/\/\/\z/\/\/\/\‘

fn some embodiments, the lipid of Formula CAT-I s 2-(4-(3-((4-(bis{(X)-2-
5  hydroxyoctadec-9-en-i-yhaminohutyUdisulfanevjpropyipiperazin- L-yhethyl 4-(bis(2-

hydroxydecylamino)ntancate, having the following structure:

OH
OH
o,
N/\/\g/ NN H\/\/\/E/\/\/\A
pr OWS\SN\/N]\/\/\M/\/\/\
H
HO — .

In some embodiments, the lipid of Formula CAT-1I is GL-HEPES-E3-E12-DS-4-
E10, (2-(4-(2-((3-(bis(2-hydroxydecyl)amino)butyl)disulfaneyl)ethyl)piperazin-1-yl)ethyl 4-

10 (bis(2-hydroxydodecyl)amino)butanoate), having the following strocture:
0

0.9

\_/4

In some embodiments, the lipid of Formula CAT-II is GL-HEPES-E3-E12-DS-3-
E14 (2-(4-(2-((3-(Bis(2-hydroxytetradecyl)amino)propyl)disulfaneyl)ethyl)piperazin-1-
yDethyl 4-(bis(2-hydroxydodecyl)amino)butanoate), having the following structure:
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OH (N/O Z///\N
by

e

Additional examples of cationic lipids spitable for LNPs of the present disciosure are
described in WO 2022221688, which is incorporated by reference herein in s engirety.
Other cationic lipids that can be used include those described, for example, in WO
5 2016176330, WO 2017049245, and WO 2017075531.
Accordingly, in some embodiments, the cationic lipid has a structure according to

Formula CAT-III:

3
R \G3

L |11
1/ \G1/ \G

(CAT-IID),

2
2/L\

R R2

10 or a pharmaceutically acceptable salt thereof, wherein:
one of L! or L?is -O(C=0)-, -(C=0)0-, -C(=0)-, -O-, -S(O)x-, -S-S-, -C(=0)S-, -
SC(=0)-, -NR*C(=0)-, -C(=0)NR?*, -NR*C(=0)NR?*, -OC(=0)NR?- or -NR*C(=0)0-,
and the other of L! or L?is -O(C=0)-, -(C=0)0-, -C(=0)-, -O-, -S(0)x-, -S-S-, -C(=0)S-, -
SC(=0)-, -NR*C(=0)-, -C(=0)NR?*-, -NR*C(=0)NR?*-, -OC(=0)NR?- or -NR*C(=0)O- or a
15  direct bond;
G! and G? are each independently unsubstituted C1-Ci2 alkylene or Ci-Ci2 alkenylene;
G’ is Ci-Cas alkylene, C1-Ca4 alkenylene, C3-Cs cycloalkylene, C3-Cs cycloalkenylene;
R*is H or C1-Cr2 alkyl;
R! and R?are each independently Cg-Cas alkyl or Ce-Cas alkenyl;
20 R%is H, OR’, CN, —C(=0)OR*, —OC(=0)R* or —NRC(=0)R*;
R*is Ci-C12 alkyl;
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R¥is H or C1-Cs alkyl; and
xis0, 1 or2.
Accordingly, in some embodiments, the cationic lipid has a structure according to

Formula CAT-IV:

R4\ P

g

(CAT-1V),

or a pharmaceutically acceptable salt thereof, wherein:

R is selected from the group consisting of Cs.ag allevl, Capo alkenyl, -R¥YR”, -YR”,
and -R"M'R";

R and R are independently selected from the group consisting of H, Crag alkyl, Co.
walkenyl, -R*¥YR”, -YR", and -R*OR”, or Rpand Ry, together with the atom to which they
are attached, form a heterocycle or carbocycle;

Rais selected from the group consisting of a Cae carbocyele, -{(CH2LQ. -

{CH RCHOR, -CHOR, -CQ(R):, and unaubstituted Cis alkyl, where 3 is selected from a
carbocycle, heterocycle, -OR, -O{CHN{R )2, -CIOYOR, -OC{OR, -CX;, -OXOH, -CXHy, -
N, -N(R )z, -CLOWR )y, -NRMCIOR, -MNEDSORR, -NEGCOINE R, -NE)CSINER ), -
N(R)Rs, -O(CH230R, -NEDCE=NRaONR ), -NRYCECHR IN(R ), -OC{OINE ), -

NER} OR, -NOROIR, -NORS(ORR, -N(ORXCOOR, -N{ORYC{MN{R Y, -
NORYPCEINR p2, -N{ORYCE=NRINR o, -NORYCECHRINR b -CENRONER Y, -
C{=NRoR, -CIOWNRIOR, and -CRINR»C(OOR, and each n is independently selected
from 1,2, 3,4, and 5;

each Rsis independently selected from the group consisting of Ciz alkyl, oz alkenyl,
and H;

each Re is independently selected from the group consisting of Crs alkyl, Cozatkenyl,
and

M and M’ are independently selected from -C{OYD-, -OC(0)-, ~C{OINR -, -
NRYAO)-, -C(0)-, -C(S)-, -C(S)5-, -SC{S)-, -CHOH)-, -P{OXORNMI-, -5{0)-, -5-5-, an
ary} group, and a heteroaryl group:

R7is selected from the group consisting of Cisalkyl, Cos alkenyl, and H;
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Rais selected from the group counsisting of Ciyscarbocycle and heterocycle;

Rois selected from the group consisting of H, CN, NOq, Crsalkyl, -OR, -S(O):R, -
S(ON{R, Cos allenyl, Cas carbocycle and heterocycle;

each R is independently selected from the group consisting of Oz alkyl, Tas alkenyl,

5 and By

cach R’ is independently selected from the group consisting of Ciie alkyl, Ca.
wsalkenyl, -R*YR”, -YR", and H;

cach R" is independently sclected from the group consisting of CUs g alkyl and Cs.
14 alkenyl;

10 each R* is independently selected from the group consisting of Cyzalkyl and Uy

1z alkenyl;

each Y is independently a s carbocycele;

each X is independently selected from the group consisting of ¥, Cl, Br, and I; and

mis selected from 3, 6,7, 8,9, 10, 11, 12, and 13,

15 In some embodiments, the cationic lipid has a structure according to Formula CAT-Y:
R
Sy Al
R

(CAT-V),

or a pharmaceutically acceptable salt thereof wherein:
Al is selected from -C(=0)0O-, -C(=0)S-, -C(=0)NH-, -OC(=0)0O-, -OC(=0)NH-, -
20  NHC(=0)O-, -SC(=0)NH-, -OCH2CH:0-, -OCH20-, -OCH(CH3)O-, -S- and -S-S-, wherein
the left hand side of each recited structure is bound to the —(CH2)a-;
Z! is selected from -OC(=0)-, -SC(=0)-, -NHC(=0)-, -OC(=0)0-, -NHC(=0)O-, -
OC(=O)NH-, -NHC(=0)S-, -OCH>CH>0-, -OCH20-, -OCH(CH3)O-, -S- and -S-S-, wherein
the right hand side of each recited structure is bound to the —(CH2),-;

25 each R is independently selected from:
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1 b, wherein each R! is independently selected from
optionally substituted alkyl, optionally substituted alkenyl, and optionally substituted alkynyl;

R2

(ii) OH , wherein each R? is independently selected from optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl, and -W!-X!,
5 wherein each W' is independently selected from optionally substituted alkylene and
optionally substituted alkenylene, and
each X! is independently selected from -*O-(C=0)-optionally substituted alkyl, -
(*C=0)-0O-optionally substituted alkyl, -*O-(C=0)-optionally substituted alkenyl, and -

(*C=0)-0O-optionally substituted alkenyl, wherein the atom marked with a * is connected to

10 Wk
3 o “‘L -~
RW - \{\%,11‘
o
(i) ©

optionally substituted alkyl, optionally substituted alkenyl, and optionally substituted alkynyl;

R“/\é)j .

, wherein each R? is independently selected from

and

(i1) , wherein each R* is independently selected from optionally
15  substituted cycloalkyl or optionally substituted heterocycloalkyl;
0
R! 57{
\O
wherein at least three R are independently selected from (i) b
R2 R3 o -
S~ \Uf"«
I
(ii) OH or (i) ¢ :

each a is independently selected from 2, 3, 4, and 5;
each b is independently selected from 2, 3, 4, 5, 6, 7, 8, 9 and 10; and
20 each c is independently selected from 2, 3, 4, 5, 6, 7, 8, 9 and 10.
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In some embodiments, the lipid of Formula CAT-V has a stracture according to

Formula CAT-Va:

R2 OH
Toa o
N /3
Y,
H
(CAT-Va),
5  ora pharmaceutically acceptable salt thereof.

In some embodiments, the lipid of Formula CAT-V has a structure according to

Formula CAT-Vh:

R2__OH

\[N

(CAT-Vb),

10 or a pharmaceutically acceptable salt thereof.
o some erobodirsents of the lipid of Formula V, Formula Va, or Formula Vb, R%ia
optionally substituted alkyl or -W!-X!. In some embodiments of the lipid of Formula V,
Formula Va, or Formula Vb, R? is optionally substituted alkyl. In soroe embodiments of the
lipid of Formula V, Formula Va, or Formula Vb, R¥ is alkyl In some embodiments of the
15 lipid of Formula V, Formula Va, or Formula Vh, R%is -W-X.
fn some erabodiments of the lipid of Fornula V, Formula Va, or Formula Vb, each
W! is independently optionally substituted alkylene. In some ernbodiments of the lipid of
Formula V, Formula Va, or Formula Vb, each W! is independently alkylene.
In some embodiments of the lipid of Formula V, Fornmia Va, or Formmla ¥b, each X!
20  is independently selected from -*O-(C=0)-optionally substituted alkyl and -(*C=0)-O-
optionally substituted alkyl, wherein the atom marked with a * is connected to W', in some
embodiments of the lipid of Formula V., Formnla Va, or Fornula Vb, each X!is
independently selected from -*0O-(C=0)-alkyl and -(*C=0)-O-alkyl, wherein the atom

marked with a * is connected to W'.
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In some embodiments, the lipid of Formula CAT-V is IM-001 ((3R,3aR,6R,6aR)-
hexahydrofuro[3,2-b]furan-3,6-diyl bis(4-(bis(2-hydroxydodecyl)amino)butanoate)), having
the following structure:

T

, O e O N N T Nl g

\N o ?E 0\ \ ,J\ i\ e iii

. ,‘-f“‘\,V«"”\-\‘f"'\\,_ ,f“‘\,vx"\\‘f“ - G M(.} R x

S HOT N
5  or a pharmaceutically acceptable salt thereof.
In some embodiments, the lipid of Formula CAT-V is IS-001 ((3R,3aR,6S,6aR)-
hexahydrofuro[3,2-b]furan-3,6-diyl bis(4-(bis(2-hydroxydodecyl)amino)butanoate)), having

the following structure:

OH
P NP SN N /GH
- W N N P H Dj O [/J\,/\\//\//\//‘\//
/\\/ \]/ \L/S’ A ’O e N
S NN s N 0 L/
: T 7 O S

OH
10 or a pharmaceutically acceptable salt thereof.
In some embodiments, the cationic lipid has a structwre according to Formula CAT-
Vi

N

(CAT-VI),
15  ora pharmaceutically acceptable salt thereof, wherein:
m is an integer chosen between 1 to 6; for example 2 to 4;
n is an integer chosen between 1 to 6; for example 2 to 4;
p is an integer chosen between 1 to 6; for example 2 to 4;
R! and R? are independently selected from the group consisting of linear or branched

20  (C1-Cso) alkyl and linear or branched (C»-Cso) alkenyl,
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wherein each alkyl and alkenyl are optionally interrupted by one or more groups
selected from -C=0-, -C=00- and —O-, and/or

wherein each alkyl and alkenyl are optionally substituted by one or more substituents
selected from —OR, -CN-, -(C;-Ce) alkyl-OH, -CF3, -NO», -COOR, -SR, halogen atoms and -
NRR’;

R is selected from the group consisting of H, (Ci-Cs) alkyl optionally substituted by
one or more substituents selected from —OR, -CN-, -(C1-Cs) alkyl-OH, -CF3, -NO., -COOR, -
SR, halogen atoms and -NRR’;

R*and R’ are independently selected from the group consisting of linear or branched
(Ci1-Ce) alkyl and linear or branched (C2-Ce) alkenyl, wherein each alkyl or alkenyl is
optionally substituted with one or more of substituents selected from the group consisting of
—OR, -CN-, -(C1-Cs¢) alkyl-OH, -CF3, -NO2, -COOR, -SR, halogen atoms and -NRR’;

or R* and R? together with the N atom to which they are attached form:

a 5 to 6 membered cycloalkyl or heterocycle comprising 1 to 4 heteroatoms selected
from O, N and S, or

a 5 to 6 membered aryl or heteroaryl comprising 1 to 4 heteroatoms selected from O,
Nand S,

wherein said cycloalkyl, heterocycle, aryl or heteroaryl is optionally substituted with
one or more substituents selected from -—OR, -CN-, -(C-Ce) alkyl-OH, -CF3, -NO2, -COOR,
-SR, halogen atoms and -NRR’;

R and R’ are independently selected from the group consisting of linear or branched
(C1-C30) alkyl and linear or branched (C>-C3o) alkenyl,

wherein each alkyl and alkenyl are optionally interrupted by one or more groups
selected from -C=0-, -C=00- and -O-, and/or

each alkyl and alkenyl are optionally substituted by one or more substituents selected
from —OR, -CN-, -C1-Cs alkyl-OH, -CF3, -NO», -COOR, -SR, halogen atoms and -NRR’; and

R, R’ are independently selected from H and (C;-Cs) alkyl.

In some embodiments of the lipid of Formula VI, R! and R? are independently
selected from the group consisting of linear or branched (Cs-Csp) alkyl and linear or branched
(C2-Csp) alkenyl, wherein each alkyl and alkenyl are optionally substituted with one -OH
group. In some embodiments of the lipid of Farmula VI, R! and R? are independently linear
or branched (Cs-C3o) alkyl substituted with one —OH group. i some embodiments of the
tipid of Fornula VI, R and R? are independently linear (Cs-Cso) alkyl substituted with one —
OH group.
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In some embodiments of the lipid of Formula VI R* and R together with the N atom
to which they are attached form: a 5 to 6 membered cycloalkyl or heterocycle comprising 1 to
4 heteroatoms selected from O, N and S, or a 5 to 6 membered heteroaryl comprising 1 to 4
heteroatoms selected from O, N and S. Int some embodiments of the lipid of Formula VL R*
5  and R’ together with the N atom to which they are attached form a 5 to 6 membered
heteroaryl comprising 1 to 4 heteroatoms selected from O, N and S. Ir some embodiments of
the lipid of Formula VI, R* and R together with the N atom to which they are attached form
an imidazolyl group.
In some embodiments of the lipid of Formula VI, R® and R are independently
10 selected from the group consisting of linear or branched (C1-Cso) alkyl and linear or branched
(C2-Co) alkenyl. Int some embodiments of the lipid of Forrnula VI, R® and R are
independently linear or branched (C1-Cso) alkyl. In some embodiments of the lipid of
Formmula VI, R® and R7 are independently linear (C1-Cso) alkyl.
In some embodiments, the lipid of Formula CAT-VIis A2H7iiT6 (N-(1-((3-(1H-
15  imidazol-1-yl)propyl)amino)-4-((4-(bis(2-hydroxytetradecyl)amino)butyl)disulfaneyl)-1-

oxobutan-2-yl)-5-(bis(2-hydroxydecyl)amino)pentanamide), having the following structure:
N
7\
4
k/\NH H\/\/\/\/
N N
OH o

\/V\/\M \g/\/\/HOj\/\/\/\/

N\/\/\s/

OH

or a pharmaceutically acceptable salt thereof.

In some embodiments, the cationic lipid is MC3, having the following structure:

.y - » . jp— - ~ "™ A
"~ e - . SRS e Y N < T P ‘Q, ) S e
e e L*”""»»_.«.»" T e R N N i S S,

g

&

o v, = : iasnsanadis, ey s o~ -
T eI, e, T N
P U o LA . %\J¢ T

20
In some embodiments, the cationic lipid is SM-102 (9-heptadecanyl 8-{(2-

hydroxyethyl)[6-0x0-6-(undecyloxy)hexyl]amino }octanoate), having the following structure:
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9 000¢
(\/\/\)LQ

A
0NN

In some embodiments, the cationic lipid is  ALC-0315 [(4-
hydroxybutyl)azanediyl]di(hexane-6,1-diyl) bis(2-hexyldecanoate), having the following

structure:

s O AL OH o}

In some embodiments, the cationic lipid is cOrn-EE1, having the following structure:

In some embodiments, the cationic lipid is BAL-005 (bis(3-(bis(2-
hydroxydodecyl)amino)propyl) 2,2’-(methylazanediyl)diacetate), having the following

10 structure:
OH HO

A

ij XNM

some embodiments, the cationic lipid is BAL-020 (bis(3-(bis(2-
hydroxydodecyl)amino)propyl) 3-hydroxy-3-methylpentanedioate), having the following

structure:
OH HO
/\/\/\/\/\[ o o4 O j/\/\/\/\/\
N/\/\O/U\MO/\/\N
s /\/\/\/\/\ﬁ W |
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In some embodiments, the cationic lipid is HEP-E4-E12 [(2,5-dimethylpiperazine-1,4-
diyl)bis(ethane-2,1-diyl)  bis(5-(bis(2-hydroxydodecyl)amino)pentanoate)], having the
following structure:

CioHyy

OH e
Gl

5 In some embodiments, the cationic lipid is TL1-12D-DMA  (tris(5-

C10H21

(octanoyloxy)pentyl) 2-((3-(dimethylamino)propanoyl)oxy)propane-1,2,3-tricarboxylate),

having the following structure:
@)
\/\/\/\g/ \/\/\(L )
) )

/\/M i

o N
© |

\/\/\/\Q/O\/\)/

In some embodiments, the cationic lipid may be selected from the group comprising

10 cKK-E10; OF-02; [(6Z,9Z,28Z,31Z)-heptatriaconta-6,9,28,31-tetraen-19-yl] 4-
(dimethylamino)butanoate (D-Lin-MC3-DMA); 2,2-dilinoleyl-4-dimethylaminoethyl-[1,3]-
dioxolane (DLin-KC2-DMA); 1,2-dilinoleyloxy-N,N-dimethyl-3-aminopropane (DLin-
DMA); di((Z)-non-2-en-1-yl) 9-((4-(dimethylamino)butanoyl)oxy)heptadecanedioate (L319);
9-heptadecanyl 8-{(2-hydroxyethyl)[6-ox0-6-(undecyloxy)hexyl]amino }octanoate (SM-102);

15 [(4-hydroxybutyl)azanediyl]di(hexane-6,1-diyl) bis(2-hexyldecanoate) (ALC-0315); [3-
(dimethylamino)-2-[(Z)-octadec-9-enoyl]oxypropyl] (Z)-octadec-9-enoate (DODAP); 2,5-
bis(3-aminopropylamino)-N-[2-[di(heptadecyl)amino]-2-oxoethyl]pentanamide (DOGS);
[(3S,8S,9S,10R,13R,148S,17R)-10,13-dimethyl-17-[(2R)-6-methylheptan-2-yl]-
2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro- 1H-cyclopenta[a]phenanthren-3-yl] N-[2-

20 (dimethylamino)ethyl]carbamate (DC-Chol); tetrakis(8-methylnonyl) 3,3",3”,3"-
(((methylazanediyl) bis(propane-3,1 diyl))bis (azanetriyl))tetrapropionate (3060i10); decyl
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(2-(dioctylammonio)ethyl) phosphate (OA1P9); ethyl 5,5-di((Z)-heptadec-8-en-1-yl)-1-(3-
(pyrrolidin- 1-yl)propyl)-2,5-dihydro- 1H-imidazole-2-carboxylate (A2-I1s05-2DC18); bis(2-
(dodecyldisulfanyl)ethyl) 3,3’-((3-methyl-9-ox0-10-0xa-13,14-dithia-3,6-
diazahexacosyl)azanediyl)dipropionate (BAME-O16B); 1,1'-((2-(4-(2-((2-(bis(2-
hydroxydodecyl)amino)ethyl) (2-hydroxydodecyl)amino)ethyl) piperazin-1-
yl)ethyl)azanediyl) bis(dodecan-2-ol) (C12-200); 3,6-bis(4-(bis(2-
hydroxydodecyl)amino)butyl)piperazine-2,5-dione (cKK-E12); hexa(octan-3-yl)
9,9',9".9".9"" 9""- ((((benzene-1,3,5-tricarbonyl)yris(azanediyl)) tris (propane-3,1-diyl))
tris(azanetriyl))hexanonanoate (FTTS); (((3,6-dioxopiperazine-2,5-diyl)bis(butane-4, 1-
diyl))bis(azanetriyl))tetrakis(ethane-2,1-diyl) (92,9'2,9"72.,9"7,127.,12'7,12"7.,12"7))-tetrakis
(octadeca-9,12-dienoate) (OF-Deg-Lin); TT3; N, N3 N-tris(3-
(didodecylamino)propyl)benzene- 1,3,5-tricarboxamide; N1-[2-((1S)-1-[(3-
aminopropyl)amino]-4-[di(3-aminopropyl)amino]butylcarboxamido)ethyl]-3,4-di[oleyloxy]-
benzamide (MVLS5); heptadecan-9-yl 8-((2-hydroxyethyl)(8-(nonyloxy)-8-
oxooctyl)amino)octanoate (Lipid 5); GL-HEPES-E3-E10-DS-3-E18-1; GL-HEPES-E3-E12-
DS-4-E10; GL-HEPES-E3-E12-DS-3-E14; and combinations thereof.

In some embodiments, the cationic lipid is biodegradable.

In some embodiments, the cationic lipid is not biodegradable.

In some embodiments, the cationic lipid is cleavable.

In some embodiments, the cationic lipid is not cleavable.

Cationic lipids are described in further detail in Dong et al. (PNAS. 111(11):3955-60.
2014); Fenton et al. (Adv Mater. 28:2939. 2016); U.S. Pat. No. 9,512,073; U.S. Pat. No.
10,201,618; EP 22307007.9; EP 22307007.9; WO 2022/221688; WO 2022/066916; and WO
2022/0257716, each of which is incorporated herein by reference.

Glycerides and Acylglycols

Glycerides or acylglycols are hydrophobic ester compounds formed from glycerol and
fatty acids that facilitate delivery of the LNPs. Accordingly, LNPs of the present disclosure
that include a glyceride or an acylglycol may exhibit improved delivery efficiency compared
to LNPs that don’t include a glyceride or an acylglycol.

In some embodiments, the glyceride or acylglycol is a monoglyceride, a diglyceride, a
triglyceride or a diacylglycol. In some embodiments, the glyceride or is a monoglyceride, a

diglyceride, or a triglyceride. In some embodiments, the glyceride is a monoglyceride. In
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some embodiments, the glyceride is a diglyceride. In some embodiments, a glyceride is a
triglyceride. In some embodiments, the acylglycol is a diacylglycol.
In some embodiments, the glyceride or acylglycol has a structure according to

Formula I or Formula II:

RGZ G4
O O R
RO O (O:pes
1)) (I

wherein:

RY, R, and R® are each independently H, -C(-2s)alkyl, -Cq-25)alkenyl, -C(O)Ca-
2s)alkyl, or -C(O)Cq-25alkenyl, wherein the -Cq2s)alkyl, -Cq-2s)alkenyl, -C(O)Cq-25)alkyl, and
-C(O)C2s)alkenyl are optionally substituted with one to three groups independently selected
from -OC(0)C(1-25)alkyl, -OC(O)Cq-25alkenyl, -C(O)OC-25)alkyl, -C(O)OC2s)alkenyl, -
OCq2asalkyl, -OCq-2s)alkenyl, -C(O)Ci-25)alkyl, and -C(O)C1-25)alkenyl;

provided that no more than two of RS, R%? and R are H;

R% is -Cq25)alkyl, -C-2syalkenyl, -C(O)C-2syalkyl, or -C(O)Cqi-2s)alkenyl, each of
which is optionally substituted with one to three groups independently selected from -
OC(O)Cq2salkyl, -OC(O)C2syalkenyl, -C(O)OC1-25)alkyl, -C(O)OC1-2s5)alkenyl, -OCq-
2s)alkyl, -OCq2s)alkenyl, -C(O)Cq-2s5)alkyl, and -C(O)Cq-25)alkenyl;

R% is H, -C(125)alkyl, -Cq-25)alkenyl, -C(O)C-25)alkyl, or -C(0)Cq-2s)alkenyl,
wherein the -C12s)alkyl, -Ca2salkenyl, -C(O)Cq-25)alkyl, and -C(O)Cq-2s)alkenyl are
optionally substituted with one to three groups independently selected from -OC(O)Cqi-
2syalkyl, -OC(0)Casyalkenyl, -C(O)OC1-25)alkyl, -C(O)OC12s)alkenyl, -OCq-25)alkyl, -OC(-
2syalkenyl, -C(O)C-2salkyl, and -C(O)Cqi-25)alkenyl.

In some embodiments, the glyceride or acylglycol has a structure according to
Formula I or Formula II, wherein:

RY!, R9, and R are each independently H, -C-2s)alkyl, -Ci1-25)alkenyl, -C(O)C-
2syalkyl, or -C(O)Cq25)alkenyl;

provided that no more than two of R®!, R% and R® are H;

R% is -Cq-25)alkyl, -Cq-2s)alkenyl, -C(O)C-2s)alkyl, or -C(O)Ci-25)alkenyl;

R% is H, -C(125)alkyl, -Cq1-25)alkenyl, -C(O)C-2s)alkyl, or -C(0)Cq-2s)alkenyl.

In some embodiments, the glyceride or acylglycol has a structure according to

Formula I:
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RGZ
O/

RG1'O\)\/O* RG3
ey
wherein:

RY, R, and R® are each independently H, -C(-2s)alkyl, -C(-25)alkenyl, -C(O)Ca-
2s)alkyl, or -C(O)Cq-25alkenyl, wherein the -C2s)alkyl, -Ca-2salkenyl, -C(O)Cq-25)alkyl, and
-C(O)C2s)alkenyl are optionally substituted with one to three groups independently selected
from -OC(0)C125)alkyl, -OC(O)Cq-25alkenyl, -C(O)OC-25)alkyl, -C(O)OC2s)alkenyl, -
OCasalkyl, -OCqa-2salkenyl, -C(O)Cq-2s)alkyl, and -C(O)Cq-2s)alkenyl; and

provided that no more than two of R%!, R® and R are H.

