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Sterol Analogs in Lipid Nanoparticle Formulations

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to European Patent Application No. 23306050.8, 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 structural lipid selected from the
group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-keto-f-boswellic
acid, taraxasterol, senegenin, arjungenin, cycloastrogenol, B-elemonic acid, ganoderic acid B,
ganoderic acid D, ganoderic acid H, yamogenin, steviol, brusatol, y-oryzanol, and combinations
thereof; and (III) optionally, cholesterol.

In some embodiments, the LNP comprises: (I) an ionizable lipid; (IT) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, f-boswellic acid, 11-

keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, cycloastrogenol, B-elemonic acid,
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ganoderic acid B, ganoderic acid D, ganoderic acid H, yamogenin, steviol, brusatol, y-oryzanol,
or a combination thereof; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises: (I) an ionizable lipid; (II) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, cycloastrogenol, B-elemonic acid,
yamogenin, steviol, brusatol, y-oryzanol, and a combination thereof; (III) cholesterol; (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
Formula CAT-I or CAT-II, as defined herein; (II) a structural lipid, wherein said structural lipid
is a sterol or sterol analog other than cholesterol; and (III) optionally, cholesterol.

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 structural lipid, wherein said
structural lipid is a sterol or sterol analog other than cholesterol; (III) optionally, cholesterol; (IV)
a helper lipid; and (V) a stealth 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 structural lipid, wherein said
structural lipid is a sterol or sterol analog other than cholesterol; (IIT) cholesterol; (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
Formula CAT-I or CAT-II, as defined herein; (II) a structural lipid having a structure according
to Formula STR-I, STR-II, SRT-III, STR-IV, or STR-V, or selected from the group consisting of
cycloastrogenol, p-elemonic acid, diosgenin, yamogenin, steviol, brusatol, and y-oryzanol, or a
combination thereof; and (III) optionally, cholesterol.

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 structural lipid having a
structure according to Formula STR-I, STR-II, SRT-III, STR-IV, or STR-V, or selected from the
group consisting of cycloastrogenol, -elemonic acid, diosgenin, yamogenin, steviol, brusatol,
and y-oryzanol, or a combination thereof; (III) optionally, cholesterol; (IV) a helper lipid; and

(V) a stealth lipid.



10

15

20

25

30

WO 2025/003760 PCT/1B2024/000353

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 structural lipid having a
structure according to Formula STR-I, STR-II, SRT-III, STR-IV, or STR-V, or selected from the
group consisting of cycloastrogenol, B-elemonic acid, diosgenin, yamogenin, steviol, brusatol,
and y-oryzanol, or a combination thereof; (III) cholesterol; (IV) a helper lipid; and (V) a stealth
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., nRNA), to a target cell. Certain LNPs of the present
disclosure comprise an ionizable lipid, a structural lipid, and optionally cholesterol. The LNPs
may further comprise one or more additional lipids, such a stealth (e.g., PEGylated) lipid and/or
a helper lipid.

It has been discovered that partial or complete replacement of cholesterol in the LNP
formulations with other structural lipids (e.g., other sterols or terpenoids) can increase the
expression of the protein encoded by the nucleic acid molecule when compared to industrial
formulations described in literature. 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 stimilar (o a stated reference value. In certain embodiments, the
term “approximately” or “about” refers to a range of values that fall within 25%, 20%. 19%,
V8%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or
less in either divection (greater than or less than) of the stated reference value unless otherwise
stated or otherwise evident from the context (except where such nurnber would exceed 100% of
a possible value).

As used herein, the term “delivery” encompasses both local and systemic delivery, For
example, delivery of mRNA encompasses situations in which an mRNA s delivered 1o 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 iy which an mRNA s delivered to a
target tissue and the encoded protein is expressed and secreted into patient’s circuliation system
{e.g., serum) and systematically distributed and taken up by other tissues {also referred to as
“systemic distribution” or “systemic delivery).

As used herein, “expression” of a nucleic acid sequence refers to translation of an mRNA
into a polypeptide, assemble multiple polvpeptides {e.g., heavy chain or light chain of antibody)
into an intact protein {(e.g., antibody) and/or post-transiational modification of a polypeptide or
fully assembled protein (e.g., antibody). In this application, the terms “expression” and

“production,” and grammatical equivalent, are used inter-changeably.
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As used berein, a “functional” biological molecule is a biological molecule in a form in
which it exhibits a property andfor activity by which it is characterized,

As used herein, the ters “half-life” is the time required for a quantity such as nucleic acid
oF protein concentration or activity to fall o half of its value as measured at the beginning of g
tivoe period.

As used herein, the terms “improve,” “increase” or “reduce,” or grammatical eguivalents,
indicate values that are relative {0 a baseline roeasurernent, such as a measgrement in the same
individual prior to initiation of the treatment described herein, or a measurement in a control
subject {or muitiple control subject) in the absence of the treatment described herein, A “control
subject” is a subject afflicted with the same form of disease as the subject being treated, who is
about the sarme age as the subject being treated.

As used herein, the term “in vitro” refers to evenis that occur in an artificial environment,
£.g.. in a test mbe or reaction vessel, in cel cnlture, etc., rather than within a multi-cellular
organisr,

As used herein, the term “in vivo” refers to events that occur within a multi-cellular
organism, such as a homan and a non-human avimal. In the context of cell-based systems, the
terin may be used to refer to events that occur within a living cell {as opposed to, for example, in
vitro systems),

As used herein, the terms “local distribution,” “local delivery,” or grammatical
equivalent, refer to tissue specific delivery or distribution. Typically, local distribution or
delivery requires a protein {e.g., enzyme) encoded by mRNAs be translated and expressed
intraceliularly or with limited secretion that avoids entering the patient's circulation system.

As used berein, the term “messenger RNA (mRNMNAY vefers to a polynucleotide that
encodes at least one polypeptide. mRNA as used herein encompasses both modified and
unmodified RNA. mRNA may contain one or maore coding and non-coding regions. reRNA can
be purified from natural sources, produced using recombinant expression systems and optionally
purified, chemically synthesized, etc. Where appropriate, e.g., in the case of chemically
synthesized molecules, mRNA can comprise nucleoside analogs such as analogs having
chemrically modified bases or sugars, backbone modifications, etc. An mRNA seguence is
presented in the §'to 37 direction anless otherwise indicated. In some embodiments, an mRNA is

or comprises natural nucieosides {e.g., adencsine, guanosine, cytidine, uridine); nucleoside

>
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analogs {e.g., 2-aminoadenosine, 2-thiothymidine, inosine, pyrrolo-pyrimidine, 3-methyl
adenosine, S-methyicytidine, C-5 propynyl-cytidine, C-5 propynyl-oridine, 2-amincadenosine,
CS-bromouridine, CS-fluorouridine, {S5-iodouridine, C5-propynyl-uridine, C5-propynyl-
cytidine, CS-methylevtidine, 2-aminoadenosine, 7-deazaadenosine, 7-deazaguanocsine, 8-
oxvadenosine, 8-oxoguanosine, ({0} -methylgoanine, and 2-thiocytidine); chemically modified
bases: biologically modified bases (e.g., methylated bases); intercalated bases; modified sugars
{e.g., 2'-fluororibose, ribose, 2-deoxyribose, arabinose, and hexose);, and/or modified phosphate
groups {e.g., phosphorothioates and 5-N-phosphoramidite inkages).

In some embodiments, the mRNA comprises one or more nonstanddard nucleotide
residues. The nonstandard nucleotide residues may include, e.g., S-methyl-cytidine (“3m{7},
pscudournidine (*wU™), and/or 2-thio-uridine 23U}, See, e.g., 1.8, Pat. No, 8,278,036 or
W21 10123106 for a discussion of such residues and their incorporation into mENA. The
mKNA may be RNA, which is defined as RNA in which 25% of U residues are 2-thio-uridine
and 25% of C residues are S-roethyleytidine. Teachings for the use of RNA are disclosed US
Patent Publication USZ0120195936 and internation publication WO2011012316, both of which
are hereby incorporated by reference in thelr entivety. The presence of noustandard vucleotide
residues may render an mRNA more stable and/or less immunogenic than a control mENA with
the sare sequence but containing only standard residues. In further ermbodiments, the mRNA
may comprise one or more nonstandard nuclectide residues chosen from isocytosine,
psendoisocytosing, S-bromouracil, 3-propynyluracil, 6-aroinopurine, 2-aminopurine, inosine,
diaminopurine and Z-chloro-6-aminopurine cytosine, as well as combinations of these
modifications and other nucleobase modifications. Certain embodiments may further include
additional roodifications to the furanose ring or nucleobase, Additional modifications may
include, for example, sugar modifications or substitutions (¢.g., one or more of g 2-O-alkyl
rodification, a locked nucleic acid (ENA)Y). In some embodiments, the RINAs may be complexed
or hybridized with additional polynucleotides and/or peptide polynucieotides (PNA). In
emtbodiments where the sugar modification is a 2"-O-alkyl modification, such modification may
include, but are pot Hmited to a 2'-deoxy-2"-fluoro modification, a 2-O-methy! modification, a
2'-C-methoxyethyl modification and a 2'-deoxy modification. In certain embadiments, any of

o7

these modifications may be present in §-100% of the nucleotides—ifor example, more than 0%,
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%, 1%, 25%, 50%, 75%, 85%, 90%, 93%, or 100% of the coustituent pucleotides individually
or in comnbination.

As used herein, the term “nucleic acid,” in its broadest sense, refers to any compound
andd/or substance that is or can be incorporated into g polynucieotide chain. In some
embodiments, a nucleic acid 15 a compound andfor substance that is or can be incorporated into a
polynucieotide chain via a phosphodiester linkage. In some embodiments, “nucleic acid” refers
to individual nuclete acid residues (e.g., nucleotides and/or nucleosides). In some embodiments,
“mucleic acid” refers to a polymucleotide chain comprising individual nucleic acid residues. In
some erabodirnents, “nucleic gceid” encorapasses KNA as well as single and/or double-stranded
DNA and/or cDNA.

The term “pharmaceutically 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 problem or
complication, comrnensurate with a reasonable benefit/risk ratio.

93 ¢k

As used herein, the terms “systemic distribution,” “systemic delivery,” or grammatical
equivalent, refer 1o a delivery or distribution mechauism or approach that affect the entive body
or an entire organism. Typically, systemic distribution or delivery is accomplished via body's
circulation system, e.g., blood strearn, Compared to the definition of “local distribution or
delivery.”

As used herein, the term “subject” refers to g human or any noun-human animal {e.g.,
mouse, rat, rabbit, dog, cat, cattle, swine, sheep, horse or primate). A hursan includes pre- and
post-natal forms. In many embodiments, a subject is a human being. A subject can be a patient,
which refers to a hurnan presenting to a medical provider for diagnosis or reatment of a disease.
The term “subject” is used herein interchangeably with “individual” or “patient.”” A subject can
be afflicted with or is susceptible to & disease or disorder but roay or may not display symptomns
of the disease or disorder,

As used herein, the term “substantially” refers to the qualitative condition of exhibiting
total or near-total extent or degree of a characteristic or property of interest. One of ordinary skill
in the biological arts will understand that biological and chemical phenomena rarely, if ever, go

to completion and/or proceed to completeness or achieve or avoid an absohite result. The term
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“substantialiy” is therefore used herein to capture the potential lack of completeness inhereut in
many biological and chemical phenomena.

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

As used herein, the term “therapeuticaily effective amount” of a therapeutic agent means
an amount that is sutficient, when administered to a subject saffering from or susceptible to a
disease, disorder, and/or condition, to treat, diagnose, prevent, and/or delay the onset of the
symptorn{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 cornprising at least one unit dose.

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.

Definitions of specific functional groups and chemical terms are described in more detail
below.

Compounds described herein can comprise one or more asymmetric centers, and thus can
exist in various isomeric forms, ¢.g., enantiomers and/or diastereomers. For example, the
compounds described herein can be in the form of an individual enantiomer, diastereomer or
geometric isomer, or can be in the form of a mixture of sterecisomers, including racemic
roixtures and mixtares enviched in one or more stereoisomer, Isomers can be isolated from

mixtures by methods known to those skilled in the art, including chiral high performance liquid
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chromatography (HPLL) and the formation and crystaliization of chiral salts; or certain isomers
can be prepared by asymmetric syntheses. See, for example, Jacques et al,, Frantiomers.
Baceniaies and Resolutions (Wiley Interscignce, New York, 1981); Wilen et
al., Terrahedron 33:2725 (8977, Eliel, E. L. Stereochemisiry of Carbon Compounds (MeGraw-
Hill, NY, 1962y and Wilen, S. H. Tables of Resolving Agents and Optical Resolutions p. 208 {E.
L. Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, Ind. 1972}, The invention additionally
contemplates compounds as individual isorers substantially free of other isomers, and
alternatively, as mixtures of various isomers.

When a range of values s Hsted, it is intended to encompass each value and sub-range
within the range. For example “Cig alkyl” is intended to encompass, Ci, Co, T, Gy, Cs, Cs, G,
Cios, Cra, Tz, Cia, Tos, Caos, Cang, Coozy Cas, Cas, Taa, T, Caos, and Csae alkyl

As used herein, “alkyl” refers (0 a radical of a straight-chain or branched saturated
hydrocarbon group having from 1 to 50 carbon atoms (“C1-50 alkyl”). In some embodiments, an
alkyl group has 1 to 40 carbon atoms (“C1-40 alkyl™). In some embodiments, an alkyl group has
1 to 30 carbon atomns (“C1-30 alkyl”}. In some embodiments, an alkyl group has | to 20 carbon
atoms (“C1-20 alky!™). In some embodiments, an alkyl group has 1 to 10 carbon atorns (C1-10
alkeyl”). In some embodiments, an alkyi group has 1 to 9 carbon atoms {"C'1-9 alkyl”). In some
emthodiments, an alkyl group has 1 o 8 carbon atoras ("C1-8 alkyl”). In some embodiments, an
alkyl group has 1 to 7 carbon atoms {“C1-7 alky!”). In some embodiments, an alkyl group has 1
to 6 carbon atoms (“C1-6 alkyl”). In some embodiments, an alkyl group has 1 to 5 carbon atoms
(CF-5 alkyl™). In some embodiments, an alkyl group has 1 to 4 carbon atoms (U4 alkyl") In
some embodiments, an alloyl group has 1 to 3 carbon atoms ("C1-3 alky!™). In some
embodiments, an alkyl group has 1 to 2 carbon atoros ("C1-2 alkyl™). In some embodiments, an
alkyl group has 1 carbon atorn ("C1 alkyl”). In some embodiments, an alky! group has 210 6
carborn atoms (“C2-6 alkyl”). Examples of C1-6 alkyl groups include, without Hnitation, methyl
(1), ethyl (2, n-propyt {C3), tsopropyl (T3}, n-butyl {C4), tert-butyl (4}, sec-butyi ({4}, iso-

~

butyl (C4), n-pentyl (C5), 3-pentanyl (C3), armyl {C3), neopentyl {3}, 3-methyl-2-butanyl (C5),

N

tertiary amyt (C3), and n-hexyl (U6}, Additional examples of alkyl groups inciude n-heptyl (U7},
n-octyl {C8) and the like. Unless otherwise specified, each instance of an alkyl group is

N

ndependently unsubstituied (an Mansubstituted allovl™) or substituted (a2 “substituted alky?”) with
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one or more substituents. fn certain embodiments, the alkyl group is an uosobstituted C1-50
atkyl In certain embodiments, the alkyl group is a substituted C1-50 alkyl,

As used herein, “hetercalkyl” refers to an alkyl group as defined herein which further
includes at keast one heteroatom (e.g., 1 t0 23, e.g., 1, 2, 3, or 4 hetercatoms) selected from
oxygen, sulfor, niirogen, boron, stlicon, and phosphorus within (i.e., inserted between adjacent
carbon atoms of ) and/or placed at one or more terminal position{s} of the parent chain. In certain
embodiments, a heteroalkyl group refers to a saturated group having from | to 50 carbon atoms
and 1 or more heteroatoms within the parent chain (“heteroC1-50 alkyl”). In certain
embodiments, g heteroalky! group refers to a saturated group having from 1 1o 40 carbon atoms
and T or more heteroatoms within the parent chain (“heteroC1-40 alkyl™). In certain
embodiments, a heteroalkyl group refers to a satorated group having from 1 to 30 carbon atoms
and 1 or more hetercatoms within the parent chain (“heteroC1-30 alloyl”). In certain
embodiments, a heteroalkyl group refers to a saturated group having from 1 to 20 carbon atoms
and 1 or more heteroators within the parent chain (“heteroC1-20 alky!™). In cestain
embodiments, a heteroaikyl group refers to a saturated group having from 1 to 10 carbon atoms
and 1 or yoore hetercatoms within the parent chain CheteroC1-10 allyP”). In soroe erobodiments,
a heteroalkyl group is a saturated group having I to & carbon atoms and 1 or more hetercatoms
within the parent chain (CheteroC1-9 alkyl”). In sore embodiments, a heteroalkyl group is a
saturated group having 1 to & carbon atoms and 1 or more heterpatoms within the parent chain
{“beteroC1-8 alkyl™), In some embodiments, g heteroally! group 15 g saturated group having 1 to
7 carbon atoms and 1 or more heteroatoms within the pareot chain CheteroC -7 alkyl™), In some
embodiments, a heteroalkyl group is a saturated group having 1 to 6 carbon atoms and 1 or more
heteroatoms within the parent chain CheteroC1-6 aliyl”). In sowe embodirsents, a hetercalkyl
group is a saturated group having 1 to 5 carbon atoms and 1 or 2 hetercatoms within the parent
chain (“heteroC -5 alkyl™). In some embodiments, g heteroalkyl group is a saturated group
having 1 to 4 carbon atoms and | or 2 heteroatoms within the parent chain (“hetero{’1-4 alkyl™).
In some embodiments, a heteroalkyl group is a saturated group having 1 to 3 carbon atoms and |
heteroatomn within the pavent chain (“heteroC1-3 alkyi™). In some embodiments, a heteroalky]
group is a saturated group having 1 to 2 carbon atoms and | heteroatom within the parent chain
(“heteroC1-2 alkyl™). I some embodiments, a heteroallyl group s a saturated group having |

carbon atom and | hetercatom (“heteroC1 alky!™). In some embodiments, a heteroalkyl group is
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a saturated group having 2 to 6 carbon atoms and 1 or 2 heteroatoms within the parent chain
{“heteroC2-6 alkyl™). Unless otherwise specified, each instance of a heteroalkyl group is
independently unsubstituted (an “onsubstituted heteroalkyl™y or substituted (a “substituted
heteroalkyl”} with one or more substituents. In certain embodiments, the heteroalkyl group is an
ansubstituted heteroC1-30 alioyl, o certain emwbodirnents, the heteroalkyl group is a substitnied
heteroC1-50 alkyl

As used heretn, “alkenyl” refers to a vadical of a straight-chain or branched hydrocarbon
group having from 2 to 50 carbon atoms and one or more carbon-carbon double bonds {(e.g., 1, 2.
3, or 4 double bonds} ("C2-30 alkeny!™). In some emnbodiments, an alkenyl group has 2 to 40
carbon atoms (“C2-40 alkenyl”). In some embodiments, an alkenyl group has 2 to 30 carbon
atoms (“C2-30 alkeny!™), In some embodiments, an alkenyl group has 2 to 20 carbon atoms
(“02-20 alleeny?™). In some embodiments, an alkenyl group has 2 to 10 carbon atoms ("C2-10
alkeny!™). In some embediments, an alkenv! group has 2 to 9 carbon atoms (“C2-9 alkeny!™). In
some erabodiroents, an alkeuy! group has 2 to § carbon atoms ("C2-8 alleenyl”). In some
embediments, an alkenyl group has 2 to 7 carbon atoms (“C2-7 alkeny!”). In some embediments,
au alkeoyl group has 2 to 6 carbon atoms ("C2-6 alkenyl”). In soroe embodiveents, an alkeoyl
group has 2 to 5 carbon atoms (“C2-35 alkenyl™). In some embodiments, an allkenyl group has 2 to
4 carbon atoms (C2-4 alkenyl”). In some embodiments, an alkenyl group has 2 to 3 carbon

74,

atoms (“C2-3 alkenyl™). In some embodiments, an alkeny! group has 2 carbon atoms ("C2
alkeny!”). The ove or more carbon-carbon double bonds can be internal (such as in 2-butenyl) or
tepminal (such as in I-butenyl). Examples of C2-4 alkenyl groups include, without lmitation,
ethenyl (C2), T-propenyl (C3), 2-propenyl (C3), -butenyl (C4), 2-butenyl (C4), butadienyl (C4),
and the like. Examples of C2-6 alkenyl groups include the aforementioned C2-4 alkenyl] groups
as well as pentenyl (C5), pentadienyl {C3), hexenyl {C6). and the like. Additional examples of
alkenyl include heptenyl (C7), octenyl (C8), octatrienyl (T8}, and the like. Unless otherwise
specified, each instance of an alkenyi group is independently unsubstituted (an “unsubstituted
alkeny!™) or substitoted (a “substituted alkeny!l”™) with one or more substituents, In certain
embodiments, the alkenyl group is an unsubstituted £2-50 alkenvl. In certain embodiments, the
alkenyl group is a substituted C2-50 alkenyl.

As used herein, “heteroalkenyl” refers to an alkenyl group as defined herein which

further inclundes at least one heteroatom {e.g., 1 © 25, e.g.. |, 2, 3, or 4 heteroatoms) selected
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from oxygen, sulfur, nitrogen, boron, silicon, and phosphorus within {Le., inserted between
adiacent carbon atoms of) andfor placed at one or more terminal position(s) of the parent chain.
In certain erabodiments, a hetersallieny! 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 alkeny!”). In certain embodiments, a heteroalkenyl group refers to a group having from 2 to
4( carbon atoms, at least one double bord, and | or more heteroatoms within the parent chain
{“heteroC2-40 alkenyl”). In certain embodiments, a heteroalkenyl groep refers to a group having
from 2 to 30 carbon atoms, at least one double bond, and 1 or more heteroatoms within the
parent chain “heteroC2-30 alkenyl”), In certain ermbodiments, a heteroalkenyl group refers to a
group having from 2 to 20 carbon atoras, at least one doeble bond, and 1 or more heteroatoms
within the parent chain (heteroC2-20 alkenyl™). In certain erobodiments, a heteroalkenyl group
refers to a group having from 2 to 10 carbou atoms, at least one double bond, and | or more
hetercatoms within the parent chain (“heteroC2-10 alkenyl”). In some embodiments, a
hetercalkenyl group has 2 to 9 carbou atorus at least one double bond, and 1 or wore hetercatoms
within the parent chain (“heteroC2-9 alkeny!™). In some embodiments, a heteroalkenyl group has

2 to B carbon atorus, at least one double boud, and 1 or more heteroatorns within the parent chain

5
§
\

hetero(C2-8 alkenyl”). In some embodiments, a heterocalkeny! group has 2 to 7 carbou atoms, at
ieast one double bond, and 1 or more heteroatorns within the parent chain (CheteroC2-7
atkenyl”). In some embodiments, a heteroallenyl group has 2 to 6 carbon atoms, at least cne
double bond, and | or more heteroatorns within the parent chain (“heteroC2-6 alkenyl”). In some
embodiments, a heteroalkenyl group bas 2 to 5 carbon atoms, at least one double bond, and 1 or
2 heteroatoms within the parent chain (“heteroC2-5 alkenyl”). In some embodiments, a
heteroalkenyl group has 2 to 4 carbou atorus, at least one double bond, and for 2 hetervatoms
within the parent chain (“heteroC2-4 alkeny!™}. In some embodiments, a hetercatkenyl group has
2 to0 3 carbon atorns, at least one double bond, and | heteroatom within the parent chain
{“hetero{’2-3 alkenyl”). In some embodiments, a heteroalkeny! group has 2 to 6 carbon atoms, at
ieast one double, bond, and 1 or 2 hetercatoms within the parent chain {“heteroC2-6 alkenyl™).
Unless otherwise specified, each instance of a hetercalkenyl group is independently
unsubstitated {an “unsubstituted heteroatkeny!™) or substituted (2 “substitnted heteroalkeny!™)

with oue or yoore substituents. In certatn embodiments, the hetercalkenyl group is an
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unsubstituted hetero(C2-50 alkenyl. In certain embodiments, the heteroalkeny! group is a
substituted heteroC2-534 alkenyl,

As used herein, “alkynyl” vefers to a radical of a straight-chain or branched hydrocarbon
group having from 2 to 50 carbon atoros and one or more 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 alkyny!"). An 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 aliiyoyl group has 2 to 40
carbon atoms (“C2-40 alkyny!l”). In some embodiments, an alkynyl group has 2 to 30 carbon

756,

atoms (“C2-30 alkyny!l”). In some embodiments, an alkynyl group has 2 to 20 carbon atoms
{(“CZ-20 alkynyl™ In some embodiments, an alkoynyl group has 2 0 10 carbon atoms (*C2-10
alkyny!”). In some erabodiments, an alkynyl group has 2 to 9 carbon atoms ("C2-9 alkynyl™). In
some embodiments, an alloyny! group has 2 to & carbon atoms ("C2-8 allyny!”). In some
embodiments, an alkynyl group has 2 to 7 carbon atoms (“C2-7 alkynyl”). In some
embodiments, an alkynyl groop has 2 to 6 carbou atoms (C2-6 alkynyl”). In some
embediments, an alkynyl group has 2 to 5 carbon atoms (“C2-5 alkyny!”). I some

Tl

embodiments, an allkynyl group has 2 to 4 carbon atoms ("C2-4 alkynyl™). Insome

53

embodiments, an alloyny! group has 2 10 3 carbon atoms (“CZ-3 alkynyl™). In some
embodiments, an alkynyl group has 2 carbon aterns ("CI alkyny!”). The one or more carbon-
carbon triple bonds can be internal {such as in 2-butynyl} or terminal (such as in 1-butynyi).
Examples of C2-4 alkyny] groups include, without limitation, ethynyl (C2), 1-propynyl (C3), 2-
propynyt (C3), -butynyl (C4), 2-butynyl (C4), and the ke, Examples of C2-6 alkenyl groups
include the aforementioned C2-4 alkynyl groups as well as pentynyl (C3), hexynyl (€6}, and the
like. Additional examples of alloyny! inchude heptynyl (U7), octynyl (U8}, and the hike. Unless
otherwise specified, sach instance of an alkynyl group is independently unsubstituted {(an
“unsubstituted alkynyl”) or substituted {(a “substituted alkyny!”) with one or more substituents. In
certain embodiments, the alkynyl group is an unsubstituted C2-50 alkynyl. In certain
embodiments, the alkynyl group is a sabstituted C2-50 alkynyl.

As used herein, “hetercalkynyl” refers to an alkyny! group as defined herein which
further includes at least one hetercatom {2.g., 1 10 25, e.z., 1, 2, 3, or 4 heteroatoms) selected
from oxygen, subfur, nitrogen, boron, silicon, and phosphoras within (1e., tnserted betwesn

adjacent carbon atoms of) and/or placed at one or more terminal position(s) of the parent chain.
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in certain embodiments, a heteroalkynyl group refers to a group having from 2 to 30 carbon
atoms, at least one triple bond, and 1 or more heteroatoms within the parent chain (“hetero{C2-50
allvayi”). In certain embodiments, a hetercalkynyl group refers to a group haviong from 2 to 40
carbon atoms, at least one triple bond, and 1 or more heteroatoms within the parent chain
(“heteroC2-40 allyny!”). In certain erabodiments, a heteroalkyoyl groap refers 1o a group having
from 2 to 30 carbon atoms, at least one triple bond, and 1 or more hetercatoms within the parent
chain CheteroC2-30 alkynyl”). In certain embodiments, a heteroalkynyl 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 alkyny!”). In certain embodiments, g heteroalioynyl group refers (o a
group having from 2 to 10 carbon atoras, at least one triple bond, and 1 or more heteroatoms
within the parent chain (“heteroC2-10 alkynyl”). In some embodiments, a heteroalkynyl group
has 2 to @ carbon atons, at least one triple bond, and 1 or more hetercatoras within the parent
chain {“heteroC2-9 alkyny!™}. In some embodiments, 3 heteroalkyny! group has 2 to § carbon
atorus, at least ove triple bond, and 1 or more heteroatoms within the parent chain (Chetero(C2-8
altkyny!”}. In some embodiments, a heteroalkynyl group has 2 to 7 carbor atoms, at least one
triple bond, and 1 or more beteroatorns withio the parent chain (MheteroCZ2-7 alkynyl™). In some
embodiments, a heteroalkynyi groop has 2 to 6 carbon atoms, at least one triple bond, and T or
more heteroatoms within the parent chain SheteroC2-0 alkynyl”). In some embodiments, a
heteroallynyl group has 2 to 5 carbon atoms, at least one triple bond, and 1 or 2 heteroatoms
within the parent chain (heteroC2-3 alkynyl”). In some embodiments, a heteroalkynyl group has
2 to 4 carbon atoras, at least one triple bond, and for 2 heteroatoms within the parent chain
(“heteroCZ-4 atkyny!™). In some embodiments, a heteroatkynyl group has 2 to 3 carbon atoms. at
ieast one triple bond, and 1 beteroatorn within the parent chaln (“heteroC2-3 alkyoy?™). Io some
embodiments, a heteroalkynyl group has 2 to & carbon atoms, at least one triple bond, and 1 or 2
heteroatoms within the parent chain (“heteroCZ2-6 alkynyl”). Unless otherwise specified, each
nstance of a heteroatkynyl group is independently unsubstituted (an “unsubstituted
hetercalkyny!™) or sabstituted {2 “substituted heteroalkynyl™) with one or more substituents, In
certain embodiments, the heteroalkynyl group is an vnsubstituted heteroC2-50 alkyoyl. In certain
embediments, the heteroalkynyl group is a substituted heteroC2-50 alkvnyl.

As used herein, “carbocyciyl” or “carbocyclic” refers to a radical of a non-aromatic

cyelic hydrocarbon group having from 3 to 10 ring carben atoms ("C3-10 carbocyelyi™) and zere
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hetercatoms in the non-aromatic ring system. In some embodiments, a carbocyely! group has 3 to
8 ring carbon atoms (“C3-8 carbocyclyl”). In some embodiments, a carbocyclyl group has 3 10 7
ring carbon atowms (“C3-7 carbocyclyi™). In some emabodiments, a carbocycliyl group has 310 6
ring carbon ators C3-6 carbocycelyl”). In some embodiments, a carbocyelyl group has 410 6
ring carbon atoms (C4-6 carbocyely?™). In some embodiments, a carbocyelyl group has 510 6
ring carbon atoms (“C5-6 carbooyely!™). In some embodiments, a carboeyely! group has 5 to 10
riog carbon atoms (“CS- 10 carboeyelyl™). Exemplary C3-6 carboeyelyl groups inclade, without
limitation, cyclopropyl {(C3), cyclopropenyl {C3). cyclabutyl (C4), cyclobutenyl (T4},
cyclopentyl {C3), cyclopentenyl (T3), cyclohexyl (C6), cyelohexeny] (C6), cyclohexadienyl
{263, and the like. Exemplary (U3-8 carbocyclvl groups inchude, without Himitation, the
atorementioned C3-6 carboeyelyl groups as well as cycloheptyl (C7), eycloheptenyl (U7},
cycloheptadienyl {C7), cycloheptatrienyl (U7, cyclooctyl (CR), cyclooctenvi (T8),
bicyciof2.2. 1 heptanyl (C7), bicyclo[2.2.2]octanyl (C8}, and the like. Exemplary C3-10
carbocyelvl groups include, without Iimitation, the aforementioved C3-8 carboceycelvl groups as
well as cyclononyl (C9), cyclononenyl (C9). cyclodecy!l (C18), cyclodecenyt (C10), octahydro-
H-indenyl (C9), decahydronaphthalenyl (C10), spirold.5ldecanyl (C10), and the like. As the
foregoing examples illustrate, in certain embodiments, the carbocyelyl group is either
monocyclic {“raonocyche carbocyelyl”) or polyeychic (e.g., containing a fused, bridged or spiro
ring system such as a bicyelic system {“bicyclic carbocyely!”) or tricyelic system (Miricyclic
carbocyciyl™) and can be saturated or can contain one or more carbon-carbon double or triple
bonds, “Carbocyelyl” also includes ring systeros wherein the carboeyelyi ring, as defined above,
is fused with one or more aryl or heteroarvl groups wherein the point of attachment is on the
carboeyelvl ring, and in such instances, the nuraber of carbons continue to designate the number
of carbons in the carboeyelic ring system. Unless otherwise specified, each instance of a

carbocyclyl group s independently unsubstituted (an “unsubstituted carbocyelyl™) or substituted

{a “substituted carboeyelyl”) with one or more substituents. In certain embodiments, the
carbocyelyl group is an unsubstituted C3-10 carboceyelyl, In certain ernbodiments, the
carbocyciyl group is a substituted (U3-10 carboeyelyl.