In some embodiments, the glyceride or acylglycol has a structure according to

Formula I:
RGZ
O/
RG1'O\)\/O\ RG3
(D
wherein:

RY, R, and R® are each independently H, -C(-2s)alkyl, -Cq-25)alkenyl, -C(O)Ca-
2s)alkyl, or -C(0)Cq-25alkenyl, wherein the -Cq25)alkyl, -Cq-2salkenyl, -C(O)Cq-25)alkyl, and
-C(O)C2s)alkenyl are optionally substituted with one to three groups independently selected
from -OC(0)C(1-25)alkyl, -OC(O)Cq-25)alkenyl, -C(O)OC-25)alkyl, -C(O)OC2s)alkenyl, -
OCq2asalkyl, -OCq-2s)alkenyl, -C(0O)Ci-25)alkyl, and -C(O)C1-25)alkenyl;

provided that no more than two of RY!, R and R®* are H.

In some embodiments, the glyceride or acylglycol of Formula I has a structure

according to Formula Ia or Ib:

OH RG2
O/
Rofo\/]\/OH HO\)\/OH
(la) (Ib)

wherein RY! and R? are each independently -C-25)alkyl, -Cq-2s)alkenyl, -C(O)C-
2syalkyl, or -C(O)Cq-2s)alkenyl, each of which is optionally substituted with one to three
groups independently selected from -OC(O)Cqi25)alkyl, -OC(O)Cq-2s)alkenyl, -C(O)OCqi-
2salkyl, -C(O)OC2s)alkenyl, -OC(12s)alkyl, -OC-25)alkenyl, -C(O)C1-25)alkyl, and -
C(0)C-2s5)alkenyl.
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In some embodiments, the glyceride or acylglycol of Formula I has a structure

according to Formula Ia:
OH

RG‘I'O\/]\/OH

(Ta)

wherein RY! is -C(1-25)alkyl, -C(1-25)alkenyl, -C(0)Cq-2s)alkyl, or -C(O)C1-25)alkenyl,

each of which is optionally substituted with one to three groups independently selected from -
5  OC(0)Cauasylkyl, -OC(O)Cq-2salkenyl, -C(O)OC1-25)alkyl, -C(O)OC1-25)alkenyl, -OC1-

2syalkyl, -OC25)alkenyl, -C(O)Cq-2s)alkyl, and -C(O)Cq-25)alkenyl.

In some embodiments of the glyceride or acylglycol of Formula Ia, R is -C(-
2s)alkyl, -C2salkenyl, -C(O)Cqasyalkyl, or -C(O)C-25)alkenyl.

In some embodiments of the glyceride or acylglycol of Formula Ia, R is -C(1-

10 asalkyl, -Cai-2salkenyl, -C(O)C1-25)alkyl, or -C(O)C1-25)alkenyl.
In some embodiments, the glyceride or acylglycol of Formula I has a structure

according to Formula Ib:

RGZ
O/

HO__K _OH
(Ib)
wherein R is -C1-25)alkyl, -Cq2syalkenyl, -C(O)C-25)alkyl, or -C(O)Ci-25)alkenyl,
each of which is optionally substituted with one to three groups independently selected from -
15 OC(O)Ca-2salkyl, -OC(O)Cq-2syalkenyl, -C(O)OC-2s)alkyl, -C(O)OCqi-2s)alkenyl, -OCq-
asyalkyl, -OC25alkenyl, -C(O)Cq-25)alkyl, and -C(O)Ci-25)alkenyl.
In some embodiments of the glyceride or acylglycol of Formula Ib, R%? is -C1-
2s)alkyl, -Casialkenyl, -C(O)Cq-syalkyl, or -C(O)Ci-2s)alkenyl.
In some embodiments of the glyceride or acylglycol of Formula Ib, R%? is -C(1-
20 asalkyl, -Caiesalkenyl, -C(O)Cai-2salkyl, or -C(O)C1-25)alkenyl.
In some embodiments of the glyceride or acylglycol of Formula I, Ia, or Ib, R%! and
R are each independently -C(1-2s)alkyl, -Cq2sjalkenyl, -C(O)C1-25)alkyl, or -C(O)Cqi-
2s)alkenyl.
In some embodiments of the glyceride or acylglycol of Formula I, Ia, or Ib, R%! and
25 R are each independently -C11-25)alkyl, -Cqi-25)alkenyl, -C(O)Cai-25)alkyl, or -C(O)C11-
2s)alkenyl.
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In some embodiments, the glyceride or acylglycol of Formula I has a structure

according to Formula Ic or Id:

RG2
o OH
RG1'O\/K/OH RG{O\/K/O\ RG3
(Ic) (Id)

wherein R%!, R%%, and R are each independently -C(-25)alkyl, -C(1-2s)alkenyl, -
C(0O)C2salkyl, or -C(0O)Cq-2sjalkenyl, each of which is optionally substituted with one to
three groups independently selected from -OC(O)C1-2s)alkyl, -OC(O)C1-25)alkenyl, -
C(0)OCpasalkyl, -C(O)YOCa2salkenyl, -OC1-2s)alkyl, -OCqasalkenyl, -C(O)Cq2s)alkyl,
and -C(O)Cq-2s)alkenyl.

In some embodiments, the glyceride or acylglycol of Formula I has a structure

according to Formula Ic:

RGZ

o
RG‘I'O\)\/OH

(Ic)

wherein R and R are each independently -C1-25)alkyl, -Cq2s)alkenyl, -C(O)Ci-
2s)alkyl, or -C(O)Cq2s)alkenyl, each of which is optionally substituted with one to three
groups independently selected from -OC(O)C1-2s)alkyl, -OC(O)Cq-25)alkenyl, -C(O)OCq-
2s)alkyl, -C(O)OC-25)alkenyl, -OC-25)alkyl, -OC1-25)alkenyl, -C(O)Ci-25)alkyl, and -
C(0)Cq-2syalkenyl.

In some embodiments of the glyceride or acylglycol of Formula Ic, R! and R are
each independently -C-25)alkyl, -Cqi-25)alkenyl, -C(O)Cq-2s)alkyl, or -C(O)Cq-25)alkenyl.

In some embodiments of the glyceride or acylglycol of Formula Ic, R! and R®? are
each independently -C(O)Cq2syalkyl or -C(O)Cq-2syalkenyl.

In some embodiments of the glyceride or acylglycol of Formula Ic, R%! is -C(0)Cg-
2s)alkyl or -C(O)C-2s)alkenyl.

In some embodiments of the glyceride or acylglycol of Formula Ic, R%* is -C(O)C.-
2s)alkyl or -C(O)C1-25)alkenyl.

In some embodiments, the glyceride or acylglycol of Formula I has a structure

according to Formula Id:
OH

RGTO\)\/O‘RG?’
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(Id)
wherein R and R® are each independently -C1-25)alkyl, -Cq-2s)alkenyl, -C(O)Ci-
asyalkyl, or -C(O)Cs)alkenyl, each of which is optionally substituted with one to three
groups independently selected from -OC(O)C12s)alkyl, -OC(O)Cq-25)alkenyl, -C(O)OCq-
2salkyl, -C(O)OC-2s)alkenyl, -OC12s)alkyl, -OC-25)alkenyl, -C(O)C1-25)alkyl, and -
5 C(O)Cuasalkenyl.
In some embodiments of the glyceride or acylglycol of Formula Id, R%! and R* are
each independently -C.25)alkyl, -Cq-25)alkenyl, -C(O)Cq-2s)alkyl, or -C(O)Cq-25)alkenyl.
In some embodiments of the glyceride or acylglycol of Formula I, Ic, or Id, R%!, R%?,
and R are each independently -C(0)C1-25)alkyl or -C(O)C1-25)alkenyl.
10 In some embodiments of the glyceride or acylglycol of Formula I, Ic, or Id, R is -
C(0)Casyalkyl or -C(O)C-2s)alkenyl.
In some embodiments of the glyceride or acylglycol of Formula I, Ic, or Id, R is -
C(0)Cq-asalkyl or -C(O)C1-25)alkenyl.
In some embodiments of the glyceride or acylglycol of Formula I, Ic, or Id, R% is -
15 C(0)Cgasalkyl or -C(O)C-2s)alkenyl.
In some embodiments of the glyceride or acylglycol of Formula I, Ic, or Id:
R is -C(0)C-25alkyl, or -C(0)Cg-25)alkenyl;
R% is -C(O)Cq-25)alkyl, or -C(O)C1-25)alkenyl; and
R is -C(0)Csyalkyl, or -C(0)C-25)alkenyl.
20 In some embodiments, the glyceride or acylglycol of Formula I has a structure

according to Formula Ie:

RGZ
O/

RG 1‘0\)\/0\ RG3
(Ie)
wherein R%!, R%%, and R are each independently -C(-25)alkyl, -C(1-2s)alkenyl, -

25  C(0O)Cu-salkyl, or -C(O)C-25)alkenyl, each of which is optionally substituted with one to
three groups independently selected from -OC(O)C1-2s)alkyl, -OC(O)C1-25)alkenyl, -
C(0)OCasalkyl, -C(O)YOCa2salkenyl, -OC1-2s)alkyl, -OCq2s)alkenyl, -C(O)Cq25)alkyl,
and -C(0)Cq-2s)alkenyl.

In some embodiments, the glyceride or acylglycol of Formula I has a structure

30  according to Formula Ie, wherein R%!, R, and R® are each independently -C-25)alkyl, -Cq-

2salkenyl, -C(O)Cq2salkyl, or -C(0)C1-25)alkenyl.
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In some embodiments of the glyceride or acylglycol of Formula I or Ie, R%! is -
C(0)Casyalkyl or -C(O)C-25)alkenyl.

In some embodiments of the glyceride or acylglycol of Formula I or Ie, R%? is -
C(0)Casyalkyl or -C(O)Cq-25)alkenyl, each of which is optionally substituted with one to
three groups independently selected from -OC(O)C1-25)alkyl, -OC(O)C(1-25)alkenyl, -
C(0)OC2salkyl, -C(O)OCn-2salkenyl, -OC-2syalkyl, -OCq-2s)alkenyl, -C(O)Cq-2s)alkyl,
and -C(O)Cq-2s)alkenyl.

In some embodiments of the glyceride or acylglycol of Formula I or Ie, R% is -
C(0)C-asalkyl or -C(O)C-25)alkenyl.

In some embodiments of the glyceride or acylglycol of Formula I or Ie:

R is -C(0)C125)alkyl or -C(0)C1-25)alkenyl;

R is -C(0)C25)alkyl or -C(0)Cq-2s)alkenyl, each of which is optionally substituted
with one to three groups independently selected from -OC(O)C-2s)alkyl, -OC(O)C1-
2sialkenyl, -C(O)OC-2syalkyl, -C(O)OC-25alkenyl, -OC-2s)alkyl, -OC(1-25)alkenyl, -
C(0)Cq-2syalkyl, and -C(O)Cq-25)alkenyl; and

R is -C(O)Cq-25)alkyl or -C(0)Cq2s)alkenyl.

In some embodiments of the glyceride or acylglycol of Formula I or Ie, R%!, R, and
RY are each independently -C(O)C721jalkyl or -C(O)C7-21jalkenyl.

In some embodiments, the glyceride or acylglycol has a structure according to

Formula II:
G4
o R
I\/O\ RG5
(I
wherein:

R% is -Cq25)alkyl, -Ci-asyalkenyl, -C(O)C-2syalkyl, or -C(O)Cq-2s)alkenyl, each of
which is optionally substituted with one to three groups independently selected from -
OC(0O)C-2salkyl, -OC(0)Ca2syalkenyl, -C(O)OC1-25)alkyl, -C(O)OC1-25)alkenyl, -OC-
2syalkyl, -OCq-2s)alkenyl, -C(O)Cq-25alkyl, and -C(O)Cq-25)alkenyl;

R% is H, -C(125)alkyl, -Cq-25)alkenyl, -C(O)C-25)alkyl, or -C(0)Cq-2s)alkenyl,
wherein the -C(1-25)alkyl, -C2sjalkenyl, -C(O)Cq-25)alkyl, and -C(O)Cq-25)alkenyl are
optionally substituted with one to three groups independently selected from -OC(O)C1-
2s)alkyl, -OC(0)Cqasalkenyl, -C(O)OC1-25)alkyl, -C(O)OCq-25alkenyl, -OCq25)alkyl, -OCq-
2salkenyl, -C(O)Casalkyl, and -C(O)C(1-2s)alkenyl.
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In some embodiments, the glyceride or acylglycol of Formula IT has a structure

according to Formula Ila or IIb:

G4
o RG4 o R
K/OH I\/O\ RGS
(ITa) (Ib)

wherein R% and R are each independently -Ci-25)alkyl, -C-s)alkenyl, -C(O)Cq-
2syalkyl, or -C(O)Cq-2s)alkenyl, each of which is optionally substituted with one to three
groups independently selected from -OC(O)Cq-2sjyalkyl, -OC(O)Cq-25)alkenyl, -C(O)OCq-
asyalkyl, -C(O)OC 1 25)alkenyl, -OC-25)alkyl, -OC-25)alkenyl, -C(O)Cq-25)alkyl, and -
C(0)Cq-asyalkenyl.

In some embodiments, the glyceride or acylglycol of Formula II has a structure

according to Formula ITa:

RG4

o
L_oH
(ITa)

wherein R% is -C(125)alkyl, -Cq2syalkenyl, -C(O)C-25)alkyl, or -C(O)Ci-2s)alkenyl,
each of which is optionally substituted with one to three groups independently selected from -
OC(0O)Ca-2salkyl, -OC(0)C-2syalkenyl, -C(O)OC1-25)alkyl, -C(O)OC1-25)alkenyl, -OC-
2syalkyl, -OCq-2salkenyl, -C(O)Cq-2s)alkyl, and -C(O)Cq-25)alkenyl.

In some embodiments, the glyceride or acylglycol of Formula IT has a structure
according to Formula ITa, wherein R is -C125)alkyl, -C1-25)alkenyl, -C(O)C1-25)alkyl, or -
C(0)Cq-2syalkenyl.

In some embodiments, the glyceride or acylglycol of Formula IT has a structure

according to Formula IIb:

RG4
O/

L Ocqas
(IIb)
wherein R% and R are each independently -Ci-25)alkyl, -C-s)alkenyl, -C(O)Cq-
2syalkyl, or -C(O)Cq-2s)alkenyl, each of which is optionally substituted with one to three
groups independently selected from -OC(O)C1-25)alkyl, -OC(O)Cq-2s)alkenyl, -C(O)OCi-
asyalkyl, -C(O)OC 1 25)alkenyl, -OC-25)alkyl, -OC-25)alkenyl, -C(O)Cq-25)alkyl, and -
C(0)Cqasyalkenyl.
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In some embodiments, the glyceride or acylglycol of Formula IT has a structure
according to Formula ITb, wherein R% and R are each independently -C(-2s)alkyl, -Cii-
2salkenyl, -C(O)C-2syalkyl, or -C(O)C-2s)alkenyl.

In one or more embodiment of the glyceride or acylglycol of Formula II, I1a, or IIb,
RY and R% are each independently -Cii1-2s)alkyl, -C1-2s)alkenyl, -C(O)C1-25)alkyl, or -
C(0)Cq-25)alkenyl.

In one or more embodiments of the glyceride or acylglycol of Formula II, Ila, or IIb,
R and R® are each independently -C(O)C1-25)alkyl or -C(O)Cq-25)alkenyl.

In one or more embodiments, the glyceride or acylglycol is selected from the group

consisting of:

1-C16 Ether MG

Monoolein /\A/\/EA/\/\/E/O\)\/OH

C18(plasm) MG R
OH
Monolinolein \/\/\=/E/\/\/\/\g/o\)\/o"<
[e]
08:0 DG DOOOE
\/\/\/1/
[e]
/\/\/\/\)Lo
10:0 DG .0

12:0 DG Ao

NN NN N
15:0-18:1 DG /\/\/\/E/\/\/\;.:J/E/\OH
[e]
16:0 Ethylene A
Glycol \/\/\/\/\/\/\/\g//?
[e]
AASASASASAAAG
16:0 DG S

16:0-18:1 DG /\/\/\/\/\/\/\)]\o/}g\oH
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o)
NN NN
Diolein k(OHO
A~
[¢]
18:0-16:0 DG WH
[¢]
NN N NN NN
18:0-18:2 DG \/\/E/¥—/\/\/\/\g//}§\OH
[e)
/\/\/\/\/\/\/\/\/u\
18:0-20:4 DG DOADOIE 2
O
PN NN NN NN -
18:0-22:6 DG WVW:MF\/\J;M\ o
o
18:1 Ethylene \/\/\/\/——\/\/\/\)Lo/?
GlyCOl /\/\/\/\g\/\/\/\g/
O
W\W/\/\)L
18:1 DG /\/\/\/\:/\/\/\/Sg//gq\o )
¢]
\/\/\/\/_—\/\/\/\)l\
18:1-2:0 DG Eﬁfm
(¢]
A~
Dilinolein KEOHO
A
o} /oj%
Tributyrin /\)\OX
A
Tricaproin /\/\)\o/?i
ARSS
Trioctanoin /\/\/\)’\oxx
T
Tricaprin /\/\/\/\)Lo/?ﬁ
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Trilaurin N\/\/\/\)\OX

Trimyristin /WW\/\)\O/X

15:0-18:1-15:0 TG /\/\/\/E/\/\/\/\g/0§

/\/\/\/\/\/\/\)OJ\’) » 1 —
16:0-(12-PAHSA)- 0 Y
N\/\/\/\N\)LQ H
18:1 TG \/\/\)\/\/\/\/\/\g/5
o
Tristearin /\/\/\/\/\/\/\/\)’\o
O
Triolein \/\/\/\/a/\/\/\)j\o/x

Trilinolein /\/\/a/=\/\/\/\)ko/?ﬁ

Glyceryl W\/\/\/\M/\)\OX

trinonadecanoate

Triarachidin

T

O 0]
Tripalmitin /\/\/\/\/\/\/\)]\OX

In some embodiments, the glyceride or acylglycol is C18(plasm) MG. In some

or a combination thereof.

embodiments, the glyceride or acylglycol is 08:0 DG. In some embodiments, the glyceride or

acylglycol is 10:0 DG. In some embodiments, the glyceride or acylglycol is 12:0 DG. In
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some embodiments, the glyceride or acylglycol is 14:0 DG. In some embodiments, the
glyceride or acylglycol is 15:0-18:1 DG. In some embodiments, the glyceride or acylglycol is
16:0 ethylene glycol. In some embodiments, the glyceride or acylglycol is 16:0 DG. In some
embodiments, the glyceride or acylglycol is 16:0-18:1 DG. In some embodiments, the
glyceride or acylglycol is 18:0 DG.

In some embodiments, the glyceride or acylglycol is 18:0-16:0 DG. In some
embodiments, the glyceride or acylglycol is 18:0-18:2 DG. In some embodiments, the
glyceride or acylglycol is 18:0-20:4 DG. In some embodiments, the glyceride or acylglycol is
18:0-22:6 DG. In some embodiments, the glyceride or acylglycol is 18:1 ethylene glycol. In
some embodiments, the glyceride or acylglycol is 18:1 DG. In some embodiments, the
glyceride or acylglycol is tributyrin. In some embodiments, the glyceride or acylglycol is
tricaproin. In some embodiments, the glyceride or acylglycol is trioctanoin. In some
embodiments, the glyceride or acylglycol is 15:0-18:1-15:0 TG. In some embodiments, the
glyceride or acylglycol is 16:0-(12-PAHSA)-18:1 TG.

In some embodiments, the glyceride or acylglycol is selected from the group

consisting of:

1-C16 Ether MG

Monoolein /\/\/\/¥—/\/\/\/\g/O\/l\/oH
Monolinolein \/\/\=/\=/\/\/\/\g/o\)\/OH

Diolein '\{O*b
o)l\/\/\/\/a/\/\/\/

18:1-2:0 DG

Dilinolein K(OHO
OJK/\/\/\/—W/=\/\/\

Tricaprin /\/\/\/\)J\o/x

Trilaurin /\/\/\/\/\)’\o/?{
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Trimyristin /\/\/\/\/\/\w

Tristearin /\/\/\/\/\/\/\/\)’\o/x

Triolein WAM)\OX

Trilinolein /\/\M/\/\/\)j\o/?f

Glyceryl \/\/\/\/\/\/\/\/\)’\o/x

trinonadecanoate

Triarachidin /\/\/\/\/\/\/\/\/\)M

Tripalmitin /\/\/\/\/\/\/\)LOX

In some embodiments, the glyceride or acylglycol is 1-C16 ether MG. In some

or a combination thereof.

embodiments, the glyceride or acylglycol is 18:1-2:0 DG. In some embodiments, the
glyceride or acylglycol is trilaurin. In some embodiments, the glyceride or acylglycol is
trilinolein. In some embodiments, the glyceride or acylglycol is glyceryl trinonadeanoate. In
some embodiments, the glyceride or acylglycol is tripalmitin.

In some embodiments, the glyceride or acylglycol is selected from the group

consisting of:

Monoolein /\/\/\/\_/\/\/\/\g/ \)\/
Monolinolein \/\/\_/\_/\/\/\/jf \)\/ H
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Diolein k(o H
OJ\/\/\/\/=\/\/\/\/

Tricaprin /\/\/\/\)Lm

Trimyristin /\/\/\/\/\/M

Tristearin /\/\/\/\/\/\/\/\)LQ/?{

Triolein \/\N\/W/\)LO/X

Triarachidin /\/\/\/\/\/\/\/\/\)km

or a combination thereof.

In some embodiments, the glyceride or acylgycol is monoolein. In some
embodiments, the glyceride or acylglycol is monolinolein. In some embodiments, the
glyceride or acylglycol is trimyristin. In some embodiments, the glyceride or acylglycol is
tristearin. In some embodiments, the glyceride or acylglycol is triarchidin.

In some embodiments, the glyceride or acylglycol is selected from:

Diolein k[o%
OJK/\/\/\/a/\/\/\/

Tricaprin /\/\/\/\)LO/X

Triolein \/\/\/\A/\/\/\)'\OX
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In some embodiments, the glyceride or acylglycol is diolein. In some embodiments,
the glyceride or acylglycol is tricaprin. In some embodiments, the glyceride or acylglycol is
triolein.

In one or more embodiments, the glyceride or acylglycol is hydrolyzable by lipase.

Structural Lipids

The structural lipid component provides stability to the lipid bilayer structure within
the nanoparticle. In some embodiments, the LNPs comprise one or more structural lipids.
Suitable cholesterol-based lipids include, for example: DC-Choi (N,N-dimethyl-N-
ethylcarboxamidocholesterol), 1,4-bis(3-N-oleylamino-propyl)piperazine (Gao et al., Biochem
Biophys Res Comm. (1991) 179:280; Wolf et al., BioTechnigues (1997) 23:139; U.S. Pat.
5,744,335), imidazole cholesterol ester (“ICE”; WO2011/068810), sitosterol (22,23-
dihydrostigmasterol), B-sitosterol, sitostanol, fucosterol, stigmasterol (stigmasta-5,22-dien-3-
ol), ergosterol; desmosterol (3B8-hydroxy-5,24-cholestadiene); lanosterol (8,24-lanostadien-
3b-ol); 7-dehydrocholesterol (A5,7-cholesterol); dihydrolanosterol (24,25-dihydrolanosterol);
zymosterol (5a-cholesta-8,24-dien-36-ol); lathosterol (Sa-cholest-7-en-36-o0l); diosgenin
((3B,25R)-spirost-5-en-3-ol); campesterol (campest-5-en-36-ol); campestanol (5a-campestan-
3b-ol); 24-methylene cholesterol (5,24(28)-cholestadien-24-methylen-383-0l); cholesteryl
margarate (cholest-5-en-3B-yl heptadecanoate); cholesteryl oleate; cholesteryl stearate and
other modified forms of cholesterol.

In some embodiments, the structural lipid is cholesterol.

Stealth Lipids

The stealth lipid component provides control over particle size and stability of the
nanoparticle. The addition of such components may prevent complex aggregation and
provide a means for increasing circulation lifetime and increasing the delivery of the lipid-
nucleic acid pharmaceutical composition to target tissues.

In some embodiments, the stealth lipid is a polyethylene glycol-conjugated
(PEGylated) lipid. These components may be selected to rapidly exchange out of the
pharmaceutical composition in vivo (see, e.g., U.S. Pat. 5,885,613).

Contemplated PEGylated lipids include, but are not limited to, a polyethylene glycol
(PEG) chain of up to 5 kDa in length covalently attached to a lipid with alkyl chain(s) of Ce-
Cap (e.g., Cg, Cio, C12, C14, Ci6, or Cig) length, such as a derivatized ceramide (e.g., N-
octanoyl-sphingosine-1-[succinyl(methoxypolyethylene glycol)] (C8 PEG ceramide)). In
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some embodiments, the PEGylated lipid is 1,2-dimyristoyl-rac-glycero-3-
methoxypolyethylene glycol (DMG-PEG); 1,2-distearoyl-sn-glycero-3-
phosphoethanolamine-polyethylene glycol (DSPE- PEG); 1,2-dilauroyl-sn-glycero-3-
phosphoethanolamine-polyethylene glycol (DLPE-PEG); or 1,2-distearoyl-rac-glycero-
polyethelene glycol (DSG-PEG).

In some embodiments, the PEG has a high molecular weight, e.g., 2000-2400 g/mol.
In some embodiments, the PEG is PEG2000 (or PEG-2K). In some embodiments, the
PEGylated lipid herein is DMG-PEG2000, DSPE-PEG2000, DLPE-PEG2000, DSG-
PEG2000, or C8 PEG2000. In some embodiments, the PEGylated lipid is dimyristoyl-
PEG2000 (DMG-PEG2000).

Helper Lipids

A helper lipid enhances the structural stability of the LNP and helps the LNP in
endosome escape. It improves uptake and release of the mRNA drug payload. In some
embodiments, the helper lipid is a zwitterionic lipid. Without wishing to be bound by theory,
the helper lipid can have fusogenic properties for enhancing uptake and release of the drug
payload. Examples of helper lipids are 1,2-dioleoyl-SN-glycero-3-phosphoethanolamine
(DOPE); 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC); 1,2-dioleoyl-sn-glycero-3-
phospho-L-serine (DOPS); 1,2-dielaidoyl-sn-glycero-3-phosphoethanolamine (DEPE); and
1,2-dioleoyl-sn-glycero-3-phosphocholine (DPOC), dipalmitoylphosphatidylcholine (DPPC),
1,2-dilauroyl-sn-glycero-3-phosphocholine (DLPC), 1,2-Distearoylphosphatidylethanolamine
(DSPE), and 1,2-dilauroyl-sn-glycero-3-phosphoethanolamine (DLPE).

Other exemplary helper lipids are dioleoylphosphatidylcholine (DOPC),
dioleoylphosphatidylglycerol (DOPG), dipalmitoylphosphatidylglycerol (DPPG),
palmitoyloleoylphosphatidylcholine (POPC), palmitoyloleoyl-phosphatidylethanolamine
(POPE), dioleoyl-phosphatidylethanolamine 4-(N-maleimidomethyl)-cyclohexane-1-
carboxylate (DOPE-mal), dipalmitoyl phosphatidyl ethanolamine (DPPE),
dimyristoylphosphoethanolamine (DMPE), phosphatidylserine, sphingolipids, cerebrosides,
gangliosides, 16-O-monomethyl PE, 16-O-dimethyl PE, 18-1-trans PE, 1-stearoyl-2-oleoyl-
phosphatidyethanolamine (SOPE), or a combination thereof.

In particular embodiments, the helper lipid is DOPE.

Combinations of Lipid Components and Molar Ratios
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In some embodiments, the LNP comprises (I) a cationic lipid; (II) a glyceride or an
acylglycol selected from the group consisting of 1-C16 ether MG, monoolein, C18(plasm)
MG, monolinolein, 08:0 DG, 10:0 DG, 12:0 DG, 14:0 DG, 15:0-18:1 DG, 16:0 ethylene
glycol, 16:0 DG, 16:0-18:1 DG, 18:0 DG, diolein, 18:0-16:0 DG, 18:0-18:2 DG, 18:0-20:4
DG, 18:0-22:6 DG, 18:1 ethylene glycol, 18:1 DG, 18:1-2:0 DG, dilinolein, tributyrin,
tricaproin, trioctanoin, tricaprin, trilaurin, trimyristin, 15:0-18:1-15:0 TG, 16:0-(12-PAHSA)-
18:1 TG, tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin
and a combination thereof; and (III) a structural lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a glyceride or an
acylglycol selected from the group consisting of 1-C16 ether MG, monoolein, C18(plasm)
MG, monolinolein, 08:0 DG, 10:0 DG, 12:0 DG, 14:0 DG, 15:0-18:1 DG, 16:0 ethylene
glycol, 16:0 DG, 16:0-18:1 DG, 18:0 DG, diolein, 18:0-16:0 DG, 18:0-18:2 DG, 18:0-20:4
DG, 18:0-22:6 DG, 18:1 ethylene glycol, 18:1 DG, 18:1-2:0 DG, dilinolein, tributyrin,
tricaproin, trioctanoin, tricaprin, trilaurin, trimyristin, 15:0-18:1-15:0 TG, 16:0-(12-PAHSA)-
18:1 TG, tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin
and a combination thereof; and (III) a helper lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a glyceride or an
acylglycol selected from the group consisting of 1-C16 ether MG, monoolein, C18(plasm)
MG, monolinolein, 08:0 DG, 10:0 DG, 12:0 DG, 14:0 DG, 15:0-18:1 DG, 16:0 ethylene
glycol, 16:0 DG, 16:0-18:1 DG, 18:0 DG, diolein, 18:0-16:0 DG, 18:0-18:2 DG, 18:0-20:4
DG, 18:0-22:6 DG, 18:1 ethylene glycol, 18:1 DG, 18:1-2:0 DG, dilinolein, tributyrin,
tricaproin, trioctanoin, tricaprin, trilaurin, trimyristin, 15:0-18:1-15:0 TG, 16:0-(12-PAHSA)-
18:1 TG, tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin
and a combination thereof; and (III) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (I) a glyceride or an
acylglycol selected from the group consisting of 1-C16 ether MG, monoolein, C18(plasm)
MG, monolinolein, 08:0 DG, 10:0 DG, 12:0 DG, 14:0 DG, 15:0-18:1 DG, 16:0 ethylene
glycol, 16:0 DG, 16:0-18:1 DG, 18:0 DG, diolein, 18:0-16:0 DG, 18:0-18:2 DG, 18:0-20:4
DG, 18:0-22:6 DG, 18:1 ethylene glycol, 18:1 DG, 18:1-2:0 DG, dilinolein, tributyrin,
tricaproin, trioctanoin, tricaprin, trilaurin, trimyristin, 15:0-18:1-15:0 TG, 16:0-(12-PAHSA)-
18:1 TG, tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin
and a combination thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a glyceride or an

acylglycol selected from the group consisting of monoolein, monolinolein, diolein, 18:1-2:0
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DG, dilinolein, tributyrin, tricaproin, trioctanoin, tricaprin, trilaurin, trimyristin, tristearin,
triolein, trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin and a combination
thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a glyceride or an
acylglycol selected from the group consisting of monoolein, monolinolein, diolein, 18:1-2:0
DG, dilinolein, tricaprin, trilaurin, trimyristin, tristearin, triolein, trilinolein, glyceryl
trinonadecanoate, triarachidin, tripalmitin and a combination thereof; (III) a structural lipid;
(IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a glyceride or an
acylglycol selected from the group consisting of monoolein, monolinolein, diolein, tricaprin,
trimyristin, tristearin, triolein, triarachidin, and a combination thereof; (III) a structural lipid;
(IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a glyceride or an
acylglycol selected from the group consisting of diolein, tricaprin, triolein, and a combination
thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol; and (III) a
structural lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol; and (III) a
helper lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol; and (III) a
stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol; (IIT) a
structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I; (II) a glyceride or an acylglycol; (III) a structural lipid; (IV) a
helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-II; (II) a glyceride or an acylglycol; (III) a structural lipid; (IV) a
helper lipid; and (V) a stealth lipid.
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In some embodiments, the LNP comprises (I) a cationic lipid that is cKK-E10, OF-02,
or GL-HEPES-E3-E12-DS-4-E10; (II) a glyceride or an acylglycol; (III) a structural lipid;
(IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is TL1-12D-DMA,
HEP-E4-E12, BAL-020, or BAL-005; (IT) a glyceride or an acylglycol; (II) a structural lipid;
(IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol having a
structure according to Formula I or Formula II; and (III) a structural lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol having a
structure according to Formula I or Formula II; and (III) a helper lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol having a
structure according to Formula I or Formula II; and (III) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol having a
structure according to Formula I or Formula II; (IIT) a structural lipid; (IV) a helper lipid; and
(V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I; (II) a glyceride or an acylglycol having a structure according to
Formula I or Formula II; (IIT) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-II; (II) a glyceride or an acylglycol having a structure according
to Formula I or Formula IT; (IIT) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol having a
structure according to Formula I; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth
lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol having a
structure according to Formula Ia or Formula Ib; (III) a structural lipid; (IV) a helper lipid;

and (V) a stealth lipid.
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In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol having a
structure according to Formula Ic or Formula Id; (III) a structural lipid; (IV) a helper lipid;
and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol having a
structure according to Formula Ie; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth
lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol having a
structure according to Formula I, Formula Ia, Formula Ib, Formula Ic, Formula Id, or
Formula Ie; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I; (II) a glyceride or an acylglycol having a structure according to
Formula I, Formula Ia, Formula Ib, Formula Ic, Formula Id, or Formula Ie; (III) a structural
lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-II; (II) a glyceride or an acylglycol having a structure according
to Formula I, Formula Ia, Formula Ib, Formula Ic, Formula Id, or Formula Ie; (III) a
structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol having a
structure according to Formula II; (IIT) a structural lipid; (IV) a helper lipid; and (V) a stealth
lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol having a
structure according to Formula Ila or Formula IIb; (III) a structural lipid; (IV) a helper lipid;
and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I; (IT) a glyceride or an acylglycol having a structure according to
Formula IIa or Formula IIb; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure

according to Formula CAT-II; (II) a glyceride or an acylglycol having a structure according
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to Formula Ila or Formula IIb; (IIT) a structural lipid; (IV) a helper lipid; and (V) a stealth
lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol having a
structure according to Formula I, Formula Ia, Formula Ib, Formula Ic, Formula Id, Formula
Ie, Formula II, Formula Ila, or Formula IIb; (III) a structural lipid; (IV) a helper lipid; and (V)
a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I; (II) a glyceride or an acylglycol having a structure according to
Formula I, Formula Ia, Formula Ib, Formula Ic, Formula Id, Formula Ie, Formula II, Formula
ITa, or Formula IIb; (IIT) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-II; (II) a glyceride or an acylglycol having a structure according
to Formula I, Formula Ia, Formula Ib, Formula Ic, Formula Id, Formula Ie, Formula II,
Formula ITa, or Formula IIb; (IIT) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol selected
from the group consisting of 1-C16 ether MG, monoolein, C18(plasm) MG, monolinolein,
08:0 DG, 10:0 DG, 12:0 DG, 14:0 DG, 15:0-18:1 DG, 16:0 ethylene glycol, 16:0 DG, 16:0-
18:1 DG, 18:0 DG, diolein, 18:0-16:0 DG, 18:0-18:2 DG, 18:0-20:4 DG, 18:0-22:6 DG, 18:1
ethylene glycol, 18:1 DG, 18:1-2:0 DG, dilinolein, tributyrin, tricaproin, trioctanoin,
tricaprin, trilaurin, trimyristin, 15:0-18:1-15:0 TG, 16:0-(12-PAHSA)-18:1 TG, tristearin,
triolein, trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin, and a combination
thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I; (II) a glyceride or an acylglycol selected from the group
consisting of 1-C16 ether MG, monoolein, C18(plasm) MG, monolinolein, 08:0 DG, 10:0
DG, 12:0 DG, 14:0 DG, 15:0-18:1 DG, 16:0 ethylene glycol, 16:0 DG, 16:0-18:1 DG, 18:0
DG, diolein, 18:0-16:0 DG, 18:0-18:2 DG, 18:0-20:4 DG, 18:0-22:6 DG, 18:1 ethylene
glycol, 18:1 DG, 18:1-2:0 DG, dilinolein, tributyrin, tricaproin, trioctanoin, tricaprin,
trilaurin, trimyristin, 15:0-18:1-15:0 TG, 16:0-(12-PAHSA)-18:1 TG, tristearin, triolein,
trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin and a combination thereof; (III)

a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.
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In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-II; (II) a glyceride or an acylglycol selected from the group
consisting of 1-C16 ether MG, monoolein, C18(plasm) MG, monolinolein, 08:0 DG, 10:0
DG, 12:0 DG, 14:0 DG, 15:0-18:1 DG, 16:0 ethylene glycol, 16:0 DG, 16:0-18:1 DG, 18:0
DG, diolein, 18:0-16:0 DG, 18:0-18:2 DG, 18:0-20:4 DG, 18:0-22:6 DG, 18:1 ethylene
glycol, 18:1 DG, 18:1-2:0 DG, dilinolein, tributyrin, tricaproin, trioctanoin, tricaprin,
trilaurin, trimyristin, 15:0-18:1-15:0 TG, 16:0-(12-PAHSA)-18:1 TG, tristearin, triolein,
trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin and a combination thereof; (III)
a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol selected
from the group consisting of monoolein, monolinolein, diolein, 18:1-2:0 DG, dilinolein,
tributyrin, tricaproin, trioctanoin, tricaprin, trilaurin, trimyristin, tristearin, triolein, trilinolein,
glyceryl trinonadecanoate, triarachidin, tripalmitin and a combination thereof; (III) a
structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I; (II) a glyceride or an acylglycol selected from the group
consisting of monoolein, monolinolein, diolein, 18:1-2:0 DG, dilinolein, tributyrin, tricaproin,
trioctanoin, tricaprin, trilaurin, trimyristin, tristearin, triolein, trilinolein, glyceryl
trinonadecanoate, triarachidin, tripalmitin and a combination thereof; (IIT) a structural lipid;
(IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-II; (II) a glyceride or an acylglycol selected from the group
consisting of monoolein, monolinolein, diolein, 18:1-2:0 DG, dilinolein, tributyrin, tricaproin,
trioctanoin, tricaprin, trilaurin, trimyristin, tristearin, triolein, trilinolein, glyceryl
trinonadecanoate, triarachidin, tripalmitin and a combination thereof; (III) a structural lipid;
(IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol selected
from the group consisting of monoolein, monolinolein, diolein, 18:1-2:0 DG, dilinolein,
tricaprin, trilaurin, trimyristin, tristearin, triolein, trilinolein, glyceryl trinonadecanoate,
triarachidin, tripalmitin and a combination thereof; (II) a structural lipid; (IV) a helper lipid;

and (V) a stealth lipid.
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In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I; (II) a glyceride or an acylglycol selected from the group
consisting of monoolein, monolinolein, diolein, 18:1-2:0 DG, dilinolein, tricaprin, trilaurin,
trimyristin, tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin
and a combination thereof; (IIT) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-II; (II) a glyceride or an acylglycol selected from the group
consisting of monoolein, monolinolein, diolein, 18:1-2:0 DG, dilinolein, tricaprin, trilaurin,
trimyristin, tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin
and a combination thereof; (IIT) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol selected
from the group consisting of monoolein, monolinolein, diolein, tricaprin, trimyristin,
tristearin, triolein, triarachidin, and a combination thereof; (III) a structural lipid; (IV) a
helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I; (II) a glyceride or an acylglycol selected from the group
consisting of monoolein, monolinolein, diolein, tricaprin, trimyristin, tristearin, triolein,
triarachidin, and a combination thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a
stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-II; (II) a glyceride or an acylglycol selected from the group
consiting of monoolein, monolinolein, diolein, tricaprin, trimyristin, tristearin, triolein,
triarachidin, and a combination thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a
stealth lipid

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a glyceride or an acylglycol selected
from the group consisting of diolein, tricaprin, triolein, and a combination thereof; (III) a
structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I; (II) a glyceride or an acylglycol selected from the group
consisting of diolein, tricaprin, triolein, and a combination thereof; (III) a structural lipid;

(IV) a helper lipid; and (V) a stealth lipid.
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In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-II; (II) a glyceride or an acylglycol selected from the group
consiting of diolein, tricaprin, triolein, and a combination thereof; (III) a structural lipid; (IV)
a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is cKK-E10, OF-02
or GL-HEPES-E3-E12-DS-4-E10; (II) a glyceride or an acylglycol selected from the group
consisting of 1-C16 ether MG, monoolein, C18(plasm) MG, monolinolein, 08:0 DG, 10:0
DG, 12:0 DG, 14:0 DG, 15:0-18:1 DG, 16:0 ethylene glycol, 16:0 DG, 16:0-18:1 DG, 18:0
DG, diolein, 18:0-16:0 DG, 18:0-18:2 DG, 18:0-20:4 DG, 18:0-22:6 DG, 18:1 ethylene
glycol, 18:1 DG, 18:1-2:0 DG, dilinolein, tributyrin, tricaproin, trioctanoin, tricaprin,
trilaurin, trimyristin, 15:0-18:1-15:0 TG, 16:0-(12-PAHSA)-18:1 TG, tristearin, triolein,
trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin and a combination thereof; (III)
a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is cKK-E10, OF-02
or GL-HEPES-E3-E12-DS-4-E10; (II) a glyceride or an acylglycol selected from the group
consisting of monoolein, monolinolein, diolein, 18:1-2:0 DG, dilinolein, tributyrin, tricaproin,
trioctanoin, tricaprin, trilaurin, trimyristin, tristearin, triolein, trilinolein, glyceryl
trinonadecanoate, triarachidin, tripalmitin and a combination thereof; (IIT) a structural lipid;
(IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is cKK-E10, OF-02
or GL-HEPES-E3-E12-DS-4-E10; (II) a glyceride or an acylglycol selected from the group
consisting of monoolein, monolinolein, diolein, 18:1-2:0 DG, dilinolein, tricaprin, trilaurin,
trimyristin, tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin
and a combination thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is cKK-E10, OF-02
or GL-HEPES-E3-E12-DS-4-E10; (II) a glyceride or an acylglycol selected from the group
consisting of monoolein, monolinolein, diolein, tricaprin, trimyristin, tristearin, triolein,
triarachidin, and a combination thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a
stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is cKK-E10, OF-02
or GL-HEPES-E3-E12-DS-4-E10; (II) a glyceride or an acylglycol selected from the group
consisting of diolein, tricaprin, triolein, and a combination thereof; (III) a structural lipid;

(IV) a helper lipid; and (V) a stealth lipid.
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In some embodiments, the LNP comprises (I) GL-HEPES-E3-E12-DS-4-E10; (II) a
glyceride or an acylglycol selected from the group consisting of 1-C16 ether MG, monoolein,
C18(plasm) MG, monolinolein, 08:0 DG, 10:0 DG, 12:0 DG, 14:0 DG, 15:0-18:1 DG, 16:0
ethylene glycol, 16:0 DG, 16:0-18:1 DG, 18:0 DG, diolein, 18:0-16:0 DG, 18:0-18:2 DG,
18:0-20:4 DG, 18:0-22:6 DG, 18:1 ethylene glycol, 18:1 DG, 18:1-2:0 DG, dilinolein,
tributyrin, tricaproin, trioctanoin, tricaprin, trilaurin, trimyristin, 15:0-18:1-15:0 TG, 16:0-
(12-PAHSA)-18:1 TG, tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin,
tripalmitin and a combination thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a
stealth lipid.

In some embodiments, the LNP comprises (I) GL-HEPES-E3-E12-DS-4-E10; (II) a
glyceride or an acylglycol selected from the group consisting of monoolein, monolinolein,
diolein, 18:1-2:0 DG, dilinolein, tributyrin, tricaproin, trioctanoin, tricaprin, trilaurin,
trimyristin, tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin
and a combination thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) GL-HEPES-E3-E12-DS-4-E10; (II) a
glyceride or an acylglycol selected from the group consisting of monoolein, monolinolein,
diolein, 18:1-2:0 DG, dilinolein, tricaprin, trilaurin, trimyristin, tristearin, triolein, trilinolein,
glyceryl trinonadecanoate, triarachidin, tripalmitin and a combination thereof; (IIT) a
structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) GL-HEPES-E3-E12-DS-4-E10; (II) a
glyceride or an acylglycol selected from the group consisting of diolein, dilinolein,
trimyristin, tristearin, triarachidin, and a combination thereof; (III) a structural lipid; (IV) a
helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) GL-HEPES-E3-E12-DS-4-E10; (II) a
glyceride or an acylglycol selected from the group consisting of trimyristin, tristearin, and a
combination thereof; and (III) one or more lipids selected from the group consisting of a
structural lipid, a helper lipid, and a stealth lipid.

In some embodiments, the LNP comprises (I) GL-HEPES-E3-E12-DS-4-E10; (II) a
glyceride or an acylglycol selected from the group consisting of trimyristin, tristearin, and a
combination thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) GL-HEPES-E3-E12-DS-4-E10; (II)
trimyristin; and (III) one or more lipids selected from the group consisting of a structural

lipid, a helper lipid, and a stealth lipid.
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In some embodiments, the LNP comprises (I) GL-HEPES-E3-E12-DS-4-E10; (II)
trimyristin; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) GL-HEPES-E3-E12-DS-4-E10; (II) a
glyceride or an acylglycol selected from the group consisting of 1-C16 ether MG, monoolein,
C18(plasm) MG, monolinolein, 08:0 DG, 10:0 DG, 12:0 DG, 14:0 DG, 15:0-18:1 DG, 16:0
ethylene glycol, 16:0 DG, 16:0-18:1 DG, 18:0 DG, diolein, 18:0-16:0 DG, 18:0-18:2 DG,
18:0-20:4 DG, 18:0-22:6 DG, 18:1 ethylene glycol, 18:1 DG, 18:1-2:0 DG, dilinolein,
tributyrin, tricaproin, trioctanoin, tricaprin, trilaurin, trimyristin, 15:0-18:1-15:0 TG, 16:0-
(12-PAHSA)-18:1 TG, tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin,
tripalmitin and a combination thereof; (III) cholesterol; (IV) DOPE; and (V) DMG-PEG2000.

In some embodiments, the LNP comprises (I) GL-HEPES-E3-E12-DS-4-E10; (II) a
glyceride or an acylglycol selected from the group consisting of monoolein, monolinolein,
diolein, 18:1-2:0 DG, dilinolein, tributyrin, tricaproin, trioctanoin, tricaprin, trilaurin,
trimyristin, tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin
and a combination thereof; (III) cholesterol; (IV) DOPE; and (V) DMG-PEG2000.

In some embodiments, the LNP comprises (I) GL-HEPES-E3-E12-DS-4-E10; (II) a
glyceride or an acylglycol selected from the group consisting of monoolein, monolinolein,
diolein, 18:1-2:0 DG, dilinolein, tricaprin, trilaurin, trimyristin, tristearin, triolein, trilinolein,
glyceryl trinonadecanoate, triarachidin, tripalmitin and a combination thereof; (IIT)
cholesterol; (IV) DOPE; and (V) DMG-PEG2000.

In some embodiments, the LNP comprises (I) GL-HEPES-E3-E12-DS-4-E10; (II) a
glyceride or an acylglycol selected from the group consisting of diolein, dilinolein,
trimyristin, tristearin, triarachidin, and a combination thereof; (IIT) cholesterol; (IV) DOPE;
and (V) DMG-PEG2000.

In some embodiments, the LNP comprises (I) GL-HEPES-E3-E12-DS-4-E10; (I)
trimyristin; (III) cholesterol; (IV) DOPE; and (V) DMG-PEG2000.

In some embodiments, the LNP comprises (I) a cationic lipid that is TL1-12D-DMA,
HEP-E4-E12, BAL-020, or BAL-005; (II) a glyceride or an acylglycol selected from the
group consisting of 1-C16 ether MG, monoolein, C18(plasm) MG, monolinolein, 08:0 DG,
10:0 DG, 12:0 DG, 14:0 DG, 15:0-18:1 DG, 16:0 ethylene glycol, 16:0 DG, 16:0-18:1 DG,
18:0 DG, diolein, 18:0-16:0 DG, 18:0-18:2 DG, 18:0-20:4 DG, 18:0-22:6 DG, 18:1 ethylene
glycol, 18:1 DG, 18:1-2:0 DG, dilinolein, tributyrin, tricaproin, trioctanoin, tricaprin,
trilaurin, trimyristin, 15:0-18:1-15:0 TG, 16:0-(12-PAHSA)-18:1 TG, tristearin, triolein,
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trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin and a combination thereof; (III)
a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is TL1-12D-DMA,
HEP-E4-E12, BAL-020, or BAL-005; (II) a glyceride or an acylglycol selected from the
group consisting of monoolein, monolinolein, diolein, 18:1-2:0 DG, dilinolein, tributyrin,
tricaproin, trioctanoin, tricaprin, trilaurin, trimyristin, tristearin, triolein, trilinolein, glyceryl
trinonadecanoate, triarachidin, tripalmitin and a combination thereof; (III) a structural lipid;
(IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is TL1-12D-DMA,
HEP-E4-E12, BAL-020, or BAL-005; (II) a glyceride or an acylglycol selected from the
group consisting of monoolein, monolinolein, diolein, 18:1-2:0 DG, dilinolein, tricaprin,
trilaurin, trimyristin, tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin,
tripalmitin and a combination thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a
stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is TL1-12D-DMA,
HEP-E4-E12, BAL-020, or BAL-005; (II) a glyceride or an acylglycol selected from the
group consisting of monoolein, monolinolein, diolein, tricaprin, trimyristin, tristearin,
triolein, triarachidin, and a combination thereof; (III) a structural lipid; (IV) a helper lipid;
and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is TL1-12D-DMA,
HEP-E4-E12, BAL-020, or BAL-005; (II) a glyceride or an acylglycol selected from the
group consisting of diolein, tricaprin, triolein, and a combination thereof; (III) a structural
lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-V; (II) a glyceride or an acylglycol; and (III) one or more lipids
selected from the group consisting of (a) a structural lipid, (b) a helper lipid, and (c) a stealth
lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-V; (II) a glyceride or an acylglycol having a structure according
to Formula I, Formula Ia, Formula Ib, Formula Ic, Formula Id, Formula Ie, Formula II,
Formula IIa, or Formula IIb; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure

according to Formula CAT-V; (II) a glyceride or an acylglycol having a structure according
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to Formula I, Formula Ia, Formula Ib, Formula Ic, Formula Id, Formula Ie, Formula II,
Formula IIa, or Formula IIb; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-V; (II) a glyceride or an acylglycol selected from the group
consisting of 1-C16 ether MG, monoolein, C18(plasm) MG, monolinolein, 08:0 DG, 10:0
DG, 12:0 DG, 14:0 DG, 15:0-18:1 DG, 16:0 ethylene glycol, 16:0 DG, 16:0-18:1 DG, 18:0
DG, diolein, 18:0-16:0 DG, 18:0-18:2 DG, 18:0-20:4 DG, 18:0-22:6 DG, 18:1 ethylene
glycol, 18:1 DG, 18:1-2:0 DG, dilinolein, tributyrin, tricaproin, trioctanoin, tricaprin,
trilaurin, trimyristin, 15:0-18:1-15:0 TG, 16:0-(12-PAHSA)-18:1 TG, tristearin, triolein,
trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin and a combination thereof; (IIT)
a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-V; (II) a glyceride or an acylglycol selected from the group
consisting of monoolein, monolinolein, diolein, 18:1-2:0 DG, dilinolein, tributyrin, tricaproin,
trioctanoin, tricaprin, trilaurin, trimyristin, tristearin, triolein, trilinolein, glyceryl
trinonadecanoate, triarachidin, tripalmitin and a combination thereof; (III) a structural lipid;
(IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-V; (II) a glyceride or an acylglycol selected from the group
consisting of monoolein, diolein, dilinolein, tricaprin, trimyristin, tristearin, triolein,
trilinolein, glyceryl trinonadecanoate, triarachidin, and a combination thereof; (III) a
structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-V; (II) a glyceride or an acylglycol selected from the group
consisting of diolein, tricaprin, trimyristin, tristearin, triolein, trilinolein, glyceryl
trinonadecanoate, triarachidin, and a combination thereof; (III) a structural lipid; (IV) a helper
lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-V; (II) a glyceride or an acylglycol selected from the group
consisting of tricaprin, trimyristin, triolein, glyceryl trinonadecanoate, triarachidin, and a
combination thereof; (II) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is IM-001 or IS-
001; (II) a glyceride or an acylglycol having a structure according to Formula I, Formula Ia,