In some embodiments, “carbocycly!l” or “carbocyclic” is referred to as a “cyvelealkyl”,
i.e., a roonocyelic, saturated carboeyelyl group having from 3 to 10 ring carbon atoms (U310

cycloalkyl”). In some embodiments, a cycloalkbyt group has 3 to 8 ring carbon atoms ("C3-8
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cycloallovl™). In some embodiments, a cycloalkyl group bas 3 to 6 ring carbon atoms (“C3-6,
cycloalkylP™), In some embodiments, a cycloalkyl group has 4 to 6 ring carbon atorns (“C4-6
cycloalkyl™). In some embodiments, a cycloalioyl group has 5 to 0 ring carbon atoms ("C5-6
cycloalkyl”y. In some embodiments, a eycloalkyl group has 3 to 10 ring carbon atoms (“C5-18
cycloalkyl”). Examples of C5-6 cyeloalkyl groups include cyclopentyl (C5) and cyclohexyt (CS).
Examples of C3-6 cycloalkyl groups include the aforementioned C5-6 cycloalkyl groups as well
as cyclopropyl {(C3) aud cyclobutyl (C4). Exaraples of C3-8 cycloalkyl groups include the
aforementioned C3-6 cyelealkyl groups as well as eycloheptyl (C7) and cycleoctyl (C8). Unless
otherwise specified, each instance of a cycloalkyl group 1s independently vnsubstituted (an
“gnsubstituted cycloalkyl™s or substituted (a “substituted cycloalky!”) with one or more
subsiituents. In certain embodiments, the cycloalkyl group s an unsubstituted C3-10 cycloalkyl
In certain erabodiments, the cycloalkyl group is a substituted C3-10 cycloalkyl.

As used herein, “heterocyclyl” or “heterocyclic” refers 10 a radical of a 3- to 14-
membered non-aromatic ring system haviog ring carbou atoms and 1 or more{e.g., 1,2, 3, or 4)
ring hetercatoms, wherein each heteroatom is independently selected from oxygen, sulfur,
nitrogen, boron, siticon, and phosphorus {73-14 membered heterocyely!™). In heterocyelyl groups
that contain one or more nifrogen atoms, the point of attachment can be a carbon or nitrogen
atom, as valency permits, A heterocyelyl group can either be roonoeychic ("monocychic
heterocyelyl™) or polyeyclic {e.g., a fused, bridged or spiro ring system such as a bicyclic system
{“bicychc heterocyclyl”™) or tricyehic syster (tricychic heterocyclyl ™)), and can be saturated or
can contain one or more carbou-carbon double or triple bonds, Heterocyelyl polyeyche ring
systemns can include one or more heteroatoms in one or both rings. “Heterocyclvl” also includes
ring systems wherein the heterocyelyl ring, as defined above, 1s fused with one or roore
carbocyclyl groups wherein the point of attachment is either on the carbocycely! or heterocyclyt
ring, or ring systeros wherein the heterocyelyl ring, as defined above, 1s fused with one or more
aryi or heteroaryl groups, wherein the point of attachment is on the heterocyelyi ring, and in such
instances, the number of ring members continue to designate the number of ring members in the
heterocyelyl ring system. Unless otherwise specified, each instance of heterocyelyl is
independently unsubstituted (an “unsubstituted heterocyclyl™) or substituted {a “‘substituted

heterocyelyl”) with one or more substituents, In certain embodiments, the heterocyelyl group s



10

15

20

25

30

WO 2025/003760 PCT/1B2024/000353
17

an unsubstituted 3-14 membered heterocycivi. lu certain embodinments, the heterceyelyl group is
a substituted 3-14 rnembered heterocyclyl,

fu some embodiments, a heterocyelyl group is a 5-10 membered non-aromatic ving
systern having ring carbon atoms and 1 or more {(e.g., 1, 2, 3, or 4) ring hetercatoms, whersin
each hetercatom is independently selected from oxygen, sulfur, nitrogen, boron, silicon, and
phosphorus (*5-10 membered heterocycivl”). In some embodiments, a heteroeyelyl group is a §-
8 membered nov-aromatic ring system having ring carbon atoms and 1 ormore {e.g., 1, 2, 3, or
4} ring heteroatoms, wherein each heteroatom is independently selected from oxygen, sulfur,
nitrogen, boren, silicon, and phosphorus (*3-8 membered heterocyelyl™). In some embodiments,
a heterocycivi group is a 3-6 membered nop-aromatic ring system having ring carbon atoms and
Lormore {e.g., 1, 2, 3, or 4) ring heteroatoms, wherein gach hetercatom is independently
selected from oxygen, sulfur, nitrogen, boron, silicon, and phosphorus (5-6 membered
heterocycelyl”). In some embodiments, the 5-6 membered heterocyciyl has 1 or more {e.g., 1, 2,
or 3) ring heteroatorns selected from oxygen, sulfur, nitrogen, boron, sificon, and phosphorus. In
some embodiments, the 5-0 membered heterocyclyl has 1 or 2 ring hetercatoms selected from
oxygen, sulfur, nitrogen, boron, silicon, and phosphorus. In some embodiments, the 3-6
membered heterocyelyl has 1 ving hetercatom selected from oxygen, sulfur, nitrogen, boron,
siticon, and phosphorus,

Exenplary 3-memberad heterceyelyl groups containing 1 hetercatom inchude, without
fimitation, azirdinyl, oxiranyl, thiorenyl. Exernplary 4-membered heterocyelyl groups containing
I beteroatorn include, without Hritation, azetidinyl, oxetanyl and thietanyl, Exeroplary §-
membered heterocyclyl groups containing 1 heteroatom include, without Hmitation,
tetrahydroturanyl, dihvdroturanyl, tetrahydrothiophenyl, dihydrothiophenyl, pyrrolidinyi,
dilrydropyrrolyl and pyrrelyl-2Z,5-dione. Exemplary 5-membered heterocyelyl groups containing
2 heteroatorns include, without limitation, dioxolanyl, oxathiolanyl and dithiolanyl, Exemplary
S-membered heterocyclyl groups containing 3 heteroatoms inciade, without limitation,
triazolinyl, oxadiazolinyl, and thiadiazolinyl. Exemplary 6-membered heterocyelyl groups
containing 1 heteroatom include, without Himitation, piperidinyl, tetrahydropyranyi,
diltydropyridinyl, and thianyl. Exemplary 6-membered heterocyclyl groups containing 2
heteroatorss joclade, without Hmitation, piperazioyl, morpholinyl, dithianyl, dioxanyl.

Exemplary &-menbered heterocyclyl groups containing 2 hetercatoms include, without
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limitaticon, tiazinanyl. Exemplary 7-membered heterocyelyl groups containing 1 beteroatom
mclude, without limitation, azepanyl, oxepanyl and thiepanyl. Exemplary 8-membered
heterocyclyl groups containing | heteroatom inchude, without limitation, azocanyl, oxecanyl and
thiocanyl, Exemplary bicyclic heterocyclyl groups include, without Hinitation, indolinyl,
isotndolinyd, dihvdrobenzoturanyl, dibydrobenzothisnyl, tetrabydrobenzothienyl,
tetrabvdrobenzofuranyl. tetrahydroindolyl, tetrahydroguinelinyl. tetrahydroisoquinolinyl,
decahydroquinolinyl, decahydrotsoguinolinyl, octahydrochromenyt, octahydroisochromenyl,
decahydronaphthyridinyl, decahydro-1.8-naphthyridinyl, octahydropyrrolo{3,2-bipyirale,
inddolinyl, phthalimidyl, naphthalinudyl, chromanyl, chromenyl, 1 H-benzo[e}[1.4}diazepinyl,
1,45, 7-tetrabydropyrane{3.4-blpyrroivl, 5,6-dihydro-4H-fure{3.2-blpynrrolyl, §,7-dihvdro-5H-
furef[3,2-bipyranyl, 5.7-dihydro-4H-thieno[2.3-¢clpyranyl, 2.3-dihydro- 1 H-pyrrolo{2,3-
bipyridinyl, 2,3-dihydrofiture[2,3-bipyridinyl, 45,6, 7-tetrahydro-1H-pyrrolo-[2.3-blpyridinyl,
4.5.0,7-tetrahydrofure] 3,2-cipyridinyl, 4,5.0,7-tetrahydrothieno{3.2-blpyridinyl, 1.2.3,4-
tetrahydro-1,6-naphthyridingl, and the like.

As used herein, “aryl” refers to a radical of a monocyclic or polycyelic {e.g., bicyclic or
trieyelic) 4nt2 aromatic ving system {e.g., baving 6, 10, or 14 = electrons shared n a cyclic
array) having 6-14 ring carbon atoms and zero beteroatoms provided in the aromatic ring system
(“C6~14 arvl”). In some embodiments, an arvl group has & ring carbon atoras ("C6 arvl”; ez,
phenvl). In some embodiments, an aryl group has 10 ring carbon atoms ("Cl0 aryl”; e.g.,
naphthyl such gs I-naphthyl and 2-naphthyl). In some emnbodiments, an aryi group has 4 ring
carbou ators (T4 aryl™; e.g., anthracyl). “Aryl” also includes ring systeros wherein the aryl
ring, as defined above. is fused with one or more carbocyciyl or heterocyclyl groups wherein the
radical or poiot of attachwent 1s ou the aryl ving, and 1 such justances, the number of carbop
atoms continue to designate the number of carbon atoms in the aryl ring system. Unless
otherwise specified, each instance of an aryl group s independently unsubstituted (an
“unsubstituted aryl”) or substituted {a “substituted ary!”) with one or more substituents. In
certain embodiments, the aryl group is an vnsubstitted C6-14 aryl. In certain embodiments, the
aryl group is a substituted C6-14 aryl.

As used herein, “heteroaryl” refers to a radical of a 3-14 membered monocyclic or
polyeyclic {e.g., bicychc or tricyelic) 4n+2 aromatic ving sysiero {e.g., baving &, 10, or 14w

~

electrons shared in a cyclic array) having ring carbon atoms and 1 ormore {e.g., 1, 2, 3, or d ring
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hetersatoms) ring hetercatoms provided in the aromatic ring system, wherein each heteroatom is
mdependently selected from oxygen, subfur, nitrogen, boron, silicon, and phosphorus (73-14
membered heteroaryl™y. In heteroaryl groups that contain one or more nitrogen atoms, the point
of attachkiment can be a carbon or nitrogen atom, as valency permits, Heteroaryl polycyclic ring
systerus can inclode one or more hetercatons in one or both rings. “Heteroaryl” includes ring
systems wherein the heteroaryl ring, as defined above, is fused with one or more carbocyelyl or
heterocyelyl groups wherein the point of attachwent is on the beteroaryl ring, and in such
instances, the number of ring members continue to designate the number of ring members in the
hetercary] ring systent. “Heteroaryl” also includes ring systems wherein the heteroaryl ring, as
defined above, is fused with one or more aryl groups wherein the point of attachment is either on
the aryl or heteroaryl ring, and in such instances, the number of ring members designates the
number of ring members in the fused polyeyclic (arvithetercaryi) ring system. Polyeyelic
heteroaryl groups wherein one ring does not contain a hetercatom (e.g., indolyl, quinolinyl,
carbazolyvl, and the like) the potot of attachment can be on exther ring, i.e., etther the ring bearing
a heteroatom {¢.g., 2-indolyl) or the ring that does not contain a heteroatom {e.g., S-indolyi).

fo soroe enmnbodirsents, a hetercaryl group is a 5-10 membered aromatic ring sysievn
having ring carbon atoms and 1 or more {e.g., 1, 2, 3, or 4) ring heteroatoms provided in the
aromatic ring systern, wherein each heteroators is independently selected from oxygen, sulfur,
nitrogen, boron, silicon, and phosphorus (*5-10 membered heteroaryl”). In some embodiments, a
heteroaryl group 1s a 5-8 membered aromatic ring system having ring carbon atoms and 1 or
wore (8.2, 1, 2, 3, or 4) viog heteroatoms provided in the aromatic ring system, wherein each
heteroatom is independently selected from oxygen, subfur, nitrogen, boren, siticon, and
phosphorus (*3-8 membered heteroary!™). In some embodiments, a heteroaryl group is 2 3-6
membered aromatic ring system having ring carbon atoms and 1 or more {e.g., 1, 2, 3, or 4) ring
heteroatoms provided in the aromatic ring systern, wherein each heteroatorn is independently
selected from oxygen, salfur, nitrogen, boron, silicon, and phosphorus (5-6 membered
hetercary!”). In sorse erabodiments, the 5-6 merabered heteroaryt has { ormore {e.g., 1, 2, or 3}
ring heteroatoms selected from oxygen, sulfur, nitrogen, boron, silicon, and phosphoras. In some
embodiments, the 5-& membered heteroaryt has | or 2 ring hetercatoms selected from oxvgen,
sulfor, niirogen, boron, silicon, and phosphorus. o sore erabodiroents, the 5-6 membered

heteroaryi has 1 ring heteroatom selected from oxygen, sulfur, nitrogen, boron, silicon, and



10

15

20

25

30

WO 2025/003760 PCT/1B2024/000353
20

phosphorus. Unless otherwise specified, each instance of a heteroary} group is independently
unsubstituted (an “unsubstituted heteroaryl”) or substituted {(a “substituted heteroaryl”) with one
or more substituents. In certain embodiments, the hetercaryl group is an unsubstituted 5-14
membered heteroaryl, In certain ernbodiraents, the heteroaryl group is a substituted 5-14
membered heteroaryl,

Exemplary 3-membered hetercaryt groups containing 1 heteroatom include, without
fimitation, pyrrolyi, furanyi and thiophenyl. Exemplary S-wnembered heteroaryl groups
containing 2 heteroatoms include, without limitation, imidazolyl. pyrazolyl, oxazelyl, isoxazolyl,
thiazolyl, and isothiazolyl. Exeroplary S-membered hetercaryl groups containing 3 heteroatoms
include, without limitation, triarolyl, oxadiazolyl, and thiadiazolyvl Exemplary S-membered
heteroaryl groups containing 4 heteroatoms include, without Hmitation, tetrazolyl. Exemplary 6-
membered heteroaryl groups containing 1 heteroatom include, without limitation, pyridinylL.
Exemplary 6-membered heteroaryl groups containing 2 heteroatorms include, without limitation,
pyridazinyl, pyrimidioyl, and pyrazinyl. Exemplary 6-merobered heteroaryl groups containiog 3
or 4 heteroatoms include, without Hmitation, triazinyl and tetrazinyl, respectively. Exemplary 7-
membered heteroaryl groups containing 1 heteroatom include, without limitation, azepinyl,
oxepinyl, and thiepinyl. Exemplary 5,0-bicyclic heteroaryl groups include, without Himitation,
inddolyl, isoindolyl, indazolyl, benzotriarolyl, benzothiophenyl, isobenzothiophenyl,
benzofaranyl, benzoisofuranyl, benzimidazolyl, benzoxazolyl, benzisoxazolyl, benzoxadiazolyl,
benzthigzolyl, benzisothiazolyl, benzthisdiazolyl, indolizinyl, and purinyl. Exeroplary 6,6-
bicyclic heteroaryl groups include, without Iimitation, naphthyridingd, preridinyl, quivolinyd,
isoquineolinyl, cinnolinyl, quinoexalinyl, phthalazinyl. and guinazolinyl. Exemplary tricyclic
heteroary! groups include, without limitation, phenanthridinyl, dibenzoturanyl, carbazolyl,
acridinyi, phenothiazinyl, phenoxariny! and phenazinyl,

As used herein, the term “partially snsaturated” refers to a ring moiety that inchudes at
least one double or triple bond. The term “partially unsaturated” is intended to encompass rings
having rmultiple sites of unsaturation but is not intended to include aromatic gronps (e.g., aryl or
heteroaryl moieties) as herein defined.

Asused herein, the term “saturated” refers 10 a ring moiety that does not contain a double

or triple boud, 1.e., the ring contains all single bonds.
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Affixing the suffix “-ene” to a group indicates the group is a divalent moiety, e.g.,
atkylene is the divalent moiety of alkyl, alkenviene is the divalent moiety of alkenyl,

alkynviene is the divalent moiety of allynyl, heteroalkylene is the divalent moiety of
heteroalkyl, heteroglkenylene is the divalent moiety of heteroalkenyl, hetercalkynylene is the
divalent moitety of heteroalkynyl, carbocyclylene s the divalent moiety of carbocyelyi,
heterocyelylene is the divalent moiety of heterocyclyl, arviene is the divalent moiety of aryl, and
heteroaryiene is the divalent moiety of heteroaryl.

As understood from the above, alkyl, alkenyl, atkynyl, heteroaliyl, heteroatkenyl,
hetercalkyuyl, carbocycelyl, heterccyelyl, arvl, and hetercaryl groups, as defined herein, are, in
certain embodiments, optionally substituted, as defined in the variable definitions for the
corapounds provided herein, o general, the terra “substituted” means that at least one hydrogen
present on a group is replaced with a permissible substituent, e.g., a substituent which upon
substitution results in a stable compound, e.g., a compound which does not spontaneously
undergo transformation such as by rearrangeroent, cychization, elimination, or other reaction.
{nless otherwise indicated, a “substituted” group has a substituent at one or more substitutable
positions of the group, and wheo more than one position in any given structure is substituted, the
substituent is either the same or different at each position. The term “substituted” is
conternplated to include substitution with all permissible substituents of organic compounds, any
of the substituents described herein that results in the formation of a stable compound. The
present invention contermplates any and st such combinations in order to arrive at 4 stable
corapound. For purposes of this disclosare, heteroatoms such as nitrogen may have hydrogen
substituents and/or any suitable substituent as described herein which satisfy the valencies of the
heteroatoms and resalts 1o the formation of a stable moiety.

As used herein, the term “halo™ or “halogen” refers to fluorine {fluoro, —F), chlorine
{chlore, —Cl), bromine {(bromo, —Br), or todine (lodo, —1),

As used herein, a “counterion” is a negatively charged group associated with a positively
charged quarternary arnine in order to maintain electronic neutrality. Exeraplary counterions
include halide tons {e.g., F—, Cl—, Br—, I}, NO3-, C104-, OH—, H2P{4-, HS04-| sulfonate
ions {e¢.g., methansulfonate, triflucromethanesulfonate, p-toluenesulfonate, benzenesulfonate, 10-

camphor sutfonate, naphthalene-2-seifonate, naphthalene-1-sulfonic acid-3-sulfonate, ethan-1-
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sulfonic acid-Z-sulfonate, and the likey, and carboxylate ions (e.g., acetate, ethancate,
propanoate, benzoate, glyeerate, lactate, tartrate, glyeolate, and the like),

Nitregen atoms can be substituted or unsubstituted as valency permits, and include
primary, secondary, tertiary, and quarterngry nitrogen atorus.

In certain embodiments, the substituent present on a nitrogen ators is a nitrogen
protecting group {(also referred to as an amine protecting group). Nifrogen protecting groups are
well known in the art and include those described in detail in Protecting Groups in Ovganic
Synthesis, T. W, Greene and P. G. M. Wauts, 3rd edition, John Wiley & Sons, 1999, incorporated
herein by reference,

In certain embodiments, the substituent 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 include those described in detail in Protecting Groups in Organic
Synthesis, T. W, Greene and P. G. M. Wuts, 3rd edition, John Wiley & Sons, 1999, incorporated
herein by reference,

In certain embodiments, the substituent present on a suifur atom is a sulfur protecting
group {also referred to as a thiol protecting group). Sultur protecting groups are well koown in
the art and include those described in detail in Proreciing Groupy in Organic Synthesis, T W,
Greene and P. G, M. Wauts, 3rd edition, John Wiley & Sons, 1999, incorporated herein by
reference.

As used herein, use of the phuase “at least one instance” refers to one instance, but also
gocompasses more than one instance, e.g., forexample, 1,2, 3,4, 5, 6,7, 8, 9, or 10 instances,
and up to 100 instances.

Asused berein, a “polymer” refers to a compound comprised of at least 3 (e.g., at least
16, 20, 30, 40, 30, 60, 70, 80, 90, 100, etc.} repeating covalently bound structural units.

“Attached” refers to the covalent attachment of g group.

As used herein, “lipophilic” refers to the ability of a group to dissolve in fats, oils, lipids,
and lipophilic non-polar solvents such as hexane or toluene, Tn general, a lipophilic group refers
to an unsubstituted n-alkyl or unsubstituted n-alkeny! group having 6 to 50 carbon atoms, e.g., ©
040, 610 30,6020, 810 20,810 19, 810 18, 8to 17, 8 to 16, ar & to 15 carbon atoms.

As used herein, the term “salt” or “pharmaceutically acceptable salt” refers to those salts

which are, within the scope of sound medical judgment, suitable for use in contact with the
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tissues of humans and iower animals without undue toxicity, irritation, allergic vesponse and the
fike, and are conmunensurate with a reasonable benefit/rick ratio. Pharmaceutically acceptable
salts are well known in the art. For example, 8. M. Berge et al., describes pharmaceutically

acceptable salts in detail in J. Pharmaceutical Sciences (1977) 66:1-19.

Compositions of the Present Lipid Nanoparticles

The present disclosure provides a composition comprising a lipid nanoparticle (LNP).
The LNP comprise at least an ionizable lipid and a structural lipid. In some embodiments, the
LNP comprises an ionizable lipid, a structural lipid, and, optionally, cholesterol. In some
embodiments, the LNP comprises an ionizable lipid, a structural lipid, and cholesterol. In some
embodiments, the LNP comprises an ionizable lipid, a structural lipid, a helper lipid, and,
optionally, cholesterol. In some embodiments, the LNP comprises an ionizable lipid, a structural
lipid, a helper lipid, and cholesterol. In some embodiments, the LNP comprises an ionizable
lipid, a structural lipid, a stealth lipid, and, optionally, cholesterol. In some embodiments, the
LNP comprises an ionizable lipid, a structural lipid, a stealth lipid, and cholesterol. In some
embodiments, the LNP comprises an ionizable lipid, a structural lipid, a helper lipid, a stealth
lipid, and, optionally, cholesterol. In some embodiments, the LNP comprises an ionizable lipid, a

structural lipid, a helper lipid, a stealth lipid, and cholesterol.

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 a
negatively charged nucleic acid (e.g., 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:
RG\ N~ R7
e[ L

N4

0 0
1
N—t/ | Re
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(CAT-D),

or a pharmaceutically acceptable salt thereof,

wherein:

P 1s an integer of between 1 and 9, inclusive;

each instance of R is independently hydrogen or optionally sebstituted Cis alkyl;

cach instance of L is independently an optionally substituted alkylene, optionally
substiteted alkenylene, optionally substituted alkynviene, optionally substituted hetercalkylene,
opticnally substituted heteroaltkenyviene, optionally substituted heteroalkynylene, optionally
substituted carbocyclylene, opticnally substitnied heterocyelvlene, optionally substituted arviene,
or optionally substituied hetercarviene, or combination thereot;

each instance of Rand R is independently a group of forraula (3), (31}, or (iH);

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

RV
RL \_YRP
~L

®,
XRE

(ii),

L

L3

(iib),

wherein:

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

X is 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;
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R"is hydrogen, optionally substituted alkyl, optionally substituted alleenyl, optionally
substituted alkynyl, optionally substituted carbocyelyl, optionally substituted heterocyelyl,
opticnally substitated arvl, optionally substituted heteroarvl, an oxygen protecting group when
attached to an oxygen atom, a sulfur protecting group when attached to a sulfur atorn, or a
nitrogen protecting group when attached to a nitrogen atom; and

R" is optionaily substituted Cy.s0 alkyl, optionally substituted Ca.50 alkenyl, optionally
substiteied Crse alkynyl, optionally substituted heteroCiso alkyl, optionally sebstituted heteroCy.
s alkenyl, optionally substituted heteroCa.se alkynyl, or a polymer.

In certain embodiments of the lipid of Formula CAT-1, a group of formula () represents a

group of formula (i-3) or a group of formuela (i-b):

RL R
YRP
(i_a)9
Rl
RL YRP
' (i-b).

wherein ecach variable is independently as defined above and described herein. In some
embodiments of the lipid of Formula CAT-1, a group of formulda (1) is a group of formula G-a). In
some embodiments of the lipid of Formula CAT-1, a group of formula (i} is a group of formula
(i-b).

In some embodiments of the lipid of Formula CAT-I, each of R®and R’ is independently
a group of formula (i), In some embodiments of the Hpid of Formula CAT-1, each of R%and R is
independentiy a group of formuia (i), In some embodiments of the lipid of Formula CAT-1, each
of R®and R7is independently a group of formula (iii). In some ernbodiments 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 independently a group of
formula G-b).

In some embodiments of the Hipid of Formula CAT-L, cach instance of R’ is hydrogen.

In some embodiments of the lipid of Formula CAT-1, L is an optionally substituted

alkylene,
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As generally defined above with respect to the Hpid of Formula CAT-L, p is an integer of
between 1 and 9, inchisive. 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. In certain embodiments of the lipid of
Formula CAT-1, p is 3. [un certain embodiments of the hipid of Formula CAT-L, p is 4. In certain
embodiments of the lipid of Formula CAT-L p is 3. Iy certain embodiments of the lipid of
Formula CAT-1, p is {. In certain embodiments of the lipid of Formula CAT-L pis 7. In certain
emboditments of the Tipid of Formula CAT-L, p is 8. In certain embodiments of the lipid of
Formula CAT-I, g is 9.

In some embodiments of the lipid of Formula CAT-1, the lipid has a structure according

to Formula CAT-Ia:

RS R’
~ N/
R |
N
0 0
RG
N—l/  Re
R’ (CAT-Ta),

or a pharmaceutically acceptable salt thereof, wherein each variable is independently as defined
above and described herein,

In certain embodiments of the lipid of Formula CAT-L, L is an optionally substituted
alkylene; e.g., optionally substituted Cisoalkylene, optionally substituted Cracaikylene,
opticnally substitated Cigealkylene, optionally substinited Cyacalloyviene, optionally substituted
Cyanalkylene, optionally substituted Cooealkylene, optionally substitnted Cs.zoalkylene,
optionally substituted Croanalkylene, optionally substituted Crsalkylene, optionally substituted
Cosalkylene, optionally substituted Csealkylene, optionally substituted Cusalkylene, optionally
substituted Cosalloylene, or optionally substituted Chaalkylene. In some embodiments of the lipid
of Formula CAT-L, L is optionally substituted 'y alkylene. Iy some embodiments of the lipid of
Formula CAT-1, L is aptionally substitoted O alkylene. In some embodiments of the iipid of
Formula CAT-1, L is optionally substitated Uz alkcylene. In some embodiments of the lipid of
Formula CAT-L, L is optionally substituted Cs alkylene, In some erabodirnents of the lipid of
Formula CAT-L, L. is optionally substituted Cs alkylene. In some embodiments of the lipid of

Formula CAT-L L is optionally substituted (s alkylene. In some embodiments of the lipid of
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Formula CAT-L, L is optionally substitated 5 allcylene. In some embodiments of the lipid of
Formula CAT-I, L is optionally substituted Cy alkylene, In sorne erabodiments of the lipid of
Formula CAT-L, L is —CHy—. In some embodiments of the lipid of Formula CAT-L, L is —
(CHz)z—. I some emnbodiments of the lipid of Formula CAT-L L is ~{CHa}z—, In some

embodiments of the lipid of Formula CAT-L, L is —(CH:
of Formula CAT-1, L is —{CHz}s- In some embodiments of the lipid of Formula CAT-L, L is

—{CHale

. In some erobodiments of the lipid

.o some erabodiments of the Hipid of Formula CAT-1, £, is —{CHz3—. In some
embodiments of the lipid of Formula CAT-L, L is -~ (CHajg

In certain embodiments of the lipid of Formula CAT-1, L is an optionally substituted
alkenylene, e.g., optionally substituted Cosealkenylene, optionally substituted Czpalkenylene,
optionally substituted Cracalkenylene, optionally substituted Caooalkenylene, opticnally
substituted Cazoalkenylene, optionally substituted Csxoallienylene, optionally substituted Cg.
scalkenyiene, optionally substituted Croonalkenyiens, optionally substituted T ealkenylene,
optionally substituted Caealkenylene, optionally substitated Caosalkenyiene, optionally
substituted Cssalkenylene, or optionally substituted Caualkenyiene,

fn certain embodiments of the lipid of Formula CAT-L L. is an optionally sabatituted
allkynyiene, e.g., optionally substituted Chsealiovaylene, optionally substituted Chagallovaylene,
optionally substituted Cracalkynylene, optionally substituted Coacalkynylene, optionally
substituted Caaealloynylene, optionally substituted Ceoaoatkynylene, optionally substituted Co.
malkynylene, optionally substituted Croanalkynylene, optionally substituted Chrsalkynylene,
optionally substitated Crsalkynylene, optionally substituted Cagalloynylene, optionally
substituted Casalkynylene, or optionally substituted Csaalloynylene.

In certain embodiments of the lipid of Formula CAT-1, L is an optionally substituted
heternalkylene; e.g., optionally substituted heteroCrsealtkyliene, optionally substituted hetero(Cy.
snallcyiene, optienally substituted heteroCracalkylene, optionally substituted heteroCizoalkylene,
opticnally substitated heteroCaacalliviene, optionally substituted heteroCssoalkylene, optionally
substituted heteroCgzealkylene, optionally substituted heteroCz0alkylene, optionally substituted
heteroCgalkylene, optionally substituted heteroCh sallovlene, optionally substituted heteroCze-
alkylene, optionally substituted heteroCycalkyiens, optionally substituted heteroCasalkylene, or

opticnally sebstituted heteroCraalkylene.
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In certain embodiments of the lipid of Formula CAT-L L is an optionally substituted
heteroalkenylene, e.g., optionally substituted heteroCasoalkenylene, optionally substituted
hetero{’x g0alkenylene, optionally substintsted hetero{’z spalkenylene, optionally substituted
heteroCaopalkenylene, optionally substituted heteroCayapalkenylene, optionally substituted
heteroCoacalkenylene, optionally substitated beteroCeonalienvlene, optionally substituted
heteroCiozoalkenylene, optionally substituted heteroC salkenylene, optionally substituted
heteroCzealkenylene, optionally substituted heteroCacalkenylene, optionally substituted
heteroCssalkenylene, or optionally substituted heteroCsgalkenylene.