Formula Ib, Formula Ic, Formula Id, Formula Ie, Formula II, Formula IIa, or Formula IIb;
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(III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.In some embodiments, the
LNP comprises (I) a cationic lipid having a structure according to Formula CAT-V; (II) a
glyceride or an acylglycol having a structure according to Formula I, Formula Ia, Formula Ib,
Formula Ic, Formula Id, Formula Ie, Formula II, Formula IIa, or Formula IIb; (III) a
structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is IM-001 or IS-
001; (II) a glyceride or an acylglycol selected from the group consisting of 1-C16 ether MG,
monoolein, C18(plasm) MG, monolinolein, 08:0 DG, 10:0 DG, 12:0 DG, 14:0 DG, 15:0-18:1
DG, 16:0 ethylene glycol, 16:0 DG, 16:0-18:1 DG, 18:0 DG, diolein, 18:0-16:0 DG, 18:0-
18:2 DG, 18:0-20:4 DG, 18:0-22:6 DG, 18:1 ethylene glycol, 18:1 DG, 18:1-2:0 DG,
dilinolein, tributyrin, tricaproin, trioctanoin, tricaprin, trilaurin, trimyristin, 15:0-18:1-15:0
TG, 16:0-(12-PAHSA)-18:1 TG, tristearin, triolein, trilinolein, glyceryl trinonadecanoate,
triarachidin, tripalmitin and a combination thereof; (II) a structural lipid; (IV) a helper lipid;
and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is IM-001 or IS-
001; (II) a glyceride or an acylglycol selected from the group consisting of monoolein,
monolinolein, diolein, 18:1-2:0 DG, dilinolein, tributyrin, tricaproin, trioctanoin, tricaprin,
trilaurin, trimyristin, tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin,
tripalmitin and a combination thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a
stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is IM-001 or IS-
001; (II) a glyceride or an acylglycol selected from the group consisting of monoolein,
diolein, dilinolein, tricaprin, trimyristin, tristearin, triolein, trilinolein, glyceryl
trinonadecanoate, triarachidin, and a combination thereof; (III) a structural lipid; (IV) a helper
lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is IM-001 or IS-
001; (II) a glyceride or an acylglycol selected from the group consisting of diolein, tricaprin,
trimyristin, tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin, and a
combination thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is IM-001 or IS-
001; (II) a glyceride or an acylglycol selected from the group consisting of tricaprin,
trimyristin, triolein, glyceryl trinonadecanoate, triarachidin, and a combination thereof; (III) a

structural lipid; (IV) a helper lipid; and (V) a stealth lipid.
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In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-VI; (II) a glyceride or an acylglycol; and (IIT) one or more lipids
selected from the group consisting of (a) a structural lipid, (b) a helper lipid, and (c) a stealth
lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-VI; (I) a glyceride or an acylglycol having a structure according
to Formula I, Formula Ia, Formula Ib, Formula Ic, Formula Id, Formula Ie, Formula II,
Formula IIa, or Formula IIb; (IIT) a structural lipid; (IV) a helper lipid; and (V) a stealth
lipid.In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-V; (II) a glyceride or an acylglycol having a structure according
to Formula I, Formula Ia, Formula Ib, Formula Ic, Formula Id, Formula Ie, Formula II,
Formula IIa, or Formula IIb; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-VI; (II) a glyceride or an acylglycol selected from the group
consisting of 1-C16 ether MG, monoolein, C18(plasm) MG, monolinolein, 08:0 DG, 10:0
DG, 12:0 DG, 14:0 DG, 15:0-18:1 DG, 16:0 ethylene glycol, 16:0 DG, 16:0-18:1 DG, 18:0
DG, diolein, 18:0-16:0 DG, 18:0-18:2 DG, 18:0-20:4 DG, 18:0-22:6 DG, 18:1 ethylene
glycol, 18:1 DG, 18:1-2:0 DG, dilinolein, tributyrin, tricaproin, trioctanoin, tricaprin,
trilaurin, trimyristin, 15:0-18:1-15:0 TG, 16:0-(12-PAHSA)-18:1 TG, tristearin, triolein,
trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin and a combination thereof; (IIT)
a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-VI; (II) a glyceride or an acylglycol selected from the group
consisting of monoolein, monolinolein, diolein, 18:1-2:0 DG, dilinolein, tributyrin, tricaproin,
trioctanoin, tricaprin, trilaurin, trimyristin, tristearin, triolein, trilinolein, glyceryl
trinonadecanoate, triarachidin, tripalmitin and a combination thereof; (III) a structural lipid;
(IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-VI; (II) a glyceride or an acylglycol selected from the group
consisting of monoolein, diolein, dilinolein, tricaprin, trimyristin, tristearin, triolein,
trilinolein, glyceryl trinonadecanoate, triarachidin, and a combination thereof; (III) a
structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure

according to Formula CAT-VI; (II) a glyceride or an acylglycol selected from the group
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consisting of monoolein, diolein, tricaprin, trimyristin, tristearin, triolein, glyceryl
trinonadecanoate, and a combination thereof; (III) a structural lipid; (IV) a helper lipid; and
(V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-VI; (II) a glyceride or an acylglycol selected from the group
consisting of monoolein, diolein, tricaprin, triolein, and a combination thereof; (III) a
structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is A2H7iiT6; (II) a
glyceride or an acylglycol having a structure according to Formula I, Formula Ia, Formula Ib,
Formula Ic, Formula Id, Formula Ie, Formula II, Formula Ila, or Formula IIb; (III) a
structural lipid; (IV) a helper lipid; and (V) a stealth lipid.In some embodiments, the LNP
comprises (I) a cationic lipid having a structure according to Formula CAT-V; (II) a glyceride
or an acylglycol having a structure according to Formula I, Formula Ia, Formula Ib, Formula
Ic, Formula Id, Formula Ie, Formula II, Formula Ila, or Formula IIb; (II) a structural lipid;
(IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is A2H7iiT6; (II) a
glyceride or an acylglycol selected from the group consisting of 1-C16 ether MG, monoolein,
C18(plasm) MG, monolinolein, 08:0 DG, 10:0 DG, 12:0 DG, 14:0 DG, 15:0-18:1 DG, 16:0
ethylene glycol, 16:0 DG, 16:0-18:1 DG, 18:0 DG, diolein, 18:0-16:0 DG, 18:0-18:2 DG,
18:0-20:4 DG, 18:0-22:6 DG, 18:1 ethylene glycol, 18:1 DG, 18:1-2:0 DG, dilinolein,
tributyrin, tricaproin, trioctanoin, tricaprin, trilaurin, trimyristin, 15:0-18:1-15:0 TG, 16:0-
(12-PAHSA)-18:1 TG, tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin,
tripalmitin and a combination thereof; (II) a structural lipid; (IV) a helper lipid; and (V) a
stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is A2H7iiT6; (II) a
glyceride or an acylglycol selected from the group consisting of monoolein, monolinolein,
diolein, 18:1-2:0 DG, dilinolein, tributyrin, tricaproin, trioctanoin, tricaprin, trilaurin,
trimyristin, tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin, tripalmitin
and a combination thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is A2H7iiT6; (II) a
glyceride or an acylglycol selected from the group consisting of monoolein, diolein,
dilinolein, tricaprin, trimyristin, tristearin, triolein, trilinolein, glyceryl trinonadecanoate,
triarachidin, and a combination thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a
stealth lipid.
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In some embodiments, the LNP comprises (I) a cationic lipid that is A2H7iiT6; (II) a
glyceride or an acylglycol selected from the group consisting of diolein, tricaprin, trimyristin,
tristearin, triolein, trilinolein, glyceryl trinonadecanoate, triarachidin, and a combination
thereof; (III) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is A2H7iiT6; (II) a
glyceride or an acylglycol selected from the group consisting of tricaprin, trimyristin, triolein,
glyceryl trinonadecanoate, triarachidin, and a combination thereof; (III) a structural lipid;
(IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the cationic lipid may comprise a molar ratio from about 1% to
about 90%, about 2% to about 70%, about 5% to about 50%, about 10% to about 40% of the
total lipid present in the lipid nanoparticle, or about 20% to about 70% of the total lipid
present in the lipid nanoparticle. In some embodiments, the cationic lipid may comprise a
molar ratio between 35% and 55% of the total lipid present in the lipid nanoparticle. In some
embodiments, the cationic lipid may comprise a molar ratio of about 40% of the total lipid
present in the lipid nanoparticle. In some embodiments, the cationic lipid may comprise a
molar ratio of about 45% of the total lipid present in the lipid nanoparticle. In some
embodiments, the cationic lipid may comprise a molar ratio of about 50% of the total lipid
present in the lipid nanoparticle.

In some embodiments, the structural lipid may comprise a molar ratio from about 5%
to about 90%, or about 10 % to about 70% of the total lipid present in the lipid nanoparticle.
In some embodiments, the structural lipid may comprise a molar ratio between 20% and 35%
of the total lipid present in the lipid nanoparticle. In some embodiments, the structural lipid
may comprise a molar ratio of about 25% of the total lipid present in the lipid nanoparticle. In
some embodiments, the structural lipid may comprise a molar ratio of about 28.5% of the
total lipid present in the lipid nanoparticle.

In some embodiments, the helper lipid and the glyceride or acylglycol may comprise a
combined molar ratio from about 2% to about 90%, or about 5 % to about 70% of the total
lipid present in the lipid nanoparticle. In some embodiments, the helper lipid and the
glyceride or acylglycol may comprise a combined molar ratio between 10% and 35% of the
total lipid present in the lipid nanoparticle. In some embodiments, the helper lipid and the
glyceride or acylglycol may comprise a combined molar ratio between 15% and 35% of the
total lipid present in the lipid nanoparticle. In some embodiments, the helper lipid and the
glyceride or acylglycol may comprise a combined molar ratio of about 30% of the total lipid

present in the lipid nanoparticle.
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In some embodiments, the helper lipid may comprise a molar ratio from about 2% to
about 90%, or about 5% to about 70% of the total lipid present in the lipid nanoparticle. In
some embodiments, the helper lipid may comprise a molar ratio between 10% and 35% of the
total lipid present in the lipid nanoparticle. In some embodiments, the helper lipid may
comprise a molar ratio between 15% and 35% of the total lipid present in the lipid
nanoparticle. In some embodiments, the helper lipid may comprise a molar ratio of about
25% of the total lipid present in the lipid nanoparticle.

In some embodiments, the glyceride or acylglycol may comprise a molar ratio from
about 1% to about 20%, about 1% to about 20%, about 1% to about 15%, or about 1% to
about 10% of the total lipid present in the lipid nanoparticle. In some embodiments, the
glyceride or acylglycol may comprise a molar ratio between 1% and 15% of the total lipid
present in the lipid nanoparticle. In some embodiments, the glyceride or acylglycol may
comprise a molar ratio between 1% and 10% of the total lipid present in the lipid
nanoparticle. In some embodiments, the glyceride or acylglycol may comprise a molar ratio
of about 5% of the total lipid present in the lipid nanoparticle.

In some embodiments, the stealth (e.g., PEGylated) lipid may comprise a molar ratio
from about 0% to about 20%, about 0.5% to about 20%, about 1% to about 15%, or about 1%
to about 10% of the total lipid present in the lipid nanoparticle. In some embodiments, the
stealth (e.g., PEGylated) lipid may comprise a molar ratio between 0.25% and 2.75% of the
total lipid present in the lipid nanoparticle. In some embodiments, the stealth (e.g.,
PEGylated) lipid may comprise a molar ratio between 0.25% and 8.75% of the total lipid
present in the lipid nanoparticle. In some embodiments, the stealth (e.g., PEGylated) lipid
may comprise a molar ratio of about 1.5% of the total lipid present in the lipid nanoparticle.
In some embodiments, the stealth (e.g., PEGylated) lipid may comprise a molar ratio of about
3% of the total lipid present in the lipid nanoparticle.

In some embodiments, the LNP comprises the cationic lipid at a molar ratio between
35% and 45%; the structural lipid at a molar ratio between 20% and 35%, the stealth lipid at a
molar ratio between 0.25% and 8.75%, and the helper lipid and the glyceride or acylglycol at
a combined molar ratio between 10% and 35%. In some embodiments, the LNP comprises
the cationic lipid at a molar ratio of about 40%; the structural lipid at a molar ratio of about
28.5%; the stealth lipid at a molar ratio of about 1.5%, and the helper lipid and glyceride or
acylglycol at a combined molar ratio of about 30%.

In some embodiments, the LNP comprises GL-HEPES-E3-E12-DS-4-E10 at a molar
ratio between 35% and 45%; cholesterol at a molar ratio between 20% and 35%, DMG-
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PEG2000 at a molar ratio between 0.25% and 8.75%, and DOPE and trimyristin at a
combined molar ratio between 10% and 35%.

In some embodiments, the LNP comprises GL-HEPES-E3-E12-DS-4-E10 at a molar
ratio between 35% and 45%; cholesterol at a molar ratio between 20% and 35%, DMG-
PEG2000 at a molar ratio between 0.25% and 8.75%, DOPE at a molar ratio between 15%
and 35%, and trimyristin at a molar ratio between 1% and 10%.

In some embodiments, the LNP comprises GL-HEPES-E3-E12-DS-4-E10 at a molar
ratio of about 40%, cholesterol at a molar ratio of about 28.5%, DMG-PEG2000 at a molar
ratio of about 1.5%, and DOPE and trimyristin at a combined molar ratio of about 30%.

In some embodiments, the LNP comprises GL-HEPES-E3-E12-DS-4-E10 at a molar
ratio of about 40%, cholesterol at a molar ratio of about 28.5%, DMG-PEG2000 at a molar
ratio of about 1.5%, DOPE at a molar ratio of about 25%, and trimyristin at a molar ratio of
about 5%.

To calculate the actual amount of each lipid (including the glyceride or acylglycol) to
be put into an LNP formulation, the molar amount of the cationic lipid is first determined
based on a desired N/P ratio, where N is the number of nitrogen atoms in the cationic lipid
and P is the number of phosphate groups in the mRNA to be transported by the LNP. Next,
the molar amount of each of the other lipids is calculated based on the molar amount of the
cationic lipid and the molar ratio selected. These molar amounts are then converted to

weights using the molecular weight of each lipid.

Active Ingredients of the LNPs

The active ingredient of the present LNP composition may be an mRNA that encodes
a polypeptide of interest. In certain embodiments, the polypeptide is an antigen. In certain
embodiments, the polypeptide is a therapeutic polypeptide. The therapeutic polypeptide may
be an antibody (e.g., an antibody heavy chain or an antibody light chain. The therapeutic
polypeptide may be an enzyme.

The mRNA molecule encapsulated by the present disclosure LNPs may comprise at
least one ribonucleic acid (RNA) comprising an ORF encoding a polypeptide of interest. In
certain embodiments, the mRNA further comprises at least one 5> UTR, 3° UTR, a poly(A)

tail, and/or a 5’ cap.
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A. 5 Cap

An mRNA 5’ cap can provide resistance to nucleases found in most eukaryotic cells
and promote translation efficiency. Several types of 5° caps are known. A 7-
methylguanosine cap (also referred to as “m’G” or “Cap-07), comprises a guanosine that is
linked through a 5° — 5° - triphosphate bond to the first transcribed nucleotide.

A 5" cap is typically added as follows: first, an RNA terminal phosphatase removes
one of the terminal phosphate groups from the 5° nucleotide, leaving two terminal
phosphates; guanosine triphosphate (GTP) is then added to the terminal phosphates via a
guanylyl transferase, producing a 5 *5 ‘5 triphosphate linkage; and the 7-nitrogen of guanine
is then methylated by a methyltransferase. Examples of cap structures include, but are not
limited to, m7G(5”)ppp, (5°(A,G(5”)ppp(5")A, and G(5*)ppp(5°)G. Additional cap structures
are described in U.S. Publication No. US 2016/0032356 and U.S. Publication No. US
2018/0125989, which are incorporated herein by reference.

5’-capping of polynucleotides may be completed concomitantly during the in vitro-
transcription reaction using the following chemical RNA cap analogs to generate the 5’-
guanosine cap structure according to manufacturer protocols: 3’-O-Me-m7G(5*)ppp(5°)G
(the ARCA cap); G(5")ppp(5)A; G(5”)ppp(5)G; m7G(57)ppp(5)A; m7G(5)ppp(57)G;
m7G(5)ppp(5)(2'OMeA)pG; m7G(5)ppp(5)(2'OMeA)pU; m7G(5)ppp(5)(2'0OMeG)pG
(New England BioLabs, Ipswich, MA; TriLink Biotechnologies). 5’-capping of modified
RNA may be completed post-transcriptionally using a vaccinia virus capping enzyme to
generate the Cap 0 structure: m7G(5”)ppp(5°)G. Cap 1 structure may be generated using both
vaccinia virus capping enzyme and a 2°-O methyl-transferase to generate: m7G(5”)ppp(5”)G-
2’-O-methyl. Cap 2 structure may be generated from the Cap 1 structure followed by the 2’-
O-methylation of the 5’-antepenultimate nucleotide using a 2’-O methyl-transferase. Cap 3
structure may be generated from the Cap 2 structure followed by the 2°-O-methylation of the
5’-preantepenultimate nucleotide using a 2°-O methyl-transferase.

In certain embodiments, the mRNA of the disclosure comprises a 5’ cap selected from
the group consisting of 3’-O-Me-m7G(5’)ppp(5’)G (the ARCA cap), G(5")ppp(5°)A,
G(57)ppp(5)G, m7G(57)ppp(5)A, m7G(5")ppp(5°)G, m7G(5)ppp(5)(2'OMeA)pG,
m7G(5)ppp(5)(2'OMeA)pU, and m7G(5")ppp(5)(2'OMeG)pG.

In certain embodiments, the mRNA of the disclosure comprises a 5’ cap of:
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B. Untranslated Region (UTR)

In some embodiments, the mRNA of the disclosure includes a 5’ and/or 3’
untranslated region (UTR). In mRNA, the 5’ UTR starts at the transcription start site and
continues to the start codon but does not include the start codon. The 3° UTR starts
immediately following the stop codon and continues until the transcriptional termination
signal.

In some embodiments, the mRNA disclosed herein may comprise a 5> UTR that
includes one or more elements that affect an mRNA’s stability or translation. In some
embodiments, a 5° UTR may be about 10 to 5,000 nucleotides in length. In some
embodiments, a 5 UTR may be about 50 to 500 nucleotides in length. In some
embodiments, the 5 UTR is at least about 10 nucleotides in length, about 20 nucleotides in
length, about 30 nucleotides in length, about 40 nucleotides in length, about 50 nucleotides in
length, about 100 nucleotides in length, about 150 nucleotides in length, about 200
nucleotides in length, about 250 nucleotides in length, about 300 nucleotides in length, about
350 nucleotides in length, about 400 nucleotides in length, about 450 nucleotides in length,
about 500 nucleotides in length, about 550 nucleotides in length, about 600 nucleotides in
length, about 650 nucleotides in length, about 700 nucleotides in length, about 750
nucleotides in length, about 800 nucleotides in length, about 850 nucleotides in length, about
900 nucleotides in length, about 950 nucleotides in length, about 1,000 nucleotides in length,
about 1,500 nucleotides in length, about 2,000 nucleotides in length, about 2,500 nucleotides
in length, about 3,000 nucleotides in length, about 3,500 nucleotides in length, about 4,000
nucleotides in length, about 4,500 nucleotides in length or about 5,000 nucleotides in length.

In some embodiments, the mRNA disclosed herein may comprise a 3’ UTR
comprising one or more of a polyadenylation signal, a binding site for proteins that affect an

mRNA’s stability of location in a cell, or one or more binding sites for miRNAs. In some
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embodiments, a 3’ UTR may be 50 to 5,000 nucleotides in length or longer. In some
embodiments, a 3’ UTR may be 50 to 1,000 nucleotides in length or longer. In some
embodiments, the 3° UTR is at least about 50 nucleotides in length, about 100 nucleotides in
length, about 150 nucleotides in length, about 200 nucleotides in length, about 250
nucleotides in length, about 300 nucleotides in length, about 350 nucleotides in length, about
400 nucleotides in length, about 450 nucleotides in length, about 500 nucleotides in length,
about 550 nucleotides in length, about 600 nucleotides in length, about 650 nucleotides in
length, about 700 nucleotides in length, about 750 nucleotides in length, about 8§00
nucleotides in length, about 850 nucleotides in length, about 900 nucleotides in length, about
950 nucleotides in length, about 1,000 nucleotides in length, about 1,500 nucleotides in
length, about 2,000 nucleotides in length, about 2,500 nucleotides in length, about 3,000
nucleotides in length, about 3,500 nucleotides in length, about 4,000 nucleotides in length,
about 4,500 nucleotides in length, or about 5,000 nucleotides in length.

In some embodiments, the mRNA disclosed herein may comprise a 5* or 3° UTR that
is derived from a gene distinct from the one encoded by the mRNA transcript (i.e., the UTR
is a heterologous UTR).

In certain embodiments, the 5’ and/or 3° UTR sequences can be derived from mRNA
which are stable (e.g., globin, actin, GAPDH, tubulin, histone, or citric acid cycle enzymes)
to increase the stability of the mRNA. For example, a 5° UTR sequence may include a partial
sequence of a CMV immediate-early 1 (IE1) gene, or a fragment thereof, to improve the
nuclease resistance and/or improve the half-life of the mRNA. Also contemplated is the
inclusion of a sequence encoding human growth hormone (hGH), or a fragment thereof, to
the 3’ end or untranslated region of the mRNA. Generally, these modifications improve the
stability and/or pharmacokinetic properties (e.g., half-life) of the mRNA relative to their
unmodified counterparts, and include, for example, modifications made to improve such
mRNA resistance to in vivo nuclease digestion.

Exemplary 5° UTRs include a sequence derived from a CMV immediate-early 1 (IE1)
gene (U.S. Publication Nos. 2014/0206753 and 2015/0157565, each of which is incorporated
herein by reference), or the sequence GGGAUCCUACC (U.S. Publication No.
2016/0151409, incorporated herein by reference).

In various embodiments, the 5° UTR may be derived from the 5° UTR of a TOP gene.
TOP genes are typically characterized by the presence of a 5’-terminal oligopyrimidine
(TOP) tract. Furthermore, most TOP genes are characterized by growth-associated

translational regulation. However, TOP genes with a tissue specific translational regulation
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are also known. In certain embodiments, the 5° UTR derived from the 5’ UTR of a TOP gene
lacks the 5 TOP motif (the oligopyrimidine tract) (e.g., U.S. Publication Nos. 2017/0029847,
2016/0304883, 2016/0235864, and 2016/0166710, each of which is incorporated herein by
reference).

In certain embodiments, the 5> UTR is derived from a ribosomal protein Large 32
(L32) gene (U.S. Publication No. 2017/0029847, supra).

In certain embodiments, the 5° UTR is derived from the 5* UTR of an hydroxysteroid
(17-b) dehydrogenase 4 gene (HSD17B4) (U.S. Publication No. 2016/0166710, supra).

In certain embodiments, the 5° UTR is derived from the 5’ UTR of an ATP5A1 gene
(U.S. Publication No. 2016/0166710, supra).

In some embodiments, an internal ribosome entry site (IRES) is used instead of a 5’
UTR.

In some embodiments, the 5’UTR comprises a nucleic acid sequence reproduced
below:

GGACAGAUCGCCUGGAGACGCCAUCCACGCUGUUUUGACCUCCAUAGAA
GACACCGGGACCGAUCCAGCCUCCGCGGCCGGGAACGGUGCAUUGGAACGCGG
AUUCCCCGUGCCAAGAGUGACUCACCGUCCUUGACACG.

In some embodiments, the 3’UTR comprises a nucleic acid sequence reproduced
below:

CGGGUGGCAUCCCUGUGACCCCUCCCCAGUGCCUCUCCUGGCCCUGGAA
GUUGCCACUCCAGUGCCCACCAGCCUUGUCCUAAUAAAAUUAAGUUGCAUC.

The 5’ UTR and 3’ UTR are described in further detail in W0O2012/075040,

incorporated herein by reference.

C. Polyadenylated Tail

LR T3

As used herein, the terms “poly(A) sequence,” “poly(A) tail,” and “poly(A) region”
refer to a sequence of adenosine nucleotides at the 3’ end of the mRNA molecule. The
poly(A) tail may confer stability to the mRNA and protect it from exonuclease degradation.
The poly(A) tail may enhance translation. In some embodiments, the poly(A) tail is
essentially homopolymeric. For example, a poly(A) tail of 100 adenosine nucleotides may
have essentially a length of 100 nucleotides. In certain embodiments, the poly(A) tail may be
interrupted by at least one nucleotide different from an adenosine nucleotide (e.g., a

nucleotide that is not an adenosine nucleotide). For example, a poly(A) tail of 100 adenosine

nucleotides may have a length of more than 100 nucleotides (comprising 100 adenosine
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nucleotides and at least one nucleotide, or a stretch of nucleotides, that are different from an
adenosine nucleotide). In certain embodiments, the poly(A) tail comprises the sequence
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGCAUAUGACUAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAA.

The “poly(A) tail,” as used herein, typically relates to RNA. However, in the context
of the disclosure, the term likewise relates to corresponding sequences in a DNA molecule
(e.g., a “poly(T) sequence”).

The poly(A) tail may comprise about 10 to about 500 adenosine nucleotides, about 10
to about 200 adenosine nucleotides, about 40 to about 200 adenosine nucleotides, or about 40
to about 150 adenosine nucleotides. The length of the poly(A) tail may be at least about 10,
50, 75, 100, 150, 200, 250, 300, 350, 400, 450, or 500 adenosine nucleotides.