In certain embodiments of the lipid of Formula CAT-1, L is an optionally substituted
heteroalkyanylene, e.g., optionally substitnted heteroCsspalkynviene, optionaily substituted
heteroCszucalkynylene, optionally sabstituted heteroCs soalkynylene, optionally substituted
heterolzooalkynyiene, optionally sobstitated heteroCaanalloynylene, optionally substituted
heteroCeooalkynyiene, optionally substituted heteroCsanalkynylene, optionally substituted
heteroChamalkyvoyiene, optionally substitted heteroCrealkynylene, optiovally substitated
heteroCs.calkynyiene, optionally substituted heteroCusalkynylene, opticnally substituted
heteroCasatkynylene, or optionally substituted heteroUsqalkynylene,

fn certain embodiments of the lipid of Formula CAT-L {. is an optionally substituted
carbocyelivlene, e.g., optionally substituted Caocarbocyclylene, optionally substituted Cs.
scarbocyclyiene, optionally substituted Cs gearboeyelylene, optionally substituted
Ceearbocyclylene, or optionally substituted Cecarbocyclylene.

fu certain embodiments of the lipid of Formula CAT-L L. is an optionally sabatituted
heterocyclylene, e.g., optionally substituted 3-14 membered heterocyelyiene, optionally
substituted 3-10 membered heterocyelylene, optionally substituted 3-8 membered
heterocyclylene, optionally substituted 5-6 membered heterocyclylence, optionally substituted 5-
membered heterocyelylene, or optionally substituted 6-membered heterocyclylene,

in certain embodiments of the lipid of Formula CAT-I, L. is an optionally substituted
aryiene, e.g., optionally substituted phenylene. In sorae embodiments, L is optionally substituted
phenylene. In some embodiments, L is sabstituted phenylene. In some embodiments, L. is
unsubstituted phenylene.

fo certain embodiments of the Hpid of Formula CAT-L, 1. is an optionally substituted

hetercaryiene, €.g., optionally substituted 5-14 membered heteroarylene, optionally substituted 5-
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18 membered hetercarylene, optionally substituted 5-6 membered heteroarylene, optionally
substiteied S-membered heterparylene, or optionally substituted 8-membered heteroaryiene.
In some embodiments of the lipid of Formula CAT-1, the lipid has a structure according

o Formula CAT-Ih:

R¢ R’
\N/
(/)
HN
0 0
R® H
!
5 R (CAT-Ib),

or a pharmacentically acceptable salt thereof, wherein each variable is independently as defined
above and described herein, and wherein 1 is an integer between 1 and 11
In certain embodiments of the lipid of Formula CAT-Ib, ¢ is an integer between 2 and 10,
inclusive. In certain embodiments of the lipid of Formula CAT-Ib, g is an integer between 2 and
10 &, inchusive. In certain embodiments of the lipid of Formula CAT-Ib, g is an integer between 2
and 6, inchusive. In cervtain embodiments of the lipid of Formula CAT-Ib, g is 3 or 4. I certain
embodiments of the lipid of Formula CAT-Ib, ¢ is {. in certain embodiments of the Hpid of
Formula CAT-Ib, g is 2. Tu certain erabodiraents of the lipid of Formula CAT-Ib, g is 3. In
certain embodiments of the lipid of Formula CAT-Ib, ¢ is 4. In certain embodiments of the lipid
15  of Formula CAT-Ib, g is 5. In certain embodiments of the lipid of Formula CAT-Ib, g 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 §.
In some embodiments of the lipid of Formula CAT-1, R®is a group of forvoula (). In
some embodiments of the lipid of Formula CAT-I, R®is a group of formula (i-a}. In some
20  embodiments of the lipid of Formula CAT-1, R%is a group of forrmula (-aly:
RL
OH

(i-al).
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In some embodiments of the lipid of Formula CAT-1, R®is a group of formula (-b). In
some enthodiments of the lipid of Formula CAT-1, R®is a group of formula (it). In some
embodiments of the lipid of Formula CAT-1, R%is a group of formula (iii).

In some embodiments of the lipid of Formula CAT-I, R’ is a group of formula (). In
some erobodirents of the lipid of Formula CAT-L, R is a group of formaula (i-a). In some
embodiments of the lipid of Formula CAT-1, R” is a group of formula {i-al). In some
embodiments of the lipid of Formula CAT-1, R is a group of formuia (-b). In some
embodiments of the lipid of Formula CAT-1, R is a group of formula (ii). In some embodiments
of the Hpid of Formula CAT-L R’ is a group of formula (i),

In some embodiments of the lipid of Formula CAT-1, eacl instance of Réand R7is
independently a group of the formula (i), In some embodiments of the lipid of Formula CAT-1,
each instance of R”and R is independently a group of the formula (i-a). In some embodiments of
the lipid of Formula CAT-I, each instance of R® and R is independently a group of the formula
(i-h), o some erabodiroents of the lipid of Formula CAT-1, each wnstance of ROand R’ is
independently a group of the formmula (ii). In some embodiments of the lipid of Formula CAT-1,
each instance of R%and R s independently a group of the formula (i),

In some embodiments of the lipid of Formula CAT-I, R” and R are the same, In some
emmthodiments of the lipid of Formula CAT-I, R%and R” are different.

in some embodiments of the lipid of Formula CAT-I, R®and R’ are the same group of
formula (-al)

RL
OH

(i-al),
wherein R" is as defined above and described herein.
In some embodiments of the lipid of Formula CAT-I, R® and R are the same group of
formulda

RL
OH

(i-al),
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wherein RYis optionally substituted Cy.soalkyl, optionally substituted Co.soallenyl, optionally
substituted Casealkynyl, optionaily substituted heteroCrsoalkyl, optionally substituted hetero{Cs.
seaikenyl, or optionally substituted heteroCzs0alkynyl.
In some embodiments 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 Cszsalkyl, optionally substituted Cszsalkenyl, optionally
substituted Cqpsalkynyl, optionally substituted heteroCs.zsalkyl, optionally substituted heteroCs.
zsatkenyl, or optionally substituted heteroCsasalkynyl,
In some embodiments of the lipid of Formula CAT-I, R and R’ are the same group of
fornwla
RL
OH

(i-al),

wherein R is optionally substituted Ce.ysalkyl, optionally substitoted Ca.ysalkenyl, opticnally
substituted Csisalkynyl, optionally substituted heteroCs.isalkyl, optionally substituted heteroCs.
ssalkenyl, or optionally sabstituted heteroCs.salloynyl.

In sorne ernbodiments of the lipid of Formula CAT-I, R® and R are the same group of
formula

RL
OH

(i-al),
wherein RN s optionally substituted Cy_soalkyl.
in some embodiments of the lipid of Formula CAT-1, R® and R” are the same group of

formula
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OH

(i-al),
wherein R is optionally substitoted Cs_zsalkyl,
in sore erobodirnents of the lipid of Formula CAT-L, R® and R ave the same group of
formula
RL
OH

(i-al),
wherein R is optionally substituted Cs.oalkvl.
In sorne ernbodiments of the lipid of Formula CAT-L, R® and R are the same group of
formula

RL
OH

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

In some embodiments of the lipid of Formula CAT-1, R*is hydrogen. In some
embodiments of the lipid of Formula CAT-1, at least one instanice of R is hydrogen. In sorne
embodiments of the lipid of Formula CAT-1, each instance of R*is hydrogen.

In certain embodiments of the lipid of Formula CAT-1, R* is optionally substituted C1.
saikyi, optionally substitoted Crsalkyl, optionally sebstituted Cisalkyl, optionally substitated Ca
salkyl. optionally substituted Cysalkyl, or optionally substituted Caqalkyl. In certain
ermbodiments of the Hipid of Formula CAT-1, at least one instance of R? is optionally substituted
Crealkyl.

As generally defined above with respect to the lipid of Formula CAT-1, each instance of
R’ is independently hvdrogen or optionally substituted alkyl. In some embodiments of the lipid
of Formula CAT-I, R’ is hydrogen. In some embodiments of the lipid of Formula CAT-1, B’ is
substituted alkyl. In certain embodiments of the lipid of Formula CAT-1, at least one instance of
R’ 15 hydrogen. In certain embodiments of the lipid of Formula CAT-1, at least two instances of

R’ are hydrogen. In certain embodiments of the lipid of Formula CAT-1, cach instance of R’ is
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hydrogen. In certain embodiments of the Hpid of Formula CAT-1, at {east one instance of R’ is
optionally substituted alkyl, e.g., methyl In certain embodiments of the hipid of Formula CAT-1,
at ieast two instances of R’ are optionally substituted alkyl, e.g., methyl. In some embodiments of
the lipid of Formula CAT-1, at icast one instance of R’ is hydrogen, and at least onc instance of
R’ is optionally substituted alkyl In certain embodiments of the lipid of Formula CAT-L, one
instance of R’ is optionaily substituted alkyl, and the rest are hydrogen.

As generally defived above with respect to the Hpid of Formula CAT-1, Xis &3, §, o
NR*, In some embodiments of the lipid of Formula CAT-I, X is . In some embodiments of the
iipid of Formula CAT-I. X is S. In some embodiments of the lipid of Formula CAT-1, X is NR*,
wherein R¥is as defived above and described herein.

As generally defined above with respect to the Hpid of Formula CAT-1. R*is hydrogen,
opticnally substitated alkyl, optionally substituted alkenyl, optionally substituted alkynyi,
opticnally substituted carbocyclyl, optionally substituted heterocyelyl, optionally substituted
aryl, optionally substituted heteroaryl, or a nitrogen protecting group. In some embodiments of
the lipid of Formula CAT-1, R* is hydrogen. In some embodiments of the lipid of Formula CAT-
I, R*is optionally substitoted alkyl. In some embodiments of the lipid of Formula CAT-1, R  is
optionally sebstituted alkenyl. In some embodiments of the fipid of Formula CAT-I, R* is
optionally substituted atkynyl. In some embodiments of the lipid of Formula CAT-I, B%is
optionally substituted carbocyelyl. In some embodiments of the lipid of Formula CAT-I, R* is
optionally substituted heterocyelyl. In some embodiments of the lipid of Formula CAT-I, R® is
optionally substituted arvl. In some embodiments of the lipid of Formula CAT-L, 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 Hpid of Formula CAT-L Y is G, 8, or
NRY, In some embodiments of the iipid of Formula CAT-L Y 1= O. In some embodiments of the
lipid of Formula CAT-1, Y is 5. In some embodiments of the lipid of Formula CAT-L, Y is NRY,
wherein R” is as defined above and described herein.

As generally defined above with respect to the lipid of Formula CAT-I, RY is hydrogen,
optionally substituted alkyl, optionally substitited alkenvl, optionally substituted alkynyl,
opticnally substitated carbocyelyl, optionally substituted heterocyelyl, optionally substituted

aryi, optionally substituted hetercaryl, or a nitrogen protecting group. In some embodiments of
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the lipid of Formula CAT-1, 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, RY is
optionally substitated alkenyl. In some embodiments of the lipid of Formula CAT-I, R is
optionally substituted alkynyl, In some embodiments of the lipid of Formula CAT-I, B¥ is
optionally substituted carbocyclyl. In some embodiments of the lipid of Formula CAT-I, RY is
optionally substituted heterocyclyl. In some embodiments of the lipid of Formula CAT-I, R¥ is
optioually substituted arvl, In some embodiments of the lipid of Formula CAT-L, RY is optionally
substituted heteroaryl. In some embodiments of the lipid of Formula CAT-1. RY is a nitrogen
protecting group.

As generally defined above with respect to the lipid of Formula CAT-I, R is hvdrogen,
optionally substituted alkyl, optionally substitoted alkenyl, optionally substitoted alkynyl,
opticnally substitated carbocyceiyi, optionally substituted heterocyelyl, optionally substituted
aryl, optionaily substituted hetercaryl, 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. In some embodiments of the lipid of Formula CAT-I, R” is
hydrogen. In some erabodivaents of the lipid of Formula CAT-L, RY is optionally substituted
alkevl. fn some embodiments of the lipid of Formula CAT-1, R” is opticnally substituted alkenyl.
In some embodiments of the lipid of Formula CAT-I, R is optionally substituted alkynyl. In
some embodiments of the lipid of Formula CAT-1, R” is optionally substituted carbocyclyl. In
some embodiments of the lipid of Formula CAT-1, R is optionally substituted heterocyclyl. In
some embodiments of the lipid of Formula CAT-I, R” is optionally substituted aryl. In some
embodiments of the lipid of Formula CAT-1, R"is optionally substituted heteroaryl. In some
embodiments of the lipid of Formula CAT-1, R' is an oxygen protecting group when attached to
an oxygen atom. In some embodiments of the lipid of Formula CAT-1, R is a sulfur protecting
group when attached to a sulfur atom. In some embodiments of the Hpid of Formula CAT-1, K" is
a nitrogen protecting group when attached o 3 nitrogen aton.

As generally defined above with respect to the Hpid of Formula CAT-1, R"is optionaily
substituted (150 alloyl, optionally substituted Chso alkenyl, optionally substituted Chso alloynyl,
optionally substituted heteroC .50 alkyl, optionally substituted heteroCo.50 alkenyl, optionally

substiteied heteroChso allovayl, or a polymer.
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In some embodiments of the lipid of Formula CAT-L, R is opticnally substituted C;.
soalkyl In some erobodiments of the lipid of Formula CAT-1, R is optionally substituted Co.
30 alkyl. In some embodiments of the lipid of Formula CAT-1, R™is optionally substituted 5.
0 alkyl. In some embodiments of the lipid of Formula CAT-1, R* is optionally substituted Ca-
js alkyl In some embodiments of the lipid of Formula CAT-I, R™is optionally substituted C,.
1o alkyl,

In sore erabodirents of the lipid of Formula CAT-I, R™ is optionally substituted C.

spalkyl. In some embodiments of the lipid of Formula CAT-1, R*is optionally substituted Co.
s alkyl, 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 Ce.
15 alkyl In some embodiments of the lipid of Formula CAT-L R*is optionally substituted Ce.
walkyl,

In some embodiments of the lipid of Formula CAT-, for example, in any of the above
embodiments, RYis a substituted alkyl group. In soroe embodiments of the lipid of Formula
CAT-1, R"is an unsubstituted alkyi group. In some embodiments of the lipid of Formula CAT-I,
RUis an optionally substituted straight-chain alky] group. In some embodiments of the lipid of
Formula CAT-I, R" is a substituted straight-chain alky!l group. In some embodiments of the lipid
of Formula CAT-1, R" is an unsubstituted straight-chain alkyl group. In some embodiments of
the lipid of Formula CAT-1, R"is an opticnally substituted branched alkyl group. In some
embodiments of the lipid of Formula CAT-1, R*is a substituted branched alkyl group. In some
embodiments of the lipid of Formula CAT-1, RY is an unsubstituted branched alkyl group.

In certain embodiments of the lipid of Formula CAT-], at least one instance of R¥is an
unsubstituted alkyl. Exemplary unsubstituted alkyl groups include, but are not limited to, —CHa,

------ CoHs, sy, —CaHe, —CsHyy, —Celpa, —Clys, —CsHir, —Cotys, —CroHzr, 1 Hos,

Cz;i‘?q_’;, ——{:335‘{45, ——C23H47, ——Czﬁ‘iaﬁ, and —CosHsy.

In certain embodiments of the lipid of Formula CAT-1, at least one instance of R¥is a
substituted alloyl, For example, in certain embodiments of the lipid of Formula CAT-1, at feast
one instance of R is an alky! substituted with one or more fluorine substituents. Exemplary

fluorinated alkyl groups inchude, but are not Hntied to
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In some embodiments of the lipid of Formula CAT-L, R is opticually substituted Ca.
so alkenyl. In some embodiments of the lipid of Formula CAT-L, RY is optionally substituted Co.
3o alkenyl. In some embodiments of the lipid of Formula CAT-1, R is optionally substituted O
a0 alkenyl. In some embodiments of the lipid of Formula CAT-I, R" is optionally substituted Co.
ja alkenyl. In some embodiments of the Hpid of Formula CAT-1, RYis optionally substituted Co.
15 alkenyl. In some embodiments of the lipid of Formula CAT-1. R"is optionally substituted (.
o alkenyl,

In some embodiments of the lipid of Formula CAT-I, & is optionally substituted Ce.
spalkenyl. In some embodiments of the lipid of Formula CAT-I, K" 1is optionally substituted Ces.
soaikenyl. In some embodiments of the lipid of Formula CAT-I, R%is optionally substituted Ce.
20 alkenyl, In some ermnbodiments of the lipid of Formula CAT-1, R is optionally substituted Cs
1s alkenyi. In some emabodiments of the lipid of Formula CAT-I, B is optionally substituted Cs.
15 alkenyl. In some embodiments of the lipid of Formula CAT-I, R" is optionally substituted Ce.
jo atkenylL

In some embodiments of the lipid of Formula CAT-L for example, in any of the above
embodiments, RY is a substituted ally! 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-L,
RYis an optionally substituted straight-chain alkenyl group. In some embodiments of the lipid of
Formula CAT-1, R%is a substituted straight-chain alkenyl group. In some embodiments of the
tipid of Formula CAT-1, R™is an unsubstituted straight-chain alkenyl group. In some
embodiments of the lipid of Formula CAT-1, RY is an optionally substituted branched alkenyl
group. In some embodiments of the lipid of Formula CAT-1, R" is a substituted branched alkenyl
group. In some embodiments of the lipid of Formula CAT-I, R"is an unsubstituted branched
alkenyl group.

Exemplary vnsubstituted alkenyl group include, but are not lirotted to)



WO 2025/003760 PCT/1B2024/000353
38

A S
g ~
o

M Myristoleic —(CHypCH=UHCH2)CH;,
e Palmitoliec —(CHz pyCH=CH{CH}sCHa,



10

15

20

25

30

WO 2025/003760 PCT/1B2024/000353

39

® Sapienic —{CHzuCH=CH{CH)sCHa,
® Oleic —(CoyyCH=CH{CH:}»(CHs,
N Pinoleic —(CH)wCH=CHCHCH=CH{CH 1 CHs,
s g-Linolenie —{CH WU H=CHCH CH=CHCHCH=CHCH:CH:,
M Arachinodonic —
{CH B OH=CHCHCH=CHCHyCH=C HOHCH=CH{CH»):CHs,
» Hicosapentaenoic —
{CH2:CH=CHCH CH=C HCH CH=CHCH CH=C HCH 2 CH=CHC HYCHG,
s Erucic —{(CH2y 1 CH=H{C{CH:}»(CHs, and

® Docosahexaenoic —
(CH L CH=CHCH CH=CHCH , CH=CHCH CH=CHCH, CH=CHCH CH=CH
CHLOH:.

In some embodiments of the lipid of Formula CAT-I, wherein R is defined as a Ce.
soalkyl or Cosoalkenyl groups, such groups are meant to encompass Hpophilic groups (also
referred to as a “lipid tail”"). Lipophilic groups comprise a group of molecules that inchude fats,
waxes, oils, fatty acids, and the like. Lipid tails present in these lipid groups can be saturated and
unsaturated, depending on whether or not the lipid tail comprises doable bonds. The lipid tail can
also cornprise different lengths, often categorized as medium (Le., with tails between 7-12
carbons, e.g.. Crz alloyl or Uy alkenyly, long (i.e., with tails greater than 12 carbons and up to
22 carbons, e.g., Cizzzalkyl or Ciaa alkenyl), or very long (Le., with tails greater than 22
carbous, e.g., Cazan alkyl or Cazse alkenyi),

In some embodiments of the lipid of Formula CAT-I, & is optionally substituted Cs.
soalkynvl. In soroe embodiments of the lipid of Formula CAT-1, RYis optionally substituted Co.
soatkynvl. In some embodiments of the Hpid of Formula CAT-I, R" is optionally substituted Cz.
20 allynyl, In some embodiments of the Hpid of Formula CAT-1, R"is optionally substituted Ca.
15 alkynyl. In some embodiments of the lipid of Formula CAT-1, R*is optionaliy substituted Co.
1o alkynyl.

In some embodiments of the lipid of Formula CAT-1, R™is optionally substituted Ce.
soatkynvl. In some embodiments of the Hpid of Formula CAT-I, R" is optionally substituted Co.
3 alkynyl. In some embodiments of the lipid of Formula CAT-1, R"is optionally substituted Co

20 alkynyl. In some embodiments of the lipid of Formula CAT-I. R"is optionally substituted Cs.
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jsalkynvl. fn some embodiments of the lipid of Formula CAT-1, R* is optionally substitated Cs
1o alloynyl.

In some embodiments of the lipid of Formula CAT-1, for example, in any of the above
embodiments, R is a substituted alkynyl group. In some embodiments of the lipid of Formula
CAT-I, RYis an unsubstituted alloynyl group. In some embodiments of the lipid of Formula CAT-
I, B"is an optionally substituted straight-chain alkynyl group. In some embodiments of the lipid
of Formula CAT-I, R is an optionally substitated straight-chain alkynyl group, o sovoe
embodiments of the lipid of Formula CAT-1, R" is a substituted straight-chain alkynyl group. In
some ermbodiments of the lipid of Formula CAT-1, R" is an unsubstituted straight-chain alkynyl
group. In some embodiments of the lipid of Formula CAT-I, R is an optionaily substitated
branched alkynyl group. In some embodiments of the lipid of Formula CAT-L, R is a substituted
branched alkynyl group. In some embodiments of the Hpid of Formula CAT-1, R"is an
unsubstituted branched alkynyl group.

In some embodiments of the lipid of Formula CAT-1, R* is optionally substituted
heteroCrsealkoyl. In some enbodiments of the lipid of Formula CAT-I, ®" is optionally
substituted heteroCossatkyl. In soroe embodiroents of the lipid of Formula CAT-L, R is
opticnally substitated heteroChacallivh B some embodiments of the lipid of Formula CAT-I,
RYis optionally substituted heteroCz.isalkyl. In some embodiments of the lipid of Formula CAT-
I, B> is optionally substituted beteroC) oalkyl

In some embodiments of the lipid of Formula CAT-1, R*is optionally substituted
heteroCe.soalkyl. In some embodiments of the lipid of Formula CAT-I, RY is optionally
substituted heteroCg.alkyvl. In some embodiments of the lipid of Formula CAT-L, R" is
optionally substituted heteroCsuoalkyl. In some embodiments of the lipid of Formula CAT-1,
R*is optionally substituted heteroCs.isalkyl. In some embodiments of the lipid of Formula CAT-
I, B™is optionally substituted heteroCsoalkyl,

{u sorue embodiments of the lipid of Formula CAT-L for example, in any of the above
embodiments, RY is a substituted hetercalkyl group. In some embodiments of the Hpid of
Formula CAT-1, R"is an unsubstituted heteroalkyl group. In some embodiments of the lipid of
Formula CAT-1, R"is an optionally substituted straight-chain heteroallyl group. In some
embodiments of the lipid of Formula CAT-I, R is a substituted straight-chain heteroalkyl group.

In some embodiments of the lipid of Formula CAT-I, R"is an unsubstituted straight-chain
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heteroalkyl group. In some embodiments of the lpid of Formula CAT-1, R*is an optionally
substiteied branched heteroalkyl group. In some embodiments of the lipid of Formula CAT-I,
R'is a substituted branched heteroalkyl group. In some embodiments of the lipid of Formula
CAT-1, K" is an unsubstituted branched hetercalkyl group.

Exeraplary unsubstituted heteroalkyl groups include, but are not limited to:

R
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In some embodiments of the lipid of Formula CAT-L R is optionally substituted
heteroCssealkenyl. In some embodiments of the lipid of Formula CAT-1, R is optionaliy
substituted heteroChacalkenyl. In some embodiments of the lipid of Formula CAT-I, R is
optionally substituted heteroCasealkenyl. In some embodiments of the lipid of Formula CAT-L,
REis optionally substituted heteroCrisalkenyl. In some embodiments of the lipid of Formula
CAT-I, R"is optionally substituted heteroCs.palkenyl.

In sore erabodirents of the lipid of Formula CAT-I, R™ is optionally substituted
heteroCe.soalkenyl. In some embodiments of the lipid of Formula CAT-I, R is optionally
substituted heteroCs zealkenyl. In some embodiments of the lipid of Formula CAT-L, K" is
optionally substituted heteroCs.opalkenyl. In some embodiments of the lipid of Formula CAT-1,
R*is optionally substituted heteroCe.isalkenyl. In some embodiments of the lipid of Formula
CAT-1, B" is optionally substituted heteroCe0alkenyl.

In some embodiments of the lipid of Formula CAT-, for example, in any of the above
embodiments, RYis a substituted beteroalkenyl group. In some embodiments of the lipid of
Formula CAT-1, R*is an nnsubstituted heteroalkenyl group. In some embodiments of the lipid of
Formula CAT-1, R' is an optionally substituted straight-chain heteroalkenyl group. In some
embodiments of the lipid of Formula CAT-1, R" is a substituted straight-chain heteroalkenyl
group. In some embodiments of the lipid of Formula CAT-I, R is an unsubstituted straight-chain
heteroallcenyl group. In some embodiments of the lipid of Formula CAT-I, R is an optionally
substituied branched heteroalkenyl group. In some embodiments of the lipid of Formula CAT-1,
RUis a substituted branched heteroalkenyl group. In some embodiments of the Hpid of Formula
CAT-1, R*is an unsubstituted branched heteroalkeny} group.

In some embodiments of the lipid of Formula CAT-I, R™is optionally substituted
heteroCz.s0alkynyl. In some embodiments of the lipid of Formula CAT-1, R* is optionally
substituted heteroCascalkynyl, In some embodiments of the lipid of Formula CAT-1, R*is
opticnally substituted heteroChocalkivayl In some embodiments of the lipid of Formula CAT-1,
R¥is optionally substituted heteroCaisalkynyl. In some embodirments of the lipid of Formula
CAT-1, R is optionally substituted heteroCs.palkynyl.

In some embodiments of the lipid of Formula CAT-I, R"is optionally substituted
heteroCssoalkynyl. In some embodiments of the Hipid of Formula CAT-I, R" is optionally

substituted heteroCe.wcalkynyl, In some embodiments of the lipid of Formula CAT-1, K is
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optionally substituted heteroCeopalkynyl. In some embodiments of the lipid of Formula CAT-1,
R is optionally substituted heteroCesalkynyl. In some embodiments of the lipid of Formula
CAT-I, &" is optionally substituted heteroCe10alkynyl.

In some embodiments of the lipid of Formula CAT-L, for example, in any of the above
embodiments, RYis a substituted heteroalkynyl group. In some embodiments of the lipid of
Formula CAT-1, R"is an unsubstituted heteroalkynyl group. In some embodiments of the lipid of
Formula CAT-1, RY is an optionally substituted straight-chain heteroalkynyl group. In some
embodiments of the lipid of Formula CAT-1, R is a substituted straight-chain heteroalkynyl
group. In some embodiments of the lipid of Formula CAT-1, R"is an unsubstituted straight-chain
heteroalloynyi group. In some embodiments of the lipid of Formula CAT-I, R"is an optionally
substituted branched heteroalkynyl group. In some ernbodiments of the lpid of Formula CAT-L
R'“is a substituted branched heteroalkynyl group. In some embodiments of the Hpid of Formula
CAT-1, R*is an unsubstituted branched heteroalkynvl group.

In some embodiments of the lipid of Formula CAT-1, R"is a polymer. As used herein, a
“polymer”, in some embodiments, refers to a compound comprised of at feast 3 {e.g., at least 10,
20, 30, 40, 56, 60, 70, 80, 90, 100, etc.) repeating covalently bound structural units. The polymer
is in certain embodiments biccompatible (i.e., non-toxic). Exemplary polymers inclade, but are
not limited to, cellulose polymers (¢.g., hydroxyethyleelalose, ethyleelinlose,
carboxymethylceilnlose, methyle cellulose, hydroxypropylmethylcethuiose (HPMC)), dexiran
polymers, polymaleic acid polymers, poly{scryhic acid) polyrmers, poly{vinylalcohel) polymers,
polyvinylpyrrolidone (PVP) polymers, and polyvethyleneglyeol (PEG) polyroers, and
combinations thereof,

In some embodiments of the lipid of Formula CAT-I, RYis a lipophilic, hydrophobic
and/or non-polar group. In some embodiments of the lipid of Formula CAT-I, R" is a lipophilic
group. In some ernbodiraents of the lipid of Formula CAT-1, R" is a hydrophobic group. In some
embodiments of the lipid of Formula CAT-1, R" is a non-polar group.

In some embodiments of the lipid of Formula CAT-1, when an R group is depicted as
bisecting a carbou-carbon bond, e.g., of the formula (i), it is upderstood that R may be bonded to
either carbon,

Various cornbinations of the above embodiments of Formula CAT-1 are contemplated

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

CAT-k

HO
RL
\<
—/\ RL
~_oH
RZ
N
O O

HO— _R:
/
-

)

o
H (CAT-Ic)

wherein each of R? and RY is independently as defined above and described herein.
fn sore erobodiroents, the Hpid of Formula CAT-1 has a structure according to Forroula
CAT-Id:

HO
RL

‘>—OH
R2 RL

RL ‘R2

o
<

OH (CAT-Id)

wherein each of R* and R* is independently as defined above and described herein.
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In some embodiments of the lipid of Formula CAT-1, CAT-Ia, CAT-Ib, CAT-Ic, or CAT-
Id, RY is Ciop alkeyi or Crzo alkenyl, In some embodiments of the lipid of Formula CAT-1, CAT-
Ia, CAT-Ib, CAT-Ic, or CAT-Id, R" is Csa0 afloyl or Coop alkenyl.

In some embodiments, the tipid of Formula CAT-1 i1s cKK-E10, having the following

5 structure:

CBH17\[OH HN)K(\/\/N
Cs"'ﬂﬁ
H

fn some embodiments, the lipid of Formula CAT-1 is OF-02, having the following

structure:

10 Additional examples of cationic lipids suitable for LNPs of the present disclosure are
described in WO 2013063468, WO 2016205691, and WO 2013063468, cach of which is
incorporated by reference berein in its entirety.

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

R Of N’Hb\ZVQ%Nj/
\[NJ(%AM\/O K(OH

HO\H R1B

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

wherein:
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(@] (0]
S
Al is selected from E‘L‘JJ\OZ{, ?J\S%', and 3{ \S%, wherein the iaft hand side

of each depicted structure is bound to the -({CHa-;

O O
S
7! is selected from ‘?{ O)S{, 3{ S)g{, and E{ \S% , wherein the right hand side

of each depicted structure is bound to the -{{H;ja-;
5 R and B'™ are each independently selected from optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted acyl, and -Wi-3(-¥H
each W' is independently selected from optionally substituted afloy! and optionally
substituted atkenyl;
each X' is independently selected frovg -¥0-(C=0)-optionally substituted alkyl, -(*C=0)-
10 -optionally substituted alkyl, -*O-(C=0)-optionally substituted alkenyl, and -(*C=0)-0-
optionally substituted alkenyl, wherein the atom marked with a * is connected to W1,
each Y' is independently selected from hydrogen, -*O-(C=C)-optionally substituted
alkyl, -(*C=0}-O-optionally substituted alkyl, -*O-(C=0)-optionally substituted alkenyl, and -
(*C=(1-O-optionally substituted alkenyl, wherein the atom marked with a * is connected to X',
15 bisi, 2,3, 4, 0r 5; and
each a is independently selected from 1, 2, 3,4, 5, 6,7, 8, 9, and {8,
In some embodiments, the lipid of Formula CAT-II has a structure according to Formuia
CAT-Ha:
R1B

RIA H\OH
K\N/H\S/ \9’
?Mxow oL

20 or a pharmaceutically acceptable salt thereof.

(CAT-Ila),

in some embodiments, the lipid of Formula CAT-II has a structure according to Formula

CAT-Hh:
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R‘IB

L

RQ[OH (\N/\/ZLH;NJ\
N’HB\AV\/N\) HO~ NRB

Hoﬁ)
R (CAT-IIb),
or a pharmaceutically acceptable salt thereof.
In some embodiments, the lipid of Formula CAT-1I has a structure according to Formula
CAT-He:
HO_ _R'®

HO/K‘ 0 (\N/\/S\S’HEN]/
o A (o

R1 B
H (CAT-IIc),

or a pharmaceutically acceptable salt thereof.
In some embodiments of the lipid of Formula CAT-II, A' and 7! are the same. In some
embodiments of the lipid of Formula CAT-TI, A’ and 7! are different.
o)

In some embodiments of the lipid of Formula CAT-11, Alis 3’-)]\0;{" , wherein the left
10 hand side of the depicted structure is bound to the «{CHo)a-. In some embodiments of the lipid of
@)

Formula CAT-II, A! is ?J\S% , wherein the lett hand side of the depicted structure is boond

. . ¢ . . . S
to the -{CH»)a-. In some embodiments of the lipid of Formula CAT-IL, &° is R
wherein the left hand side of the depicted structure is bound to the ~(CHaja-.
0]

fu somae embodiments of the lipid of Formula CAT-I1, Zhis ‘?{ O)S{ , wherein the

15  right hand side of the depicted structure is bound to the -{CHz)a-, In some ermmbodiments of the
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O

lipid of Formula CAT-IL, 7' is ?i S)gf , wherein the right hand side of the depicted structure

. . .. . 3{8\8%
is bound to the ~{CHzja-. In some embodiments of the hipid of Formula CAT-II, AT

, wherein the right hand side of the depicted structure is bound to the -{(CHz)a-.
O

In some erabodirnents of the lipid of Formula CAT-1I, Alis }’%J\O}:" , wherein the left

O
hand side of the depicted structore is bound to the «(CHo)a-, and 21 is ;{ O)J}{ , wherein the

right hand side of the depicted structure is bound to the ~(CHq)a-.

o]
In some embodiments of the lipid of Formula CAT-II, Alis ?J\Oﬁi , wherein the left
o]

hand side of the depicted structure is bound to the {CHoa-, and 21 is ’;‘i S)? , wherein the
right hand side of the depicted structure is bound to the ~(CHzja-.
O

In some embodiments of the lipid of Formula CAT-II, Alis ?J\O;{‘ , wherein the jeft

P - . X . o N e E‘{S\S% .
hand side of the depicted structure is bound to the -{CHzja-, and 77 is , wherein the
right hand side of the depicted structure is bound to the -(CHzja-.