In some embodiments where the nucleic acid is an RNA, the poly(A) tail of the
nucleic acid is obtained from a DNA template during RNA in vitro transcription. In certain
embodiments, the poly(A) tail is obtained in vitro by common methods of chemical synthesis
without being transcribed from a DNA template. In various embodiments, poly(A) tails are
generated by enzymatic polyadenylation of the RNA (after RNA in vitro transcription) using
commercially available polyadenylation kits and corresponding protocols, or alternatively, by
using immobilized poly(A)polymerases, e.g., using methods and means as described in
WO02016/174271.

The nucleic acid may comprise a poly(A) tail obtained by enzymatic polyadenylation,
wherein the majority of nucleic acid molecules comprise about 100 (+/-20) to about 500 (+/-
50) or about 250 (+/-20) adenosine nucleotides.

In some embodiments, the nucleic acid may comprise a poly(A) tail derived from a
template DNA and may additionally comprise at least one additional poly(A) tail generated
by enzymatic polyadenylation, e.g., as described in W02016/091391.

In certain embodiments, the nucleic acid comprises at least one polyadenylation
signal.

In various embodiments, the nucleic acid may comprise at least one poly(C) sequence.

The term ““poly(C) sequence,” as used herein, is intended to be a sequence of cytosine
nucleotides of up to about 200 cytosine nucleotides. In some embodiments, the poly(C)
sequence comprises about 10 to about 200 cytosine nucleotides, about 10 to about 100

cytosine nucleotides, about 20 to about 70 cytosine nucleotides, about 20 to about 60 cytosine
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nucleotides, or about 10 to about 40 cytosine nucleotides. In some embodiments, the poly(C)

sequence comprises about 30 cytosine nucleotides.

D. Chemical Modification

The mRNA disclosed herein may be modified or unmodified. In some embodiments,
the mRNA may comprise at least one chemical modification. In some embodiments, the
mRNA disclosed herein may contain one or more modifications that typically enhance RNA
stability. Exemplary modifications can include backbone modifications, sugar modifications,
or base modifications. In some embodiments, the disclosed mRNA may be synthesized from
naturally occurring nucleotides and/or nucleotide analogues (modified nucleotides) including,
but not limited to, purines (adenine (A) and guanine (G)) or pyrimidines (thymine (T),
cytosine (C), and uracil (U)). In certain embodiments, the disclosed mRNA may be
synthesized from modified nucleotide analogues or derivatives of purines and pyrimidines,
such as, e.g., 1-methyl-adenine, 2-methyl-adenine, 2-methylthio-N-6-isopentenyl-adenine,
N6-methyl-adenine, N6-isopentenyl-adenine, 2-thio-cytosine, 3-methyl-cytosine, 4-acetyl-
cytosine, 5-methyl-cytosine, 2,6-diaminopurine, 1-methyl-guanine, 2-methyl-guanine, 2,2-
dimethyl-guanine, 7-methyl-guanine, inosine, 1-methyl-inosine, pseudouracil (5-uracil),
dihydro-uracil, 2-thio-uracil, 4-thio-uracil, 5-carboxymethylaminomethyl-2-thio-uracil, 5-
(carboxyhydroxymethyl)-uracil, 5-fluoro-uracil, 5-bromo-uracil, 5-
carboxymethylaminomethyl-uracil, 5-methyl-2-thio-uracil, S-methyl-uracil, N-uracil-5-oxy
acetic acid methyl ester, 5S-methylaminomethyl-uracil, 5-methoxyaminomethyl-2-thio-uracil,
5’-methoxycarbonylmethyl-uracil, 5-methoxy-uracil, uracil-5-oxyacetic acid methyl ester,
uracil-5-oxyacetic acid (v), 1-methyl-pscudouracil, queosine, f-D-mannosyl-queosine,
phosphoramidates, phosphorothioates, peptide nucleotides, methylphosphonates, 7-
deazaguanosine, S-methylcytosine, and inosine.

In some embodiments, the disclosed mRNA may comprise at least one chemical
modification including, but not limited to, pseudouridine, N1-methylpseudouridine, 2-
thiouridine, 4’-thiouridine, 5-methylcytosine, 2-thio-1-methyl-1-deaza-pseudouridine, 2-thio-
l-methyl-pseudouridine, 2-thio-5-aza-uridine, 2-thio-dihydropseudouridine, 2-thio-
dihydrouridine, 2-thio-pseudouridine, 4-methoxy-2-thio-pseudouridine, 4-methoxy-
pseudouridine, 4-thio-l-methyl-pseudouridine, 4-thio-pseudouridine, 5-aza-uridine,
dihydropseudouridine, 5-methyluridine, 5-methyluridine, 5-methoxyuridine, and 2’-O-methyl

uridine.
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In some embodiments, the chemical modification is selected from the group
consisting of pseudouridine, N1-methylpseudouridine, 5-methylcytosine, 5-methoxyuridine,
and a combination thereof.

In some embodiments, the chemical modification comprises N1-methylpseudouridine.

In some embodiments, at least 20%, at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 85%, at least 90%, at least 95%, or 100% of the
uracil nucleotides in the mRNA are chemically modified.

In some embodiments, at least 20%, at least 30%, at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, at least 85%, at least 90%, at least 95%, or 100% of the
uracil nucleotides in the ORF are chemically modified.

The preparation of such analogues is described, e.g., in U.S. Pat. No. 4,373,071, U.S.
Pat. No. 4,401,796, U.S. Pat. No. 4,415,732, U.S. Pat. No. 4,458,066, U.S. Pat. No.
4,500,707, U.S. Pat. No. 4,668,777, U.S. Pat. No. 4,973,679, U.S. Pat. No. 5,047,524, U.S.
Pat. No. 5,132,418, U.S. Pat. No. 5,153,319, U.S. Pat. No. 5,262,530, and U.S. Pat. No.
5,700,642.

E. mRNA Synthesis

The mRNAs disclosed herein may be synthesized according to any of a variety of
methods. For example, mRNAs according to the present disclosure may be synthesized via
in vitro transcription (IVT). Some methods for in vitro transcription are described, e.g., in
Geall et al. (2013) Semin. Immunol. 25(2): 152-159; Brunelle et al. (2013) Methods
Enzymol. 530:101-14. Briefly, IVT is typically performed with a linear or circular DNA
template containing a promoter, a pool of ribonucleotide triphosphates, a buffer system that
may include DTT and magnesium ions, an appropriate RNA polymerase (e.g., T3, T7, or SP6
RNA polymerase), DNase I, pyrophosphatase, and/or RNase inhibitor. The exact conditions
may vary according to the specific application. The presence of these reagents is generally
undesirable in a final mRNA product and these reagents can be considered impurities or
contaminants which can be purified or removed to provide a clean and/or homogeneous
mRNA that is suitable for therapeutic use. While mRNA provided from in vitro transcription
reactions may be desirable in some embodiments, other sources of mRNA can be used
according to the instant disclosure including wild-type mRNA produced from bacteria, fungi,
plants, and/or animals.

Where desired, the LNP or the LNP formulation may be multi-valent. In some

embodiments, the LNP may carry mRNAs that encode more than one polypeptide (e.g.,
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antigen), such as two, three, four, five, six, seven, eight, nine, ten, or more polypeptides. For
example, the LNP may carry multiple mRNA molecules, each encoding a different
polypeptide; or carry a polycistronic mRNA that can be translated into more than one
polypeptide (e.g., each polypeptide-coding sequence is separated by a nucleotide linker
encoding a self-cleaving peptide such as a 2A peptide). An LNP carrying different mRNA
molecules typically comprises (encapsulate) multiple copies of each mRNA molecule. For
example, an LNP carrying or encapsulating two different mRNA molecules typically carries
multiple copies of each of the two different mRNA molecules.

In some embodiments, a single LNP formulation may comprise multiple kinds (e.g.,
two, three, four, five, six, seven, eight, nine, ten, or more) of LNPs, each kind carrying a

different mRNA.

Buffer and Other Components

To stabilize the nucleic acid and/or LNPs (e.g., to prolong the shelf-life of the vaccine
product), to facilitate administration of the LNP pharmaceutical composition, and/or to
enhance in vivo expression of the nucleic acid, the nucleic acid and/or LNP can be formulated
in combination with one or more carriers, targeting ligands, stabilizing reagents (e.g.,
preservatives and antioxidants), and/or other pharmaceutically acceptable excipients.
Examples of such excipients are parabens, thimerosal, thiomersal, chlorobutanol,
bezalkonium chloride, and chelators (e.g., EDTA).

The LNP compositions of the present disclosure can be provided as a frozen liquid
form or a lyophilized form. A variety of cryoprotectants may be used, including, without
limitations, sucrose, trehalose, glucose, mannitol, mannose, dextrose, and the like. The
cryoprotectant may constitute 5-30% (w/v) of the LNP composition. In some embodiments,
the LNP composition comprises trehalose, e.g., at 5-30% (e.g., 10%) (w/v). Once formulated
with the cryoprotectant, the LNP compositions may be frozen (or lyophilized and
cryopreserved) at -20°C to -80°C.

The LNP compositions may be provided to a patient in an aqueous buffered solution —
thawed if previously frozen, or if previously lyophilized, reconstituted in an aqueous buffered
solution at bedside. The buffered solution may be isotonic and suitable for e.g.,
intramuscular or intradermal injection. In some embodiments, the buffered solution is a

phosphate-buffered saline (PBS).

Processes for Making the Present LNP Formulations
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The present LNPs can be prepared by various techniques presently known in the art.
For example, multilamellar vesicles (MLV) may be prepared according to conventional
techniques, such as by depositing a selected lipid on the inside wall of a suitable container or
vessel by dissolving the lipid in an appropriate solvent, and then evaporating the solvent to
leave a thin film on the inside of the vessel or by spray drying. An aqueous phase may then
be added to the vessel with a vortexing motion that results in the formation of ML Vs.
Unilamellar vesicles (ULV) can then be formed by homogenization, sonication or extrusion
of the multilamellar vesicles. In addition, unilamellar vesicles can be formed by detergent
removal techniques.

Various methods are described in US 2011/0244026, US 2016/0038432, US
2018/0153822, US 2018/0125989, and PCT/US2020/043223 (filed July 23, 2020) and can be
used to practice the present invention. One exemplary process entails encapsulating mRNA
by mixing it with a mixture of lipids, without first pre-forming the lipids into lipid
nanoparticles, as described in US 2016/0038432. Another exemplary process entails
encapsulating mRNA by mixing pre-formed LNPs with mRNA, as described in US
2018/0153822.

In some embodiments, the process of preparing mRNA-loaded LNPs includes a step
of heating one or more of the solutions to a temperature greater than ambient temperature, the
one or more solutions being the solution comprising the pre-formed lipid nanoparticles, the
solution comprising the mRNA and the mixed solution comprising the LNP-encapsulated
mRNA. In some embodiments, the process includes the step of heating one or both of the
mRNA solution and the pre-formed LNP solution, prior to the mixing step. In some
embodiments, the process includes heating one or more of the solutions comprising the pre-
formed LNPs, the solution comprising the mRNA and the solution comprising the LNP-
encapsulated mRNA, during the mixing step. In some embodiments, the process includes the
step of heating the LNP- encapsulated mRNA, after the mixing step. In some embodiments,
the temperature to which one or more of the solutions is heated is or is greater than about
30°C, 37°C, 40°C, 45°C, 50°C, 55°C, 60°C, 65°C, or 70°C. In some embodiments, the
temperature to which one or more of the solutions is heated ranges from about 25-70°C,
about 30-70°C, about 35-70°C, about 40-70°C, about 45-70°C, about 50-70°C, or about 60-
70°C. In some embodiments, the temperature is about 65°C.

Various methods may be used to prepare an mRNA solution suitable for the present
invention. In some embodiments, mRNA may be directly dissolved in a buffer solution

described herein. In some embodiments, an mRNA solution may be generated by mixing an
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mRNA stock solution with a buffer solution prior to mixing with a lipid solution for
encapsulation. In some embodiments, an mRNA solution may be generated by mixing an
mRNA stock solution with a buffer solution immediately before mixing with a lipid solution
for encapsulation. In some embodiments, a suitable mRNA stock solution may contain
mRNA in water or a buffer at a concentration at or greater than about 0.2 mg/ml, 0.4 mg/ml,
0.5 mg/ml, 0.6 mg/ml, 0.8 mg/ml, 1.0 mg/ml, 1.2 mg/ml, 1.4 mg/ml, 1.5 mg/ml, or 1.6
mg/ml, 2.0 mg/ml, 2.5 mg/ml, 3.0 mg/ml, 3.5 mg/ml, 4.0 mg/ml, 4.5 mg/ml, or 5.0 mg/ml.

In some embodiments, an mRNA stock solution is mixed with a buffer solution using
a pump. Exemplary pumps include but are not limited to gear pumps, peristaltic pumps and
centrifugal pumps. Typically, the buffer solution is mixed at a rate greater than that of the
mRNA stock solution. For example, the buffer solution may be mixed at a rate at least 1x,
2x, 3x, 4x, 5%, 6x, 7x, 8%, 9%, 10x, 15x, or 20x greater than the rate of the mRNA stock
solution. In some embodiments, a buffer solution is mixed at a flow rate ranging between
about 100-6000 ml/minute (e.g., about 100-300 ml/minute, 300-600 ml/minute, 600-1200
ml/minute, 1200-2400 ml/minute, 2400-3600 ml/minute, 3600-4800 ml/minute, 4800-6000
ml/minute, or 60-420 ml/minute). In some embodiments, a buffer solution is mixed at a flow
rate of, or greater than, about 60 ml/minute, 100 ml/minute, 140 ml/minute, 180 ml/minute,
220 ml/minute, 260 ml/minute, 300 ml/minute, 340 ml/minute, 380 ml/minute, 420
ml/minute, 480 ml/minute, 540 ml/minute, 600 ml/minute, 1200 ml/minute, 2400 ml/minute,
3600 ml/minute, 4800 ml/minute, or 6000 ml/minute.

In some embodiments, an mRNA stock solution is mixed at a flow rate ranging
between about 10-600 ml/minute (e.g., about 5-50 ml/minute, about 10-30 ml/minute, about
30-60 ml/minute, about 60-120 ml/minute, about 120-240 ml/minute, about 240-360
ml/minute, about 360-480 ml/minute, or about 480-600 ml/minute). In some embodiments,
an mRNA stock solution is mixed at a flow rate of or greater than about 5 ml/minute, 10
ml/minute, 15 ml/minute, 20 ml/minute, 25 ml/minute, 30 ml/minute, 35 ml/minute, 40
ml/minute, 45 ml/minute, 50 ml/minute, 60 ml/minute, 80 ml/minute, 100 ml/minute, 200
ml/minute, 300 ml/minute, 400 ml/minute, 500 ml/minute, or 600 ml/minute.

The process of incorporation of a desired mRNA into a lipid nanoparticle is referred
to as “loading.” Exemplary methods are described in Lasic et al., FEBS Lett. (1992)
312:255-8. The LNP-incorporated nucleic acids may be completely or partially located in the
interior space of the lipid nanoparticle, within the bilayer membrane of the lipid nanoparticle,
or associated with the exterior surface of the lipid nanoparticle membrane. The incorporation

of an mRNA into lipid nanoparticles is also referred to herein as “encapsulation” wherein the
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nucleic acid is entirely or substantially contained within the interior space of the lipid
nanoparticle.

Suitable LNPs may be made in various sizes. In some embodiments, decreased size
of lipid nanoparticles is associated with more efficient delivery of an mRNA. Selection of an
appropriate LNP size may take into consideration the site of the target cell or tissue and to
some extent the application for which the lipid nanoparticle is being made.

A variety of methods known in the art are available for sizing of a population of lipid
nanoparticles. Preferred methods herein utilize Zetasizer Nano ZS (Malvern Panalytical) to
measure LNP particle size. In one protocol, 10 pl of an LNP sample are mixed with 990 pl of
10% trehalose. This solution is loaded into a cuvette and then put into the Zetasizer machine.
The z-average diameter (nm), or cumulants mean, is regarded as the average size for the
LNPs in the sample. The Zetasizer machine can also be used to measure the polydispersity
index (PDI) by using dynamic light scattering (DLS) and cumulant analysis of the
autocorrelation function. Average LNP diameter may be reduced by sonication of formed
LNP. Intermittent sonication cycles may be alternated with quasi-elastic light scattering
(QELS) assessment to guide efficient lipid nanoparticle synthesis.

In some embodiments, the majority of purified LNPs, i.e., greater than about 50%,
55%, 60%, 65%, 10%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% of the LNPs,
have a size of about 70-150 nm (e.g., about 145 nm, about 140 nm, about 135 nm, about 130
nm, about 125 nm, about 120 nm, about 115 nm, about 110 nm, about 105 nm, about 100 nm,
about 95 nm, about 90 nm, about 85 nm, or about 80 nm). In some embodiments,
substantially all (e.g., greater than 80 or 90%) of the purified lipid nanoparticles have a size
of about 70-150 nm (e.g., about 145 nm, about 140 nm, about 135 nm, about 130 nm, about
125 nm, about 120 nm, about 115 nm, about 110 nm, about 105 nm, about 100 nm, about 95
nm, about 90 nm, about 85 nm, or about 80 nm).

In some embodiments, the LNPs in the present composition have an average size of
less than 150 nm, less than 120 nm, less than 100 nm, less than 90 nm, less than 80 nm, less
than 70 nm, less than 60 nm, less than 50 nm, less than 30 nm, or less than 20 nm.

In some embodiments, greater than about 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99% of the LNPs in the present composition have a size ranging from about 40-90
nm (e.g., about 45-85 nm, about 50-80 nm, about 55-75 nm, about 60-70 nm), about 40-90
nm (e.g., about 45-85 nm, about 50-80 nm, about 55-75 nm, about 60-70 nm), or about 50-70

nm (e.g., 55-65 nm) are particular suitable for pulmonary delivery via nebulization.
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In some embodiments, the dispersity, or measure of heterogeneity in size of molecules
(PDI), of LNPs in a pharmaceutical composition provided by the present invention is less
than about 0.5. In some embodiments, an LNP has a PDI of less than about 0.5, less than
about 0.4, less than about 0.3, less than about 0.28, less than about 0.25, less than about 0.23,
less than about 0.20, less than about 0.18, less than about 0.16, less than about 0.14, less than
about 0.12, less than about 0.10, or less than about 0.08. The PDI may be measured by a
Zetasizer machine as described above.

In some embodiments, greater than about 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% of the purified LNPs in a pharmaceutical composition provided herein
encapsulate an mRNA within each individual particle. In some embodiments, substantially
all (e.g., greater than 80% or 90%) of the purified lipid nanoparticles in a pharmaceutical
composition encapsulate an mRNA within each individual particle. In some embodiments, a
lipid nanoparticle has an encapsulation efficiency of between 50% and 99%; or greater than
about 60, 65, 70, 75, 80, 85, 90, 92, 95, 98, or 99%. Typically, lipid nanoparticles for use
herein have an encapsulation efficiency of at least 90% (e.g., at least 91, 92, 93, 94, or 95%).

In some embodiments, an LNP has a N/P ratio of between 1 and 10. In some
embodiments, a lipid nanoparticle has a N/P ratio above 1, about 1, about 2, about 3, about 4,
about 5, about 6, about 7, or about 8. In further embodiments, a typical LNP herein has an
N/P ratio of 4.

In some embodiments, a pharmaceutical composition according to the present
invention contains at least about 0.5 pg, 1 pg, 5 ug, 10 ug, 100 pg, 500 pg, or 1000 pg of
encapsulated mRNA. In some embodiments, a pharmaceutical composition contains about
0.1 pg to 1000 pg, at least about 0.5 pg, at least about 0.8 pig, at least about 1 pg, at least
about 5 g, at least about 8 pg, at least about 10 ng, at least about 50 pg, at least about 100
ug, at least about 500 pg, or at least about 1000 ug of encapsulated mRNA.

Packaging and Use of the mRNA-LNP

The mRNA-LNP can be packaged for parenteral (e.g., intramuscular, intradermal,
subcutaneous, or intravenous) administration or nasopharyngeal (e.g., intranasal)
administration. The compositions may be in the form of an extemporaneous formulation,
where the LNP composition is lyophilized and reconstituted with a physiological buffer (e.g.,

PBS) just before use. The compositions also may be shipped and provided in the form of an
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aqueous solution or a frozen aqueous solution and can be directly administered to subjects
without reconstitution (after thawing, if previously frozen).

Accordingly, the present disclosure provides an article of manufacture, such as a kit,
that provides the mRNA-LNP in a single container, or provides the mRNA-LNP in one
container and a physiological buffer for reconstitution in another container. The container(s)
may contain a single-use dosage or multi-use dosage. The containers may be pre-treated
glass vials or ampules. The article of manufacture may include instructions for use as well.

In some embodiments, the present invention provides methods of preventing or
treating a disease or disorder by administering the composition of the invention to a subject in
need thereof. In some embodiments, the subject is suffering from or susceptible to an
infection.

Unless otherwise defined herein, scientific and technical terms used in connection
with the present invention shall have the meanings that are commonly understood by those of
ordinary skill in the art. Exemplary methods and materials are described below, although
methods and materials similar or equivalent to those described herein can also be used in the
practice or testing of the present invention. In case of conflict, the present specification,
including definitions, will control. Generally, nomenclature used in connection with, and
techniques of, cell and tissue culture, molecular biology, virology, immunology,
microbiology, genetics, analytical chemistry, synthetic organic chemistry, medicinal and
pharmaceutical chemistry, and protein and nucleic acid chemistry and hybridization
described herein are those well-known and commonly used in the art. Enzymatic reactions
and purification techniques are performed according to manufacturer’s specifications, as
commonly accomplished in the art or as described herein. Further, unless otherwise required
by context, singular terms shall include pluralities and plural terms shall include the singular.
Throughout this specification and embodiments, the words “have” and “comprise,” or

&

variations such as “has,” “having,” “comprises,” or “comprising,” will be understood to
imply the inclusion of a stated integer or group of integers but not the exclusion of any other
integer or group of integers. All publications and other references mentioned herein are
incorporated by reference in their entirety. Although a number of documents are cited herein,
this citation does not constitute an admission that any of these documents forms part of the
common general knowledge in the art. As used herein, the term “approximately” or “about”
as applied to one or more values of interest refers to a value that is similar to a stated
reference value. In certain embodiments, the term refers to a range of values that fall within

10%, 9%, 8%, 1%, 6%, 5%, 4%, 3%, 2%, 1%, or less in either direction (greater than or less
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than) of the stated reference value unless otherwise stated or otherwise evident from the

context.

Particular Embodiments

In a first embodiment, a composition comprising a lipid nanoparticle (LNP) is
provided, wherein the LNP comprises: (I) an ionizable lipid; (II) a glyceride or an acylglycol;
and (I1I) one or more lipids selected from the group consisting of: (a) a structural lipid; (b) a
helper lipid; and (c) a stealth lipid.

In a second embodiment, the LNP comprises: (I) an ionizable lipid; (II) a glyceride or
an acylglycol; (IIT) a structural lipid; (IV) a helper lipid; and (V) a stealth lipid.

In a third embodiment, the glyceride or acylglycol is a monoglyceride, a diglyceride, a
triglyceride, or a diacylglycol.

In a fourth embodiment, the glyceride or acylglycol has a structure according to

Formula I or Formula II:

RGZ

o o RG4
Refo\/K/O\ RG3 K/O\ RG5
1)) (I

wherein:

RY!, R%, and R are each independently H, -C-2s)alkyl, -C1-25)alkenyl, -C(O)C-
2s)alkyl, or -C(O)Cq-25)alkenyl, wherein the -C12s)alkyl, -Cq-2s)alkenyl, -C(O)Cqi-25)alkyl, and
-C(O)Cq-2s)alkenyl are optionally substituted with one to three groups independently selected
from -OC(O)C1-25)alkyl, -OC(O)Cq-25)alkenyl, -C(O)OC1-25)alkyl, -C(O)OC-25)alkenyl, -
OC2salkyl, -OCq-25)alkenyl, -C(O)Ci-25)alkyl, and -C(O)C1-25)alkenyl;

provided that no more than two of R®!, R% and R® are H;

R% is -Cq-25)alkyl, -Cqas)alkenyl, -C(0)Cii-25)alkyl, or -C(O)Ci-2s)alkenyl, each of
which is optionally substituted with one to three groups independently selected from -
OC(0)C1-25)alkyl, -OC(O)Ca-2syalkenyl, -C(O)OCi-25)alkyl, -C(O)OC-25)alkenyl, -OCq-
2salkyl, -OC2salkenyl, -C(O)Cq-25)alkyl, and -C(O)Cq-25)alkenyl;

R% is H, -C(125)alkyl, -Cqi-2s)alkenyl, -C(O)Ci2s)alkyl, or -C(0)C-2syalkenyl,
wherein the -C1-2s)alkyl, -Cq2s)alkenyl, -C(O)Cq-25)alkyl, and -C(O)C-25)alkenyl are
optionally substituted with one to three groups independently selected from -OC(O)C-
2salkyl, -OC(O)C-2s)alkenyl, -C(O)OC(125alkyl, -C(O)OC-2s)alkenyl, -OC125)alkyl, -OCq-
2syalkenyl, -C(O)Cq2syalkyl, and -C(O)C1-2s)alkenyl.
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In a fifth embodiment, the glyceride or acylglycol has a structure according to

Formula I:
RGZ
O/
RG 1‘0\)\/ O, RG3
D
wherein:

RY, R, and R are each independently H, -C(-2s)alkyl, -Cq-2s)alkenyl, -C(O)Ca.-
2s)alkyl, or -C(0)Cq-25alkenyl, wherein the -Cq2s)alkyl, -Cq-2s)alkenyl, -C(O)Cq-25)alkyl, and
-C(O)Cq-2s)alkenyl are optionally substituted with one to three groups independently selected
from -OC(O)C1-25)alkyl, -OC(O)Cq-25)alkenyl, -C(O)OC1-25)alkyl, -C(O)OC-25)alkenyl, -
OC-2salkyl, -OC-2s)alkenyl, -C(O)Cq-25)alkyl, and -C(O)C-25)alkenyl;

provided that no more than two of R%!, R® and R are H.

In a sixth embodiment, the glyceride or acylglycol has a structure according to

Formula Ia or Ib:

OH RG2
O/
RGTO\/]\/OH HO\)\/OH
(Ta) (Ib)

wherein R and R are each independently -C1-25)alkyl, -Cq2s)alkenyl, -C(O)Ci-
2syalkyl, or -C(O)Cqs)alkenyl, each of which is optionally substituted with one to three
groups independently selected from -OC(O)C1-2s)alkyl, -OC(O)Cq-25)alkenyl, -C(O)OCq-
2s)alkyl, -C(O)OC-25)alkenyl, -OC-25)alkyl, -OC-25)alkenyl, -C(O)Ci-25)alkyl, and -
C(0)Cq-2syalkenyl.

In a seventh embodiment, the glyceride or acylglycol has a structure according to
Formula Ia or Ib, wherein: R%! and R%? are each independently -C(1-25)alkyl, -C12s)alkenyl, -
C(0)C-asyalkyl, or -C(O)Cq-25)alkenyl.

In an eighth embodiment, the glyceride or acylglycol has a structure according to
Formula Ia or Ib, wherein: R%! and R are each independently -Ci11-25)alkyl, -C11-25)alkenyl,
-C(0)C12s)alkyl, or -C(O)C1-25)alkenyl.

In a ninth embodiment, the glyceride or acylglycol has a structure according to
Formula Ic or Id:

RGZ
OH

o
RG1‘O\/]\/OH Refo\)\/o\ RG3
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(Ic) (Id)

wherein R%!, R%%, and R® are each independently -C(i2s)alkyl, -C(1-25)alkenyl, -
C(0)Casyalkyl, or -C(O)Ca-2salkenyl, each of which is optionally substituted with one to
three groups independently selected from -OC(O)C1-2s)alkyl, -OC(O)C1-25)alkenyl, -
C(0)OCq2s)alkyl, -C(O)OC2salkenyl, -OC12s)alkyl, -OCq2s)alkenyl, -C(O)Cq25)alkyl,
and -C(0)Cq-2syalkenyl.

In a tenth embodiment, the glyceride or acylglycol has a structure according to
Formula Ic or Id, wherein: R%!, R%, and R are each independently -C(O)C-25)alkyl or -
C(0)C-2s5)alkenyl.

In an 11" embodiment, the glyceride or acylglycol has a structure according to
Formula Ic or Id, wherein: R%! is -C(0)C325)alkyl or -C(0)Cg-25)alkenyl; R is -C(0)Cq.-
2sialkyl or -C(0)Cqi-2syalkenyl; and R is -C(0)C2s)alkyl or -C(0)C-syalkenyl.

In a 12" embodiment, the glyceride or acylglycol has a structure according to

Formula Ie:

RGZ
O/

RG 1‘O\)\/O\ RG3
(Ie)
wherein R%!, R%%, and R® are each independently -C(1-25)alkyl, -C1-25)alkenyl, -C(O)C-
2syalkyl, or -C(O)C-2s)alkenyl, each of which is optionally substituted with one to three
groups independently selected from -OC(O)C125)alkyl, -OC(O)Cq-25)alkenyl, -C(O)OC-
asyalkyl, -C(O)OC 1 25)alkenyl, -OC-25)alkyl, -OC-25)alkenyl, -C(O)Cq-25)alkyl, and -
C(O)Cq-2syalkenyl.

In a 13" embodiment, the glyceride or acylglycol has a structure according to
Formula Ie, wherein R is -C(0)C-s)alkyl or -C(O)Ci-2s)alkenyl; R is -C(0)C-2s)alkyl
or -C(0O)Cq-2s)alkenyl, each of which is optionally substituted with one to three groups
independently selected from -OC(O)C-25)alkyl, -OC(O)C-2syalkenyl, -C(O)OC1-25)alkyl, -
C(0)OC-2s)alkenyl, -OC1-25)alkyl, -OCq2s)alkenyl, -C(O)Cq-2salkyl, and -C(O)Ca-
»sialkenyl; and R is -C(0)C-2syalkyl or -C(O)C-25)alkenyl.

In a 14" embodiment, the glyceride or acylglycol has a structure according to
Formula Ie, wherein R%!, R, and R are each independently -C(O)C7-21)alkyl or -C(O)Cgr-
analkenyl.

In a 15" embodiment, the glyceride or acylglycol has a structure according to

Formula Ila or IIb:

110



WO 2025/003754 PCT/1B2024/000334

G4
o RG4 o R
I\/OH K/O\ RG5
(Ila) (IIb)

wherein R% and R are each independently -Ci-25)alkyl, -C-s)alkenyl, -C(O)Cq-
2s)alkyl, or -C(O)Cq2s)alkenyl, each of which is optionally substituted with one to three
groups independently selected from -OC(O)C125)alkyl, -OC(O)C-25)alkenyl, -C(O)OC1-
2syalkyl, -C(O)OC 1 25)alkenyl, -OC-25)alkyl, -OC-25)alkenyl, -C(O)Cq-25)alkyl, and -
5 C(O)Cqasyalkenyl.
In a 16™ embodiment, the glyceride or acylglycol has a structure according to
Formula Ila or ITb, wherein R% and R are each independently -C(O)C-25)alkyl or -
C(0)Cq-2syalkenyl.
In a 17" embodiment, the glyceride or acylglycol is hydrolyzable by lipase.
10 In an 18™ embodiment, the glyceride or acylglycol is selected from the group

consisting of:

P Va Ve e Ve Ve WV
1-C16 Ether MG oT R, on
OH
Monoolein /\/\/\/\:/\/\/\/\g/o\)\/OH
C18(plasm) MG I
OH
Monolinolein \/\/E/\:/\/\/\/\go\)\/OH
[e)
08:0 DG N\W/\\)/\?g\w
[e]
/\/\/\/\)J\o
10:0 DG V\AN\E?’
[¢)
12:0DG W
[e]
140 DG geosovor
[¢]
\/\/\/\/\/\/\)k
15:0-18:1 DG /\/\WH
[e]
16:0 Ethylene AN~
Glycol \/\/\/\/\/\/\/\g//?
[e]
/\/\/\/\/\/\/\)ko
16:0 DG \/\/\/\/\/\/\/\g//}g\o "
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Tripalmitin /\/\/\/\/\/\/\)J\OX

In a 19" embodiment, the glyceride or acylglycol is selected from the group

consisting of:

O/\g:\OH
HO

OH

Monoolein /\/\/\/E/\/\/\/\go\)\/o'*
Monolinolein \/\/E/E/\/\/\/\go\)\/OH

1-C16 Ether MG

Diolein K[O*b
OJJ\/V\/\/WV

18:1-2:0 DG \g/o*‘
0
A~
Dilinolein K[Zkb
A~~~
BAReS
Tricaprin /\/\/\/\)ko/?ﬁ

Trilaurin /\N\/\/\)ko?{

Trimyristin /\/\/\/\/\/M

Tristearin /\/\/\/\/\/\/\/\)’\m

Triolein \/\/\/\/=\/\/\/\)Lo/?ﬁ
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Trilinolein /\/\/=\/a/\/\/\)l\o/?<

trinonadecanoate

Glyceryl \/\/\/\/\/\/\/\/\)\ox

Triarachidin /\/\/\/\/\N\/\/\w

Tripalmitin /\/\/\/\/\/\/\)\OX

In a 20" embodiment, the glyceride or acylglycol is selected from the group

consisting of:

OH
Monoolein /\/\/\/\:/\/\/\/\g/o\)\/OH
OH
Monolinolein \/\/E/E/\/\/\/\go\)\/OH
[e)

OJ\/\/\/\/:\/\/\/\/
Diolei
o K(z}i\/\/\/\/a/\/\/\/
RAReS
Tricaprin /\/\/\/\)Lo/?d

Trimyristin /\/\/\/\/\/M

Tristearin /\/\/\/\/\/\/\/\)’\Q/?f

Triolein \/\/\/\/=\/\/\/\)l\o/?<
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T

Triarachidin /\/\/\/\/\/\/\/\/\)’\0/?{

In a 21 embodiment, the glyceride or acylglycol is:

o)l\/\/\/\/=\/\/\/\/

Diolein KESHO
Jj\/\/\/\/=\/\/\/\/

In a 22" embodiment, the glyceride or acylglycol is:

T

Tricaprin /WV\)\O/X
\/\/\/\/\g/

In a 23" embodiment, the glyceride or acylglycol is:

Triolein \/\N\/=\/\/\/\)I\O/X

In a 24™ embodiment, the ionizable lipid has a structure according to Formula CAT-I:

RG R7
\N/
re [ L
N+
O O
R6 -
N—t/ | Re

/7
R’ L _p

10 (CAT-D),

or a pharmaceutically acceptable salt thereof,
wherein:
p is an integer of between 1 and 9, inclusive;
each instance of R?is independently hydrogen or optionally substituted C. alkyl;
15 each instance of L is independently an optionally substituted alkylene, optionally
substituted alkenylene, optionally substituted alkynylene, optionally substituted

heteroalkylene, optionally substituted heteroalkenylene, optionally substituted

116



10

15

20

WO 2025/003754 PCT/1B2024/000334

heteroalkynylene, optionally substituted carbocyclylene, optionally substituted
heterocyclylene, optionally substituted arylene, or optionally substituted heteroarylene, or
combination thereof;

each instance of R®and R’ is independently a group of formula (i), (ii), or (iii);

Formulae (i), (i1), and (iii) are:

=
RQ— YRP
§ R (i),

R XRt
_ ~q
(ii),
3 Rt
_ s /
(iii),
wherein:

each instance of R’ is independently hydrogen or optionally substituted alkyl;

Xis O, S, or NR¥, wherein R* is hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted
heteroaryl, or a nitrogen protecting group;

Y is O, S, or NRY, wherein RY is hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted
heteroaryl, or a nitrogen protecting group;

RYis hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted carbocyclyl, optionally substituted heterocyclyl,
optionally substituted aryl, optionally substituted heteroaryl, an oxygen protecting group
when attached to an oxygen atom, a sulfur protecting group when attached to a sulfur atom,

or a nitrogen protecting group when attached to a nitrogen atom; and
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R is optionally substituted Ci-so alkyl, optionally substituted Ca.50 alkenyl,
optionally substituted Cz.50 alkynyl, optionally substituted heteroCi-so alkyl, optionally
substituted heteroCs-so alkenyl, optionally substituted heteroCz-so alkynyl, or a polymer.

In a 25™ embodiment, the ionizable lipid has a structure according to Formula CAT-

Ia:
R6 R’
\N/
(/)
HN
(@] (@]
R® H
N-{)
7
(CAT-1a),

118



WO 2025/003754 PCT/1B2024/000334

or a pharmaceutically acceptable salt thereof, wherein q is an integer between 1 and 10,
inclusive.

In a 26" embodiment, the ionizable lipid has the following structure:
OH

0 H\CSHW
C8H17\[OH HN)S/\/\/N

N/\/\“"Kg/NH HO™ ~CgHy7
CSHWE)
H
5 In a 27" embodiment, the ionizable lipid has the following structure:
OH

In a 28™ embodiment, the ionizable lipid has a structure according to Formula CAT-

II:
HO_ _R'B
oM (\N’HDZ‘H?N]/
\[N /Haw /\/N\) K(OH
HO \H R1B
R1A
10 (CAT-ID),

or a pharmaceutically acceptable salt thereof,

wherein:

O O
S
Al is selected from ?J\O}i s ?J\Sj{“, and 3{ \S% , wherein the feft hand

side of each depicted structure 18 bound to the ~{CHaa~;

O O
S
15 Z! is selected from *}{ O)J}g, }{ S)J\f,g, and 31: \S% , wherein the right hand

side of each depicted structure is bound to the -{{"H»)a-;
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14 and R!® are each independently selected from optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted acyl, and
WXyl

each W' is independently selected from optionally substituted alkyl and optionally
5  substituted alkenyl;
each X! is independently selected from -*O-(C=0)-optionally substituted alkyl, -
(*C=0)-0O-optionally substituted alkyl, -*O-(C=0)-optionally substituted alkenyl, and -
(*C=0)-0O-optionally substituted alkenyl, wherein the atom marked with a * is connected to
wh,

10 each Y! is independently selected from hydrogen, -*O-(C=0)-optionally substituted
alkyl, -(*C=0)-O-optionally substituted alkyl, -*O-(C=0)-optionally substituted alkenyl, and
-(*C=0)-O-optionally substituted alkenyl, wherein the atom marked with a * is connected to
X!

bis 1,2, 3,4, or5; and
15  each ais independently selected from 1, 2, 3,4, 5, 6,7, 8,9, and 10.

In a 29" embodiment, the ionizable lipid has a structure according to Formula CAT-

Ila:
R1B
R1A H\OH
)ﬁ K\ NH\S/ V j\
I \ea)ko/\/ R1B
20 (CAT-TIa),

or a pharmaceutically acceptable salt thereof.

In a 30™ embodiment, the ionizable lipid has the following structure:
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In a 31* embodiment, the ionizable lipid has a structure according to Formula CAT-

5 (CAT-V),
or a pharmaceutically acceptable salt thereof wherein:

Al is selected from -C(=0)0O-, -C(=0)S-, -C(=0)NH-, -OC(=0)0-, -OC(=0)NH-, -
NHC(=0)0O-, -SC(=0)NH-, -OCH2CH:0-, -OCH>0-, -OCH(CH3)O-, -S- and -S-S-, wherein
the left hand side of each recited structure is bound to the —(CH2),-;

10 Z! is selected from -OC(=0)-, -SC(=0)-, -NHC(=0)-, -OC(=0)0-, -NHC(=0)O-, -
OC(=O)NH-, -NHC(=0)S-, -OCHCH>0-, -OCH20-, -OCH(CH3)O-, -S- and -S-S-, wherein
the right hand side of each recited structure is bound to the —(CH2),-;

each R is independently selected from:
0

oS

(1) b wherein each R! is independently selected from

15  optionally substituted alkyl, optionally substituted alkenyl, and optionally substituted alkynyl;
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R2

(ii) OH , wherein each R? is independently selected from optionally
substituted alkyl, optionally substituted alkenyl, optionally substituted alkynyl, and -W!-X!,

wherein each W' is independently selected from optionally substituted alkylene and
optionally substituted alkenylene, and

each X! is independently selected from -*O-(C=0)-optionally substituted alkyl, -
(*C=0)-0O-optionally substituted alkyl, -*O-(C=0)-optionally substituted alkenyl, and -

(*C=0)-0O-optionally substituted alkenyl, wherein the atom marked with a * is connected to

Wl.
3 o3 “L -
b S
) ©

optionally substituted alkyl, optionally substituted alkenyl, and optionally substituted alkynyl;

Rﬂ* ,/:S;\
(i1)

substituted cycloalkyl or optionally substituted heterocycloalkyl;

, wherein each R? is independently selected from

and

, wherein each R* is independently selected from optionally

o

wherein at least three R are independently selected from (i) b

R3 xo\ﬁ %L%

(ii) OH or (iiiy  © :

R2

each a is independently selected from 2, 3, 4, and 5;

each b is independently selected from 2, 3, 4, 5, 6,7, 8, 9 and 10; and

each c is independently selected from 2, 3, 4, 5, 6, 7, 8, 9 and 10.

In a 32" embodiment, the ionizable lipid has a structure according to Formula CAT-

Vb:
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R2 _OH

(CAT-Vb),

or a pharmaceutically acceptable salt thereof, wherein & is alkyl.

In a 33" embodiment, the ionizable lipid has the following structure:

OM ¢
e P N
R L S e ~. \\{ H .’C‘m} o i/"\-\"'v"ﬁ»\\—"Jﬁ\\«/.\‘\'v‘“{\\,«* -~
Mg e O
A S TR
- o ™ *’\—\__,-"\\, f-"A‘»v-"‘A"\ /"S O k““:} H i
HO e
5 QH

or a pharmaceutically acceptable salt thereof.

In a 34" embodiment, the ionizable lipid has the following structure:

OH
‘\\ \\ //'\\\_ Py P OH
o \[ o SO0 fl\\/\/”\/\/\/
T/’\/\r Y\ "’OJE\’/\V’N
- - -~ T P NP O O '!H ]\
AT NN HO R NG N
OH
or a pharmaceutically acceptable salt thereof.
10 In a 35™ embodiment, the ionizable lipid has a structure according to Formula CAT-
VI
R w Rs
|
(CHz)m HO Re

(CAT-VI),
or a pharmaceutically acceptable salt thereof, wherein:

15 m is an integer chosen between 1 to 6; for example 2 to 4;
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n is an integer chosen between 1 to 6; for example 2 to 4;

p is an integer chosen between 1 to 6; for example 2 to 4;

R! and R? are independently selected from the group consisting of linear or branched
(C1-C30) alkyl and linear or branched (C»-C30) alkenyl,

wherein each alkyl and alkenyl are optionally interrupted by one or more groups
selected from —C=0-, -C=00- and —O-, and/or

wherein each alkyl and alkenyl are optionally substituted by one or more substituents
selected from —OR, -CN-, -(C;-Cs) alkyl-OH, -CF3, -NO», -COOR, -SR, halogen atoms and -
NRR’;

R3 is selected from the group consisting of H, (Ci-Cs) alkyl optionally substituted by
one or more substituents selected from —OR, -CN-, -(C;-Cs) alkyl-OH, -CF3, -NO3, -COOR, -
SR, halogen atoms and -NRR’;

R*and R’ are independently selected from the group consisting of linear or branched
(C1-Ce) alkyl and linear or branched (C»-Cs) alkenyl, wherein each alkyl or alkenyl is
optionally substituted with one or more of substituents selected from the group consisting of
—OR, -CN-, -(C1-Cs¢) alkyl-OH, -CF3, -NO», -COOR, -SR, halogen atoms and -NRR’;

or R* and R’ together with the N atom to which they are attached form:

a 5 to 6 membered cycloalkyl or heterocycle comprising 1 to 4 heteroatoms selected
from O, N and S, or

a 5 to 6 membered aryl or heteroaryl comprising 1 to 4 heteroatoms selected from O,
Nand S,

wherein said cycloalkyl, heterocycle, aryl or heteroaryl is optionally substituted with
one or more substituents selected from -—OR, -CN-, -(C1-Cg) alkyl-OH, -CF3, -NO., -COOR,
-SR, halogen atoms and -NRR’;

R® and R’ are independently selected from the group consisting of linear or branched
(C1-Cao) alkyl and linear or branched (C>-C30) alkenyl,

wherein each alkyl and alkenyl are optionally interrupted by one or more groups
selected from -C=0-, -C=00- and -O-, and/or

each alkyl and alkenyl are optionally substituted by one or more substituents selected
from —OR, -CN-, -C;-Cs alkyl-OH, -CF3, -NO», -COOR, -SR, halogen atoms and -NRR’; and

R, R’ are independently selected from H and (C:-Ce) alkyl.

In a 36™ embodiment, the ionizable lipid has the following structure:
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N
QN_§ OH
N K/O\NH H NH\/\/\/\/
\/\/\/\/\/\)\,l‘ )\%\g/\/\/}-{o]\/\/\/\/
N
\/\/\/\/\/\):0,4
or a pharmaceutically acceptable salt thereof.

In a 37" embodiment, the ionizable lipid is selected from the group consisting of:

N\/\/\HLNH HOMF\/\/\
OF-02 V\MMOH HN@)":/\/\N

CgH47_ OH HN)K(\/\/N
¢cKK-E10 \[

GL- o { S OH
HEPES- B \_/—/
E3-E12-

DS-4-E10

o /\/\/\/TJ) kLoj\/\/\/\

BAL-020
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GL-
Asymm-

004

OH OH
(0]
N/\/j/ \/\N/\I (K/\/\/E/\/\/\/\
k/N\/\/s\s/\/\/N
H Hoj\/\/\/\:/\/\/\/\

HEP-E4-
E12

CIOHZI
K\OH
OH o ‘H\N/\/OK\/\,
TS A ro e,
HO f
10H21

CIOHZI

TL1-12D-
DMA

\/\/O\/\g/OV\/O\Cl) ]
/\/\/\)]\o/\/\/\o?:or )OI\/\N/
o |

oS

IM-001

fel2]
PO N NS & ;
i i J H, O “ G B N N T U N
e ﬁ,,u\T,»'\,,,i,‘ofiﬁ\w,_ﬁ\V_,\g\
i H M o
P O g h

(]

IS-001

e SO

- ~ ~ . MO . o N T T N
- - 2 Y H i H
I H it !
N7 VTN oy N
§ i IS X H
o o G g i
. > » - - . -~ ~. - -
} T SN W Pl
OH

A2HT7iiT6

K/\NH H
\/\/\/\/\/\)O\H’L OJ\H\Q/\/\;O]\/\/\/\/
\/\/\/\/\/\)io;/\/\g

In a 38™ embodiment, the ionizable lipid is selected from the group consisting of:

OF-02
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OH
(@] H\CSHW
cKK- CSH”\[OH HN N]\
. NH
E10 N/\/\Kg HO Gyt
Cs"'wl)
H
0
(}Lo/_\
&_’} HO
HO
GL- OH i
HEPES- -S OH
E3-E12- ey
DS-4-
E10
/\/\/\/\/\[OH o , O Hoj/\/\/\/\/\
BAL- N/\/\OJ\/N\)J\O/\/\N
- /\/\/\/ioj) KLoj\/\/\/\
OH HO
0 OHO ]/\/\/\/\/\
BAL- /\/\/\/\/\[N/\/\owO/\/\N
020 M W
H H
GL-
Asymm- OH OH
004 o
N \/\N/\ H\/\/\/E/\/\/\/\
/\/\g/ K/N\/\/S\S/\/\/N
H Hoj\/\/\/E/\/\/\/\
C101—121
H
HEP- C‘°H21\[0H o ‘H\N/\/OK\/\/
E4-E12 NA~~Ho~~ T) Hoj\cwn21
HO })
'10H21
WV\Q/O\/\/E
O (0] ©
TLI- /\/M TN i
12D- O O OJ\/\N/
DMA © |
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In a 39" embodiment, the structural lipid is a sterol,

In a 40" embodiment, the structural lipid is a sterol, wherein the sterol is
cholesterol.

In a 41* embodiment, the helper lipid is1,2-dioleoyl-SN-glycero-3-
phosphoethanolamine (DOPE); 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC); 1,2-
dioleoyl-sn-glycero-3-phospho-L-serine (DOPS); 1,2-dielaidoyl-sn-glycero-3-
phosphoethanolamine (DEPE); and 1,2-dioleoyl-sn-glycero-3-phosphocholine (DPOC),
dipalmitoylphosphatidylcholine (DPPC), 1,2-dilauroyl-sn-glycero-3-phosphocholine (DLPC),
1,2-Distearoylphosphatidylethanolamine (DSPE), or 1,2-dilauroyl-sn-glycero-3-
phosphoethanolamine (DLPE).

In a 42" embodiment, the helper lipid is 1,2-dioleoyl-SN-glycero-3-
phosphoethanolamine (DOPE).

In a 43 embodiment, the stealth lipid is a polyethylene glycol-conjugated
(PEGylated) lipid.

In a 44™ embodiment, the stealth lipid is a polyethylene glycol-conjugated
(PEGylated) lipid, wherein the PEGylated lipid is 1,2-dimyristoyl-rac-glycero-3-
methoxypolyethylene glycol (DMG-PEG), 1,2-distearoyl-sn-glycero-3-
phosphoethanolamine-polyethylene glycol (DSPE-PEG), 1,2-dilauroyl-sn-glycero-3-
phosphoethanolamine-polyethylene glycol (DLPE-PEG), or 1,2-distearoyl-rac-glycero-
polyethelene glycol (DSG-PEG).

In a 45™ embodiment, the stealth lipid is a polyethylene glycol-conjugated
(PEGylated) lipid, wherein the PEGylated lipid is dimyristoyl-PEG2000 (DMG-PEG).

In a 46" embodiment, the LNP comprises: the ionizable lipid at a molar ratio
between 35% and 55%, the structural lipid at a molar ratio between 20% and 35%, the stealth
lipid at a molar ratio between 0.25% and 2.75%, and the helper lipid and the glyceride or
acylglycol at a combined molar ratio of between 10% and 35%.

In a 47" embodiment, the LNP comprises: the ionizable lipid at a molar ratio of
40%, the structural lipid at a molar ratio 28.5%, the stealth lipid at a molar ratio of 1.5%, and
the helper lipid and the glyceride or acylglycol at a combined molar ratio of 30%.

In a 48" embodiment, the LNP comprises: (I) GL-HEPES-E3-E12-DS-4-E10; (II)
trimyristin; (IIT) cholesterol; (IV) DOPE; and (V) DMG-PEG2000.

In a 49" embodiment, the LNP comprises GL-HEPES-E3-E12-DS-4-E10 at a molar
ratio between 35% and 45%; cholesterol at a molar ratio between 20% and 35%, DMG-
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PEG2000 at a molar ratio between 0.25% and 8.75%, DOPE at a molar ratio between 15%
and 35%, and trimyristin at a molar ratio between 1% and 10%.

In a 50" embodiment, the LNP comprises GL-HEPES-E3-E12-DS-4-E10 at a molar
ratio of about 40%, cholesterol at a molar ratio of about 28.5%, DMG-PEG2000 at a molar
ratio of about 1.5%, DOPE at a molar ratio of about 25%, and trimyristin at a molar ratio of
about 5%.

In a 51* embodiment, the composition further comprises a nucleic acid molecule,
wherein the nucleic acid molecule is encapsulated in the LNP.

In a 52™ embodiment, the LNP comprises 1-20, optionally 5-10 or 6-8, nucleic acid
molecules.

In a 53 embodiment, the nucleic acid molecule is an mRNA molecule.

In a 54" embodiment, the nucleic acid molecule is an mRNA molecule, wherein the
mRNA molecule encodes an antigen, optionally a viral antigen or a bacterial antigen.

In a 55" embodiment, the LNP encapsulates two or more mRNA molecules, wherein
each mRNA molecule encodes a different antigen, optionally wherein the different antigens
are from the same pathogen or from different pathogens.

In a 56 embodiment, the composition comprises two or more LNPs, wherein each
LNP encapsulates an mRNA encoding a different antigen, optionally wherein the different
antigens are from the same pathogen or from different pathogens.