O

fn some embodiments of the lipid of Formula CAT-II, Alds ?J\Sﬁi , wherein the left
o]

hand side of the depicted structure is boond to the -(THzja-, and FART ;‘i O)J\rPg , wherein the

right hand side of the depicted structure is bound to the -(CHz)a-,
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O

in some embodiments of the lipid of Formula CAT-II, Alds ?J\S;:" , wherein the left
o]

hand side of the depicted structure is bound to the -({CHz)a-, and AR ?{ S)J\l"{ , wherein the
right hand side of the depicted structure is bound to the -({CHz)a-,
(@]

o sore ernbodirsents of the lipid of Formula CAT-II, Al s ?J\S;{" , wherein the left

S
~
hand side of the depicted structure is bound to the -(CHzja-, and PARTS 5{ S;l{“ , wherein the

right hand side of the depicted structure is bound to the ~(CHq)a-.

. ~ . ~ 1 E{S\S% . “
In some embodiments of the lipid of Formula CAT-II, A is , wherein the jeft
O

hand side of the depicted structure is bound to the -(CHza-, and 7' is ?{ O)J\f;{ , wherein the

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

In some embodiments of the lipid of Formula CAT-1I, A’ is , wherein the left
O

hand side of the depicted strocture is bound to the -(CHzda-, and FART ?{ S)J?{ , wherein the
right hand side of the depicted structure is bound to the -({CHz}a-.

. ; 3{8\8%
in some embodiments of the lipid of Formula CAT-II, Alia , wherein the left

hand side of the depicted structure is bound to the {CH)a-, and 20 is , wherein the
right hand side of the depicted structure is bound to the -(CHz)a-.
In some embodiments of the lipid of Formula CAT-II, R and R'P are each

independently selected from:

e N N

2

NN
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In some embodiments of the lipid of Formula CAT-II, ach a is independently selected
from 2, 3 and 4. In some embodiments of the lipid of Formula CAT-II, each a is the same. In
some embodiraents of the lipid of Formula CAT-II, each a is different.

In sorne ernbodiments of the lipid of Formula CAT-IIL, R and R'™ are -WH3'-y1,

fn some embodiments of the lipid of Formula CAT-II, W -X'-v" is defined as follows:
each W is independently selected from optionally substituted Cioo alkyl and optionally

substituted Cog alkenyl, each X! is independently selected frovo -*0-(C=0)-optionally
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substituted Cy-20 albyl, -(*C=0)-O-optionally substituted Croo alloyl, -F0-{C=0)-optionally
substiteied Coae alkenyl, and -(FC=0)-0-optionaily substituted Cogo alkenyl, wherein the atom
marked with a * is connected to W', each Y’ is independently selected from hydrogen, -¥(-
(C=0)-optionally substituted Cian alkyl, -(*C=0)-0-optionally substituted Cia0 atkyl, -*0-
(C=0)-optiopally substituted Cago alkenyl, and -(*C=0)-C-optionally sabstituted Cop alienyl,
wherein the atom marked with a * is connected to X'

o sorse exnbodiroents of the lipid of Formula CAT-1I, - WXLyl g5 defined as follows:
each W' is independently selected from optionally substituted Cap alicyl and optionally
substituted Cop alkenyl, each X! is independently selected from -*Q-(C=0)-optionally
substituted Cap alkyl -(FC=0)-O-optionalty substituted Cap alkyl -+ 0-(C=0)-optionally
substituted Cop altkenyl and -(FC=0)-C-optionally substituted Cop alkenyl wherein the atom
marked with a * is connected to W', each Y’ is independently selected from hydrogen, -*(-
(C=0Y-optionally substituted Cap alkyl, -(*C=0)-C-optionally substitated Cap alkyl, -*C-
(C=0-optionally substituted Cop alkeoyl, and -{*C=0)-O-optionally substituted Cop slkenyl,
wherein the atom marked with a * is connected to X',

fn sore erobodirsents of the lipid of Formula CAT-IL Cag ts Cizo avd Cop s Caan o
some embodiments Cap 18 Cras and Cop is Coos. In some embodiments Cap is Ciio and Con is
Czo. In some embodiments Cag 18 Cs.5 and Con is Caas. In some embodiments Cap is Cs
jo and Ce ts Cago. I some embodiments Cap 18 Che and Cop 18 Oas,

In some embodiments of the lipid of Formula CAT-1I, R** and R™ are each
independently selected from optionally substituted Csoso atkyl, optiovally substituted Csso
alkenyl, optionally substituted Csso alkynyl, optionally substituted Cs.s0 acyi, and -W'- XL Y,
wherein -WX1Y1 is as defined hevein.

In some embodiments of the lipid of Formula CAT-II, R** and R'™® are each
independently selected frora optionally substituted Csso alkyl, optionally substituted Cs.so
atkenyl, optionally substituted (s.<o alkynyl, and opticunally substituted Cs.so acyl.

In some embodiments of the lipid of Formula CAT-II, R' and R™ are each
independently selected from optionally substituted Cs.go alkyl, optionally substituted Csap
alkenyl, optionally substituted Cs. alkoynyl, optionally substituted Cs.30 acyl and -WHXLY/,

wherein ~-W-X1-Y1 is as defined herein,
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In some embodiments of the lipid of Formula CAT-II, R** and R*™® are each
mdependently selected from optionally substituted Cs.zo alkyl, optionally substituted Csap
allcenyl, optionally substituted (5.3 alkynyl, and optionally sabstitated Csogo acyl.

In some embodiments of the lipid of Formula CAT-II, R and R™ are each:
independently selected from optionally substituted Csoo alkyl, optionally substituted Caopn
alkenyl, optionally substituted Cs.o0 alkvnyl, optionally substituted Cs.zo acyl and -Wi-x'.y1
wherein -W-X1y1

In some embodiments of the lipid of Formula CAT-II, R'* and R are each
independently selected from optionally substituted Cson alkyl, optionally substituted Csao
alkenyl, optionally substitoted Csoo alloynyl, and optionally substituted Csop acyl.

In some embodiments of the lipid of Formula CAT-II, R** and R™ are each
independently optiounally substituted Csso alkyl In some embodiments of the lipid of Formula
CAT-II, RY and R™ are each independently optionally substituted Cs.ap alkyl. In some
embodiments of the lipid of Formula CAT-II, R* and R™ are each independently optionally
substituted Cs.ao alkyl, In some embodiments of the lipid of Formula CAT-II, R'* and R are
sach independently optionally substitated Csas alkyl

In some embodiments of the lipid of Formula CAT-II, B'* and R™ are each
independently Csso alkyl. In some embodiments of the lipid of Formula CAT-II, R** and R™ are
each independently Cs.so alkyl In some embodiments of the lpid of Formula CAT-II, R** and
R™® are each independently Cago alkyl. In some embodiments of the Hpid of Formula CAT-II,
R and R are each independently Csas alkyl.

In some embodiments of the lipid of Formula CAT-II, ®'* and R'™ are each
independently optionally substituted Csso alkenyl. Insome embodiments of the lipid of Formula
CAT-IIL R'* and R'® are each independently optionally substituted Cs.0 alkenyl. In some
embodiments of the lipid of Formula CAT-TI, R'* and R™ are each independently optionally
substituted Caoo allenyl. In some embodiments of the lipid of Formula CAT-II, &' and RY are
each independently optionally substituted Cs s alkenyl

In some embodiments of the lipid of Formula CAT-II, R** and R are each
independently (s.so alkenyl, In some embodiments of the lipid of Formula CAT-II, R** and K™

are each independently Csso alkenyl. In some embodiments of the lipid of Formula CAT-II, R4
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and R™ are each independently Csao alkenyl. In some embodiments of the lipid of Formula
CAT-IIL, B! and R™ are each independently Cs.is alkenyl,

In some embodiments of the lipid of Formula CAT-II, 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 substituted Csso alkynvl. In some
embodiments of the lipid of Formula CAT-II, R** and R™ are each independently optionally

..... o atkyoyl, In some enmbodiments of the lipid of Formula CAT-II, B! and R™ are
each independently optionally substituted Csis alkynyl.

In some embodiments of the lipid of Formula CAT-II, R' and R™ are each
independently Cs.s0 alkynyl. In some embodiments of the lipid of Formula CAT-II, &' and R™
are each independently Cs.ao alkynyl. In some embodiments of the lipid of Formula CAT-II, R4
and R™ are each independently U afkynyl. In some embodiments of the lipid of Formula
CAT-II, R™ and R™ are each independently Cs.is alkynvl.

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 K'” is the same. In some
embodiments of the lipid of Formula CAT-TI, each R' is different. In sorne ersbodiments of the
lipid of Formula CAT-II, each R™ is the same. In some embodiments of the lipid of Formula
CAT-II, each R™ is different. In sorne ernbodiments of the lipid of Formula CAT-IIL, R'* and R
are the same. In some embodiments of the lipid of Formula CAT-II, R'* and R'® are different.

In some embodiments, the lipid of Formula CAT-1T 1s GL-HEPES-E3-E10-DS-3-E18-1
(2-(4-(2-((3-(Bis((Z)-2-hydroxyoctadec-9-en-1-yl)amino)propyl)disulfaneyl)ethyl)piperazin-1-
ylethyl 4-(bis(2-hydroxydecyl)amino)butanoate), having the following structure:

E /\/\go\/\NK/N\/\S/S\/\/NH\/\/\/E/\/\/\/\
HOWW\
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In some embodiments, the lipid of Formula CAT-H s 2-(4-(3-{{4-{bis((£3-2-
hydroxyoctadec-9-en-1-yharsinobutyDdisulfaney Dpropyhpiperazin- 1 -yhethyl 4-(his(2-

hydroxydecyilaminobotanoate, having the following stracture:

OH
OH
N o\/\N H\/\/VE/\/\/\/\
HIS) /\/\g/ O\/\/S\S/\/\/Nj\/\/\/\_/\/\/\/\
H
HO — .

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

hydroxydodecyl)amino)butanoate), having the foliowing structure:
o)

SR
ﬁgﬁ

In some embodiments, the lipid of Formula CAT-II is GL-HEPES-E3-E12-DS-3-E14 (2-
10 (4-(2-((3-(Bis(2-hydroxytetradecyl)amino)propyl)disulfaneyl)ethyl)piperazin-1-yl)ethyl 4-(bis(2-

hydroxydodecyl)amino)butanoate), having the following structure:
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OH (/o ng
RIS

Additional examples of cationic lpids soitable for LNPs of the present disclosure are
described i WO 2022221688, which is incorporated by reference herein in its entirety.
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

1 2
R1/L\G1’N\Gz’L\

(CAT-III),

R2

10 or a pharmaceutically acceptable salt thereof, wherein:
one of L' or L?is -O(C=0)-, -(C=0)0-, -C(=0)-, -0-, -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-, and
the other 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(=0O)NR?*-, -OC(=0)NR?- or -NR*C(=0)O- or a direct bond;
15 G! and G* are each independently unsubstituted C;-C12 alkylene or Ci-C2 alkenylene;
G’ is Ci-Casalkylene, C1-Ca4 alkenylene, C3-Cs cycloalkylene, C3-Cs cycloalkenylene;
R*is H or C1-Cr2 alkyl;
R'and R?are each independently Cs-Ca4 alkyl or Cs-Ca4 alkenyl;
R3is H, OR’, CN, —C(=0)OR*, —OC(=0)R* or —NR’C(=0)R*;
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R*is C1-C1z alkyl;
R3is H or C;-Cg alkyl; and
xis0, 1 or 2.

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

R4\N/R1

Ry
R
>
M R
R /o 3

(CAT-1V),

or a pharmaceutically acceptable salt thereof, wherein:

Riis selected from the group consisting of Caso alkyl, Csao alkenyl, -R*YR”, -YR”, and -
R'MR/,

Kz and Ryare independently selected from the group consisting of H, Crasalkvl, Co
paalkenyl, -R¥YR", -YR”, and -R¥OR", or Ry and Ry, together with the atom to which they are
attached, form a heterocyele or carboeycle;

Ra4is selected from the group consisting of a Cse carboeycle, ~(CHa (3, (CHaCHQR, -
CHQR, -CQ{R), and unsabstituted U 5 alioyl, where £} 1s selected from a carbocyele,
heterocyele, -OR, -O{CH2LNR ), -CIOXOR, -OCOK, -CXs, -CXGH, -CXHs, -CN, -N(R)2, -
CIONR Y, -NERYCOR, -NRIS(ORR, -NERMHAONR ), -NERUEINR Y, -NR)R,, -
O{CH 1 OR, -NEJCENRONR ), -NEGCECHRN(R ), -OCOINR Y, -NEXCOMOK, -
NEORYCUMR, -N{ORIS(OnR, -NORYOMOR, -N{ORY(OWNR ), -NORYCSINGR Y, -
N{ORYCE=NRoN(R p2, -NORYCE=CHR N 12, -CiNRoNR ), -CEsNROR, -CIOINRYOR,
and -CRIN(R RC(OMOR, and each o s independently selected from 1, 2, 3, 4, and §;

each Rs is independently selected from the group consisting of Cra atkyl, Chzalkenyl,
and H;

each Rsis independently selected from the group consisting of Cyaalkyl, Crsalkenyl
and H;

M and M’ are independently selectad from -C{HO-, -OC{O-, -CENR)-, -NRC(O)-,
{0, -CS)-, S8, -8CS)-, -CH{OH)-, -P{OWORNYD-, -5(0Oh-, -8-5-, an aryl group, and a
heteroaryl group;

R7is selected from the group consisting of Cyzalkyl, Coz alkenyl, and Hs
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Rais selected from the group counsisting of Cis carbocycle and heterocycle;
Rois selected from the group consisting of H, CN, NQq, Cisalkyl, -OR, -S(O}R, -
SO3NRY, Crgalkenyt, Cagcarbocycie and heterocycle;
each R is independently selected from the group consisting of Ciz alkyl, Tz alkenyl, and
5 H;
cach R’ 18 independently selected from the group consisting of Crie alkyl, Cogsalkenyl, -
RA*YR”, -YR”, and H;
cach R” is independently selected from the group consisting of Cs.yalioyl and Ca.
14 alkenyl;
10 each R* is independently selected from the group consisting of Cyzalkyl and Oy
12 alkenyh
each Y is independently a Cu.g carboeyele;
each X ts independently selected from the group consisting of F, CI, Br, and f; and

mos 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-V:
R'i
R? L X
b
o]
R3 R5
R (CAT-V),

or a pharmaceutically acceptable salt thereof,
wherein L1 is a bond, (C1-Cs) alkylene or (C2-Cse) alkenylene;
wherein X is O or S;

20 wherein R!, R%, R3, R* and R? are each independently selected from H, OH, optionally
substituted (C1-Ce) alkyl, optionally substituted (C2-Ce) alkenyl, optionally substituted (C2-Cs)
alkynyl, optionally substituted (C1-Cs) alkoxy and -OC(O)R’;

wherein at least one of R!, R?, R3, R* or R’ is -OC(O)R’;

wherein each R’ is independently selected from
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Ry

.
N
X'\V \Rs
m .
s

wherein R° is
re

o
}{A\&'};f N\R‘ﬁ )

2

wherein m and p are each independently 0, 1, 2, 3,4 or 5;

wherein each R is independently selected from H, optionally substituted (C;-Cs) alkyl,
optionally substituted (C2-Cs) alkenyl, optionally substituted (C2-Cs) alkynyl, optionally
substituted (C1-Cs) acyl, —(CH2)xR” or -(CH2)xCH(OR'HR?;

wherein each R® is independently selected from H, optionally substituted (Ci-Ce) alkyl,
optionally substituted (C2-Ce) alkenyl, optionally substituted (C2-Ce) alkynyl, optionally
substituted (C1-Cg) acyl, —(CH2),R® or -(CH,),CH(OR'?)R?;

wherein R® is selected from H, optionally substituted (Ci-Ce) alkyl, optionally substituted
(C2-Ce) alkenyl, optionally substituted (C2-Ce) alkynyl, optionally substituted (C1-Cs) acyl, -
(CH2)qRC or -(CH2)(CH(OR*)RE;

wherein R! is selected from H, optionally substituted (C1-Cs) alkyl, optionally
substituted (C2-Cs) alkenyl, optionally substituted (C2-Cs) alkynyl, optionally substituted (Ci-
Ce)acyl, -(CH2).RP or -(CH).CH(OR'*)RP;

wherein k, n, q and r are each independently 1,2,3,4 or 5;

or wherein (i) R” and R® or (ii) R” and R!° together form an optionally substituted 5- or
6- membered heterocycloalkyl or heteroaryl wherein the heterocycloalkyl or heteroaryl
comprises 1 to 3 heteroatoms selected from N, O and S;

wherein R!!, R'2, R'3 and R' are each independently selected from H, methyl, ethyl or
propyl;

wherein R®, RB, R® and RP are each independently selected from optionally substituted
(Cs-Cao) alkyl, optionally substituted (Cs-C2o) alkenyl, optionally substituted (Cs-Cao) alkynyl,
optionally substituted (Ce-Ca0) acyl, optionally substituted —OC(O) alkyl, optionally substituted —
OC(O) alkenyl, optionally substituted (C1-Cs) monoalkylamino, optionally substituted (C1-Ce)
dialkylamino, optionally substituted (C1-Cs) alkoxy, -OH, -NHa;
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wherein at least one of R7, R%, R?, R!° comprises a R4, R®, R¢ or R moiety respectively
wherein that R*, RB, R® or RP is independently selected from optionally substituted (Ce-Cao)
alkyl, optionally substituted (Cs-C20) alkenyl, optionally substituted (Cs-Cao) alkynyl, optionally
substituted (Cs-C20) acyl, optionally substituted —OC(0O)(Ces-C20) alkyl or optionally substituted —
5 OC(0)(Cs-Cao) alkenyl.
In some embodiments, the cationic lipid has a structure according to Formula CAT-V:

R’i

RZ Ly X

R (CAT-V),
or a pharmaceutically acceptable salt thereof,
wherein L is a bond, (C1-Ce) alkyl or (C>-Cs) alkenyl;
10 wherein X is O or S;
wherein R!, R% R3, R* and R’ are each independently selected from H, OH, optionally
substituted (C1-Cs)alkyl, optionally substituted (C2-Cs)alkenyl, optionally substituted (Ca-
Ce)alkynyl, optionally substituted (C1-Cs)alkoxy and -OC(O)R’;
wherein at least one of R', R?, R?, R* or R’ is -OC(O)R’;
15 wherein R’ is
Ry

|
R A

wherein R° is

RQ
L
N S
p

20 wherein m and p are each independently 0, 1, 2, 3,4 or 5;
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wherein R’ is selected from H, optionally substituted (Ci-Ce)alkyl, optionally substituted
(C2-Ce)alkenyl, optionally substituted (Ca-Ce)alkynyl, optionally substituted (C1-Ce)acyl, -
(CH2)xR” or -(CH2)xCH(OR'")R™;

wherein R® is selected from H, optionally substituted (Ci-Ce)alkyl, optionally substituted
(C2-Ce)alkenyl, optionally substituted (Ca-Ce)alkynyl, optionally substituted (C1-Ce)acyl, -
(CH2)R® or -(CH2),CH(OR'»)R?;

wherein R’ is selected from H, optionally substituted (Ci-Ce)alkyl, optionally substituted
(C2-Ce)alkenyl, optionally substituted (Ca-Ce)alkynyl, optionally substituted (C1-Ce)acyl, -
(CH2)qRC or -(CH2)(CH(OR*)RE;

wherein R!° is selected from H, optionally substituted (C1-Ce)alkyl, optionally substituted
(C2-Ce)alkenyl, optionally substituted (Ca-Ce)alkynyl, optionally substituted (C1-Ce)acyl, -
(CHa):RP or -(CH2).CH(OR'*)RP;

wherein k, n, q and r are each independently 1,2,3,4 or 5;

or wherein (i) R” and R® or (ii) R” and R!° together form an optionally substituted 5- or
6- membered heterocycloalkyl or heteroaryl wherein the heterocycloalkyl or heteroaryl
comprises 1 to 3 heteroatoms selected from N, O and S.

wherein R!!, R'2, R"® and R' are each independently selected from H, methyl, ethyl or
propyl

wherein R®, RE, R® and RP are each independently selected from optionally substituted
(Cs-Cao)alkyl, optionally substituted (Cs-Cao)alkenyl, optionally substituted (Cs-Cao)alkynyl,
optionally substituted (Ce-Cao)acyl, optionally substituted —OC(O)alkyl, optionally substituted —
OC(O)alkenyl, optionally substituted (C1-Cs) monoalkylamino, optionally substituted (C1-Ce)
dialkylamino, optionally substituted (C1-Cs)alkoxy, -OH, -NH3;

wherein at least one of R”, R®, R%, R'” comprises a R*, RE, R® or RP moiety respectively
wherein that R*, RB, R® or R is independently selected from optionally substituted (Ce-
Cao)alkyl, optionally substituted (Ce-Cao)alkenyl, optionally substituted (Cs-Cao)alkynyl,
optionally substituted (Cs-Cao)acyl, optionally substituted —OC(O)(Ces-Cao)alkyl or optionally
substituted —OC(O)(Cs-Cao)alkenyl.

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

CAT-Va:
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R o)
R? RO
x~~
R3 RS
R* (CAT-Va)

or a pharmaceutically acceptable salt thereof.
In sorne ernbodiments, the lipid of Formula CAT-V has a structure according to Formula

CAT-Vb:

A

or a pharmaceutically acceptable salt thereof.

(CAT-Vb)

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

CAT- Ve
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(@]
|
e "~
Yy ¥
O

OH OH
N
RA)\/ \)\RB

or a pharmaceutically acceptable salt thereof.

(CAT-Vc)

In some embodiments, the lipid of Formula CAT-V has the following structure:

| ') o) H\/\/\/\/\/
)\@\oj\/\/ N

or a pharmaceutically acceptable salt thereof.
Tu seroe ernbodiments, the hpid of Formula CAT-V has g structure according to Formula

CAT-vVd:
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o)\g ~~

or a pharmaceutically acceptable salt thereof.

(CAT-Vd)

T sorne ernbodiments, the hpid of Formula CAT-V has g structure selected from the

group consisting of:

\N/
O 5
@)
MO ~
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\N/
O 5
O
HO N/MO ~
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and,
OH

\/\/\/\:/\:/\/\/\ e }3 i O NSNS
N I
\/\/\/\ﬁ\:/\/\/EOH 7 ~

or a pharmaceutically acceptable salt thereof.

In some embodiments, the lipid of Formula CAT-V is SY-3-E14-DMAPr (3-

>

5  (dimethylamino}propy! 4-({4-(bis{2-hvdroxytetradecyiaminobutanoyboxy)-3,5-
dirmethoxybenzoate):

SN0 OH

| o) é e} MWV
o
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or a pharmaceutically acceptable salt thereof.

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

o~ e - -~ . . )

N ‘«-L_&v}_ R i R ""\\,-v ﬁ\"”»ﬁ,,-w"ﬂ.“\“'»w o \‘m\‘{ e _\ P N
2}
iy E

e ol ey el PR O
-~ .."“w“"(\\‘ o N ‘\.&_»__\.- o {\wa,# -\'ﬂ,\ ,,z“"

In some embodiments, the cationic lipid is SM-102 (9-heptadecanyl 8-{(2-
5  hydroxyethyl)[6-0x0-6-(undecyloxy)hexyl]amino}octanoate), having the following structure:

S Yoood
o L\/‘LOW.

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

structure:

10 0 LA~ OH 0

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

In some embodiments, the cationic lipid is bis(3-(bis(2-hydroxydodecyl)amino)propyl)

2,2'-(methylazanediyl)diacetate, having the following structure:
OH HO

PN U A

: Wj tw
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In some embodiments, the cationic lipid is bis(3-(bis(2-hydroxydodecyl)amino)propyl) 3-

hydroxy-3-methylpentanedioate, having the following structure:
OH HO
/\/\/\/\/\[ 0 OH O j/\/\/\/\/\
N/\/\Owo/\/\N

5 In some embodiments, the cationic lipid is (2,5-dimethylpiperazine-1,4-diyl)bis(ethane-

2,1-diyl) bis(5-(bis(2-hydroxydodecyl)amino)pentanoate), having the following structure:
Crotly

. O
C AT

10H21

In some embodiments, the cationic lipid is tris(5-(octanoyloxy)pentyl) 2-((3-

CioHyy

(dimethylamino)propanoyl)oxy)propane- 1,2,3-tricarboxylate, havinlg the following structure:
0
W\/\H/ \/\/\(g )
0 0
/\/\/\)J\ I
0 N~
° |
\’/\/\/\g/o\/\/r
10

In some embodiments, the cationic lipid may be selected from the group comprising
cKK-E10; OF-02; [(6Z,9Z,28Z7,31Z)-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);
15  di((Z)-non-2-en-1-yl) 9-((4-(dimethylamino)butanoyl)oxy)heptadecanedioate (L.319); 9-
heptadecanyl 8-{(2-hydroxyethyl)[6-oxo0-6-(undecyloxy)hexyl]amino}octanoate (SM-102); [(4-
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hydroxybutyl)azanediyl]di(hexane-6,1-diyl) bis(2-hexyldecanoate) (ALC-0315); [3-
(dimethylamino)-2-[(Z)-octadec-9-enoylJoxypropyl] (Z)-octadec-9-enoate (DODAP); 2,5-bis(3-
aminopropylamino)-N-[2-[di(heptadecyl)amino]-2-oxoethyl]pentanamide (DOGS);
[(3S,85,9S,10R,13R,145,17R)-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-
(dimethylamino)ethyl]carbamate (DC-Chol); tetrakis(8-methylnonyl) 3,3",3",3"-
(((methylazanediyl) bis(propane-3,1 diyl))bis (azanetriyl))tetrapropionate (3060110); decyl (2-
(dioctylammonio)ethyl) phosphate (9A1P9); ethyl 5,5-di((Z)-heptadec-8-en-1-yl)-1-(3-
(pyrrolidin-1-yl)propyl)-2,5-dihydro-1H-imidazole-2-carboxylate (A2-Is05-2DC18); bis(2-
(dodecyldisulfanyl)ethyl) 3,3'-((3-methyl-9-0x0-10-oxa-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 (FTT5); (((3,6-dioxopiperazine-2,5-
diyl)bis(butane-4, 1-diyl))bis(azanetriyl))tetrakis(ethane-2,1-diyl)
(92,92,9"7.,9"7,127,12'7,12"7,12"Z)-tetrakis (octadeca-9,12-dienoate) (OF-Deg-Lin); TT3;
NI 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.
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Structural Lipids and Cholesterol

Structural lipids are lipids that provide stability to the lipid bilayer structure within the
nanoparticle. Typical LNP formulations included a single structural lipid, most commonly
cholesterol. However, the inventors of the present disclosure have discovered that partial or
complete replacement of cholesterol with alternate structural lipids (e.g., sterols such as
photosterols or zoosterols or other di- or triterpinoids) can further improve protein expression of
an encapsulated nucleic acid molecule while maintaining favorable reactogenicity profiles.

As used herein, the term “structural lipid” explicitly excludes cholesterol.

In some embodiments, the LNP comprises cholesterol. In some embodiments, the LNP
does not comprise cholesterol.

In some embodiments, the structural lipid is selected from the group consisting of a-
amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, 3-O-acetyl-11-
keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, cycloastrogenol, B-elemonic acid,
ganoderic acid A, ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H,
yamogenin, steviol, brusatol, y¥-oryzanol, phytolaccagenin, hecogenin, pristimerin, erythrodiol,
guggulsterone Z, corosolic acid, soyasapogenol B, gitogenin, and combinations thereof.

In some embodiments, the structural lipid is selected from the group consisting of a-
amyrin, -amyrin, a-boswellic acid, -boswellic acid, 11-keto-B-boswellic acid, taraxasterol,
arjungenin, ganoderic acid A, ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic
acid H, yamogenin, y-oryzanol, soyasapogenol B, and combinations thereof.

In some embodiments, the structural lipid is selected from the group consisting of a-
amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol,
arjungenin, yamogenin, y-oryzanol, soyasapogenol B, and combinations thereof.

In some embodiments, the structural lipid is selected from the group consisting of
ganoderic acid A, ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H, and
combinations thereof.

In some embodiments, the structural lipid is selected from the group consisting of a-
amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol,
senegenin, arjungenin, cycloastrogenol, B-elemonic acid, ganoderic acid B, ganoderic acid D,

ganoderic acid H, yamogenin, steviol, brusatol, y-oryzanol, and combinations thereof.
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In some embodiments, the structural lipid is selected from the group consisting of a-
amyrin, -amyrin, a-boswellic acid, -boswellic acid, 11-keto-B-boswellic acid, taraxasterol,
senegenin, arjungenin, cycloastrogenol, f-elemonic acid, yamogenin, steviol, brusatol, y-
oryzanol, and combinations thereof.

In some embodiments, the structural lipid is selected from the group consisting of a-
amyrin, B-amyrin, taraxasterol, yamogenin, and combinations thereof.

In some embodiments, the structural lipid is selected from the group consisting of -
amyrin, taraxasterol, yamogenin, and combinations thereof.

In some embodiments, the structural lipid is a-amyrin. In some embodiments, the
structural lipid is f-amyrin. In some embodiments, the structural lipid is a-boswellic acid. In
some embodiments, the structural lipid is B-boswellic acid. In some embodiments, the structural
lipid is 11-keto-B-boswellic acid. In some embodiments, the structural lipid is 3-O-acetyl-11-
keto-B-boswellic acid. In some embodiments, the structural lipid is taraxasterol. In some
embodiments, the structural lipid is senegenin. In some embodiments, the structural lipid is
arjungenin. In some embodiments, the structural lipid is cycloastrogenol. In some embodiments,
the structural lipid is f-elemonic acid. In some embodiments, the structural lipid is ganoderic
acid A. In some embodiments, the structural lipid is ganoderic acid B. In some embodiments, the
structural lipid is ganoderic acid D. In some embodiments, the structural lipid is ganoderic acid
F. In some embodiments, the structural lipid is ganoderic acid H. In some embodiments, the
structural lipid is yamogenin. In some embodiments, the structural lipid is steviol. In some
embodiments, the structural lipid is brusatol. In some embodiments, the structural lipid is -
oryzanol. In some embodiments, the structural lipid is phytolaccagenin. In some embodiments,
the structural lipid is hecogenin. In some embodiments, the structural lipid is pristimerin. In
some embodiments, the structural lipid is erythrodiol. In some embodiments, the structural lipid
is guggulsterone Z. In some embodiments, the structural lipid is corosolic acid. In some
embodiments, the structural lipid is soyasapogenol B. In some embodiments, the structural lipid
is gitogenin.

In some embodiments, the structural lipid is a sterol or a sterol analog other than
cholesterol. In some embodiments, the structural lipid is a di- or triterpenoid. In some
embodiments, the structural lipid is a pentacyclic triterpinoid. In some embodiments, the

structural lipid is a pentacyclic triterpinoid other than oleanolic acid, ursolic acid, asiatic acid,
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and celastrol. In some embodiments, the structural lipid is a pentacyclic triterpinoid other than
ursolic acid. In some embodiments, the structural lipid is a sapogenin.

In some embodiments, the structural lipid has a structure according to Formula STR-I:

Rssb Rssa

5 (STR-I),
or a pharmaceutically acceptable salt thereof, wherein:

R** and R**® are each, independently, optionally substituted Ci.¢ alkyl or COOH;
R** is H, OH, or optionally substituted C.¢ alkyl;
R** and R** are each, independently, H, optionally substituted Ci- alkyl, or R*** and R**

10 are taken together with the carbon atom to which they are attached to form C=0;
R* is H, optionally substituted C1. alkyl, or COOH;
R and R**® are each, independently, H, optionally substituted Ci.6 alkyl, or COOH;
R’ and R*"® are each, independently, H, OH, or optionally substituted Ci- alkyl;
R*% and R**® are each, independently, H, OH, optionally substituted Ci.¢ alkyl, or R*3?