In a 57" embodiment, the composition is formulated for intramuscular injection.

In a 58™ embodiment, the composition comprises a phosphate-buffer saline.

In a 59" embodiment, the composition comprises trehalose, optionally at 10% (w/v)
of the composition.

In a 60™ embodiment, a method of eliciting an immune response in a subject in need
thereof is provided, the method comprising administering to the subject, optionally
intramuscularly, intranasally, intravenously, subcutaneously, or intradermally, a
prophylactically effective amount of the composition of any of embodiments 51 to 59.

In a 61° embodiment, a method of preventing an infection or reducing one or more
symptoms of an infection is provided, the method comprising administering to the subject,
optionally intramuscularly, intranasally, intravenously, subcutaneously, or intradermally, a
prophylactically effective amount of the composition of any of embodiments 51 to 59.

In a 62" embodiment, the method of the 60 or 61° embodiment comprises
administering to the subject one or more doses of the composition, each dose comprising 1-

250, optionally 2.5., 5, 15, 45, or 135, ug of mRNA.
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In a 63 embodiment, the method of the 60, 61, or 62™ embodiment comprises
administering to the subject two doses of the composition with an interval of 2-6, optionally
4, weeks.

In a 64™ embodiment, a use of a composition of any of embodiments 51 to 59 for the
manufacture of a medicament for use in treating a subject in need thereof, optionally in the
method of any of embodiments 60 to 63, is provided.

In a 65™ embodiment, the composition of any of embodiments 51 to 59 is provided
foruse in treating a subject in need thereof, optionally in a method of any of embodiments 60
to 63.

In a 66 embodiment, a kit is provided, wherein the kit comprises a container
comprising a single-use or multi-use dosage of the composition of any of embodiments 51 to
59, optionally wherein the container is a vial or a pre-filled syringe or injector.

In order that this invention may be better understood, the following examples are set
forth. These examples are for purposes of illustration only and are not to be construed as

limiting the scope of the invention in any manner.

EXAMPLES
The compounds and methods disclosed herein are further illustrated by the following
examples, which should not be construed as further limiting. The practice of the present
disclosure will employ, unless otherwise indicated, conventional techniques of organic
synthesis, cell biology, cell culture, and molecular biology, which are within the skill of the
art.
The following examples further illustrate aspects of the present disclosure. However,

they are in no way a limitation of the teachings of the present disclosure as set forth.

Example 1 — Formulations

The glycerides described herein can be used in the preparation of lipid nanoparticles
according to methods known in the art. For example, suitable methods include methods
described in WO 2018/089801, which is hereby incorporated by reference in its entirety.

The lipid nanoparticles in the examples of the present invention were formulated
using Process A of WO 2018/089801 (see, e.g., Example 1 and Figure 1 of WO
2018/089801). Process A (“A”) relates to a conventional method of encapsulating mRNA by
mixing mRNA with a mixture of lipids, without first pre-forming the lipids into lipid

nanoparticles. In an exemplary process, an ethanolic solution of a mixture of lipids (cationic
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lipid, phosphatidylethanolamine, cholesterol, and polyethylene glycol-lipid), at a fixed lipid
to mRNA ratio, were combined with an aqueous buffered solution of target mRNA at an
acidic pH under controlled conditions to yield a suspension of uniform LNPs. After
ultrafiltration and diafiltration into a suitable diluent system, the resulting nanoparticle
suspensions were diluted to final concentration, filtered, and stored frozen at —80°C until use.

Lipid nanoparticle formulations were prepared by Process A at the molar ratios lipids
disclosed in Table 1 below. The Polydispersity Index (PdI) of lipid nanoparticles can be
determined by diluting the formulation in 10% trehalose at about 0.1 mg/ml mRNA
concentration and then measuring the size on Malvern zetasizer. The lipid nanoparticle size
can be obtained with Malvern Zetasizer Nano-ZS.

Dynamic light scattering (DLS) measurements were performed using a Malvern
Instruments Zetasizer with a backscattering detector angle of 173° and a 4-mW, 633-nm He-
Ne laser (Worcestershire, UK). The samples were analyzed by diluting in 10% trehalose and
measuring the size and Polydispersity Index (Pdl) in an optical grade polystyrene cuvette.

With few exceptions, size, PdI and encapsulation efficiency were measured within

expected ranges.

Table 1. Exemplary LNP Compositions and Characterization Data

. . Cationic N .
Lipid . Helper ; . Composition Size EE
Family {‘g:g Lipid PEG Glyceride (PEG:cat:chol:help:add) | (nm) PdI (%)
. DMG-
Bis AIM - BAL- 1 hopp | pRG- Triolein 1.5:40:28.5:25:5 13 | 0,029 | 47
lipid 005
2000
. DMG-
Bis AIM |- BAL- 1 g | pRg. Tricaprin 1.5:40:28.5:25:5 106 | 0.104 | 55
lipid 005
2000
BAL- DMG-
Bis AIM DOPE | PEG- Triolein 1.5:40:28.5:25:5 98 |[0.109 | 91
020
2000
BAL- DMG-
Bis AIM DOPE | PEG- Tricaprin 1.5:40:28.5:25:5 98 10.061 | 92
020
2000
cKK- DMG-
cKK DOPE | PEG- Triolein 1.5:40:28.5:21.53:8.47 97 10.091( 74
E10
2000
cKK DMG-
cKK ) DOPE | PEG- Tricaprin 1.5:40:28.5:21.53:8.47 105 | 0.106 | 88
E10
2000
cKK- DMG-
cKK DOPE | PEG- Triolein 1.5:40:28.5:28.94:1.06 97 [0.142 | 90
E10 2000
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Cationic . .

Lipid .. Helper . Composition Size EE

Family %g:t(; Lipid PEG Glyceride (PEG:cat:chol:help:add) | (nm) pdl (%)
cKK- DMG-

cKK DOPE | PEG- Tricaprin 1.5:40:28.5:28.94:1.06 104 1 0.106 | 85
E10 2000
cKK- DMG-

¢KK DOPE | PEG- Triolein 1.5:40:28.5:28.93: 1.07 94 |0.115| 91
E10 2000
KK DMG-

cKK e DOPE | PEG- Tricaprin 1.5:40:28.5:28.93: 1.07 108 [ 0.090 [ 82
E10 2000

cKK- DMG- L

¢KK E10 DOPE | PEG- Triolein 1.5:40:28.5:25:5 109 [ 0.058 | 78
2000
KK- DMG-

¢KK E10 DOPE | PEG- Triolein 1.5:40:28.5:20.29:9.71 95 10.087 | 84
2000
cKK- DMG-

cKK E10 DOPE | PEG- Tricaprin 1.5:40:28.5:20.29:9.71 101 [ 0.104 | 87
2000
cKK- DMG-

cKK E10 DOPE | PEG- Monolinolein 1.5:40:28.5:25:5 112 1 0.152 | 85
2000
cKK- DMG-

¢KK E10 DOPE | PEG- Triolein 1.5:40:28.5:22.43:7.57 93 0.09 | 87
2000
cKK- DMG-

cKK E10 DOPE | PEG- Tricaprin 1.5:40:28.5:25:5 114 | 0.067 | 83
2000
cKK- DMG-

cKK E10 DOPE | PEG- Tricaprin 1.5:40:28.5:22.43:7.57 103 [ 0.124 | 88
2000
cKK- DMG-

¢KK E10 DOPE | PEG- Dilinolein 1.5:40:28.5:25:5 111 | 0.144 | 78
2000
cKK- DMG-

cKK E10 DOPE | PEG- Triolein 1.5:40:28.5:25:5 113 [ 0.126 | 83
2000
cKK- DMG-

cKK E10 DOPE | PEG- Triolein 1.5:40:28.5:28.83:1.17 96 0.099 [ 89
2000
cKK- DMG-

¢KK E10 DOPE | PEG- Tricaprin 1.5:40:28.5:28.83:1.17 108 | 0.096 | 81
2000
cKK- DMG-

¢KK E10 DOPE | PEG- Monoolein 1.5:40:28.5:25:5 110 | 0.109 | 84
2000
cKK- DMG-

¢KK E10 DOPE | PEG- Tristearin 1.5:40:28.5:25:5 114 [ 0.149 | 86
2000
cKK- DMG-

¢KK E10 DOPE | PEG- Triolein 1.5:40:28.5:26.69:3.31 91 0.119 | 89
2000
cKK- DMG-

cKK E10 DOPE | PEG- Tricaprin 1.5:40:28.5:26.69:3.31 108 [ 0.114 | 82
2000
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Lipid Cit.io.r(;ic Helper PEG Gl d Composition Size PdI EE
Family (él:t) Lipid yeeride (PEG:cat:chol:help:add) | (nm) (%)
KK DMG-
cKK crs- DOPE | PEG- Diolein 1.5:40:28.5:25:5 108 |1 0.112 | 85
E10
2000
KK DMG-
¢KK e DOPE | PEG- Triolein 1.5:40:28.5:22.48:7.52 98 |[0.102| 58
E10
2000
KK DMG-
cKK A DOPE | PEG- Trimyristin 1.5:40:28.5:25:5 114 | 0.127 | 86
E10
2000
¢KK- DMG-
¢KK DOPE | PEG- Trilinolein 1.5:40:28.5:25:5 103 [ 0.115| 85
El10
2000
cKK- DMG-
cKK DOPE | PEG- Tricaprin 1.5:40:28.5:22.48:7.52 104 [ 0.103 | 86
E10
2000
KK DMG-
cKK cris DOPE | PEG- Tricaprin 1.5:40:28.5:25:5 108 [ 0.112 | 85
E10
2000
KK DMG-
cKK R DOPE | PEG- Triarachidin 1.5:40:28.5:25:5 123 1 0.050 | 86
E10
2000
GOOD GL- DMG-
A i Asymm- | DOPE | PEG- Triolein 1.5:40:28.5:25:5 98 10.097 [ 95
symmetric 004 2000
GL- DMG-
A GOODt . | Asymm- | DOPE | PEG- Tricaprin 1.5:40:28.5:25:5 94 10.089 [ 95
symmetric 004 2000
GL-
GOOD HEPES- DMG-
HEPES E3-El12- | DOPE | PEG- 10:0 DG 1.5:40:28.5:25:5 92 | 0.165| 66
DS-4- 2000
E10
GL-
GOOD HEPES- DMG-
HEPES E3-El12- | DOPE | PEG- 08:0 DG 1.5:40:28.5:25:5 93 |[0.138 | 60
DS-4- 2000
E10
GL-
HEPES- DMG- ,
1?](3)}%2 E3-E12- | DOPE | PEG- | & gﬂc’gllene 1.5:40:28.5:25:5 109 | 0214 | 67
DS-4- 2000 4
E10
GL-
HEPES- DMG- ,
gg%g E3-E12- | DOPE | PEG- 16'%?23)’:6“ 1.5:40:28.5:25:5 107 | 0.195 | 71
DS-4- 2000 Y
E10
GL-
GOOD HEPES- DMG-
HEPES E3-E12- | DOPE | PEG- 18:1-2:0 DG 1.5:40:28.5:25:5 103 | 0.192 [ 81
DS-4- 2000
E10
GOOD GL- DMG-
HEPES HEPES- | DOPE | PEG- | 1-C16 Ether MG 1.5:40:28.5:25:5 84 |0.132 | 83
E3-E12- 2000
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Lipid Cit.io.r(;ic Helper PEG Gl d Composition Size PdI EE
Family ( él:t) Lipid yeeride (PEG:cat:chol:help:add) | (nm) (%)
DS-4-
E10
GL-
GOOD HEPES- DMG- 16:0-(12-
HEPES E3-E12- | DOPE | PEG- PAHSA)-18:1 1.5:40:28.5:25:5 113 1 0.071 | 61
DS-4- 2000 TG
E10
GL-
GOOD HEPES- DMG-
HEPES E3-E12- | DOPE | PEG- | Cl8(plasm) MG 1.5:40:28.5:25:5 87 10.159 | 70
DS-4- 2000
E10
GL-
GOOD HEPES- DME}- ' '
HEPES E3-E12- | DOPE | PEG- Monolinolein 1.5:40:28.5:25:5 91 |[0.121| 86
DS-4- 2000
E10
GL-
GOOD HEPES- DMG- . .
HEPES E3-E12- | DOPE | PEG- Monolinolein 1.5:40:28.5:25:5 91 0.121 | 86
DS-4- 2000
E10
GL-
GOOD HEPES- DMG- _ -
HEPES E3-El12- | DOPE | PEG- Tripalmitin 1.5:40:28.5:25:5 113 | 0.143 | 97
DS-4- 2000
E10
GL-
GOOD HEPES- DMG- .
HEPES E3-E12- | DOPE | PEG- Monoolein 1.5:40:28.5:25:5 87 |[0.116 | 86
DS-4- 2000
E10
GL-
GOOD HEPES- DMG- .
HEPES E3-E12- | DOPE | PEG- Monoolein 1.5:40:28.5:25:5 87 |[0.116 | 86
DS-4- 2000
E10
GL-
GOOD HEPES- DMG- B '
HEPES E3-E12- | DOPE | PEG- Dilinolein 1.5:40:28.5:25:5 84 10.132 | 87
DS-4- 2000
E10
GL-
Goop | HEPES- DMG- S
HEPES E3-E12- | DOPE | PEG- Dilinolein 1.5:40:28.5:25:5 84 |[0.132| 87
DS-4- 2000
E10
GL-
GOOD HEPES- DMG- o
HEPES E3-El12- | DOPE | PEG- Diolein 1.5:40:28.5:25:5 84 | 0.126 | 88
DS-4- 2000
E10
GOOD GL- DMG- -
HEPES HEPES- | DOPE | PEG- Diolein 1.5:40:28.5:25:5 84 [ 0.126 | 88
E3-E12- 2000
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Cationic . .
Lipid L. Helper . Composition Size EE
Family %g:t(; Lipid PEG Glyceride (PEG:cat:chol:help:add) | (nm) pdl (%)
DS-4-
E10
GL-
Goop | HEPES- DMG- S
HEPES E3-E12- | DOPE | PEG- Trilinolein 1.5:40:28.5:25:5 87 [0.159 | 89
DS-4- 2000
E10
GL-
Goop | HEPES- DMG- o
HEPES E3-E12- | DOPE | PEG- Trilinolein 1.5:40:28.5:25:5 87 [ 0.159 | 89
DS-4- 2000
E10
GL-
GOOD HEPES- DMG- ' o
HEPES E3-E12- | DOPE | PEG- Trimyristin 1.5:40:28.5:25:5 88 10.125 ] 90
DS-4- 2000
E10
GL-
Goop | HEPES- DMG- o
HEPES E3-El12- | DOPE | PEG- Trimyristin 1.5:40:28.5:25:5 88 [ 0.125 | 90
DS-4- 2000
E10
GL-
GOOD HEPES- DMG- ) )
HEPES E3-El12- | DOPE | PEG- Tricaprin 1.5:40:28.5:25:5 91 |0.115 | 93
DS-4- 2000
E10
GL-
GOOD HEPES- DMG- . )
HEPES E3-E12- | DOPE | PEG- Tristearin 1.5:40:28.5:25:5 97 10.109 [ 90
DS-4- 2000
E10
GL-
GOOD HEPES- DMG- . )
HEPES E3-E12- | DOPE | PEG- Tristearin 1.5:40:28.5:25:5 97 10.109 [ 90
DS-4- 2000
E10
GL-
GOOD HEPES- DMG- o
HEPES E3-E12- | DOPE | PEG- Triolein 1.5:40:28.5:25:5 91 0.107 | 93
DS-4- 2000
E10
GL-
Goop | HEPES- DMG- o
HEPES E3-E12- | DOPE | PEG- Triarachidin 1.5:40:28.5:25:5 100 | 0.161 [ 90
DS-4- 2000
E10
GL-
GOOD HEPES- DMG- _ o
HEPES E3-E12- | DOPE | PEG- Triarachidin 1.5:40:28.5:25:5 100 | 0.161 | 90
DS-4- 2000
E10
GOOD GL- DMG-
HEPES HEPES- | DOPE | PEG- 15:0-18:1 DG 1.5:40:28.5:25:5 85 10429 | 59
E3-E12- 2000
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Lipid Cit.io.r(;ic Helper PEG Gl d Composition Size PdI EE
Family (él:t) Lipid yeeride (PEG:cat:chol:help:add) | (nm) (%)

DS-4-
E10
GL-
HEPES- DMG-
SO0 | E3E12- | DOPE | PEG- | 101850 1.5:40:28.5:25:5 157 0321 37
DS-4- 2000
E10
HEP- DMG- S
Piperazine DOPE | PEG- Tricaprin 1.5:40:28.5:25:5 92 10.124| 76
F4-E12
2000
HEP- DMG- o
Piperazine DOPE | PEG- Triolein 1.5:40:28.5:25:5 94 10115 83
F4-E12
2000
DMG-
cKK OF-02 | DOPE | PEG- Tricaproin 1.5:40:28.5:25:5 118 [ 0.079 | 89
2000
DMG-
cKK OF-02 | DOPE | PEG- Trilaurin 1.5:40:28.5:25:5 116 [ 0.101 | 88
2000
DMG-
cKK OF-02 DOPE | PEG- Monolinolein 1.5:40:28.5:25:5 126 1 0.082 | 90
2000
DMG-
cKK OF-02 | DOPE | PEG- Tributyrin 1.5:40:28.5:25:5 120 | 0.107 | 88
2000
DMG-
cKK OF-02 DOPE | PEG- Monoolein 1.5:40:28.5:25:5 121 [ 0.103 | 85
2000
DMG-
cKK OF-02 DOPE | PEG- Tricaprin 1.5:40:28.5:25:5 107 | 0.083 | 90
2000
DMG- Glveervl
cKK OF-02 | DOPE | PEG- | . Y&ty 1.5:40:28.5:25:5 142 | 0.058 | 87
trinonadecanoate
2000
DMG-
cKK OF-02 DOPE | PEG- Dilinolein 1.5:40:28.5:25:5 124 1 0.083 | 86
2000
DMG-
cKK OF-02 DOPE | PEG- Triolein 1.5:40:28.5:25:5 111 | 0.08 | 100
2000
DMG-
cKK OF-02 DOPE | PEG- Diolein 1.5:40:28.5:25:5 130 [ 0.118 | 85
2000
DMG-
cKK OF-02 DOPE | PEG- Trilinolein 1.5:40:28.5:25:5 127 [ 0.085 | 86
2000
DMG-
cKK OF-02 DOPE | PEG- Trimyristin 1.5:40:28.5:25:5 121 | 0.064 | 87
2000
DMG-
cKK OF-02 DOPE | PEG- Tristearin 1.5:40:28.5:25:5 126 1 0.083 | 86
2000
DMG-
cKK OF-02 | DOPE | PEG- Triarachidin 1.5:40:28.5:25:5 142 [ 0.071 | 86
2000
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.. Cationic . .

Lipid .. Helper . Composition Size EE

Family :‘g:g Lipid PEG Glyceride (PEG:cat:chol:help:add) | (nm) Pdl (%)
TL1- DMG-

Trident 12D- DOPE | PEG- Monolinolein 1.5:40:28.5:25:5 91 |[0.134| 92
DMA 2000
TL1- DMG-

Trident 12D- DOPE | PEG- Dilinolein 1.5:40:28.5:25:5 94 10.151 | 92
DMA 2000
TL1- DMG-

Trident 12D- DOPE | PEG- Triolein 1.5:40:28.5:25:5 98 10.126 | 93
DMA 2000
TL1- DMG-

Trident 12D- DOPE | PEG- Tristearin 1.5:40:28.5:25:5 99 10.135( 92
DMA 2000
TL1- DMG-

Trident 12D- DOPE | PEG- Trimyristin 1.5:40:28.5:25:5 84 [ 0.144 | 92
DMA 2000
TL1- DMG-

Trident 12D- DOPE | PEG- Tricaprin 1.5:40:28.5:25:5 93 10.139 | 93
DMA 2000

10

15

Example 2 — IM EPO data

To determine the activity of LNPs containing glycerides, EPO expression studies
were conducted with female BALB/cJ] mice 6-8 weeks of age (n=4 per group). Mice were
dosed with 0.1 pg in 30 pL. of LNPs by a single intramuscular (IM) injection into the
gastrocnemius leg muscle. Blood samples were taken 6- and 24-hours post injection and
hEPO levels were measured in the blood serum of the mice using an ELISA assay according
to the manufacture’s protocol. All LNPs were provided at 1.5:40:28.5:25:5
(PEG:cat:chol:help:glyceride), where PEG is DMG-PEG-2000, cat is the cationic lipid, and
help is DOPE. W02022/099003 A1 also describes an in vivo assay for intramuscular
administration (e.g. on page 46, paragraph [00206]). The data for various cationic lipid
compositions, e.g., are presented in the Tables 2-7, normalized for each to the LNP
formulation without addition of glycerides.

In general, the addition of different glycerides provided an increase in EPO

expression using various ionizable lipids.

Table 2. EPO Expression of OF-02 LNPs

Glyceride Mean SD

OF-02 control / no glyceride 1 0.4
Tristearin 0.43 0.19
Trimyristin 0.52 0.29
Monolinolein 0.52 0.27
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Monoolein 0.53 0.28
Diolein 0.53 0.38
Triarachidin 0.56 0.29
Trilinolein 0.61 0.26
Tributyrin 0.67 0.38
Glyceryl trinonadecanoate 0.8 0.49
Dilinolein 0.8 0.4
Tricaproin 0.87 0.69
Triolein 0.91 0.26
Trilaurin 0.98 0.52
Tricaprin 1.79 0.58
Table 3. EPO Expression of cKK-E10 LNPs

Glyceride Mean SD

cKK-E10 Control / no glyceride 1 0.3

Triarachidin 0.79 0.33

Monolinolein 0.8 0.23

Dilinolein 0.83 0.23

Diolein 1.11 0.5

Monoolein 1.12 0.36

Tristearin 1.2 0.32

Trilinolein 1.21 0.63

Triolein 1.22 0.36

Trimyristin 1.22 0.29

Tricaprin 1.54 0.52

Table 4. EPO Expression of GL-HEPES-E3-E12-DS-4-E10 LNPs

PCT/1B2024/000334

Glyceride Mean SD
GL-HEPES-E3-E12-DS-4-E10 control / no
glyceride 1 0.3
Trilinolein 1.6 0.5
Monolinolein 1.7 0.5
Dilinolein 1.9 0.4
Trimyristin 2.2 0.7
Monoolein 2.3 0.6
Triarachidin 2.5 0.8
Tristearin 3.1 0.8
Diolein 3.8 0.8
Table 5. EPO Expression of TL1-12D-DMA LNPs
Glyceride Mean SD
TL1-12D-DMA Control / no glyceride 1 0.2
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Tricaprin 1.2 0.4
Trimyristin 1 0.2
Tristearin 0.9 0.3
Triolein 1.4 0.6
Dilinolein 0.7 04
Monolinolein 0.6 0.3

Table 6. EPO Expression of HEP-E4-E12 LNPs

Glyceride Mean SD
HEP-E4-E12 Control / no glyceride 1 0.1
Tricaprin 0.6 0.1

Triolein 0.8 0.2

Table 7. EPO Expression of BAL-005 LNPs

Glyceride Mean SD

BAL-005 Control / no glyceride 1 0.1
Tricaprin 0.7 0.2

Triolein 0.8 0.1

Example 3 — Modification of glvceride % in compositions

Modification of the glyceride percentages in compositions was also investigated.
LNPs containing cKK-E10 were produced with tricaprin or triolein from 0 to 9.71%. EPO
expression studies were conducted with female BALB/cJ mice 6-8 weeks of age (n=4 per
10 group). Mice were dosed with 0.1 pg in 30 pL. of LNPs by a single intramuscular (IM)
injection into the gastrocnemius leg muscle. Blood samples were taken 6- and 24-hours post
injection and hEPO levels were measured in the blood serum of the mice using an ELISA
assay according to the manufacture’s protocol. The data for various LNP compositions are
provided in Tables 8 and 9, below, normalized to control compositions without addition of
15  glycerides.
Overall, the EPO expression was increased using glycerides at majority of the molar
% ratios of glycerides tested.

Table 8. EPO Expression of cKK-E10 LNPs with Tricaprin

LNP Formulation (DMG-PEG2k:cKK- Mean SD N
E10:Chol:DOPE:Tricaprin)
1.5:40:28.5:30:0 1 0.3 4
1.5:40:28.5:28.94:1.06 1.8 0.4 4
1.5:40:28.5:28.93: 1.07 1.3 0.4 4
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1.5:40:28.5:28.83:1.17 1.6 0.4 4
1.5:40:28.5:26.69:3.31 1.6 0.7 4
1.5:40:28.5:25:5 1.5 0.5 4
1.5:40:28.5:22.48:7.52 1.7 0.4 4
1.5:40:28.5:22.43:7.57 2 0.7 4
1.5:40:28.5:21.53:8.47 1.9 0.6 4
1.5:40:28.5:20.29:9.71 1.8 0.4 4

Table 9. EPO Expression of cKK-E10 with Triolein

LNP Formulation (DMG-PEG2k:cKK-

E10:Chol:D£)PE:Triolein) Mean | SD N
1.5:40:28.5:30:0 (Control) 1 0.28 4
1.5:40:28.5:28.94:1.06 0.85 0.3 4
1.5:40:28.5:28.93: 1.07 0.87 0.25 4
1.5:40:28.5:28.83:1.17 0.78 0.3 4
1.5:40:28.5:26.69:3.31 0.81 0.22 4
1.5:40:28.5:25:5 1.22 0.36 4
1.5:40:28.5:22.48:7.52 1.3 0.47 4
1.5:40:28.5:22.43:7.57 0.87 0.36 4
1.5:40:28.5:21.53:8.47 1.28 0.56 4
1.5:40:28.5:20.29:9.71 1.24 0.29 4

Example 4 — Improvement in HAI using Tricaprin

The ability of LNPs to induce immune responses in animals was determined. Groups
of Balb/c mice (Mus musculus) as per the treatment group were immunized
under isoflurane anesthesia with a dose of 0.4 ug per mouse in 0.05 mL of Modified
Tasmania H3 mRNA-lipid nanoparticles via the IM route in the quadriceps, on day 0 in one
hind leg and day 21 in the contralateral leg. Mice were evaluated for a minimum of 3 days
post-administration and any animal that lost displayed severe clinical signs after the
veterinarian’s assessment was euthanized by administration of 5 mg/kg of meloxicam by
subcutaneous injection.

Blood was collected via submandibular or orbital sinus bleeds (in-life bleeds were
performed on day -1 and on day 20) and cardiac puncture (terminal bleed, day 35) from all
animals under sedation. Mice were bled on pre-study to obtain a base-line pre-immune serum
sample and for pre-screening purposes.

HAI assays were performed using the A/Tasmania/503/2020 (H3N2) virus stocks
(BIOQUAL, Inc.). Sera were treated with receptor-destroying enzyme (RDE) by diluting one

-part serum with three parts enzyme and incubated overnight in a 37°C water bath. Enzyme
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was inactivated by a 30-minute incubation period at 56°C followed by addition of six parts
PBS for a final dilution of 1/10. HAI assays were performed in V-bottom 96-well plates using
four hemagglutinating units (HAU) of virus and 0.5% turkey RBC. The reference serum for
each strain was included as a positive control on every assay plate. Each plate also included a
back-titration to confirm the antigen dose (4 HAU/25pl) as well as a negative control sample
(PBS or naive control serum). The HAI titer was determined as the highest dilution of serum
resulting in complete inhibition of hemagglutination. Results were only valid for plates with
the appropriate back-titration result (verifying 4 HAU/25 ul added) and a reference serum
titer within 2-fold of the expected titer.

The HALI titers were increased using tricaprin for both cKK-E10 (Table 10) and OF-
02 (Table 11) at the composition of 1.5:40:28.5:25:5 (DMG-PEG-2000:Ionizable
lipid:cholesterol: DOPE:glyceride).

Table 10. HAI Assay with cKK-E10 LNPs

Composition Mean SD
cKK-E10 + tricaprin | 381 5.19
cKK-E10 — tricaprin | 233 1.79

Table 11. HAI Assay with OF-02 LNPs

Composition Mean SD
OF-02 + tricaprin 830 2.65
OF-02 — tricaprin 427 1.72

Example 5 — Synthesis of Representative Cationic Lipids of Formula CAT-V

The cationic lipid IM-001 can be synthesized according to the general procedure set
out in Scheme 1:

Scheme 1: General Synthetic Scheme for the Lipid IM-001
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OTBS OTBS

o MW 00, OuAP NW\/\[OTBS 0 W
@ o]\/\/\/\/\/ DIPEA, DCM /\/w/\/\g/ \QJ\O)V;OJ\/\/\/\/\/

Similarly, the cationic lipid IS-001 can be synthesized according to the general
procedure set out in Scheme 2:

Scheme 2: General Synthetic Scheme for the Lipid 1S-001

oTBS oTBS

o (K/\/\/\/\/ £0C. DVAP /\/\/\/\/\EOTBS ’ﬁ\/\/\/\/\/
m J\/\/o]\/\/\/\/\/ DIPEA, DCM /WWE)/\/\J; \E&J JK/;/SO]\NW\/

on o P o (ﬁ/\/\/\/\/
A T

I1S-001

Example 6 — Synthesis of Representative Cationic Lipid of Formula CAT-VI

The cationic lipid A2H7iiT6 can be synthesized according to the procedure set out in
Scheme 3:
10 Scheme 3: Synthetic Scheme for the Lipid A2H7iiT6

s TBSO,
TBSOJ/\/\/\/\ EDC, DMAP d fo) j/\/W\
J'\/\/\ NHHCI & —————— A~

TBS TBS
1 3
OH

. d JK/\/\ j/\/\/\/\ ZNWN\) fNMN)‘\g\g/\/\/oj\/\/\/v
W PYog-Sepy ]

OH 2‘3
Mv k/\NH H H\/\/\/\/
HS/V\;oj\/\/VV\/\/ \/\/\/\/\/\j: %\HE/\/\;OJ\/\/\/\/

RA17199783
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Amide Synthesis (3)

s o TBSO
dHJ\/\/\Nj/\/\/\/\
TBS

To a solution of acid (1) (5.14g, 7.81 mmol), 4-Dimethylaminopyridine (DMAP)
(1.60g, 13.02 mmol), and 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) (2.50g,
13.02 mmol) in Dichloromethane (DCM) was added amine (2) (1.00g, 6.51 mmol). The
resulting mixture was stirred at room temperature for overnight. After 16 h, MS analysis
indicated completion of the reaction. The reaction mixture was diluted with DCM and
washed with saturated sodium bicarbonate (NaHCOQ3) solution, water, and brine solution. The
organic layer was dried over anhydrous sodium sulfate (Na>SQO4) and concentrated. The crude
residue was purified through a 80g silica column and the desired product was eluted at 9%
ethyl acetate in hexanes. The purest fractions were concentrated to obtain 3.71g (75.3%) of
pure product.

ESI-MS analysis: Calculated C41Hs4N204SSi2, [M + H*] = 757.58, Observed = 757.5.
Amide Deprotection (4)

d} j\/\/:’]/\/\/\/\
W

To a solution of amide 3 (3.71 g, 4.90 mmol) in tetrahydrofuran (12 mL) was added
hydrogen fluoride (70% HF.py complex, 4.41 mL, 48.99 mmol) at 0 °C and stirred at the
same temperature for 10 minutes. Then reaction mixture was warmed to room temperature
and stirred for 16 h. MS analysis indicated completion of the reaction. The reaction mixture
was diluted with ethyl acetate, quenched by slow addition of solid NaHCOs at 0 °C, followed
by saturated NaHCOs solution. The organic layer was washed with sat. NaHCO3 solution,
water, and brine. Resulting solution was then dried over anhydrous Na>xSO4 and concentrated.
The crude residue was purified, and the desired product was eluted at 6% methanol in DCM.
The fractions containing pure product were concentrated to obtain 2.07g (79.9%) of pure
product.

ESI-MS analysis: Calculated C20Hs6N204S, [M + H*] = 529.40, Observed = 529.3.
R-SS-Py Solution Synthesis (5)
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OH

o H\/\/\/\/
N7~ N N
“A004 2aPUNSS
Y

To a solution of thiolactone (4) (0.59 g, 1.116 mmol) in chloroform (20 mL) was
added dipyridyl disulfide (0.74 g, 3.35 mmol) and triethylamine (TEA) (0.640 g, 3.35 mmol)
and left to stir for 1 hour. Amine (5) (0.84 g, 6.70 mmol) was then added and left to stir
overnight at room temperature. MS analysis indicated completion of the reaction. The
reaction mixture was diluted with DCM and washed with saturated ammonium chloride
solution, water, and brine solution. The organic layer was dried over anhydrous sodium
sulfate (Na2S0O4) and concentrated. The crude residue was purified through an 12g silica
column and the desired product was eluted at 7% methanol in DCM. The purest fractions
were concentrated to obtain 0.72g (84.6%) of pure product.

ESI-MS analysis: Calculated C4oH70N6O4S2, [M + H*] = 763.50, Observed = 763.5.
Thiol Synthesis (6)

OH
HSNW
HO]\/\/\/\/\/\/

To a solution of 1,1'-((4-(tritylthio)butyl)azanediyl)bis(tetradecan-2-ol) (0.79 g, 1.02
mmol) in DCM (4 mL) was added trifluoracetic acid (TFA) (5.40g, 47.38 mmol) and stirred
at room temperature for 30 minutes. Triethyl silane (0.14g, 1.18 mmol) was then slowly
added and allowed to stir for an hour at room temperature. MS analysis indicated completion
of the reaction. The reaction mixture was concentrated via rotary evaporator and dissolved in
chloroform (12 mL) to be used soon after.

ESI-MS analysis: Calculated C32Hg7NO:2S, [M + H*] = 530.50, Observed = 530.5 .
Thiolactone Final Product Synthesis (A2H7iiT6)

~H y M

N

OH O
W \g/\/\;oj\/\/\/\/
N\/\/\S’
\/\/\/\/\/\)iOH
To a solution of R-SS-Py (5) (0.72 g, 0.943 mmol) in chloroform (10 mL) was added

a solution of thiol (6) (0.54 g, 1.02 mmol) in chloroform (8 mL) at room temperature. The
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resulting reaction mixture was stirred overnight for 16 h at room temperature. MS analysis
indicated completion of the reaction. The reaction mixture was concentrated. The crude
residue was purified through an 24g column, and the desired product was eluted in 16%
MeOH in DCM. The product containing fractions were concentrated to obtain 0.61 g (54.9%)
of pure product.

ESI-MS: Calculated Cs7H132N6O6S2, [M + H] = 1181.97, Observed = 1181.8, [M/2 +
H*] =591.5, and [M/3 + H"] = 394.9.

Example 7 — IM EPO data

To determine the activity of LNPs containing glycerides, EPO expression studies
were conducted as described in Example 2. The data for various cationic lipid compositions,
e.g., are presented in the Tables 12-14, normalized for each to the LNP formulation without
addition of glycerides. Several formulations provided increased EPO expression relative to

the no glyceride control condition.

Table 12. EPO Expression of GL-HEPES-E3-E12-DS-4-E10 LNPs

Condition Mean SD N

GL-HEPES-E3-E12-DS-
4-E10 control / no

glyceride 1 0.3 4

08:0 DG 0.9 0.4 4

18:0-22:6 DG 0.9 0.3 4

Trioctanoin 1 0.3 4

10:0 DG 1 0.3 4

18:0-18:2 DG 1.1 0.3 4

14:0 DG 1.2 0.3 4

18:0-20:4 DG 1.2 0.6 4

16:0 DG 1.3 0.3 4

16:0-18:1 DG 1.3 0.4 4

18:1 DG 1.4 0.5 4

18:0 DG 1.4 0.5 4

12:0 DG 1.4 0.5 4

1-C16 Ether MG 1.4 0.4 4
16:0-(12-PAHSA)-18:1

TG 1.4 0.3 4

18:1-2:0 DG 1.6 0.6 4

18:1 Ethylene Glycol 1.6 0.7 4

C18(plasm) MG 1.6 0.4 4

15:0-18:1-15:0 TG 1.6 0.4 4

16:0 Ethylene Glycol 2 0.6 4
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Table 13. EPO Expression of IM-001 LNPs
Condition hEPO normalized mean|sd n

(6h)

IM-001 Control/ No 1 0 4
glyceride
Diolein 0.77 0.17 4
Trilinolein 0.79 0.13 4
Tristearin 0.85 0.16 4
Triarachidin 0.99 0.13 4
Trimyristin 1.011 0.3 4
Triolein 1.08 0.32 4
Tricaprin 1.11 0.22 4
Glyceryl 1.4 0.33 4
trinonadecanoate

Table 14. EPO Expression of A2H7iiT6 LNPs

Condition Normalized EPO | SD N
expression (6 h)

A2H7iiT6 Control/

No glyceride 1 0.4 4
Tristearin 1.9 0.7 4
Glyceryl

Trinonadecanoate | 2.5 1.1 4
Trimyristin 25 1.3 4
Triolein 3.1 1.3 4
Diolein 3.4 1.2 4
Monoolein 3.6 1.4 4
Tricaprin 4.1 1.5 4

Example 8 — IM EPO data with POPE helper lipid

To determine the activity of LNPs containing glycerides, EPO expression studies

were conducted as described in Example 2 but replacing DOPE helper lipid in the

formulations with palmitoyloleoyl-phosphatidylethanolamine (POPE). The data for various

cationic lipid compositions, e.g., are presented in Table 15, normalized for each to the LNP

formulation without addition of glycerides. All conditions tested showed increased EPO

expression relative to the no glyceride control.

Table 15. EPO Expression of GL-HEPES-E3-E12-DS-4-E10/POPE LNPs

Condition hEPO normalized SD N
mean

GL-HEPES-E3-E12-

DS-4-E10 POPE

control / no glyceride 1 0.3 4
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1-C16 Ether MG 1.2 0.3 4
Trimyristin 1.2 0.3 4
18:1-2:0 DG 1.3 0.3 4
Diolein 1.3 0.4 4
18:1 Ethylene Glycol 1.5 0.2 4
C18(plasm) MG 1.6 0.4 4
16:0 Ethylene Glycol 1.6 0.2 4

Example 9 — Improvement in HAI using Glycerides

The ability of glyceride LNPs to induce immune responses in animals was determined
as described in Example 4. Inclusion of trimyristin and tristearin with GL-HEPES-E3-E12-

5 DS-4-E10 LNP formulations provided increased HAI titer relative to the no glyceride control.

Table 16. HAI Assay with GL-HEPES-E3-E12-DS-4-E10 LNPs

Composition Mean SD N
GL-HEPES-E3-E12- 190 476 8
DS-4-E10

GL-HEPES-E3-E12- 381 2.43 8
DS-4-E10 + Trimyristin

GL-HEPES-E3-E12- 207 3.22 8
DS-4-E10 + Tristearin

10
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CLAIMS

1. A composition comprising a lipid nanoparticle (LNP), wherein the LNP comprises:
(I) an ionizable lipid;
(IT) a glyceride or an acylglycol; and
(III) one or more lipids selected from the group consisting of:
(a) a structural lipid;
(b) a helper lipid; and
(c) a stealth lipid.

2. The composition of claim 1, wherein the LNP comprises:
(I) an ionizable lipid;
(II) a glyceride or an acylglycol;
(II) a structural lipid;
(IV) a helper lipid; and
(V) a stealth lipid.

3. The composition of claim 1 or claim 2, wherein the glyceride or acylglycol is a

monoglyceride, a diglyceride, a triglyceride, or a diacylglycol.

4. The composition of claim 1 or claim 2, wherein the glyceride or acylglycol has a

structure according to Formula I or Formula II:

RGZ

o o RG4
RGTO\/]\/O‘ RG3 k/O\ RG5
) (D)

wherein:

RY, R, and R® are each independently H, -C(-2s)alkyl, -Cq-25)alkenyl, -C(O)Ca-
2s)alkyl, or -C(0)Cq-25alkenyl, wherein the -Cq2s)alkyl, -Cq-2s)alkenyl, -C(O)Cq-25)alkyl, and
-C(O)C2s)alkenyl are optionally substituted with one to three groups independently selected
from -OC(O)C1-25)alkyl, -OC(O)Cq-2s)alkenyl, -C(O)OC1-25)alkyl, -C(O)OC25)alkenyl, -
OCqasalkyl, -OCq-2s)alkenyl, -C(O)Ci-25)alkyl, and -C(O)C1-25)alkenyl;

provided that no more than two of RS, R%? and R®® are H;

R% is -Cq25)alkyl, -C-2s)alkenyl, -C(O)C-2syalkyl, or -C(O)Cq-2s)alkenyl, each of

which is optionally substituted with one to three groups independently selected from -
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OC(0)Ca-2salkyl, -OC(0)C-2syalkenyl, -C(O)OC1-25)alkyl, -C(O)OC1-2s5)alkenyl, -OC-
2syalkyl, -OCq-2salkenyl, -C(O)Cq-2s)alkyl, and -C(O)Cq-2s)alkenyl;

R% is H, -C(125)alkyl, -Cq-25)alkenyl, -C(O)C-25)alkyl, or -C(0)Cq-2s)alkenyl,
wherein the -C12s)alkyl, -C2salkenyl, -C(O)Cq-25)alkyl, and -C(O)Cq-25)alkenyl are
optionally substituted with one to three groups independently selected from -OC(O)Cqi-
asyalkyl, -OC(0)Cq2s)alkenyl, -C(O)OC1-25)alkyl, -C(O)OC12salkenyl, -OCq-25)alkyl, -OC-
asialkenyl, -C(O)C-2salkyl, and -C(O)Cq1-25)alkenyl.

5. The composition of claim any one of claims 1-4, wherein the glyceride or acylglycol

is hydrolyzable by lipase.

6. The composition of any one of claims 1-3, wherein the glyceride or acylglycol is

selected from the group consisting of:

PN N NN
1-C16 Ether MG i
OH
Monoolein /\/\/\/\=/\/\/\/\g/0\)\/0'*
C18(plasm) MG R
OH
Monolinolein \/\/\=/E/\/\/\/\go\)\/o'*
[e]
08:0 DG Ao
\/\/\/\g
[e]
/\/\/\/\)j\o
10:0 DG .
\/\/\/\/\gz
[e)
12:0 DG /\/\/\/\/\)ko/}q\m
\/\/\/\/\/\g/
]
14:0 DG /\/\/\/\/V\JKO/}QH
\/\/\/\/\/\/\g/
[e]
\/\/\/\/\/\/\)Lo/\/\o
15:0-18:1 DG /\/\/\/E/\/\/\/\g/é H
O
16:0 Ethylene N N NN NG N
Glycol \/\/\/\/\M/\g//?
[e]
/\/\/\/\/\/\/\)J\o
16:0 DG \/\/\/\/\/\/\/WH
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16:0-18:1 DG /\/\/\/\/\/\/\)l\o/}q\oH

Diolein l\[o H
o)l\/WVW

18:0-16:0 DG /\/\/\/\/\/\/\/\)'\o/}ﬁ\oy{

18:0-18:2 DG W’E{‘H
\/\/\_N/\/\/\/E/
=
18:0-20:4 DG W“Eﬁ’”
O
18:0-22:6 DG HONAGNAGONS e
WW\/X
[@)
1 IG]IE;I(:Z%GHG /\/\/\/¥—/\/\/\/i1;3
O
18:1 DG WWH
/\/\/\N/\/\/\/I

18:1-2:0 DG \/\/\/\/=\/\/\/\)l\o/}g\or+

N N NN
18:2DG \/\/E/E/\/\/\/\/g/\ﬁo "
o)
okWM
Dilinolein K[ZH
O
P N NN NG NP
o) /olo
Tributyrin /\)kox

Tricaproin /\/\)ko/x
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Trioctanoin /\/\/\)LO/?{
@]
Tricaprin /WV\)LOX

Trilaurin /\/\/\/\/\)\OX

Trimyristin /\/\/\/\/\/\)KOX

\/\/\/\/\/\/\)j\o
15:0-18:1-15:0 TG /\/\/\/\=/\/\/\/\g05
/\/\/\/\/\/\/\i{/\/\o L
16:0-(12-PAHSA)- o
/\/\/\/\/\/\/\)Lo é
o
Tristearin PN NN
o) o
Tl’iolein WW=W\/\)I\O/?<

Trilinolein WW*OX

Glycer}d \/\/\/\/\/\/\/\/\)l\o/x

trinonadecanoate

Triarachidin /\/\/\/\/\/\/\/\/\)'\OX

151



WO 2025/003754 PCT/1B2024/000334

Tripalmitin /\/\/\/\/\/\/\)J\OX

or a combination thereof.

7. The composition of any one of claims 1-6, or a pharmaceutically acceptable salt

thereof, wherein:
5 the ionizable lipid has a structure according to Formula CAT-I:

R R’
\N/
e[ L

N

0 0
I
N—t/ | e

R§ - —Ip
(CAT-D),
wherein:
p is an integer of between 1 and 9, inclusive;
10 each instance of R?is independently hydrogen or optionally substituted Ci. alkyl;
each instance of L is independently an optionally substituted alkylene, optionally
substituted alkenylene, optionally substituted alkynylene, optionally substituted
heteroalkylene, optionally substituted heteroalkenylene, optionally substituted
heteroalkynylene, optionally substituted carbocyclylene, optionally substituted
15  heterocyclylene, optionally substituted arylene, or optionally substituted heteroarylene, or
combination thereof;
each instance of R®and R’ is independently a group of formula (i), (ii), or (iii);

Formulae (i), (ii), and (iii) are:

B RFQ_ YRP
4&“ (i),

20 : (ii),
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RL
§ (iii),

wherein:

cach instance of R’ is independently hydrogen or optionally substituted alkyl;

X is O, S, or NR¥, wherein R¥ is hydrogen, optionally substituted alkyl, optionally

5  substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted
heteroaryl, or a nitrogen protecting group;

Y is O, S, or NRY, wherein RY is hydrogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted carbocyclyl,

10 optionally substituted heterocyclyl, optionally substituted aryl, optionally substituted
heteroaryl, or a nitrogen protecting group;

RYis hydrogen, optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted carbocyclyl, optionally substituted heterocyclyl,
optionally substituted aryl, optionally substituted heteroaryl, an oxygen protecting group

15  when attached to an oxygen atom, a sulfur protecting group when attached to a sulfur atom,
or a nitrogen protecting group when attached to a nitrogen atom; and

R is optionally substituted Ci-so alkyl, optionally substituted Ca-s0 alkenyl, optionally
substituted Ca-s0 alkynyl, optionally substituted heteroCi-so alkyl, optionally substituted
heteroCs.s0 alkenyl, optionally substituted heteroCz so alkynyl, or a polymer; or

20 the ionizable lipid has a structure according to Formula CAT-II:
HO R'B

L_oH N/HDZ1H?NJ/
\[NH}A«\/NQ K(OH

HOW) R'B

Rt A
(CAT-I),

wherein:

O O
S
Al is selected from E’LJ]\O%’* , ?J\Sj{", and Z{ \SE{'* , wherein the feft hand

25  side of each depicted structare 1s bound to the ~(CHza~:
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O O
S
Z!is selected from Fi O)J?f, ’;{ S)J\f;:, and 3’: \S}{“ , wherein the right hand

side of each depicted structure is bound to the -{{_Hz)a-;

R!'“ and R'B are each independently selected from optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted acyl, and
-W'-X'-Y";

each W' is independently selected from optionally substituted alkyl and optionally
substituted alkenyl;

each X! is independently selected from -*O-(C=0)-optionally substituted alkyl, -
(*C=0)-0O-optionally substituted alkyl, -*O-(C=0)-optionally substituted alkenyl, and -
(*C=0)-0O-optionally substituted alkenyl, wherein the atom marked with a * is connected to
wi

each Y! is independently selected from hydrogen, -*O-(C=0)-optionally substituted
alkyl, -(*C=0)-O-optionally substituted alkyl, -*O-(C=0)-optionally substituted alkenyl, and
-(*C=0)-O-optionally substituted alkenyl, wherein the atom marked with a * is connected to
X!

bis1,2,3,4,or5; and

each a is independently selected from 1, 2, 3,4, 5, 6,7, 8, 9, and 10.

8. The composition of any one of claims 1-6, wherein the ionizable lipid is selected from

the group consisting of:

OH

\/\/E/\:/\/\/\)\

N HO

V\/E/E/\/\/\/[ V\/:’\H)OLNH/\/\ W
OH r N

H

OH

\[ L_NH
N/\/\“Kg HO™ ~CgHy7
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OH o o HO,
| j/\/\/\/\/\
/\/\/\/\/\[ N /\/\O)J\/ N \)J\O/\/\ N

OH on
o
N/\/\g/ \/\N/\ (K/\/\/\:/\/\/\/\
k/N\/\/S~5/\/\/N
H Hoj\/\/\/\=/\/\/\/\

C10]—121

CyHy OH o 1(\0 !
S T,
HO ﬁHZl
\/\/O\/\g/ \/\/O\(g ]
/\/\/\)J\o/\/\/\o?(:rj\/w/
© |
\/\/\/\g/o\/\)/

9. The composition of any one of claims 1-8, wherein:

the structural lipid is a sterol, for example cholesterol;

the helper lipid is 1,2-dioleoyl-SN-glycero-3-phosphoethanolamine (DOPE); 1,2-

distearoyl-sn-glycero-3-phosphocholine (DSPC); 1,2-dioleoyl-sn-glycero-3-phospho-L-serine

(DOPS); 1,2-dielaidoyl-sn-glycero-3-phosphoethanolamine (DEPE); and 1,2-dioleoyl-sn-
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glycero-3-phosphocholine (DPOC), dipalmitoylphosphatidylcholine (DPPC), 1,2-dilauroyl-
sn-glycero-3-phosphocholine (DLPC), 1,2-Distearoylphosphatidylethanolamine (DSPE), or
1,2-dilauroyl-sn-glycero-3-phosphoethanolamine (DLPE); and

the stealth lipid is a polyethylene glycol-conjugated (PEGylated) lipid selected from
the group consisting of 1,2-dimyristoyl-rac-glycero-3-methoxypolyethylene glycol (DMG-
PEQG), 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-polyethylene glycol (DSPE-PEG),
1,2-dilauroyl-sn-glycero-3-phosphoethanolamine-polyethylene glycol (DLPE-PEG), and 1,2-
distearoyl-rac-glycero-polyethelene glycol (DSG-PEG).

10. The composition of any one of claims 1-9, wherein the LNP comprises:
the ionizable lipid at a molar ratio between 35% and 55%,
the structural lipid at a molar ratio between 20% and 35%,
the stealth lipid at a molar ratio between 0.25% and 2.75%, and
the helper lipid and the glyceride or acylglycol at a combined molar ratio of between

10% and 35%.

11. The composition of claim 1, wherein LNP comprises:
GL-HEPES-E3-E12-DS-4-E10 at a molar ratio of about 40%,
cholesterol at a molar ratio of about 28.5%,

DMG-PEG2000 at a molar ratio of about 1.5%,
DOPE at a molar ratio of about 25%,

and trimyristin at a molar ratio of about 5%.

12. The composition of any one of claims 1-11, further comprising a nucleic acid
molecule, wherein the nucleic acid molecule is encapsulated in the LNP, and wherein the

nucleic acid molecule is an mRNA molecule.

13. The composition of claim 12, wherein the mRNA molecule encodes an antigen,

optionally a viral antigen or a bacterial antigen.
14. The composition of claim 12 or 13, wherein the composition comprises two or more

LNPs, wherein each LNP encapsulates an mRNA encoding a different antigen, optionally

wherein the different antigens are from the same pathogen or from different pathogens.
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15. Use of the composition of any one of claims 12-14 for the manufacture of a

medicament for eliciting an immune response in a subject.

16. Use of the composition of any one of claims 12-14 for the manufacture of a

medicament for preventing an infection or reducing one or more symptoms of an infection.

17. A method of eliciting an immune response in a subject in need thereof, said method
comprising administering to the subject a therapeutically effective amount of the composition

of any one of claims 12-14.
18. A method of preventing an infection or reducing one or more symptoms of an

infection in a subject in need thereof, said method comprising administering to the subject a

therapeutically effective amount of the composition of any one of claims 12-14.
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