15  and R*® are taken together with the carbon atom to which they are attached to form C=CH,; and
R*% and R**® are each, independently, H, OH, or optionally substituted Ci. alkyl.
In some embodiments, the lipid of Formula STR-I has a structure according to Formula

STR-1a:

Rst Rséa
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(STR-Ia),
or a pharmaceutically acceptable salt thereof.
In some embodiments, the lipid of Formula STR-I has a structure according to Formula

STR-Ib:

RsSb Rséa

Rs7b

RsGb

5
(STR-Ib),
or a pharmaceutically acceptable salt thereof.
In some embodiments, the lipid of Formula STR-I has a structure according to Formula
STR-Ic:
Rs8b Rssa
RS7b
Rs7a
Rséb
Rssa
10

(STR-Ic),

or a pharmaceutically acceptable salt thereof.
In some embodiments of the lipid of Formula STR-I:
R** and R**® are each, independently, optionally substituted Ci.¢ alkyl or COOH;
15 R*¥ is H or C16 alkyl;
R** and R** are each, independently, H or R*** and R** are taken together with the
carbon atom to which they are attached to form C=0;
R is Ci alkyl or COOH;

R** and R*® are each, independently, H;
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R57* and R*"® are each, independently, H;

R*% and R**® are each, independently, H, Ci.¢ alkyl, or R*** and R*®" are taken together
with the carbon atom to which they are attached to form C=CH>; and

R** and R*® are each, independently, H, OH, or Ci.6 alkyl.

In some embodiments of the lipid of Formula STR-I, R*?* and R*? are each,
independently, optionally substituted Ci.¢ alkyl or COOH, wherein the Ci¢ alkyl is optionally
substituted with halogen or OH. In some embodiments of the lipid of Formula STR-I, R*** and
R*? are each, independently, methyl, CHOH, or COOH. In some embodiments of the lipid of
Formula STR-I, R*** is methyl and R*? is methyl. In some embodiments of the lipid of Formula
STR-I, R** is methyl and R** is COOH. In some embodiments of the lipid of Formula STR-I,
R*2* is methyl and R**® is CH,OH.

In some embodiments of the lipid of Formula STR-I, R*** is H. In some embodiments of
the lipid of Formula STR-I, R*** is OH. In some embodiments of the lipid of Formula STR-I, R*3*
is optionally substituted Ci.¢ alkyl. In some embodiments of the lipid of Formula STR-I, R®* is
methyl.

In some embodiments of the lipid of Formula STR-I, R** and R** are each,
independently, H, C1.¢ alkyl optionally substituted with halogen or OH, or R*** and R** are taken
together with the carbon atom to which they are attached to form C=0. In some embodiments of
the lipid of Formula STR-I, R*** is H, and R**® is H. In some embodiments of the lipid of
Formula STR-I, R*** is H, and R** is Cy.¢ alkyl optionally substituted with halogen. In some
embodiments of the lipid of Formula STR-I, R** is H, and R**" is CH2Cl. In some embodiments
of the lipid of Formula STR-I, R*** and R**" are taken together with the carbon atom to which
they are attached to form C=0.

In some embodiments of the lipid of Formula STR-I, R*® is H, Ci.¢ alkyl, or COOH. In
some embodiments of the lipid of Formula STR-I, R% is H, methyl, or COOH. In some
embodiments of the lipid of Formula STR-I, R*® is H. In some embodiments of the lipid of
Formula STR-I, R*® is methyl. In some embodiments of the lipid of Formula STR-I, R* is
COOH.

In some embodiments of the lipid of Formula STR-I, R%* and R*® are each,
independently, H, C1¢ alkyl, or COOH. In some embodiments of the lipid of Formula STR-I,
R and R*®® are each, independently, H, methyl, or COOH. In some embodiments of the lipid of



10

15

20

25

WO 2025/003760 PCT/1B2024/000353
74

Formula STR-I, R*%* is H, and R**® is H. In some embodiments of the lipid of Formula STR-I,
R is methyl, and R*® is COOH.

In some embodiments of the lipid of Formula STR-I, R*7® and R*"" are each,
independently, H, OH, or C.¢ alkyl. In some embodiments of the lipid of Formula STR-I, R*"*
and R*" are each, independently, H or OH. In some embodiments of the lipid of Formula STR-I,
R’ is H, and R*"® is H. In some embodiments of the lipid of Formula STR-I, R*’* is H, and R*"®
is OH.

In some embodiments of the lipid of Formula STR-I, R*% and R** are each,
independently, H, OH, Ci. alkyl, or R*** and R**" are taken together with the carbon atom to
which they are attached to form C=CHz. In some embodiments of the lipid of Formula STR-I,
R%% and R**® are each, independently, H, OH, methyl, or R*®* and R*® are taken together with the
carbon atom to which they are attached to form C=CHo.. In some embodiments of the lipid of
Formula STR-I, R*** is H, and R*®*" is OH. In some embodiments of the lipid of Formula STR-I,
R*% is H, and R** is methyl. In some embodiments of the lipid of Formula STR-I, R*** is methy],
and R*® is methyl. In some embodiments of the lipid of Formula STR-I, R*** and R**" are taken
together with the carbon atom to which they are attached to form C=CHa.

In some embodiments of the lipid of Formula STR-I, R*** and R* are each,
independently, H, OH, or Ci. alkyl. In some embodiments of the lipid of Formula STR-I, R***
and R*® are each, independently, H, OH, or methyl. In some embodiments of the lipid of
Formula STR-I, R*®* is H, and R**® is H. In some embodiments of the lipid of Formula STR-I,
R**is H, and R*" is OH. In some embodiments of the lipid of Formula STR-I, R*** is H, and
R*% is methyl.

In some embodiments, the structural lipid has a structure according to Formula STR-II:

RsSb Rs8a

Rs7b
Rs7a
RsGb

Rs3b Rssa

RsBa

RS1
(STR-ID),
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or a pharmaceutically acceptable salt thereof, wherein:

Rl is H, optionally substituted Ci.¢ alkyl, or COOH;

R*3* and R**® are each, independently, H, OH, or optionally substituted Ci-6 alkyl;

R** and R** are each, independently H, optionally substituted Ci-6 alkyl, or R*** and R**
are taken together with the carbon atom to which they are attached to form C=0;

R* is H, optionally substituted C1.¢ alkyl, or COOH;

R and R*® are each, independently, H, optionally substituted Ci.6 alkyl, or COOH;

R*7 and R*’® are each, independently, H, OH, or optionally substituted Ci- alkyl;

R*%* and R**® are each, independently, H, OH, optionally substituted Ci.¢ alkyl, or R*3
and R*® are taken together with the carbon atom to which they are attached to form C=CH,; and
R*% and R**® are each, independently, H, OH, or optionally substituted Ci. alkyl.

In some embodiments, the lipid of Formula STR-II has a structure according to Formula

STR-1Ia:

ngb RsSa

(STR-IIa),

or a pharmaceutically acceptable salt thereof.
In some embodiments of the lipid of Formula STR-IIL:
R*! is optionally substituted Ci- alkyl or COOH;
R*3% and R**® are each, independently, H or C alkyl;
R** and R** are each, independently H or optionally substituted C.¢ alkyl;
R* is H;
R*% and R*%® are each, independently, Ci. alkyl or COOH;
R*"® and R*"® are each, independently, H, OH, or C.¢ alkyl;
R*% and R** are each, independently, H, OH, or Ci.¢ alkyl; and
R*% and R*® are each, independently, H or C.¢ alkyl.
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In some embodiments of the lipid of Formula STR-II, R*!is H, Ci alkyl, or COOH. In
some embodiments of the lipid of Formula STR-II, R*! is H. In some embodiments of the lipid of
Formula STR-II, R*! is COOH.

In some embodiments of the lipid of Formula STR-II, R*** and R*3® are each,
independently, H, OH, or Ci. alkyl. In some embodiments of the lipid of Formula STR-II, R***
and R** are each, independently, H, OH, or methyl. In some embodiments of the lipid of
Formula STR-II, R*** is H, and R*** is H. In some embodiments of the lipid of Formula STR-II,
R*%is H, and R*® is OH. In some embodiments of the lipid of Formula STR-II, R*** is methyl,
and R** is methyl.

In some embodiments of the lipid of Formula STR-II, R** and R** are each,
independently, H, C1.¢ alkyl optionally substituted with halogen or OH, or R*** and R** are taken
together with the carbon atom to which they are attached to form C=0. In some embodiments of
the lipid of Formula STR-II, R*** is H, and R** is H. In some embodiments of the lipid of
Formula STR-II, R*** is H, and R** is Ci alkyl optionally substituted with halogen. In some
embodiments of the lipid of Formula STR-II, R*** is H, and R** js CH>Cl. In some embodiments
of the lipid of Formula STR-II, R*** and R** are taken together with the carbon atom to which
they are attached to form C=0.

In some embodiments of the lipid of Formula STR-II, R¥ is H, Cis alkyl, or COOH. In
some embodiments of the lipid of Formula STR-II, R% is H, methyl, or COOH. In some
embodiments of the lipid of Formula STR-II, R* is H. In some embodiments of the lipid of
Formula STR-II, R*3 is methyl. In some embodiments of the lipid of Formula STR-II, R* is
COOH.

In some embodiments of the lipid of Formula STR-II, R%** and R*® are each,
independently, H, Ci¢ alkyl, or COOH. In some embodiments of the lipid of Formula STR-II,
R*%* and R*%® are each, independently, H, methyl, or COOH. In some embodiments of the lipid of
Formula STR-II, R** is H, and R** is H. In some embodiments of the lipid of Formula STR-II,
R*% is methyl, and R**® is COOH.

In some embodiments of the lipid of Formula STR-II, R*’* and R*"" are each,
independently, H, OH, or Ci- alkyl. In some embodiments of the lipid of Formula STR-II, R*"

and R are each, independently, H or OH. In some embodiments of the lipid of Formula STR-
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I, R*"*is H, and R*" is H. In some embodiments of the lipid of Formula STR-II, R*"* is H, and
R*7 is OH.

In some embodiments of the lipid of Formula STR-II, R and R*® are each,
independently, H, OH, Ci alkyl, or R*** and R*®® are taken together with the carbon atom to
which they are attached to form C=CHz. In some embodiments of the lipid of Formula STR-II,
R*% and R**® are each, independently, H, OH, methyl, or R®** and R**® are taken together with the
carbon atom to which they are attached to form C=CH.. In some embodiments of the lipid of
Formula STR-II, R® is H, and R**® is OH. In some embodiments of the lipid of Formula STR-II,
R*% is H, and R**® is methyl. In some embodiments of the lipid of Formula STR-II, R®* is
methyl, and R**® is methyl. In some embodiments of the lipid of Formula STR-II, R*** and R**"
are taken together with the carbon atom to which they are attached to form C=CH..

In some embodiments of the lipid of Formula STR-II, R*** and R** are each,
independently, H, OH, or Ci- alkyl. In some embodiments of the lipid of Formula STR-II, R***
and R*® are each, independently, H, OH, or methyl. In some embodiments of the lipid of
Formula STR-II, R¥* is H, and R*® is H. In some embodiments of the lipid of Formula STR-II,
R**is H, and R*" is OH. In some embodiments of the lipid of Formula STR-II, R¥* is H, and
R*% is methyl.

In some embodiments, the structural lipid has a structure according to Formula STR-III:

Rs14

(STR-TIN),

or a pharmaceutically acceptable salt thereof, wherein:

R*1% and R*!% are each, independently, H or optionally substituted C.¢ alkyl;

Rs14a

Rsl4 " ?\Rsmb .

k)

R*!* is optionally substituted C.¢ alkyl, optionally substituted Ca- alkenyl, or COOH;

and
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R is optionally substituted C7.10 alkyl, optionally substituted Ce.10 alkenyl; optionally
substituted C7.10 alkynyl; or C1-5 alkyl-C(O)-C1.5 alkyl-COOH.
In some embodiments, the lipid of Formula STR-III has a structure according to Formula

STR-1I1a:

Rs14

HO
5 RS10a s10b
(STR-1IIa),
or a pharmaceutically acceptable salt thereof.
In some embodiments, the lipid of Formula STR-III has a structure according to Formula
STR-IIIb:
Rs14
10
(STR-IIIb),
or a pharmaceutically acceptable salt thereof.
In some embodiments, the lipid of Formula STR-III has a structure according to Formula
STR-Ilc:
RS14
HO
15 Rs10a’ ‘Rsiob

(STR-IIIc),

or a pharmaceutically acceptable salt thereof.
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In some embodiments, the lipid of Formula STR-IIT has a structure according to Formula

STR-IIId:

Rs1 4

(STR-1IId),
or a pharmaceutically acceptable salt thereof.

In some embodiments of the lipid of Formula STR-III, R*!% and R*!®* are each,
independently, H or C.¢ alkyl. In some embodiments of the lipid of Formula STR-III, R*!% and
R*!% are each, independently, H or methyl. In some embodiments of the lipid of Formula STR-
II1, R*'% is H, and R*'® is H. In some embodiments of the lipid of Formula STR-III, R*!* is
methyl, and R*'® is methyl.

In some embodiments of the lipid of Formula STR-III, R*** is Cy.¢ alkyl or COOH. In
some embodiments of the lipid of Formula STR-III, R*!** is methyl or COOH. In some
embodiments of the lipid of Formula STR-III, R*!#* is methyl. In some embodiments of the lipid
of Formula STR-III, R*!** is COOH.

In some embodiments of the lipid of Formula STR-III, R*'*" is C7.10 alkyl, Ce10 alkenyl,
C710 alkynyl, or Cis alkyl-C(O)-Ci-s alkyl-COOH. In some embodiments of the lipid of Formula
STR-III, R is C7.10 alkyl, Ce-10 alkenyl, or Cis alkyl-C(0)-C s alkyl-COOH. In some
embodiments of the lipid of Formula STR-III, R*!** is C7.1¢ alkyl. In some embodiments of the
lipid of Formula STR-III, R*!*® is Ce 10 alkenyl. In some embodiments of the lipid of Formula
STR-III, R is Cy_s alkyl-C(0)-Ci-s alkyl-COOH.

In some embodiments of the lipid of Formula STR-III, R*'* has a structure selected from

the group consisting of:



10

15

WO 2025/003760 PCT/1B2024/000353
80

O
OH

In some embodiments, the structural lipid has a structure according to Formula STR-IV:

Rs14

HO
RS10a s10a

(STR-1V),
or a pharmaceutically acceptable salt thereof, wherein:

R%!1% and R*!% are each, independently, H or optionally substituted C.¢ alkyl;

Rs14a

Rsl4 s %Rsmb .

R s optionally substituted C1.¢ alkyl, optionally substituted Ca- alkenyl, or COOH;
and

R*!* is optionally substituted C7-10 alkyl, optionally substituted Cs-10 alkenyl; optionally
substituted C7.10 alkynyl; or C1.5 alkyl-C(O)-Ci.s alkyl-COOH.

In some embodiments, the lipid of Formula STR-IV has a structure according to Formula

STR-IVa:
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(STR-TVa),

or a pharmaceutically acceptable salt thereof.

In some embodiments of the lipid of Formula STR-IV, R®102 and R¥1% are each,
independently, H or Ci6 alkyl. In some embodiments of the lipid of Formula STR-IV, R*!%* and
R*1% are each, independently, H or methyl. In some embodiments of the lipid of Formula STR-
IV, R*!%is H, and R*!® is H. In some embodiments of the lipid of Formula STR-IV, R*1% is
methyl, and R*'® is methyl.

In some embodiments of the lipid of Formula STR-IV, R*!* is Cy.¢ alkyl or COOH. In
some embodiments of the lipid of Formula STR-TV, R*!** is methyl or COOH. In some
embodiments of the lipid of Formula STR-IV, R*!#* is methyl. In some embodiments of the lipid
of Formula STR-IV, R*'** is COOH.

In some embodiments of the lipid of Formula STR-IV, R*!* is C7.1¢ alkyl, Ce.10 alkenyl,
Cr7.10 alkynyl, or Cys alkyl-C(O)-Ci-s alkyl-COOH. In some embodiments of the lipid of Formula
STR-IV, R*! is C7.1¢ alkyl, Ce.10 alkenyl, or Ci.s alkyl-C(O)-Ci-s alkyl-COOH. In some
embodiments of the lipid of Formula STR-IV, R*!*" is C7.10 alkyl. In some embodiments of the
lipid of Formula STR-IV, R*!*" is C 19 alkenyl. In some embodiments of the lipid of Formula
STR-IV, R*!* is Cy.5 alkyl-C(0)-C}.s alkyl-COOH.

In some embodiments of the lipid of Formula STR-IV, R°*!* has a structure selected from

the group consisting of:
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O

OH

In some embodiments, the structural lipid has a structure according to Formula STR-V:

Rs1 3

Rs14

(STR-V),

or a pharmaceutically acceptable salt thereof, wherein:

R*1% and R*!% are each, independently, H or optionally substituted C.¢ alkyl;

Ré!%is H, and R*!'® is OH, or R°*!!* and R*!'® are taken together with the carbon atom to

10 which they are attached to form C=0;

R*% is H, and R*'?® is OH, or R*!?* and R*!?" are taken together with the carbon atom to
which they are attached to form C=0;

R*B is H or OC(0)C-6 alkyl;

Rstda

Rsl4 " ?\Rsmb .

15 R*!% s optionally substituted C1.¢ alkyl, optionally substituted Ca- alkenyl, or COOH;
and
R*!% is optionally substituted C7.10 alkyl, optionally substituted Cs-10 alkenyl; optionally
substituted C7.10 alkynyl; or Ci-s alkyl-C(O)-Ci-s alkyl-COOH.
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In some embodiments, the lipid of Formula STR-V has a structure according to Formula

STR-Va:

RS13

R514

(STR-Va),

or a pharmaceutically acceptable salt thereof.

In some embodiments of the lipid of Formula STR-V, R®1% and R*1% are each,
independently, H or Ci- alkyl. In some embodiments of the lipid of Formula STR-V, R*!%* and
R*!% are each, independently, H or methyl. In some embodiments of the lipid of Formula STR-
V, R°!% is H, and R*!®° is H. In some embodiments of the lipid of Formula STR-V, R*!% is
methyl, and R*'% is methyl.

In some embodiments of the lipid of Formula STR-V, R!12 is H, and R'!" is OH. In
some embodiments of the lipid of Formula STR-V, R*!!* and R*!!® are taken together with the
carbon atom to which they are attached to form C=0.

In some embodiments of the lipid of Formula STR-V, R*'?* is H, and R*!*" is OH. In
some embodiments of the lipid of Formula STR-V, R*!?* and R*!?" are taken together with the
carbon atom to which they are attached to form C=0.

In some embodiments of the lipid of Formula STR-V, R*" is H or OC(O)CHs. In some
embodiments of the lipid of Formula STR-V, R*!3 is H. In some embodiments of the lipid of
Formula STR-V, R*"3 is OC(O)CHs.

In some embodiments of the lipid of Formula STR-V, R*!#*is Cy.¢ alkyl or COOH. In
some embodiments of the lipid of Formula STR-V, R*!** is methyl or COOH. In some
embodiments of the lipid of Formula STR-V, R*!** is methyl. In some embodiments of the lipid
of Formula STR-V, R*!** is COOH.

In some embodiments of the lipid of Formula STR-V, R*!** is C7.1¢ alkyl, Ce10 alkenyl,
C710 alkynyl, or Cis alkyl-C(O)-Ci-s alkyl-COOH. In some embodiments of the lipid of Formula
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STR-V, R is C7.19 alkyl, Ce-10 alkenyl, or Ci.s alkyl-C(O)-Ci-s alkyl-COOH. In some
embodiments of the lipid of Formula STR-V, R*!* is C7.10 alkyl. In some embodiments of the
lipid of Formula STR-V, R*!*" is Cs.19 alkenyl. In some embodiments of the lipid of Formula
STR-V, R*! is C.5 alkyl-C(0)-Ci-s alkyl-COOH.

In some embodiments of the lipid of Formula STR-V, R*! has a structure selected from

the group consisting of:

O
OH

In some embodiments, the structural lipid is a-amyrin, f-amyrin, a-boswellic acid, B-
boswellic acid, 11-keto-B-boswellic acid, 3-O-acetyl-11-keto-B-boswellic acid, taraxasterol,
senegenin, arjungenin, B-sitosterol, campesterol, fucosterol, A-5-avenasterol, A-7-avenasterol, o-
spinasterol, cycloartenol, cycloastrogenol, B-elemonic acid, ganoderic acid A, ganoderic acid B,
ganoderic acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin, steviol, brusatol, y-
oryzanol, phytolaccagenin, hecogenin, pristimerin, erythrodiol, guggulsterone Z, corosolic acid,
soyasapogenol B, madecassic acid, asiatic acid, gitogenin, or a combination thereof.

In some embodiments, the structural lipid is a-amyrin, -amyrin, a-boswellic acid, B-
boswellic acid, 11-keto-B-boswellic acid, 3-O-acetyl-11-keto-f-boswellic acid, taraxasterol,
senegenin, arjungenin, B-sitosterol, campesterol, fucosterol, A-5-avenasterol, a-spinasterol,
cycloartenol, cycloastrogenol, B-elemonic acid, ganoderic acid A, ganoderic acid B, ganoderic
acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin, steviol, brusatol, y-oryzanol,
phytolaccagenin, hecogenin, pristimerin, erythrodiol, guggulsterone Z, corosolic acid,

soyasapogenol B, or a combination thereof.
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In some embodiments, the structural lipid is a-amyrin, f-amyrin, a-boswellic acid, B-
boswellic acid, 11-keto-B-boswellic acid, taraxasterol, arjungenin, B-sitosterol, A-5-avenasterol,
A-T-avenasterol, a-spinasterol, ganoderic acid A, ganoderic acid B, ganoderic acid D, ganoderic
acid F, ganoderic acid H, diosgenin, yamogenin, y-oryzanol, soyasapogenol B, or a combination
thereof.

In some embodiments, the structural lipid is a-amyrin, B-amyrin, a-boswellic acid, B-
boswellic acid, 11-keto-B-boswellic acid, taraxasterol, arjungenin, B-sitosterol, A-5-avenasterol,
a-spinasterol, ganoderic acid A, ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic
acid H, diosgenin, yamogenin, y-oryzanol, soyasapogenol B, or a combination thereof.

In some embodiments, the structural lipid is a-amyrin, f-amyrin, a-boswellic acid, -
boswellic acid, 11-keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, f-sitosterol,
campesterol, fucosterol, A-5-avenasterol, A-7-avenasterol, a-spinasterol, cycloartenol,
cycloastrogenol, p-elemonic acid, ganoderic acid B, ganoderic acid D, ganoderic acid H,
diosgenin, yamogenin, steviol, brusatol, y-oryzanol, or a combination thereof.

In some embodiments, the structural lipid is a-amyrin, f-amyrin, a-boswellic acid, -
boswellic acid, 11-keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, f-sitosterol,
campesterol, fucosterol, A-5-avenasterol, a-spinasterol, cycloartenol, cycloastrogenol, -
elemonic acid, ganoderic acid B, ganoderic acid D, ganoderic acid H, diosgenin, yamogenin,
steviol, brusatol, y-oryzanol, or a combination thereof.

In some embodiments, the structural lipid is f-amyrin, B-boswellic acid, taraxasterol, -
sitosterol, campesterol, fucosterol, a-spinasterol, cycloartenol, diosgenin, yamogenin, y-oryzanol,
or a combination thereof.

In some embodiments, the structural lipid is f-amyrin, B-boswellic acid, taraxasterol, a-
spinasterol, cycloartenol, diosgenin, yamogenin, y-oryzanol, or a combination thereof.

In some embodiments, the structural lipid is ganoderic acid A, ganoderic acid B,
ganoderic acid D, ganoderic acid F, ganoderic acid H, or a combination thereof.

In some embodiments, the structural lipid is A-5-avenasterol, y-oryzanol, or a
combination thereof.

In some embodiments, the structural lipid is a-spinasterol, B-amyrin, taraxasterol or a

combination thereof.
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In some embodiments, the structural lipid is y-oryzanol, 11-keto-p-boswellic acid,
soyasapogenol B, a-amyrin, f-amyrin, or a combination thereof.

In some embodiments, the structural lipid is f-amyrin, arjungenin, yamogenin, diosgenin,
o-spinasterol, or a combination thereof.

In some embodiments, the structural lipid is a-amyrin. In some embodiments, the
structural lipid is f-amyrin. In some embodiments, the structural lipid is a-boswellic acid. In
some embodiments, the structural lipid is B-boswellic acid. In some embodiments, the structural
lipid is 11-keto-B-boswellic acid. In some embodiments, the structural lipid is 3-O-acetyl-11-
keto-B-boswellic acid. In some embodiments, the structural lipid is taraxasterol. In some
embodiments, the structural lipid is senegenin. In some embodiments, the structural lipid is
arjungenin. In some embodiments, the structural lipid is B-sitosterol. In some embodiments, the
structural lipid is campesterol. In some embodiments, the structural lipid is fucosterol. In some
embodiments, the structural lipid is A-5-avenasterol. In some embodiments, the structural lipid is
A-T-avenasterol. In some embodiments, the structural lipid is a-spinasterol. In some
embodiments, the structural lipid is cycloartenol. In some embodiments, the structural lipid is
cycloastrogenol. In some embodiments, the structural lipid is B-elemonic acid. In some
embodiments, the structural lipid is ganoderic acid A. In some embodiments, the structural lipid
is ganoderic acid B. In some embodiments, the structural lipid is ganoderic acid D. In some
embodiments, the structural lipid is ganoderic acid F. In some embodiments, the structural lipid
is ganoderic acid H. In some embodiments, the structural lipid is diosgenin. In some
embodiments, the structural lipid is yamogenin. In some embodiments, the structural lipid is a
combination of yamogenin and a-spinasterol. In some embodiments, the structural lipid is a
combination of yamogenin and diosgenin. In some embodiments, the structural lipid is steviol. In
some embodiments, the structural lipid is brusatol. In some embodiments, the structural lipid is y-
oryzanol. In some embodiments, the structural lipid is phytolaccagenin. In some embodiments,
the structural lipid is hecogenin. In some embodiments, the structural lipid is pristimerin. In
some embodiments, the structural lipid is erythrodiol. In some embodiments, the structural lipid
is guggulsterone Z. In some embodiments, the structural lipid is corosolic acid. In some
embodiments, the structural lipid is soyasapogenol B. In some embodiments, the structural lipid
is madecassic acid. In some embodiments, the structural lipid is asiatic acid. In some

embodiments, the structural lipid is gitogenin.
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In some embodiments, the LNP comprises a structural lipid and cholesterol. In some
embodiments, the molar ratio of the structural lipid to the cholesterol is between 1:99 and 99:1.
In some embodiments, the molar ratio of the structural lipid to the cholesterol is between 1:9 and
9:1. In some embodiments, the molar ratio of the structural lipid to the cholesterol is 1:9, 1:8,
1:7, 1:6, 1:5, 1:4, 1:3, 1:2, 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, or 9:1. In some embodiments, the
molar ratio of the structural lipid to the cholesterol is between 1:9 and 1:1. In some
embodiments, the molar ratio of the structural lipid to the cholesterol is about 1:9. In some
embodiments, the molar ratio of the structural lipid to the cholesterol is about 1:1.

In some embodiments, the LNP comprises a-amyrin and cholesterol. In some
embodiments, the molar ratio of a-amyrin to cholesterol is between 1:99 and 99:1. In some
embodiments, the molar ratio of a-amyrin to cholesterol is between 1:9 and 9:1. In some
embodiments, the molar ratio of a-amyrin to cholesterol is between 1:9 and 1:1. In some
embodiments, the molar ratio of a-amyrin to cholesterol is about 1:9. In some embodiments, the
molar ratio of a-amyrin to cholesterol is about 1:1.

In some embodiments, the LNP comprises f-amyrin and cholesterol. In some
embodiments, the molar ratio of f-amyrin to cholesterol is between 1:99 and 99:1. In some
embodiments, the molar ratio of f-amyrin to cholesterol is between 1:9 and 9:1. In some
embodiments, the molar ratio of f-amyrin to cholesterol is between 1:9 and 1:1. In some
embodiments, the molar ratio of f-amyrin to cholesterol is about 1:1.

In some embodiments, the LNP comprises 11-keto-B-boswellic acid and cholesterol. In
some embodiments, the molar ratio of 11-keto-B-boswellic acid to cholesterol is between 1:99
and 99:1. In some embodiments, the molar ratio of 11-keto-f-boswellic acid to cholesterol is
between 1:9 and 9:1. In some embodiments, the molar ratio of 11-keto-B-boswellic acid to
cholesterol is between 1:9 and 1:1. In some embodiments, the molar ratio 11-keto-p-boswellic
acid to cholesterol is about 1:9.

In some embodiments, the LNP comprises taraxasterol and cholesterol. In some
embodiments, the molar ratio of taraxasterol to cholesterol is between 1:99 and 99:1. In some
embodiments, the molar ratio of taraxasterol to cholesterol is between 1:9 and 9:1. In some
embodiments, the molar ratio of taraxasterol to cholesterol is between 1:9 and 1:1. In some

embodiments, the molar ratio taraxasterol to cholesterol is about 1:1.
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In some embodiments, the LNP comprises arjungenin and cholesterol. In some
embodiments, the molar ratio of arjungenin to cholesterol is between 1:99 and 99:1. In some
embodiments, the molar ratio of arjungenin to cholesterol is between 1:9 and 9:1. In some
embodiments, the molar ratio of arjungenin to cholesterol is between 1:9 and 1:1. In some
embodiments, the molar ratio arjungenin to cholesterol is about 1:1.

In some embodiments, the LNP comprises a-spinasterol and cholesterol. In some
embodiments, the molar ratio of a-spinasterol to cholesterol is between 1:99 and 99:1. In some
embodiments, the molar ratio of a-spinasterol to cholesterol is between 1:9 and 9:1. In some
embodiments, the molar ratio of a-spinasterol to cholesterol is between 1:9 and 1:1. In some
embodiments, the molar ratio of a-spinasterol to cholesterol is about 1:9. In some embodiments,
the molar ratio of a-spinasterol to cholesterol is about 1:3. In some embodiments, the molar ratio
of a-spinasterol to cholesterol is about 1:1.

In some embodiments, the LNP comprises yamogenin and cholesterol. In some
embodiments, the molar ratio of yamogenin to cholesterol is between 1:99 and 99:1. In some
embodiments, the molar ratio of yamogenin to cholesterol is between 1:9 and 9:1. In some
embodiments, the molar ratio of yamogenin to cholesterol is between 1:9 and 1:1. In some
embodiments, the molar ratio yamogenin to cholesterol is about 1:1.

In some embodiments, the LNP comprises y-oryzanol and cholesterol. In some
embodiments, the molar ratio of y-oryzanol to cholesterol is between 1:99 and 99:1. In some
embodiments, the molar ratio of y-oryzanol to cholesterol is between 1:9 and 9:1. In some
embodiments, the molar ratio of y-oryzanol to cholesterol is between 1:9 and 1:1. In some
embodiments, the molar ratio y-oryzanol to cholesterol is about 1:1.

In some embodiments, the LNP comprises soyasapogenol B and cholesterol. In some
embodiments, the molar ratio of soyasapogenol B to cholesterol is between 1:99 and 99:1. In
some embodiments, the molar ratio of soyasapogenol B to cholesterol is between 1:9 and 9:1. In
some embodiments, the molar ratio of soyasapogenol B to cholesterol is between 1:9 and 1:1. In
some embodiments, the molar ratio of soyasapogenol B to cholesterol is about 1:9. In some

embodiments, the molar ratio soyasapogenol B to cholesterol is about 1:1.
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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 Cs-C20
(e.g., Cg, Cio, C12, Ci4, Ci6, or Cig) length, such as a derivatized ceramide (e.g., N-octanoyl-
sphingosine-1-[succinyl(methoxypolyethylene glycol)] (C8 PEG ceramide)). In some
embodiments, the PEGylated lipid is 1,2-dimyristoyl-rac-glycero-3-methoxypolyethylene glycol
(DMG-PEQG); 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-polyethylene glycol (DSPE-
PEQG); 1,2-dilauroyl-sn-glycero-3-phosphoethanolamine-polyethylene glycol (DLPE-PEG); or
1,2-distearoyl-rac-glycero-polyethelene glycol (DSG-PEG).

1. 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, which has 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),
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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

In some embodiments, the LNP comprises (1) a cationic lipid; (II) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, 3-O-acetyl-11-keto-B-boswellic acid, taraxasterol, senegenin, arjungenin,
cycloastrogenol, B-elemonic acid, ganoderic acid A, ganoderic acid B, ganoderic acid D,
ganoderic acid F, ganoderic acid H, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin,
hecogenin, pristimerin, erythrodiol, guggulsterone Z, corosolic acid, soyasapogenol B, gitogenin,
and combinations thereof; and (III) optionally, cholesterol.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, 3-O-acetyl-11-keto-B-boswellic acid, taraxasterol, senegenin, arjungenin,
cycloastrogenol, p-elemonic acid, ganoderic acid A, ganoderic acid B, ganoderic acid D,
ganoderic acid F, ganoderic acid H, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin,
hecogenin, pristimerin, erythrodiol, guggulsterone Z, corosolic acid, soyasapogenol B, gitogenin,
and combinations thereof; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a structural lipid
sclected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, 3-O-acetyl-11-keto-B-boswellic acid, taraxasterol, senegenin, arjungenin,

cycloastrogenol, B-elemonic acid, ganoderic acid A, ganoderic acid B, ganoderic acid D,
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ganoderic acid F, ganoderic acid H, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin,
hecogenin, pristimerin, erythrodiol, guggulsterone Z, corosolic acid, soyasapogenol B, gitogenin,
and combinations thereof; (IIT) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a structural lipid
selected from the group consisting of a-amyrin, f-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, taraxasterol, arjungenin, ganoderic acid A, ganoderic acid B, ganoderic
acid D, ganoderic acid F, ganoderic acid H, yamogenin, y-oryzanol, soyasapogenol B, and
combinations thereof; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, taraxasterol, arjungenin, ganoderic acid A, ganoderic acid B, ganoderic
acid D, ganoderic acid F, ganoderic acid H, yamogenin, y-oryzanol, soyasapogenol B, and
combinations thereof; (III) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid; (II) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, taraxasterol, arjungenin, yamogenin, y-oryzanol, soyasapogenol B, and
combinations thereof; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (IT) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, taraxasterol, arjungenin, yamogenin, y-oryzanol, soyasapogenol B, and
combinations thereof; (III) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a structural lipid
selected from the group consisting of ganoderic acid A, ganoderic acid B, ganoderic acid D,
ganoderic acid F, ganoderic acid H, and combinations thereof; (III) optionally, cholesterol; (IV) a
helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (IT) a structural lipid
selected from the group consisting of ganoderic acid A, ganoderic acid B, ganoderic acid D,
ganoderic acid F, ganoderic acid H, and combinations thereof; (II) cholesterol; (IV) a helper
lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a structural lipid

selected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
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keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, cycloastrogenol, B-elemonic acid,
ganoderic acid B, ganoderic acid D, ganoderic acid H, yamogenin, steviol, brusatol, y-oryzanol,
and combinations thereof; and (III) optionally, cholesterol.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, cycloastrogenol, B-elemonic acid,
ganoderic acid B, ganoderic acid D, ganoderic acid H, yamogenin, steviol, brusatol, y-oryzanol,
or a combination thereof; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, cycloastrogenol, B-elemonic acid,
ganoderic acid B, ganoderic acid D, ganoderic acid H, yamogenin, steviol, brusatol, y-oryzanol,
or a combination thereof; (III) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid; (II) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, cycloastrogenol, B-elemonic acid,
yamogenin, steviol, brusatol, y-oryzanol, and combinations thereof; (III) optionally, cholesterol;
(IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, cycloastrogenol, B-elemonic acid,
yamogenin, steviol, brusatol, y-oryzanol, and combinations thereof; (III) cholesterol; (IV) a
helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, taraxasterol, yamogenin, and
combinations thereof; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, taraxasterol, yamogenin, and

combinations thereof; (II) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.
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In some embodiments, the LNP comprises (I) a cationic lipid; (II) a structural lipid
selected from the group consisting of B-amyrin, taraxasterol, yamogenin, and combinations
thereof; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a structural lipid
selected from the group consisting of f-amyrin, taraxasterol, yamogenin, and combinations
thereof; (III) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (II) a structural lipid that is
a pentacyclic triterpinoid other than oleanolic acid, ursolic acid, asiatic acid, and celastrol; (III)
optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid; (I) a structural lipid that is
a pentacyclic triterpinoid other than oleanolic acid, ursolic acid, asiatic acid, and celastrol; (III)
cholesterol; (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 structural lipid, wherein said structural
lipid is not cholesterol; and (III) optionally, cholesterol.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a structural lipid, wherein said structural
lipid is not cholesterol; and (IIT) cholesterol.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a structural lipid, wherein said structural
lipid is a sterol or sterol analog other than cholesterol; and (III) optionally, cholesterol.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a structural lipid, wherein said structural
lipid is a sterol or sterol analog other than cholesterol; and (III) cholesterol.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (Il) a structural lipid, wherein said structural
lipid is not cholesterol; (IIT) optionally, cholesterol; (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 structural lipid, wherein said structural

lipid is not cholesterol; (IIT) cholesterol; (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 structural lipid, wherein said structural
lipid is a sterol or sterol analog other than cholesterol; (III) optionally, cholesterol; (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 structural lipid, wherein said structural
lipid is a sterol or sterol analog other than cholesterol; (IIT) cholesterol; (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 structural lipid, wherein said structural
lipid is a sterol or sterol analog other than cholesterol; (III) cholesterol; (IV) a helper lipid; and
(V) a stealth lipid; wherein the molar ratio of the structural lipid to the cholesterol is between 1:9
and 1:1.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-I; (II) a structural lipid, wherein said structural lipid is not
cholesterol; (III) optionally, cholesterol; (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; (I) a structural lipid, wherein said structural lipid is not
cholesterol; (III) cholesterol; (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 structural lipid, wherein said structural lipid is not
cholesterol; (III) cholesterol; (IV) a helper lipid; and (V) a stealth lipid; wherein the molar ratio
of the structural lipid to the cholesterol is between 1:9 and 1:1.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-II; (II) a structural lipid, wherein said structural lipid is not
cholesterol; (IIT) optionally, cholesterol; (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 structural lipid, wherein said structural lipid is not
cholesterol; (IIT) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure

according to Formula CAT-II; (II) a structural lipid, wherein said structural lipid is not
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cholesterol; (III) cholesterol; (IV) a helper lipid; and (V) a stealth lipid; wherein the molar ratio
of the structural lipid to the cholesterol is between 1:9 and 1:1.

In some embodiments, the LNP comprises (I) a cationic lipid that is cKK-E10 or GL-
HEPES-E3-E12-DS-4-E10; (I) a structural lipid, wherein said structural lipid is not cholesterol;
(IIT) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid that is cKK-E10 or GL-
HEPES-E3-E12-DS-4-E10; (II) a structural lipid, wherein said structural lipid is not cholesterol;
(IIT) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is cKK-E10 or GL-
HEPES-E3-E12-DS-4-E10; (IT) a structural lipid, wherein said structural lipid is not cholesterol;
(IIT) cholesterol; (IV) a helper lipid; and (V) a stealth lipid; wherein the molar ratio of the
structural lipid to the cholesterol is between 1:9 and 1:1.

In some embodiments, the LNP comprises (I) a cationic lipid that is OF-02; (II) a
structural lipid, wherein said structural lipid is not cholesterol; (III) optionally, cholesterol; (IV) a
helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is OF-02; (II) a
structural lipid, wherein said structural lipid is not cholesterol; (III) cholesterol; (IV) a helper
lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is OF-02; (II) a
structural lipid, wherein said structural lipid is not cholesterol; (III) cholesterol; (IV) a helper
lipid; and (V) a stealth lipid; wherein the molar ratio of the structural lipid to the cholesterol is
between 1:9 and 1:1.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a structural lipid having a structure
according to Formula STR-I, Formula STR-II, Formula STR-III, Formula STR-IV, or Formula
STR-V, or selected from 3-O-acetyl-11-keto-p-boswellic acid, cycloastrogenol, B-elemonic acid,
ganoderic acid A, diosgenin, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin,
hecogenin, pristimerin, guggulsterone Z, corosolic acid, and soyasapogenol B, or a combination
thereof; and (III) optionally, cholesterol.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure

according to Formula CAT-I or Formula CAT-II; (II) a structural lipid having a structure
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according to Formula STR-I, Formula STR-II, Formula STR-III, Formula STR-IV, or Formula
STR-V, or selected from 3-O-acetyl-11-keto-f-boswellic acid, cycloastrogenol, B-elemonic acid,
ganoderic acid A, diosgenin, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin,
hecogenin, pristimerin, guggulsterone Z, corosolic acid, and soyasapogenol B, or a combination
thereof; and (IIT) cholesterol.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a structural lipid having a structure
according to Formula STR-I, Formula STR-II, Formula STR-III, Formula STR-IV, or Formula
STR-V, or selected from 3-O-acetyl-11-keto-p-boswellic acid, cycloastrogenol, B-elemonic acid,
ganoderic acid A, diosgenin, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin,
hecogenin, pristimerin, guggulsterone Z, corosolic acid, and soyasapogenol B, or a combination
thereof; (III) optionally, cholesterol; (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 structural lipid having a structure
according to Formula STR-I, Formula STR-II, Formula STR-III, Formula STR-IV, or Formula
STR-V, or selected from 3-O-acetyl-11-keto-p-boswellic acid, cycloastrogenol, B-elemonic acid,
ganoderic acid A, diosgenin, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin,
hecogenin, pristimerin, guggulsterone Z, corosolic acid, and soyasapogenol B, or a combination
thereof; (III) cholesterol; (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 structural lipid having a structure
according to Formula STR-I, Formula STR-II, Formula STR-III, Formula STR-IV, or Formula
STR-V, or selected from cycloastrogenol, B-elemonic acid, diosgenin, yamogenin, steviol,
brusatol, and y-oryzanol, or a combination thereof; and (III) optionally, cholesterol.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a structural lipid having a structure
according to Formula STR-I, Formula STR-II, Formula STR-III, Formula STR-IV, or Formula
STR-V, or selected from cycloastrogenol, B-elemonic acid, diosgenin, yamogenin, steviol,
brusatol, and y-oryzanol, or a combination thereof; and (III) cholesterol.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure

according to Formula CAT-I or Formula CAT-II; (II) a structural lipid having a structure
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according to Formula STR-I, Formula STR-II, Formula STR-III, Formula STR-IV, or Formula
STR-V, or selected from cycloastrogenol, B-elemonic acid, diosgenin, yamogenin, steviol,
brusatol, and y-oryzanol, or a combination thereof; (III) optionally, cholesterol; (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 structural lipid having a structure
according to Formula STR-I, Formula STR-II, Formula STR-III, Formula STR-IV, or Formula
STR-V, or selected from cycloastrogenol, B-elemonic acid, diosgenin, yamogenin, steviol,
brusatol, and -oryzanol, or a combination thereof; (III) cholesterol; (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 structural lipid having a structure
according to Formula STR-I or Formula STR-II, or a combination thereof; (III) optionally,
cholesterol; (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 structural lipid having a structure
according to Formula STR-I or Formula STR-II, or a combination thereof; (IIT) cholesterol; (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 structural lipid having a structure
according to Formula STR-III, Formula STR-IV, or Formula STR-V, or a combination thereof;
(III) optionally, cholesterol; (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 structural lipid having a structure
according to Formula STR-III, Formula STR-IV, or Formula STR-V, or a combination thereof;
(IIT) cholesterol; (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 structural lipid selected from 3-O-acetyl-
11-keto-B-boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic acid A, diosgenin,

yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin, guggulsterone
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Z, corosolic acid, and soyasapogenol B, or a combination thereof; (III) optionally, cholesterol;
(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 structural lipid selected from 3-O-acetyl-
11-keto-B-boswellic acid, cycloastrogenol, f-elemonic acid, ganoderic acid A, diosgenin,
yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin, guggulsterone
Z, corosolic acid, and soyasapogenol B, or a combination thereof; (III) cholesterol; (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 structural lipid selected from
cycloastrogenol, B-elemonic acid, diosgenin, yamogenin, steviol, brusatol, and y-oryzanol, or a
combination thereof; (IIT) optionally, cholesterol; (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 structural lipid selected from
cycloastrogenol, B-elemonic acid, diosgenin, yamogenin, steviol, brusatol, and y-oryzanol, or a
combination thereof; (IIT) cholesterol; (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 structural lipid selected from a-amyrin,
B-amyrin, a-boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, 3-O-acetyl-11-keto-f-
boswellic acid, taraxasterol, senegenin, arjungenin, B-sitosterol, campesterol, fucosterol, A-5-
avenasterol, A-7-avenasterol, a-spinasterol, cycloartenol, cycloastrogenol, B-elemonic acid,
ganoderic acid A, ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H,
diosgenin, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin,
erythrodiol, guggulsterone Z, corosolic acid, soyasapogenol B, madecassic acid, asiatic acid,
gitogenin, and combinations thereof; (III) optionally, cholesterol; (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 structural lipid selected from a-amyrin,
B-amyrin, a-boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, 3-O-acetyl-11-keto--
boswellic acid, taraxasterol, senegenin, arjungenin, B-sitosterol, campesterol, fucosterol, A-5-

avenasterol, A-7-avenasterol, a-spinasterol, cycloartenol, cycloastrogenol, B-elemonic acid,
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ganoderic acid A, ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H,
diosgenin, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin,
erythrodiol, guggulsterone Z, corosolic acid, soyasapogenol B, madecassic acid, asiatic acid,
gitogenin, and combinations thereof; (IIT) cholesterol; (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 structural lipid selected from a-amyrin,
B-amyrin, a-boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol, arjungenin,
B-sitosterol, A-5-avenasterol, A-7-avenasterol, a-spinasterol, ganoderic acid A, ganoderic acid B,
ganoderic acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin, y-oryzanol,
soyasapogenol B, and combinations thereof; (III) optionally, cholesterol; (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 structural lipid selected from a-amyrin,
B-amyrin, a-boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol, arjungenin,
B-sitosterol, A-5-avenasterol, A-7-avenasterol, a-spinasterol, ganoderic acid A, ganoderic acid B,
ganoderic acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin, y-oryzanol,
soyasapogenol B, and combinations thereof; (III) cholesterol; (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 structural lipid selected from a-amyrin,
B-amyrin, a-boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol, senegenin,
arjungenin, -sitosterol, campesterol, fucosterol, A-5-avenasterol, a-spinasterol, cycloartenol,
cycloastrogenol, B-elemonic acid, ganoderic acid B, ganoderic acid D, ganoderic acid H,
diosgenin, yamogenin, steviol, brusatol, y-oryzanol, and combinations thereof; (III) optionally,
cholesterol; (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 structural lipid selected from a-amyrin,
B-amyrin, a-boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol, senegenin,
arjungenin, B-sitosterol, campesterol, fucosterol, A-5-avenasterol, a-spinasterol, cycloartenol,

cycloastrogenol, B-elemonic acid, ganoderic acid B, ganoderic acid D, ganoderic acid H,
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diosgenin, yamogenin, steviol, brusatol, y-oryzanol, and combinations thereof; (IIT) cholesterol;
(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 structural lipid selected from B-amyrin,
B-boswellic acid, taraxasterol, B-sitosterol, campesterol, fucosterol, a-spinasterol, cycloartenol,
diosgenin, yamogenin, y-oryzanol, and combinations thereof; (III) optionally, cholesterol; (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 structural lipid selected from B-amyrin,
B-boswellic acid, taraxasterol, B-sitosterol, campesterol, fucosterol, a-spinasterol, cycloartenol,
diosgenin, yamogenin, y-oryzanol, and combinations thereof; (III) cholesterol; (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 structural lipid selected from B-amyrin,
B-boswellic acid, taraxasterol, a-spinasterol, cycloartenol, diosgenin, yamogenin, y-oryzanol, and
combinations thereof; (III) optionally, cholesterol; (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; (I) a structural lipid selected from B-amyrin,
B-boswellic acid, taraxasterol, a-spinasterol, cycloartenol, diosgenin, yamogenin, y-oryzanol, and
combinations thereof; (IIT) cholesterol; (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 structural lipid selected from ganoderic
acid A, ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H, and
combinations thereof; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (I) a structural lipid selected from ganoderic
acid A, ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H, and
combinations thereof; (II1) cholesterol; (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 structural lipid selected from A-5-
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avenasterol, y-oryzanol, and combinations thereof; (III) optionally, cholesterol; (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 structural lipid selected from A-5-
avenasterol, y-oryzanol, and combinations thereof; (III) cholesterol; (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 structural lipid selected from a-
spinasterol, B-amyrin, taraxasterol, and combinations thereof; (III) optionally, cholesterol; (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 structural lipid selected from a-
spinasterol, B-amyrin, taraxasterol, and combinations thereof; (III) cholesterol; (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 structural lipid selected from y-oryzanol,
11-keto-B-boswellic acid, soyasapogenol B, a-amyrin, f-amyrin, and combinations thereof; (III)
optionally, cholesterol; (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 structural lipid selected from y-oryzanol,
11-keto-B-boswellic acid, soyasapogenol B, a-amyrin, f-amyrin, and combinations thereof; (III)
cholesterol; (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 structural lipid selected from B-amyrin,
arjungenin, yamogenin, diosgenin, a.-spinasterol, and combinations thereof; (III) optionally,
cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-I or Formula CAT-II; (II) a structural lipid selected from B-amyrin,
arjungenin, yamogenin, diosgenin, a-spinasterol, and combinations thereof; (III) cholesterol;

(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 or GL-
HEPES-E3-E12-DS-4-E10; (II) a structural lipid selected from a-amyrin, B-amyrin, a-boswellic
acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, B-sitosterol,
campesterol, fucosterol, A-5-avenasterol, a-spinasterol, cycloartenol, cycloastrogenol, -
elemonic acid, ganoderic acid B, ganoderic acid D, ganoderic acid H, diosgenin, yamogenin,
steviol, brusatol, y-oryzanol, and combinations thereof; (III) optionally, cholesterol; (IV) a helper
lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is cKK-E10 or GL-
HEPES-E3-E12-DS-4-E10; (II) a structural lipid selected from a-amyrin, B-amyrin, a-boswellic
acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, B-sitosterol,
campesterol, fucosterol, A-5-avenasterol, a-spinasterol, cycloartenol, cycloastrogenol, -
elemonic acid, ganoderic acid B, ganoderic acid D, ganoderic acid H, diosgenin, yamogenin,
steviol, brusatol, y-oryzanol, and combinations thereof; (III) cholesterol; (IV) a helper lipid; and
(V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is cKK-E10 or GL-
HEPES-E3-E12-DS-4-E10; (II) a structural lipid selected from p-amyrin, B-boswellic acid,
taraxasterol, B-sitosterol, campesterol, fucosterol, a-spinasterol, cycloartenol, diosgenin,
yamogenin, y-oryzanol, and combinations thereof; (III) optionally, cholesterol; (IV) a helper
lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is cKK-E10 or GL-
HEPES-E3-E12-DS-4-E10; (II) a structural lipid selected from B-amyrin, B-boswellic acid,
taraxasterol, B-sitosterol, campesterol, fucosterol, a-spinasterol, cycloartenol, diosgenin,
yamogenin, y-oryzanol, and combinations thereof; (IIT) cholesterol; (IV) a helper lipid; and (V) a
stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is cKK-E10 or GL-
HEPES-E3-E12-DS-4-E10; (IT) a structural lipid selected from -amyrin, -boswellic acid,
taraxasterol, a-spinasterol, cycloartenol, diosgenin, yamogenin, y-oryzanol, and combinations
thereof; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is cKK-E10 or GL-
HEPES-E3-E12-DS-4-E10; (II) a structural lipid selected from p-amyrin, B-boswellic acid,
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taraxasterol, a-spinasterol, cycloartenol, diosgenin, yamogenin, y-oryzanol, and combinations
thereof; (III) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is cKK-E10 or GL-
HEPES-E3-E12-DS-4-E10; (II) a structural lipid selected from a-amyrin, B-amyrin, a-boswellic
acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, B-sitosterol,
campesterol, fucosterol, A-5-avenasterol, a-spinasterol, cycloartenol, cycloastrogenol, -
elemonic acid, ganoderic acid B, ganoderic acid D, ganoderic acid H, diosgenin, yamogenin,
steviol, brusatol, y-oryzanol, and combinations thereof; (III) optionally, cholesterol; (IV) a helper
lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is cKK-E10 or GL-
HEPES-E3-E12-DS-4-E10; (II) a structural lipid selected from a-amyrin, B-amyrin, a-boswellic
acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, p-sitosterol,
campesterol, fucosterol, A-5-avenasterol, a-spinasterol, cycloartenol, cycloastrogenol, -
elemonic acid, ganoderic acid B, ganoderic acid D, ganoderic acid H, diosgenin, yamogenin,
steviol, brusatol, y-oryzanol, and combinations thereof; (IIT) cholesterol; (IV) a helper lipid; and
(V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is cKK-E10 or GL-
HEPES-E3-E12-DS-4-E10; (IT) a structural lipid selected from -amyrin, -boswellic acid,
taraxasterol, B-sitosterol, campesterol, fucosterol, a-spinasterol, cycloartenol, diosgenin,
yamogenin, y-oryzanol, and combinations thereof; (IIT) optionally, cholesterol; (IV) a helper
lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid that is cKK-E10 or GL-
HEPES-E3-E12-DS-4-E10; (IT) a structural lipid selected from -amyrin, -boswellic acid,
taraxasterol, B-sitosterol, campesterol, fucosterol, a-spinasterol, cycloartenol, diosgenin,
yamogenin, y-oryzanol, and combinations thereof; (III) cholesterol; (IV) a helper lipid; and (V) a
stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid that is cKK-E10 or GL-
HEPES-E3-E12-DS-4-E10; (II) a structural lipid selected from B-amyrin, B-boswellic acid,
taraxasterol, a-spinasterol, cycloartenol, diosgenin, yamogenin, y-oryzanol, and combinations

thereof; (III) optionally, cholesterol; (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 or GL-
HEPES-E3-E12-DS-4-E10; (II) a structural lipid selected from B-amyrin, B-boswellic acid,
taraxasterol, a-spinasterol, cycloartenol, diosgenin, yamogenin, y-oryzanol, and combinations
thereof; (III) cholesterol; (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 structural lipid selected from a-amyrin, f-amyrin, o-
boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, 3-O-acetyl-11-keto-B-boswellic acid,
taraxasterol, senegenin, arjungenin, B-sitosterol, campesterol, fucosterol, A-5-avenasterol, A-7-
avenasterol, a-spinasterol, cycloartenol, cycloastrogenol, B-elemonic acid, ganoderic acid A,
ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin,
steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin, erythrodiol, guggulsterone
Z, corosolic acid, soyasapogenol B, madecassic acid, asiatic acid, gitogenin, and combinations
thereof; (III) optionally, cholesterol; (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; (I) a structural lipid selected from a-amyrin, f-amyrin, o-
boswellic acid, f-boswellic acid, 11-keto-B-boswellic acid, 3-O-acetyl-11-keto-p-boswellic acid,
taraxasterol, senegenin, arjungenin, B-sitosterol, campesterol, fucosterol, A-5-avenasterol, A-7-
avenasterol, a-spinasterol, cycloartenol, cycloastrogenol, B-elemonic acid, ganoderic acid A,
ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin,
steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin, erythrodiol, guggulsterone
Z, corosolic acid, soyasapogenol B, madecassic acid, asiatic acid, gitogenin, and combinations
thereof; (III) cholesterol; (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 structural lipid selected from a-amyrin, f-amyrin, o-
boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol, arjungenin, B-sitosterol,
A-5-avenasterol, A-7-avenasterol, a-spinasterol, ganoderic acid A, ganoderic acid B, ganoderic
acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin, y-oryzanol, soyasapogenol B,
and combinations thereof; (III) optionally, cholesterol; (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 structural lipid selected from a-amyrin, f-amyrin, o-

boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol, arjungenin, B-sitosterol,
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A-5-avenasterol, A-7-avenasterol, a-spinasterol, ganoderic acid A, ganoderic acid B, ganoderic
acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin, y-oryzanol, soyasapogenol B,
and combinations thereof; (III) cholesterol; (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 structural lipid selected from ganoderic acid A, ganoderic
acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H, and combinations thereof; (III)
optionally, cholesterol; (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 structural lipid selected from ganoderic acid A, ganoderic
acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H, and combinations thereof; (IIT)
cholesterol; (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 structural lipid selected from A-5-avenasterol, y-oryzanol,
and combinations thereof; (III) optionally, cholesterol; (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 structural lipid selected from A-5-avenasterol, y-oryzanol,
and combinations thereof; (III) cholesterol; (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 structural lipid selected from a-spinasterol, f-amyrin,
taraxasterol, and combinations thereof; (III) optionally, cholesterol; (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 structural lipid selected from a-spinasterol, f-amyrin,
taraxasterol, and combinations thereof; (III) cholesterol; (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 structural lipid selected from y-oryzanol, 11-keto-f-
boswellic acid, soyasapogenol B, a-amyrin, f-amyrin, and combinations thereof; (III) optionally,
cholesterol; (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 structural lipid selected from y-oryzanol, 11-keto--
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boswellic acid, soyasapogenol B, a-amyrin, B-amyrin, and combinations thereof; (III)
cholesterol; (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; () a structural lipid selected from B-amyrin, arjungenin,
yamogenin, diosgenin, a-spinasterol, and combinations thereof; (III) optionally, cholesterol; (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 structural lipid selected from B-amyrin, arjungenin,
yamogenin, diosgenin, a-spinasterol, and combinations thereof; (III) cholesterol; (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 structural lipid, wherein said structural lipid is not
cholesterol; and (III) optionally, cholesterol.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-V; (II) a structural lipid, wherein said structural lipid is not
cholesterol; and (IIT) cholesterol.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-V; (Il) a structural lipid, wherein said structural lipid is a sterol or
sterol analog other than cholesterol; and (IIT) optionally, cholesterol.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-V; (II) a structural lipid, wherein said structural lipid is a sterol or
sterol analog other than cholesterol; and (III) cholesterol.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-V; (II) a structural lipid, wherein said structural lipid is not
cholesterol; (III) optionally, cholesterol; (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 structural lipid, wherein said structural lipid is not
cholesterol; (III) cholesterol; (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 structural lipid, wherein said structural lipid is a sterol or
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sterol analog other than cholesterol; (III) optionally, cholesterol; (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 structural lipid, wherein said structural lipid is a sterol or
sterol analog other than cholesterol; (III) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-V; (II) a structural lipid, wherein said structural lipid is a sterol or
sterol analog other than cholesterol; (III) cholesterol; (IV) a helper lipid; and (V) a stealth lipid;
wherein the molar ratio of the structural lipid to the cholesterol is between 1:9 and 1:1.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-Vd; (II) a structural lipid, wherein said structural lipid is not
cholesterol; (III) optionally, cholesterol; (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-Vd; (II) a structural lipid, wherein said structural lipid is not
cholesterol; (IIT) cholesterol; (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-Vd; (II) a structural lipid, wherein said structural lipid is not
cholesterol; (IIT) cholesterol; (IV) a helper lipid; and (V) a stealth lipid; wherein the molar ratio
of the structural lipid to the cholesterol is between 1:9 and 1:1.

In some embodiments, the LNP comprises (I) a cationic lipid that is $Y-3-E{4-DMAPT;
(IT) a structural lipid, wherein said structural lipid is not cholesterol; (IIT) optionally, cholesterol;
(IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is $Y-3-E14-DMAPy;
(I) a structural lipid, wherein said structural lipid is not cholesterol; (IIT) cholesterol; (IV) a
helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is 8Y-3-E14-DMAPy;
(II) a structural lipid, wherein said structural lipid is not cholesterol; (IIT) cholesterol; (IV) a
helper lipid; and (V) a stealth lipid; wherein the molar ratio of the structural lipid to the
cholesterol is between 1:9 and 1:1.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure

according to Formula CAT-V; (II) a structural lipid having a structure according to Formula
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STR-I, Formula STR-II, Formula STR-III, Formula STR-IV, or Formula STR-V, or selected
from 3-O-acetyl-11-keto-B-boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic acid A,
diosgenin, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin,
guggulsterone Z, corosolic acid, and soyasapogenol B, or a combination thereof; and (IIT)
optionally, cholesterol.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-V; (II) a structural lipid having a structure according to Formula
STR-I, Formula STR-II, Formula STR-III, Formula STR-IV, or Formula STR-V, or selected
from 3-O-acetyl-11-keto-B-boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic acid A,
diosgenin, yamogenin, steviol, brusatol, v-oryzanol, phytolaccagenin, hecogenin, pristimerin,
guggulsterone Z, corosolic acid, and soyasapogenol B, or a combination thereof; and (III)
cholesterol.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-V; (II) a structural lipid having a structure according to Formula
STR-I, Formula STR-II, Formula STR-III, Formula STR-IV, or Formula STR-V, or selected
from 3-O-acetyl-11-keto-B-boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic acid A,
diosgenin, yamogenin, steviol, brusatol, v-oryzanol, phytolaccagenin, hecogenin, pristimerin,
guggulsterone Z, corosolic acid, and soyasapogenol B, or a combination thereof; (II) optionally,
cholesterol; (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 structural lipid having a structure according to Formula
STR-I, Formula STR-II, Formula STR-III, Formula STR-IV, or Formula STR-V, or selected
from 3-O-acetyl-11-keto-B-boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic acid A,
diosgenin, yamogenin, steviol, brusatol, v-oryzanol, phytolaccagenin, hecogenin, pristimerin,
guggulsterone Z, corosolic acid, and soyasapogenol B, or a combination thereof; (III)
cholesterol; (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 structural lipid having a structure according to Formula
STR-I or Formula STR-II, or a combination thereof; (III) optionally, cholesterol; (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-V; (II) a structural lipid having a structure according to Formula
STR-I or Formula STR-II, or a combination thereof; (III) cholesterol; (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 structural lipid having a structure according to Formula
STR-III, Formula STR-IV, or Formula STR-V, or a combination thereof; (IIT) optionally,
cholesterol; (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 structural lipid having a structure according to Formula
STR-III, Formula STR-IV, or Formula STR-V, or a combination thereof; (III) cholesterol; (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 structural lipid selected from 3-O-acetyl-11-keto-f-
boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic acid A, diosgenin, yamogenin,
steviol, brusatol, v-oryzanol, phytolaccagenin, hecogenin, pristimerin, guggulsterone Z, corosolic
acid, and soyasapogenol B, or a combination thereof; (III) optionally, cholesterol; (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 structural lipid selected from 3-O-acetyl-11-keto-f-
boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic acid A, diosgenin, yamogenin,
steviol, brusatol, v-oryzanol, phytolaccagenin, hecogenin, pristimerin, guggulsterone Z, corosolic
acid, and soyasapogenol B, or a combination thereof; (III) cholesterol; (IV) a helper lipid; and
(V) a stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-V; (II) a structural lipid selected from a-amyrin, f-amyrin, o-
boswellic acid, f-boswellic acid, 11-keto-B-boswellic acid, 3-O-acetyl-11-keto-p-boswellic acid,
taraxasterol, senegenin, arjungenin, B-sitosterol, campesterol, fucosterol, A-5-avenasterol, A-7-
avenasterol, a-spinasterol, cycloartenol, cycloastrogenol, B-elemonic acid, ganoderic acid A,
ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin,

steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin, erythrodiol, guggulsterone



10

15

20

25

30

WO 2025/003760 PCT/1B2024/000353
110

Z, corosolic acid, soyasapogenol B, madecassic acid, asiatic acid, gitogenin, and combinations
thereof; (III) optionally, cholesterol; (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; (I) a structural lipid selected from o-amyrin, B-amyrin, o-
boswellic acid, f-boswellic acid, 11-keto-B-boswellic acid, 3-O-acetyl-11-keto-p-boswellic acid,
taraxasterol, senegenin, arjungenin, B-sitosterol, campesterol, fucosterol, A-5-avenasterol, A-7-
avenasterol, a-spinasterol, cycloartenol, cycloastrogenol, B-elemonic acid, ganoderic acid A,
ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin,
steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin, erythrodiol, guggulsterone
Z, corosolic acid, soyasapogenol B, madecassic acid, asiatic acid, gitogenin, and combinations
thereof; (III) cholesterol; (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 structural lipid selected from a-amyrin, B-amyrin, o-
boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol, arjungenin, B-sitosterol,
A-5-avenasterol, A-7-avenasterol, a-spinasterol, ganoderic acid A, ganoderic acid B, ganoderic
acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin, y-oryzanol, soyasapogenol B,
and combinations thereof; (III) optionally, cholesterol; (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 structural lipid selected from a-amyrin, B-amyrin, o-
boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol, arjungenin, B-sitosterol,
A-5-avenasterol, A-7-avenasterol, a-spinasterol, ganoderic acid A, ganoderic acid B, ganoderic
acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin, y-oryzanol, soyasapogenol B,
and combinations thereof; (III) cholesterol; (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 structural lipid selected from p-amyrin, B-boswellic acid,
taraxasterol, B-sitosterol, campesterol, fucosterol, a-spinasterol, cycloartenol, diosgenin,
yamogenin, y-oryzanol, and combinations thereof; (III) optionally, cholesterol; (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 structural lipid selected from p-amyrin, B-boswellic acid,

taraxasterol, B-sitosterol, campesterol, fucosterol, a-spinasterol, cycloartenol, diosgenin,
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yamogenin, y-oryzanol, and combinations thereof; (III) cholesterol; (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 structural lipid selected from B-amyrin, B-boswellic acid,
taraxasterol, a-spinasterol, cycloartenol, diosgenin, yamogenin, y-oryzanol, and combinations
thereof; (III) optionally, cholesterol; (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 structural lipid selected from p-amyrin, B-boswellic acid,
taraxasterol, a-spinasterol, cycloartenol, diosgenin, yamogenin, y-oryzanol, and combinations
thereof; (III) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-V; (II) a structural lipid selected from ganoderic acid A, ganoderic
acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H, and combinations thereof; (IIT)
optionally, cholesterol; (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 structural lipid selected from ganoderic acid A, ganoderic
acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H, and combinations thereof; (III)
cholesterol; (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 structural lipid selected from A-5-avenasterol, y-oryzanol,
and combinations thereof; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-V; (II) a structural lipid selected from A-5-avenasterol, y-oryzanol,
and combinations thereof; (III) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-V; (II) a structural lipid selected from a-spinasterol, B-amyrin,
taraxasterol, and combinations thereof; (III) optionally, cholesterol; (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 structural lipid selected from a-spinasterol, B-amyrin,
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taraxasterol, and combinations thereof; (III) cholesterol; (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 structural lipid selected from y-oryzanol, 11-keto-[3-
boswellic acid, soyasapogenol B, a-amyrin, f-amyrin, and combinations thereof; (III) optionally,
cholesterol; (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 structural lipid selected from y-oryzanol, 11-keto-f-
boswellic acid, soyasapogenol B, a-amyrin, B-amyrin, and combinations thereof; (III)
cholesterol; (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 structural lipid selected from B-amyrin, arjungenin,
yamogenin, diosgenin, a-spinasterol, and combinations thereof; (III) optionally, cholesterol; (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 structural lipid selected from p-amyrin, arjungenin,
yamogenin, diosgenin, a-spinasterol, and combinations thereof; (III) cholesterol; (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-Vd; (II) a structural lipid having a structure according to Formula
STR-I, Formula STR-II, Formula STR-III, Formula STR-IV, or Formula STR-V, or selected
from 3-O-acetyl-11-keto-B-boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic acid A,
diosgenin, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin,
guggulsterone Z, corosolic acid, and soyasapogenol B, or a combination thereof; and (III)
optionally, cholesterol.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-Vd; (II) a structural lipid having a structure according to Formula
STR-I, Formula STR-II, Formula STR-III, Formula STR-IV, or Formula STR-V, or selected
from 3-O-acetyl-11-keto-B-boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic acid A,

diosgenin, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin,
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guggulsterone Z, corosolic acid, and soyasapogenol B, or a combination thereof; and (III)
cholesterol.

In some embodiments, the LNP comprises (I) a cationic lipid having a structure
according to Formula CAT-Vd; (II) a structural lipid having a structure according to Formula
STR-I, Formula STR-II, Formula STR-III, Formula STR-IV, or Formula STR-V, or selected
from 3-O-acetyl-11-keto-B-boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic acid A,
diosgenin, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin,
guggulsterone Z, corosolic acid, and soyasapogenol B, or a combination thereof; (III) optionally,
cholesterol; (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-Vd; (II) a structural lipid having a structure according to Formula
STR-I, Formula STR-II, Formula STR-III, Formula STR-IV, or Formula STR-V, or selected
from 3-O-acetyl-11-keto-B-boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic acid A,
diosgenin, yamogenin, steviol, brusatol, v-oryzanol, phytolaccagenin, hecogenin, pristimerin,
guggulsterone Z, corosolic acid, and soyasapogenol B, or a combination thereof; (IIT)
cholesterol; (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-Vd; (II) a structural lipid having a structure according to Formula
STR-I or Formula STR-II, or a combination thereof; (III) optionally, cholesterol; (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-Vd; (II) a structural lipid having a structure according to Formula
STR-I or Formula STR-II, or a combination thereof; (III) cholesterol; (IV) a helper lipid; and (V)
a stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-Vd; (I) a structural lipid having a structure according to Formula
STR-II, Formula STR-IV, or Formula STR-V, or a combination thereof; (IIT) optionally,
cholesterol; (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-Vd; (II) a structural lipid having a structure according to Formula



10

15

20

25

30

WO 2025/003760 PCT/1B2024/000353
114

STR-III, Formula STR-1V, or Formula STR-V, or a combination thereof; (III) cholesterol; (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-Vd; (II) a structural lipid selected from 3-O-acetyl-11-keto-f-
boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic acid A, diosgenin, yamogenin,
steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin, guggulsterone Z, corosolic
acid, and soyasapogenol B, or a combination thereof; (II) optionally, cholesterol; (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-Vd; (I) a structural lipid selected from 3-O-acetyl-11-keto-p3-
boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic acid A, diosgenin, yamogenin,
steviol, brusatol, v-oryzanol, phytolaccagenin, hecogenin, pristimerin, guggulsterone Z, corosolic
acid, and soyasapogenol B, or a combination thereof; (III) cholesterol; (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-Vd; (II) a structural lipid selected from a-amyrin, f-amyrin, o-
boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, 3-O-acetyl-11-keto-p-boswellic acid,
taraxasterol, senegenin, arjungenin, -sitosterol, campesterol, fucosterol, A-5-avenasterol, A-7-
avenasterol, a-spinasterol, cycloartenol, cycloastrogenol, f-elemonic acid, ganoderic acid A,
ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin,
steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin, erythrodiol, guggulsterone
Z, corosolic acid, soyasapogenol B, madecassic acid, asiatic acid, gitogenin, and combinations
thereof; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-Vd; (II) a structural lipid selected from a-amyrin, f-amyrin, o-
boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, 3-O-acetyl-11-keto-B-boswellic acid,
taraxasterol, senegenin, arjungenin, B-sitosterol, campesterol, fucosterol, A-5-avenasterol, A-7-
avenasterol, a-spinasterol, cycloartenol, cycloastrogenol, B-elemonic acid, ganoderic acid A,
ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin,

steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin, erythrodiol, guggulsterone
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Z, corosolic acid, soyasapogenol B, madecassic acid, asiatic acid, gitogenin, and combinations
thereof; (III) cholesterol; (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-Vd; (I) a structural lipid selected from o-amyrin, B-amyrin, o-
boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol, arjungenin, 3-sitosterol,
A-5-avenasterol, A-7-avenasterol, a-spinasterol, ganoderic acid A, ganoderic acid B, ganoderic
acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin, y-oryzanol, soyasapogenol B,
and combinations thereof; (III) optionally, cholesterol; (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-Vd; (II) a structural lipid selected from a-amyrin, B-amyrin, -
boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol, arjungenin, -sitosterol,
A-5-avenasterol, A-7-avenasterol, a-spinasterol, ganoderic acid A, ganoderic acid B, ganoderic
acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin, y-oryzanol, soyasapogenol B,
and combinations thereof; (III) cholesterol; (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-Vd; (II) a structural lipid selected from B-amyrin, B-boswellic acid,
taraxasterol, B-sitosterol, campesterol, fucosterol, a-spinasterol, cycloartenol, diosgenin,
yamogenin, y-oryzanol, and combinations thereof; (III) optionally, cholesterol; (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-Vd; (II) a structural lipid selected from B-amyrin, B-boswellic acid,
taraxasterol, B-sitosterol, campesterol, fucosterol, a-spinasterol, cycloartenol, diosgenin,
yamogenin, y-oryzanol, and combinations thereof; (IIT) cholesterol; (IV) a helper lipid; and (V) a
stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-Vd; (II) a structural lipid selected from B-amyrin, B-boswellic acid,
taraxasterol, a-spinasterol, cycloartenol, diosgenin, yamogenin, y-oryzanol, and combinations
thereof; (III) optionally, cholesterol; (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-Vd; (II) a structural lipid selected from B-amyrin, B-boswellic acid,



10

15

20

25

30

WO 2025/003760 PCT/1B2024/000353
116

taraxasterol, a-spinasterol, cycloartenol, diosgenin, yamogenin, y-oryzanol, and combinations
thereof; (III) cholesterol; (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-Vd; (II) a structural lipid selected from ganoderic acid A, ganoderic
acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H, and combinations thereof; (IIT)
optionally, cholesterol; (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-Vd; (II) a structural lipid selected from ganoderic acid A, ganoderic
acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H, and combinations thereof; (III)
cholesterol; (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-Vd; (II) a structural lipid selected from A-5-avenasterol, y-oryzanol,
and combinations thereof; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-Vd; (II) a structural lipid selected from A-5-avenasterol, y-oryzanol,
and combinations thereof; (III) cholesterol; (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-Vd; (II) a structural lipid selected from a-spinasterol, f-amyrin,
taraxasterol, and combinations thereof; (III) optionally, cholesterol; (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-Vd; (II) a structural lipid selected from a-spinasterol, B-amyrin,
taraxasterol, and combinations thereof; (III) cholesterol; (IV) a helper lipid; and (V) a stealth
lipid.

In some embodiments, the LNP comprises (1) a cationic lipid having a structure
according to Formula CAT-Vd; (II) a structural lipid selected from y-oryzanol, 11-keto-B3-
boswellic acid, soyasapogenol B, a-amyrin, f-amyrin, and combinations thereof; (III) optionally,
cholesterol; (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-Vd; (II) a structural lipid selected from y-oryzanol, 11-keto-f-
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boswellic acid, soyasapogenol B, a-amyrin, f-amyrin, and combinations thereof; (III)
cholesterol; (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-Vd; (I) a structural lipid selected from B-amyrin, arjungenin,
yamogenin, diosgenin, a-spinasterol, and combinations thereof; (III) optionally, cholesterol; (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-Vd; (II) a structural lipid selected from B-amyrin, arjungenin,
yamogenin, diosgenin, a-spinasterol, and combinations thereof; (III) cholesterol; (IV) a helper
lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is 3¥-3-E{4-DMAPT;
(II) a structural lipid having a structure according to Formula STR-I, Formula STR-II, Formula
STR-III, Formula STR-IV, or Formula STR-V, or selected from 3-O-acetyl-11-keto-B-boswellic
acid, cycloastrogenol, B-elemonic acid, ganoderic acid A, diosgenin, yamogenin, steviol,
brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin, guggulsterone Z, corosolic acid,
and soyasapogenol B, or a combination thereof; and (III) optionally, cholesterol.

In some embodiments, the LNP comprises (I) a cationic lipid that is $Y-3-E14-DMAPy;
(IT) a structural lipid having a structure according to Formula STR-I, Formula STR-II, Formula
STR-III, Formula STR-IV, or Formula STR-V, or selected from 3-O-acetyl-11-keto-B-boswellic
acid, cycloastrogenol, B-elemonic acid, ganoderic acid A, diosgenin, yamogenin, steviol,
brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin, guggulsterone Z, corosolic acid,
and soyasapogenol B, or a combination thereof; and (III) cholesterol.

In some embodiments, the LNP comprises (I) a cationic lipid that is $Y-3-E14-DMAPy;
(II) a structural lipid having a structure according to Formula STR-I, Formula STR-II, Formula
STR-III, Formula STR-IV, or Formula STR-V, or selected from 3-O-acetyl-11-keto-B-boswellic
acid, cycloastrogenol, B-elemonic acid, ganoderic acid A, diosgenin, yamogenin, steviol,
brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin, guggulsterone Z, corosolic acid,
and soyasapogenol B, or a combination thereof; (III) optionally, cholesterol; (IV) a helper lipid;
and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is 3¥-3-E14-DMAPy;

(II) a structural lipid having a structure according to Formula STR-I, Formula STR-II, Formula
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STR-III, Formula STR-IV, or Formula STR-V, or selected from 3-O-acetyl-11-keto-B-boswellic
acid, cycloastrogenol, B-elemonic acid, ganoderic acid A, diosgenin, yamogenin, steviol,
brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin, guggulsterone Z, corosolic acid,
and soyasapogenol B, or a combination thereof; (IIT) cholesterol; (IV) a helper lipid; and (V) a
stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is 3Y-3-E14-DMAPY;
(II) a structural lipid having a structure according to Formula STR-I or Formula STR-II, or a
combination thereof; (III) optionally, cholesterol; (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-Vd; (II) a structural lipid having a structure according to Formula
STR-I or Formula STR-II, or a combination thereof; (III) cholesterol; (IV) a helper lipid; and (V)
a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is SY-3-E14-DMAPr;
(II) a structural lipid having a structure according to Formula STR-IIL, Formula STR-IV, or
Formula STR-V, or a combination thereof; (III) optionally, cholesterol; (IV) a helper lipid; and
(V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is $Y-3-E14-DMAPy;
(IT) a structural lipid having a structure according to Formula STR-III, Formula STR-IV, or
Formula STR-V, or a combination thereof; (III) cholesterol; (IV) a helper lipid; and (V) a stealth
lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is 3Y-3-E14-DMAPy;
(II) a structural lipid selected from 3-O-acetyl-11-keto-B-boswellic acid, cycloastrogenol, -
elemonic acid, ganoderic acid A, diosgenin, yamogenin, steviol, brusatol, y-oryzanol,
phytolaccagenin, hecogenin, pristimerin, guggulsterone Z, corosolic acid, and soyasapogenol B,
or a combination thereof; (IIT) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is 8Y-3-E14-DMAPy;
(II) a structural lipid selected from 3-O-acetyl-11-keto-B-boswellic acid, cycloastrogenol, -
elemonic acid, ganoderic acid A, diosgenin, yamogenin, steviol, brusatol, v-oryzanol,
phytolaccagenin, hecogenin, pristimerin, guggulsterone Z, corosolic acid, and soyasapogenol B,

or a combination thereof; (IIT) cholesterol; (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 $Y-3-E14-DMAPy;
(II) a structural lipid selected from a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, 3-O-acetyl-11-keto-B-boswellic acid, taraxasterol, senegenin, arjungenin,
[B-sitosterol, campesterol, fucosterol, A-5-avenasterol, A-7-avenasterol, a-spinasterol,
cycloartenol, cycloastrogenol, B-elemonic acid, ganoderic acid A, ganoderic acid B, ganoderic
acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin, steviol, brusatol, y-oryzanol,
phytolaccagenin, hecogenin, pristimerin, erythrodiol, guggulsterone Z, corosolic acid,
soyasapogenol B, madecassic acid, asiatic acid, gitogenin, and combinations thereof; (III)
optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is 8Y-3-E£14-DM AP,
(II) a structural lipid selected from a-amyrin, f-amyrin, a-boswellic acid, f-boswellic acid, 11-
keto-B-boswellic acid, 3-O-acetyl-11-keto-B-boswellic acid, taraxasterol, senegenin, arjungenin,
B-sitosterol, campesterol, fucosterol, A-5-avenasterol, A-7-avenasterol, a-spinasterol,
cycloartenol, cycloastrogenol, B-elemonic acid, ganoderic acid A, ganoderic acid B, ganoderic
acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin, steviol, brusatol, y-oryzanol,
phytolaccagenin, hecogenin, pristimerin, erythrodiol, guggulsterone Z, corosolic acid,
soyasapogenol B, madecassic acid, asiatic acid, gitogenin, and combinations thereof; (III)
cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is $Y-3-E14-DMAPy;
(II) a structural lipid selected from a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, taraxasterol, arjungenin, B-sitosterol, A-5-avenasterol, A-7-avenasterol, a-
spinasterol, ganoderic acid A, ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic
acid H, diosgenin, yamogenin, y-oryzanol, soyasapogenol B, and combinations thereof; (III)
optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is $Y-3-E{4-DMAPT;
(IT) a structural lipid selected from a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, taraxasterol, arjungenin, B-sitosterol, A-5-avenasterol, A-7-avenasterol, a-
spinasterol, ganoderic acid A, ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic
acid H, diosgenin, yamogenin, y-oryzanol, soyasapogenol B, and combinations thereof; (III)

cholesterol; (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 $Y-3-E14-DMAPy;
(II) a structural lipid selected from B-amyrin, B-boswellic acid, taraxasterol, B-sitosterol,
campesterol, fucosterol, a-spinasterol, cycloartenol, diosgenin, yamogenin, y-oryzanol, and
combinations thereof; (III) optionally, cholesterol; (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-Vd; (II) a structural lipid selected from B-amyrin, B-boswellic acid,
taraxasterol, B-sitosterol, campesterol, fucosterol, a-spinasterol, cycloartenol, diosgenin,
yamogenin, y-oryzanol, and combinations thereof; (III) cholesterol; (IV) a helper lipid; and (V) a
stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is 8Y-3-E£14-DM AP,
(II) a structural lipid selected from B-amyrin, B-boswellic acid, taraxasterol, a-spinasterol,
cycloartenol, diosgenin, yamogenin, y-oryzanol, and combinations thereof; (III) optionally,
cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is SY-3-E14-DMAPy;
(IT) a structural lipid selected from B-amyrin, B-boswellic acid, taraxasterol, a-spinasterol,
cycloartenol, diosgenin, yamogenin, y-oryzanol, and combinations thereof; (IIT) cholesterol; (IV)
a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is SY-3-E14-DMAPT;
(II) a structural lipid selected from ganoderic acid A, ganoderic acid B, ganoderic acid D,
ganoderic acid F, ganoderic acid H, and combinations thereof; (IIT) optionally, cholesterol; (IV) a
helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is SY-3-E14-DMAPr;
(IT) a structural lipid selected from ganoderic acid A, ganoderic acid B, ganoderic acid D,
ganoderic acid F, ganoderic acid H, and combinations thereof; (III) cholesterol; (IV) a helper
lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is 8Y-3-E14-DMAPy;
(II) a structural lipid selected from A-5-avenasterol, y-oryzanol, and combinations thereof; (III)
optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is 8Y-3-E14-DMAPT;
(II) a structural lipid selected from A-5-avenasterol, y-oryzanol, and combinations thereof; (III)

cholesterol; (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 $Y-3-E14-DMAPy;
(IT) a structural lipid selected from a-spinasterol, B-amyrin, taraxasterol, and combinations
thereof; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is SY-3-E14-DMAFs;
(II) a structural lipid selected from a-spinasterol, f-amyrin, taraxasterol, and combinations
thereof; (III) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is 8¥-3-E14-DMAPy;
(II) a structural lipid selected from y-oryzanol, 11-keto-B-boswellic acid, soyasapogenol B, a-
amyrin, B-amyrin, and combinations thereof; (III) optionally, cholesterol; (IV) a helper lipid; and
(V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is 3¥-3-E{4-DMAPT;
(IT) a structural lipid selected from y-oryzanol, 11-keto-B-boswellic acid, soyasapogenol B, a-
amyrin, B-amyrin, and combinations thereof; (IIT) cholesterol; (IV) a helper lipid; and (V) a
stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is 8Y-3-E14-DMAPs;
(II) a structural lipid selected from B-amyrin, arjungenin, yamogenin, diosgenin, a-spinasterol,
and combinations thereof; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In some embodiments, the LNP comprises (I) a cationic lipid that is SY-3-E14-DMAPT;
(II) a structural lipid selected from B-amyrin, arjungenin, yamogenin, diosgenin, a-spinasterol,
and combinations thereof; (III) cholesterol; (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 30% and 55% 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.
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In some embodiments, the structural lipid and cholesterol, if present, may comprise a
combined 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 and cholesterol, if
present, may comprise a combined molar ratio between 20% and 50% of the total lipid present in
the lipid nanoparticle. In some embodiments, the structural lipid and cholesterol, if present, may
comprise a combined molar ratio between 20% and 35% of the total lipid present in the lipid
nanoparticle. In some embodiments, the structural lipid and cholesterol, if present, may comprise
a combined molar ratio of about 25% of the total lipid present in the lipid nanoparticle. In some
embodiments, the structural lipid and cholesterol, if present, may comprise a combined molar
ratio of about 28.5% of the total lipid present in the lipid nanoparticle.

In some embodiments, the helper lipid 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 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 25% and 35% of the total lipid present in the lipid nanoparticle. In some
embodiments, the helper lipid may comprise a molar ratio of 30% 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 4% 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 5% of the total lipid present
in the lipid nanoparticle.

In some embodiments, the LNP comprises the cationic lipid at a molar ratio between 30%
and 55%; the structural lipid and cholesterol at a combined molar ratio between 20% and 50%,
the stealth lipid at a molar ratio between 0.25% and 8.75%, and the helper lipid at a molar ratio
between 10% and 35%.
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In some embodiments, the LNP comprises the cationic lipid at a molar ratio between 35%
and 45%; the structural lipid and cholesterol at a combined molar ratio between 20% and 35%,
the stealth lipid at a molar ratio between 0.25% and 8.75%, and the helper lipid at a molar ratio
between 25% and 35%. In some embodiments, the LNP comprises the cationic lipid at a molar
ratio of about 40%; the structural lipid and cholesterol at a combined molar ratio of about 25%;
the stealth lipid at a molar ratio of about 5%, and the helper lipid at molar ratio of about 30%. In
some embodiments, the LNP comprises the cationic lipid at a molar ratio of about 40%; the
structural lipid and cholesterol at a combined molar ratio of about 28.5%; the stealth lipid at a
molar ratio of about 1.5%, and the helper lipid at molar ratio of about 30%.

To calculate the actual amount of each lipid 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.

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
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(also referred to as “m’G” or “Cap-0"), comprises a guanosine that is linked througha 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(57)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(57)G; m7G(5")ppp(5)A; m7G(5’)ppp(5°)G:;
m7G(5)ppp(5)(2'OMeA)pG; m7G(5")ppp(5)(2'OMeA)pU; m7G(5)ppp(5)(2'OMeG)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(57)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, 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 embodiments, a
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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 800 nucleotides in length, about 8§50 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)
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tract. Furthermore, most TOP genes are characterized by growth-associated translational
regulation. However, TOP genes with a tissue specific translational regulation 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:

GGACAGAUCGCCUGGAGACGCCAUCCACGCUGUUUUGACCUCCAUAGAAG
ACACCGGGACCGAUCCAGCCUCCGCGGCCGGGAACGGUGCAUUGGAACGCGGAUU
CCCCGUGCCAAGAGUGACUCACCGUCCUUGACACG.

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

CGGGUGGCAUCCCUGUGACCCCUCCCCAGUGCCUCUCCUGGCCCUGGAAGU
UGCCACUCCAGUGCCCACCAGCCUUGUCCUAAUAAAAUUAAGUUGCAUC.

The 5’ UTR and 3°’UTR are described in further detail in W02012/075040, incorporated

herein by reference.

C. Polyadenylated Tail
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
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nucleotide). For example, a poly(A) tail of 100 adenosine nucleotides may have a length of more
than 100 nucleotides (comprising 100 adenosine 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
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGCAUAUGACUAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AA.

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 WO2016/091391.

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.
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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
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, 5S-methyl-2-thio-uracil, 5-methyl-uracil, N-
uracil-5-oxy acetic acid methyl ester, 5-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-pseudouracil, queosine, f-D-mannosyl-queosine,
phosphoramidates, phosphorothioates, peptide nucleotides, methylphosphonates, 7-
deazaguanosine, 5-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-1-



10

15

20

25

30

WO 2025/003760 PCT/1B2024/000353
130

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-1-
methyl-pseudouridine, 4-thio-pseudouridine, 5-aza-uridine, dihydropseudouridine, 5-
methyluridine, 5-methyluridine, 5S-methoxyuridine, and 2’-O-methyl uridine.

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 L, 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.
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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., 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
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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

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 MLVs. 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
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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
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, 5x, 6%, 7x, 8%, 9x, 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.
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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 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. Certain 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%, 70%, 715%, 80%, 85%, 90%., 95%, 96%, 97%, 98%, or 99% of the LNPs, have a size
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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.

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%).
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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 ng, 5 pug, 10 pg, 100 g, 500 pg, or 1000 pg of encapsulated
mRNA. In some embodiments, a pharmaceutical composition contains about 0.1 ug to 1000 pg,
at least about 0.5 ng, at least about 0.8 pg, at least about 1 g, at least about 5 pg, at least about 8
ug, at least about 10 pg, at least about 50 pg, at least about 100 g, 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 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 disclosure provides a nasal administration device
comprising the mRNA-LNP. A nasal administration device can be a wetered administration
device (metered volume, metered dose, or ruetered-welight) or a continuous {or substantially
continuous) aerosol-producing device. Suitable nasal administration devices also include devices
that can be adapted or madified for nasal administration. A metered nasal administration device
delivers a fixed (metered) voluroe or amount {dose) of a nasal composition upon each actuation.

Exemplary metered dose devices for nasal administration include, by way of example and
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without limitation, an atomizer, sprayer, dropper, squeeze tube, squeeze-type spray botile,
pipetie, arapule, nasal cannula, metered dose device, nasal spray inhaler, breath actnated bi-
directional delivery device, pump spray, pre-compression metered dose spray pamp, monospray
pump, bispray purop, and pressurized metered dose device, The adrninistration device can be g
single~-dose disposable device, single-dose reusable device, multi-dose disposable device or
mnulti-dose reusable device.

Cornmercially available adrministration devices that are used or can be adapted for nasal
administration of a composition of the present disclosure include the ACCUSPRAY™ (BD), the
MAD NASAL ™ intranasal roucosal atormization device {Teleflex), the APF FUTURITY ™ nasal
spray pump {Aptar), the ADVASPRAY® unidose nasal spray system (Aptar), the Aptar unidose
{(UDS) hauid nasal spray system {Aptar), the Aptar unidose (UDS) powder nasal spray system
{Aptar), the Aptar bidose (BDS) Hquid nasal spray system (Aptar), the UNIDOSE® XTRA
(Bespak), the SP270+ multidose pump system {Nemera}, the SP370+ multidose pump system
(Newmera), and the Nemera UniSpray system (Nemera).

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

LT3

words “have” and “comprise,” or variations such as “has,” “having,” “comprises,” or
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“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%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or less in either direction (greater
than or less than) of the stated reference value unless otherwise stated or otherwise evident from

the context.

Particular Embodiments

In a 1* embodiment, a composition comprising a lipid nanoparticle (LNP) is provided,
wherein the LNP comprises: (I) an ionizable lipid; (II) a structural lipid selected from the group
consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid,
3-O-acetyl-11-keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, cycloastrogenol, -
elemonic acid, ganoderic acid A, ganoderic acid B, ganoderic acid D, ganoderic acid F,
ganoderic acid H, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin,
pristimerin, erythrodiol, guggulsterone Z, corosolic acid, soyasapogenol B, gitogenin, and
combinations thereof; and (III) optionally, cholesterol.

In a 2" embodiment, the LNP comprises: (I) an ionizable lipid; (IT) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, 3-O-acetyl-11-keto-B-boswellic acid, taraxasterol, senegenin, arjungenin,
cycloastrogenol, p-elemonic acid, ganoderic acid A, ganoderic acid B, ganoderic acid D,
ganoderic acid F, ganoderic acid H, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin,
hecogenin, pristimerin, erythrodiol, guggulsterone Z, corosolic acid, soyasapogenol B, gitogenin,
and combinations thereof; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In a 3 embodiment, the LNP comprises: (I) an ionizable lipid; (II) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, 3-O-acetyl-11-keto-B-boswellic acid, taraxasterol, senegenin, arjungenin,

cycloastrogenol, B-elemonic acid, ganoderic acid A, ganoderic acid B, ganoderic acid D,
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ganoderic acid F, ganoderic acid H, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin,
hecogenin, pristimerin, erythrodiol, guggulsterone Z, corosolic acid, soyasapogenol B, gitogenin,
and combinations thereof; (III) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In a 4® embodiment, the LNP comprises: (I) an ionizable lipid; (I) a structural lipid
selected from the group consisting of a-amyrin, f-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, cycloastrogenol, B-elemonic acid,
ganoderic acid B, ganoderic acid D, ganoderic acid H, yamogenin, steviol, brusatol, v-oryzanol,
and combinations thereof; and (III) optionally, cholesterol.

In a 5™ embodiment, the LNP comprises: (I) an ionizable lipid; (II) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, cycloastrogenol, B-elemonic acid,
ganoderic acid B, ganoderic acid D, ganoderic acid H, yamogenin, steviol, brusatol, v-oryzanol,
or a combination thereof; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In a 6™ embodiment, the LNP comprises: (I) an ionizable lipid; (II) a structural lipid
selected from the group consisting of a-amyrin, B-amyrin, a-boswellic acid, B-boswellic acid, 11-
keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, cycloastrogenol, B-elemonic acid,
yamogenin, steviol, brusatol, v-oryzanol, and a combination thereof; (III) cholesterol; (IV) a
helper lipid; and (V) a stealth lipid.

In a 7" embodiment, a composition comprising a lipid nanoparticle (LNP) is provided,
wherein the LNP comprises:

(I) an ionizable lipid, wherein:

(a) the ionizable lipid has a structure according to Formula CAT-I:

RG R7
N7
e [ L

N

0 0
]
N—t/ | Re

z
R’ L _p

(CAT-D),

or a pharmaceutically acceptable salt thereof,

wherein:
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pis an integer of between | and 9, inclusive;

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

each instance of L is independently an optionally sabstituted altkylene, opticnally
substituted altkenylene, optionally substituted alkyayviene, optionally substituted heteroalkylene,
optionally substituted heteroalkenylene, optionally substituted hetercalkyoylene, optionally
substituted carbocyelylene, optionally substituted heterocyclylene, optionaily substituted arviene,
or optionally substituted hetercarviene, or cornbination thereof;

each instance of R%and R’ is independently a group of formula (i), (i), or (iiiy;

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

Rl
R _)—YRP
~

(iD),
RL

.t

(iib),

wherein:

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

X is 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, optionafly
substituted alkynyl, optionally substituted carbocyelyl, optionally substituted heterocyclyl,

optionally substituted aryl, optiovally substituted hetercaryl, an oxygen protecting group when
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attached to an oxygen atom, a sulfur protecting group when attached to a sulfur atom, ora
nitrogen protecting group when attached to a nitrogen atom; and
R* is optionally substituted Cy.s0 alkyl, optionally substituted Ca.sp alkenyl, optionally
substituted Czso alkyoyl, optionally substituted heterofC 50 alkyl, optionally substituted heteroCa-
so alkenvl, optionally substituted beteroCass alkoynyl, or a polymer; or
(b) the ionizable lipid has a structure according to Formula CAT-IL:
HO R'B

RO N’Hb\z&\)mj/
\[N A1/\/© K(OH

HO\) R1B

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

wherein:
(0]

¢}
S
Al is selected from ?J\O;;', ?J\S%’, and 3{ \S%, wherein the {eft hand side

of each depicted structore is bound to the ~({CHzja-~;

O O
S
Z! is selected from ‘?{ O)S{, ?{ S)gé, and 7}‘{ \Sji’ , wherein the right hand side

of each depicted structure is bound to the ~{{THzja-;

B and R'® are each independently selected from optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted afkynyl, optionally substituted acyl, and -W'-X1 Y1,

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=00-
C-optionally substituted atkyl, -*O-{(C=0}-optionally substituted alkenyl, and -(*C=(3})-O-

optionally substituted allenyl, wherein the atorn marked with a * is connected to W1,
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each Y' is independently selected from hydrogen, -*0-(C=0)-optionally substituted
atkyl, ~(¥*C=()-O-optionally substituted alkyl, -*O-(C=0)-optionaily substituted alkenyl, and -
(*C=0)-O-optionaily substituted alkenyl, wherein the atom marked with a * is connected to X3
bisi, 2,3 4, 0or 5 and
5 each 4 18 independently selected from 1, 2, 3,4, 5, 6,7, §, %, and 1
(II) a structural lipid, wherein said structural lipid is a sterol or sterol analog other than
cholesterol; and
(IIT) optionally, cholesterol.
In a 8" embodiment, the LNP comprises: (I) an ionizable lipid, wherein: (a) the ionizable
10 lipid has a structure according to Formula CAT-I; or (b) the ionizable lipid has a structure
according to Formula CAT-II; (II) a structural lipid, wherein said structural lipid is a sterol or
sterol analog other than cholesterol; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a
stealth lipid.
In a 9" embodiment, the LNP comprises: (I) an ionizable lipid, wherein: (a) the ionizable
15  lipid has a structure according to Formula CAT-I; or (b) the ionizable lipid has a structure
according to Formula CAT-II; (II) a structural lipid, wherein said structural lipid is a sterol or
sterol analog other than cholesterol; (IIT) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.
In a 10™ embodiment, the LNP comprises:
(I) an ionizable lipid, wherein:
20 (a) the ionizable lipid has a structure according to Formula CAT-I; or
(b) the ionizable lipid has a structure according to Formula CAT-II;
(II) a structural lipid, wherein:

(a) the structural lipid has a structure according to Formula STR-I or STR-II:

Rs8b Rs8a RsSb Rsta

25 (STR-I) (STR-ID),
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wherein:
Rl is H, optionally substituted Ci.¢ alkyl, or COOH;
R*2* and R*?® are each, independently, optionally substituted Ci-¢ alkyl or COOH;
R*3 and R** are each, independently, H, OH, or optionally substituted Ci. alkyl;
5 R** and R** are each, independently H, optionally substituted Ci alkyl, or R*** and R**
are taken together with the carbon atom to which they are attached to form C=0;
R* is H, optionally substituted C1.6 alkyl, or COOH;
R*% and R*%® are each, independently, H, optionally substituted C1.¢ alkyl, or COOH;
R*7* and R*’” are each, independently, H, OH, or optionally substituted Ci- alkyl;
10 R*% and R** are each, independently, H, OH, optionally substituted Ci.¢ alkyl, or R*%?
and R are taken together with the carbon atom to which they are attached to form C=CH>; and

R*** and R*® are each, independently, H, OH, or optionally substituted Ci.s alkyl;

(b) the structural lipid has a structure according to Formula STR-III, STR-IV, or
STR-V:

s13
Rst4 R Rst4

HO Rsita
Rs10a s10a

15
(STR-III) (STR-IV) (STR-V)

wherein:

R5!19 and R*!% are each, independently, H or optionally substituted C.¢ alkyl;

R*M2 is H, and R*'!® is OH, or R*!!® and R*!!" are taken together with the carbon atom to
20 which they are attached to form C=0;

R is H, and R*'?* is OH, or R*!** and R*!?" are taken together with the carbon atom to

which they are attached to form C=0;
R* is H or OC(0)C-6 alkyl;
Rstda

Rsl4 s ?\Rsmb .

>
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R4 j5 optionally substituted Ci.¢ alkyl, optionally substituted C»-¢ alkenyl, or COOH;
and

R*!* is optionally substituted C7.10 alkyl, optionally substituted Cé.-10 alkenyl; optionally
substituted C7.10 alkynyl; or Ci-5 alkyl-C(O)-Ci-s alkyl-COOH; or

(c) the structural lipid is selected from the group consisting of 3-O-acetyl-11-keto-

B-boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic acid A, diosgenin,

yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin,

guggulsterone Z, corosolic acid, and soyasapogenol B; and

(III) optionally, cholesterol.

In an 11" embodiment, the LNP comprises: (I) an ionizable lipid, wherein: (a) the
ionizable lipid has a structure according to Formula CAT-I; or (b) the ionizable lipid has a
structure according to Formula CAT-II; (II) a structural lipid, wherein: (a) the structural lipid has
a structure according to Formula STR-I or STR-II; (b) the structural lipid has a structure
according to Formula STR-III, STR-IV, or STR-V; or (c) the structural lipid is selected from the
group consisting of 3-O-acetyl-11-keto-B-boswellic acid, cycloastrogenol, B-elemonic acid,
ganoderic acid A, diosgenin, yamogenin, steviol, brusatol, --oryzanol, phytolaccagenin,
hecogenin, pristimerin, guggulsterone Z, corosolic acid, and soyasapogenol B; (III) optionally,
cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In an 12 embodiment, the LNP comprises: (I) an ionizable lipid, wherein: (a) the
ionizable lipid has a structure according to Formula CAT-I; or (b) the ionizable lipid has a
structure according to Formula CAT-II; (II) a structural lipid, wherein: (a) the structural lipid has
a structure according to Formula STR-I or STR-II; (b) the structural lipid has a structure
according to Formula STR-III, STR-IV, or STR-V; or (c) the structural lipid is selected from the
group consisting of 3-O-acetyl-11-keto-f-boswellic acid, cycloastrogenol, B-elemonic acid,
ganoderic acid A, diosgenin, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin,
hecogenin, pristimerin, guggulsterone Z, corosolic acid, and soyasapogenol B; (III) cholesterol;
(IV) a helper lipid; and (V) a stealth lipid.

In an 13™ embodiment, the LNP comprises: (I) an ionizable lipid, wherein: (a) the
ionizable lipid has a structure according to Formula CAT-I; or (b) the ionizable lipid has a
structure according to Formula CAT-II; (II) a structural lipid, wherein: (a) the structural lipid has

a structure according to Formula STR-I or STR-II; (b) the structural lipid has a structure
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according to Formula STR-III, STR-IV, or STR-V; or (c) the structural lipid is selected from the
group consisting of cycloastrogenol, B-elemonic acid, diosgenin, yamogenin, steviol, brusatol,
and y-oryzanol; and (III) optionally, cholesterol.
In an 14™ embodiment, the LNP comprises: (I) an ionizable lipid, wherein: (a) the
5  ionizable lipid has a structure according to Formula CAT-I; or (b) the ionizable lipid has a
structure according to Formula CAT-II; (II) a structural lipid, wherein: (a) the structural lipid has
a structure according to Formula STR-I or STR-II; (b) the structural lipid has a structure
according to Formula STR-III, STR-IV, or STR-V; or (c) the structural lipid is selected from the
group consisting of cycloastrogenol, f-elemonic acid, diosgenin, yamogenin, steviol, brusatol,
10 and y-oryzanol; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a stealth lipid.
In a 15" embodiment, the LNP comprises: (I) an ionizable lipid, wherein: (a) the
ionizable lipid has a structure according to Formula CAT-I; or (b) the ionizable lipid has a
structure according to Formula CAT-II; (II) a structural lipid, wherein: (a) the structural lipid has
a structure according to Formula STR-I or STR-II; (b) the structural lipid has a structure
15  according to Formula STR-III, STR-IV, or STR-V; or (c) the structural lipid is selected from the
group consisting of cycloastrogenol, f-elemonic acid, diosgenin, yamogenin, steviol, brusatol,
and y-oryzanol; (IIT) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.
In a 16" embodiment, the ionizable lipid has a structure according to Formula CAT-I:

R6 R”
N7
e [ L

N

0 0
1
N—t/ | R2

ya
R’ L p

or a pharmaceutically acceptable salt thereof,
wherein:
pis an integer of between 1 and 9, inclasive;
each instance of R*is independently hvdrogen or optionally substituted Cie alkyls
25 each instance of L is independently an optionally substituted alkylene, optionally

substitsted alkenviene, optionally substituted alloynyiene, optionally substituted heteroalkylene,
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optionally substituted hetercalkenylene, optionally substituted heteroallovayiene, optionally
substiteied carbocyelyviene, optionally substituted heterocyclylene, optionally substituted aryiene,
or optionally substituted hetercarylene, or combination thereof,

each instance of R®and R” is independently a group of fornula (i), (i), or (i)

5 Formulae (i), (ii), and (iii) are:

RV
R \;YRP
~L

®,
XRt

(i1),
RL

+ .

(iib),

wherein:

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

X is O, S, or NRX, 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;

15 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 aikyl, optionally substituted alkenyl, optionally

20 substituted alioynyl, optionally sabstituted carbocyelyl, optionally substituted heterocyelyl,
optionally substituted aryl, optionally substituted heteroaryi, an oxvgen protecting group when
attached to an oxygen atora, a sulfor protecting group when attached to a sulfur atom, or a

nitrogen profecting group when attached to a nitrogen atom; and
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RY is optionaily substituted Cr.so alkyl, optionally substituted .50 alkenyl, optionally
substituied Coso alkynyl, optionally substituted heteroCiso alkyl, optionally sabstituted heteroCa
so alkenyi, optionally substituted heteroCzs0 alkynyl, or a polymer.

In an 179 embodiment, the lonizable lipid has a structure according to CAT-1b:

R¢ R’

\N/

HN
0 0
RO H
)
5 RY !
(CAT-Ib),

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

In a 18" embodiment, the ionizable lipid has the following structure:
OH

CSHW\[OH HN)K(\/\/N

. NH
N/\/\\“ ﬁ HO CSH17

CBH17ﬁ
10 H

In a 19" embodiment, the ionizable lipid has the following structure:

In a 20" embodiment, the ionizable lipid has a structure according to Formula CAT-II:
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R OH NH&T&NT
\[NH}AM\/O H/OH

HO\H R1B

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

wherein:

¢} ¢}
S
5 Al is selected from ?J\O%', ?J\S};', and }{ \Sﬁz{“, wherein the ieft hand side

of each depicted structure is bound to the ~(CHza-

@) @)
S
Z! is selected from 3{ O)Lf;, E{ S)Lfvé, and Ei \Sﬁﬁ , wherein the right hand side

of each depicted structure is bound to the -{{CHza-;
R!* and R!® are each independently selected from optionally substituted alkyl, opticnally
10 substiteted alkenyl, optionally substitoted alkynyl, optionally substituted acyl, and -Wi-x'- vl
each W' is independently selected from optionally substituted alky! and optionaliy
substituted alleenvl;
each X' is independently selected from -*0-(C=0)-optionally substitated alkyl, -(*C=0)-
Q-optionally substituted alieyl, -*O-(C=0)-optionally substituted alkenyl, and -(*C=0)-0-
15  optionally substituted alkenyl, wherein the atom marked with a * is connected to W',
each Y' is independently selected from hydrogen, -*0-(C=0)-optionally substituted
atkyl, -(*C=0)-0-optionally substituted allyl, -*O-{C=0)-optionally substituted alkenyi, and -
(*C=(-O-optionally substituted alkenyl, wherein the atom marked with a * is connected to X';
bisi, 2,3, 4, 0r5; and
20 each a is independently selected from |, 2, 3,4, 53, 6,7, 8, 9, and 18,

In a 21% embodiment, the ionizable lipid has a structure according to Formula CAT-Ila:
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R‘IB

s IKOH
N’H\S/
o NS

Lo

or a pharmaceutically acceptable salt thereof.

(CAT-TIa),

In a 22" embodiment, the ionizable lipid has the following structure:

R

o {,-s\_/——/ OH

In a 23" embodiment, a composition comprising a lipid nanoparticle (LNP) is provided,
wherein the LNP comprises:

(I) an ionizable lipid having a structure according to Formula CAT-V:

R‘i
R? Ly X
\l‘r \ RG
o}
R? R®
R4

10 or a pharmaceutically acceptable salt thereof,

wherein L1 is a bond, (C1-Ce) alkylene or (C»-Ce) alkenylene;

(CAT-V),

wherein X is O or S;
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wherein R!, R%, R3, R* and R? are each independently selected from H, OH, optionally
substituted (C1-Cs) alkyl, optionally substituted (C2-Cs) alkenyl, optionally substituted (C2-Ce)
alkynyl, optionally substituted (C1-Cs) alkoxy and -OC(O)R’;

wherein at least one of R!, R?, R3, R* or R’ is -OC(O)R’;

wherein each R’ is independently selected from

R

o

wherein R® is

fe

p

wherein m and p are each independently O, 1, 2, 3,4 or 5;

b

wherein each R is independently selected from H, optionally substituted (C;-Cs) alkyl,
optionally substituted (C2-Cs) alkenyl, optionally substituted (C»-Cs) alkynyl, optionally
substituted (C1-Cs) acyl, —(CH2)xR” or -(CH2)xCH(OR'HR?;

wherein each R® is independently selected from H, optionally substituted (C;-Cs) alkyl,
optionally substituted (C2-Ce) alkenyl, optionally substituted (C»-Cs) alkynyl, optionally
substituted (C1-Cg) acyl, —(CH2),R® or -(CH,),CH(OR'*)R?;

wherein R” is selected from H, optionally substituted (Ci-Ce) alkyl, optionally substituted
(C2-Cs) alkenyl, optionally substituted (C2-Ce) alkynyl, optionally substituted (C1-Ce) acyl, -
(CH2)qRE or -(CH,)(CH(OR*)RE;

wherein R!? is selected from H, optionally substituted (C1-Ce) alkyl, optionally
substituted (C2-Cs) alkenyl, optionally substituted (C2-Cs) alkynyl, optionally substituted (Ci-
Ce)acyl, -(CH2)RP or -(CH>),CH(OR'¥)RP;

wherein k, n, q and r are each independently 1,2,3,4 or 5;

or wherein (i) R” and R® or (ii) R® and R!° together form an optionally substituted 5- or
6- membered heterocycloalkyl or heteroaryl wherein the heterocycloalkyl or heteroaryl
comprises 1 to 3 heteroatoms selected from N, O and S;

wherein R!!, R'2, R!3 and R' are each independently selected from H, methyl, ethyl or

propyl;
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wherein R®, RB, R and R are each independently selected from optionally substituted
(Ce-Cao0) alkyl, optionally substituted (Cs-Cao) alkenyl, optionally substituted (Cs-C2o) alkynyl,
optionally substituted (Cs-Ca20) acyl, optionally substituted —OC(O) alkyl, optionally substituted —
OC(O) alkenyl, optionally substituted (C1-Cs) monoalkylamino, optionally substituted (C1-Ce)
dialkylamino, optionally substituted (C1-Cs) alkoxy, -OH, -NHb;

wherein at least one of R7, R®, R%, R!° comprises a R*, RB, R¢ or RP moiety respectively
wherein that R4, RB, R€ or RP is independently selected from optionally substituted (Cs-C20)
alkyl, optionally substituted (Cs-C20) alkenyl, optionally substituted (Cs-Cao) alkynyl, optionally
substituted (Ce-Ca0) acyl, optionally substituted —OC(O)(Ces-Ca20) alkyl or optionally substituted —
OC(0)(Cs-C20) alkenyl.

(II) a structural lipid, wherein said structural lipid is a sterol or sterol analog other than
cholesterol; and

(IIT) optionally, cholesterol.

In a 24" embodiment, the LNP comprises: (I) an ionizable lipid having a structure
according to Formula CAT-V; (II) a structural lipid, wherein said structural lipid is a sterol or
sterol analog other than cholesterol; (III) optionally, cholesterol; (IV) a helper lipid; and (V) a
stealth lipid.

In a 25" embodiment, the LNP comprises: (I) an ionizable lipid having a structure
according to Formula CAT-V; (II) a structural lipid, wherein said structural lipid is a sterol or
sterol analog other than cholesterol; (IIT) cholesterol; (IV) a helper lipid; and (V) a stealth lipid.

In a 26" embodiment, the LNP comprises: (I) an ionizable lipid having a structure
according to Formula CAT-V; (II) a structural lipid, wherein: (a) the structural lipid has a
structure according to Formula STR-I or STR-II; (b) the structural lipid has a structure according
to Formula STR-III, STR-IV, or STR-V; or (c) the structural lipid is selected from the group
consisting of 3-O-acetyl-11-keto-B-boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic
acid A, diosgenin, yamogenin, steviol, brusatol, v-oryzanol, phytolaccagenin, hecogenin,
pristimerin, guggulsterone Z, corosolic acid, and soyasapogenol B; and (III) optionally,
cholesterol.

In an 27" embodiment, the LNP comprises: (I) an ionizable lipid having a structure
according to Formula CAT-V; (II) a structural lipid, wherein: (a) the structural lipid has a

structure according to Formula STR-I or STR-II; (b) the structural lipid has a structure according
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to Formula STR-III, STR-IV, or STR-V; or (c) the structural lipid is selected from the group
consisting of 3-O-acetyl-11-keto-p-boswellic acid, cycloastrogenol, -elemonic acid, ganoderic
acid A, diosgenin, yamogenin, steviol, brusatol, v-oryzanol, phytolaccagenin, hecogenin,
pristimerin, guggulsterone Z, corosolic acid, and soyasapogenol B; (III) optionally, cholesterol;
(IV) a helper lipid; and (V) a stealth lipid.

In an 28™ embodiment, the LNP comprises: (I) an ionizable lipid having a structure
according to Formula CAT-V; (II) a structural lipid, wherein: (a) the structural lipid has a
structure according to Formula STR-I or STR-1II; (b) the structural lipid has a structure according
to Formula STR-III, STR-IV, or STR-V; or (c) the structural lipid is selected from the group
consisting of 3-O-acetyl-11-keto-f-boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic
acid A, diosgenin, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin,
pristimerin, guggulsterone Z, corosolic acid, and soyasapogenol B; (III) cholesterol; (IV) a
helper lipid; and (V) a stealth lipid.

In an 29" embodiment, the LNP comprises: (I) an ionizable lipid having a structure
according to Formula CAT-V; (II) a structural lipid, wherein: (a) the structural lipid has a
structure according to Formula STR-I or STR-II; (b) the structural lipid has a structure according
to Formula STR-III, STR-IV, or STR-V; or (c) the structural lipid is selected from the group
consisting of cycloastrogenol, B-elemonic acid, diosgenin, yamogenin, steviol, brusatol, and -
oryzanol; and (III) optionally, cholesterol.

In an 30™ embodiment, the ionizable lipid has a structure according to Formula CAT-Vd:
O

) R

-~ x~~

A

or a pharmaceutically acceptable salt thereof.

(CAT-Vd)

In an 31* embodiment, the ionizable lipid has the following structure:
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or a pharmaceutically acceptable salt thereof.

In a 32" embodiment, the structural lipid is a pentacyclic triterpenoid or a sapogenin.

In a 33" embodiment, the structural lipid is o-amyrin, B-amyrin, a-boswellic acid, B-
boswellic acid, 11-keto-B-boswellic acid, 3-O-acetyl-11-keto-B-boswellic acid, taraxasterol,
senegenin, arjungenin, B-sitosterol, campesterol, fucosterol, A-5-avenasterol, A-7-avenasterol, o-
spinasterol, cycloartenol, cycloastrogenol, B-elemonic acid, ganoderic acid A, ganoderic acid B,
ganoderic acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin, steviol, brusatol, y-
oryzanol, phytolaccagenin, hecogenin, pristimerin, erythrodiol, guggulsterone Z, corosolic acid,
soyasapogenol B, madecassic acid, asiatic acid, gitogenin, or a combination thereof.

In a 34" embodiment, the structural lipid is a-amyrin, -amyrin, o-boswellic acid, -
boswellic acid, 11-keto-B-boswellic acid, taraxasterol, arjungenin, B-sitosterol, A-5-avenasterol,
A-T-avenasterol, a-spinasterol, ganoderic acid A, ganoderic acid B, ganoderic acid D, ganoderic
acid F, ganoderic acid H, diosgenin, yamogenin, y-oryzanol, soyasapogenol B, or a combination
thereof.

In an 35" embodiment, the structural lipid is a-amyrin, B-amyrin, a-boswellic acid, p-
boswellic acid, 11-keto-B-boswellic acid, taraxasterol, senegenin, arjungenin, -sitosterol,
campesterol, fucosterol, A-5-avenasterol, a-spinasterol, cycloartenol, cycloastrogenol, -
elemonic acid, ganoderic acid B, ganoderic acid D, ganoderic acid H, diosgenin, yamogenin,
steviol, brusatol, «+-oryzanol, or a combination thereof.

In a 36" embodiment, the structural lipid is p-amyrin, B-boswellic acid, taraxasterol, f-
sitosterol, campesterol, fucosterol, a-spinasterol, cycloartenol, diosgenin, yamogenin, v~oryzanol,

or a combination thereof.
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In a 37" embodiment, the structural lipid is f-amyrin, B-boswellic acid, taraxasterol, o-
spinasterol, cycloartenol, diosgenin, yamogenin, y-oryzanol, or a combination thereof.
In a 38* embodiment, the structural lipid is f-amyrin.
In a 39" embodiment, the structural lipid is taraxeasterol.
5 In a 40™ embodiment, the structural lipid is B-sitosterol.
In a 41* embodiment, the structural lipid is a-spinasterol.
In a 42™ embodiment, the structural lipid is yamogenin.
In a 43" embodiment, the the structural lipid is a combination of yamogenin and o-
spinasterol.
10 In a 44™ embodiment, the structural lipid is a combination of yamogenin and diosgenin.
In a 45" embodiment, the structural lipid is -oryzanol.
In a 46™ embodiment, the structural lipid is a-amyrin.
In a 47" embodiment, the structural lipid is a-boswellic acid.
In a 48™ embodiment, the structural lipid is p-boswellic acid.
15 In a 49" embodiment, the structural lipid is 11-keto-B-boswellic acid.
In a 50" embodiment, the structural lipid is A-5-avenasterol.
In a 51 embodiment, the structural lipid is ganoderic acid A, ganoderic acid B,
ganoderic acid D, ganoderic acid F, or ganoderic acid H.
In a 52" embodiment, the structural lipid is soyasapogenol B.

20 In a 53 embodiment, the structural lipid has a structure according to Formula STR-I:

Rs8b Rssa

(STR-D),
wherein:

25 R5%* and R*? are each, independently, optionally substituted Ci.¢ alkyl or COOH;
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R is H, OH, or optionally substituted C-¢ alkyl;

R** and R** are each, independently, H, optionally substituted Ci.¢ alkyl, or R*** and R**
are taken together with the carbon atom to which they are attached to form C=0;

R* is H, optionally substituted Ci.6 alkyl, or COOH;

R*% and R*%® are each, independently, H, optionally substituted C1.¢ alkyl, or COOH;

R*7* and R*”” are each, independently, H, OH, or optionally substituted Ci- alkyl;

R*% and R*%® are each, independently, H, OH, optionally substituted Ci.6 alkyl, or R®?
and R are taken together with the carbon atom to which they are attached to form C=CH>; and

R*% and R** are each, independently, H, OH, or optionally substituted Ci- alkyl.

In a 54 embodiment, the structural lipid has a structure according to Formula STR-I,
wherein:

R5%* and R*? are each, independently, optionally substituted Ci.¢ alkyl or COOH;

R*¥ is H or C16 alkyl;

R** and R** are each, independently, H or R*** and R** are taken together with the
carbon atom to which they are attached to form C=0;

R is Ci alkyl or COOH;

R** and R*® are each, independently, H;

R*"® and R*"" are each, independently, H;

R*% and R**® are each, independently, H, Ci.¢ alkyl, or R*** and R*®" are taken together
with the carbon atom to which they are attached to form C=CH>; and

R*% and R**® are each, independently, H, OH, or C . alkyl.

In a 55" embodiment, the structural lipid has a structure according to Formula STR-II:

Rssb Rs8a

RsSb
Rsaa

RS1
(STR-II),

wherein:
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Rs! is H, optionally substituted C.¢ alkyl, or COOH;
R*3* and R**® are each, independently, H, OH, or optionally substituted Ci- alkyl;
R** and R** are each, independently H, optionally substituted Ci. alkyl, or R*** and R**
are taken together with the carbon atom to which they are attached to form C=0;
5 R is H, optionally substituted C1.6 alkyl, or COOH;
R*% and R*%® are each, independently, H, optionally substituted C.¢ alkyl, or COOH;
R57* and R*® are each, independently, H, OH, or optionally substituted Ci. alkyl;
R%% and R**® are each, independently, H, OH, optionally substituted Ci.¢ alkyl, or R*32
and R*%® are taken together with the carbon atom to which they are attached to form C=CH>; and
10 R** and R*" are each, independently, H, OH, or optionally substituted Cj.¢ alkyl.
In a 56" embodiment, the structural lipid has a structure according to Formula STR-I,
wherein:
R¢! is optionally substituted C.¢ alkyl or COOH;
R*3* and R**® are each, independently, H or C. alkyl;
15 R** and R**® are each, independently H or optionally substituted C.¢ alkyl;
R% is H;
R and R*®® are each, independently, Ci6 alkyl or COOH;
R*"® and R*"® are each, independently, H, OH, or C.¢ alkyl;
R*% and R** are each, independently, H, OH, or Ci.¢ alkyl; and
20 R*°* and R*® are each, independently, H or C.¢ alkyl.
In a 57" embodiment, the structural lipid has a structure according to Formula STR-III:

RS14

(STR-TII),

wherein:

25 R%!% and R*!% are each, independently, H or optionally substituted C.¢ alkyl;
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Rs14a

Rsl4 s ?\Rs14b .

R i optionally substituted C.¢ alkyl, optionally substituted C»-¢ alkenyl, or COOH;
and
R is optionally substituted C7.10 alkyl, optionally substituted Ce.10 alkenyl; optionally
5 substituted C7.10 alkynyl; or C1s5 alkyl-C(O)-Ci.s alkyl-COOH.

In a 58" embodiment, the structural lipid has a structure according to Formula STR-IV:

Rs14
HO
Rs10a s10a
(STR-1V),
wherein:
10 R*1%2 and R5!% are each, independently, H or optionally substituted C.¢ alkyl;

Rs14a

R i BLL)\RsMb .

R$!% s optionally substituted C1.¢ alkyl, optionally substituted Ca-6 alkenyl, or COOH;
and
R is optionally substituted C7.10 alkyl, optionally substituted Ce.10 alkenyl; optionally
15  substituted C7.10 alkynyl; or Ci.s alkyl-C(0O)-C1s alkyl-COOH.

In a 59" embodiment, the structural lipid has a structure according to Formula STR-V:

Rs1 3

Rs14

(STR-V),

wherein:
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R and R*!% are each, independently, H or optionally substituted C-¢ alkyl;
R*!!%is H, and R*!'? is OH, or R*!'* and R*!'® are taken together with the carbon atom to
which they are attached to form C=0;
R is H, and R*'?® is OH, or R*!?* and R*!?" are taken together with the carbon atom to
which they are attached to form C=0;
R*3 is H or OC(0)C-6 alkyl;
st

Rsl4 s Z{kRsmb .

R*!% s optionally substituted C1.¢ alkyl, optionally substituted Ca-6 alkenyl, or COOH;
and

R is optionally substituted C7.10 alkyl, optionally substituted Ce.10 alkenyl; optionally
substituted C7.10 alkynyl; or C1.5 alkyl-C(O)-Ci.s alkyl-COOH.

In a 60" embodiment, the structural lipid has a structure according to Formula STR-III,
STR-IV, or STR-V, wherein R*!* is methyl or COOH.

In a 61* embodiment, the structural lipid has a structure according to Formula STR-III,

STR-IV, or STR-V, wherein R*!* has a structure selected from the group consisting of:

O
OH

In a 62" embodiment, the ratio of the structural lipid to cholesterol is between 1:9 to 9:1.

In a 63 embodiment, the ratio of the structural lipid to cholesterol is 1:9.

In a 64" embodiment, the ratio of the structural lipid to cholesterol is 1:1.

In a 65" embodiment, the helper lipid is 1,2-dioleoyl-SN-glycero-3-
phosphoethanolamine (DOPE); 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC); 1,2-
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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 66™ embodiment, the helper lipid is 1,2-dioleoyl-SN-glycero-3-
phosphoethanolamine (DOPE).

In a 67" embodiment, the stealth lipid is a polyethylene glycol-conjugated (PEGylated)
lipid.

In a 68" embodiment, the stealth lipid is a PEGylated lipid, wherein the PEGylated lipid
is ,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 69" embodiment, the stealth lipid is a PEGylated lipid, wherein the PEGylated lipid
is is dimyristoyl-PEG2000 (DMG-PEG2000).

In a 70" embodiment, the LNP comprises the ionizable lipid at a molar ratio between
35% and 45%, the structural lipid and cholesterol at a combined molar ratio between 20% and
35%, the stealth lipid at a molar ratio between 0.25% and 8.75%, and the helper lipid at a molar
ratio between 25% and 35%.

In a 71* embodiment, the LNP comprises the ionizable lipid at a molar ratio of 40%, the
structural lipid and cholesterol at a combined molar ratio of 25%, the stealth lipid at a molar ratio
of 5%, and the helper lipid at molar ratio of 30%.

In a 72" embodiment, the composition further comprises a nucleic acid molecule,
wherein the nucleic acid molecule is encapsulated in the LNP.

In a 73" embodiment, the LNP comprises 1-20, optionally 5-10 or 6-7, nucleic acid
molecules.

In a 74" embodiment, the nucleic acid molecule is an mRNA molecule.

In a 75" embodiment, the mRNA molecule encodes an antigen, optionally a viral antigen

or a bacterial antigen.
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In a 76" 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 77" 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 78" embodiment, the composition is formulated for intramuscular injection.

In a 79" embodiment, the composition comprises a phosphate-buffer saline.

In a 80" embodiment, the composition comprises trehalose, optionally at 10% (w/v) of
the composition.

In a 81* 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 72 to §0.

In a 82" 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 72 to 80.

In a 83" embodiment, the method of the 81 or 82" 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, ng of mRNA.

In a 84" embodiment, the method of the 81, 82", or 83 embodiment comprises
administering to the subject two doses of the composition with an interval of 2-6, optionally 4,
weeks.

In a 85" embodiment, a use of a composition of any of embodiments 72 to 80 for the
manufacture of a medicament for use in treating a subject in need thereof, optionally in the
method of any of embodiments 81 to 84, is provided.

In a 86" embodiment, the composition of any of embodiments 72 to 80 is provided for

use in treating a subject in need thereof, optionally in a method of any of embodiments 81 to 84.
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In a 87" 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 72 to 80, 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 — IM screening ¢cKK-E10

Sterols 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 this example 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 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. All of the lipid nanoparticle formulations comprised hEPO mRNA and
the different lipids (Cationic Lipid: DMG-PEG2000: [Sterol Component]: DOPE) in mol %

ratios and amounts of sterol components indicated in Tables 1 and 2, below. Treatment Regimen:
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On Day 1, animals were dosed via intramuscular injection while under light isoflurane

anesthesia. Animals were injected with Test articles in the right leg only.

Species / Sex | Mouse / Female

Strain BALB/cT (JAX #000651)
Number N = 4/group

Age 6 — 8 weeks

Terminal Procedures: Euthanasia: On Day 1, 6 hours post dose (+5%), all animals were
euthanized by CO- asphyxiation followed by thoracotomy and terminal blood collection.

Terminal Blood Collections: Whole blood was collected via cardiac puncture into serum

separator tube, allowed to clot at room temperature for at least 10 minutes, centrifuged at
ambient temperature at minimum 1000xg for 10 minutes and the serum was extracted. Serum
samples were stored at nominally -70°C until analyzed for hEPO. hEPO levels were measured in
the blood serum of the mice using an ELISA assay according to the manufacture’s protocol.
W02022/099003 A1 also describes an in vivo assay for intramuscular administration (e.g. on

page 46, paragraph [00206]).

Table 1. Generic LNP Formulation with cKK-E10

DMG-PEG-2k | cKK-E10 | Cholesterol | Sterol X | DOPE

1.5 31 44.5—x% X% 23

Table 2. EPO Expression for Cholesterol/Sterol Formulations of Generic LNP of Table 1

Cholesterol/Sterol X Formulation hEPO (ng/mL) | SD | N
100% cholesterol 36.6 127 | 4
10% B-amyrin: 90% Cholesterol 42.9 59 |4
50% B -amyrin: 50% Cholesterol 73.8 9.5 |4
100% cholesterol 50 19214
50% Taraxasterol: 50% Cholesterol 81.2 9.7 |4
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50% P -boswellic acid: 50% Cholesterol 66.3 63 |4
50% Steviol:50% Cholesterol 38.6 11.6 | 4
50% + -oryzanol:50% Cholesterol 62.7 229 |4
50% Yamogenin:50% Cholesterol 19.6 78 |4
50% 7-o-hydroxycholesterol:50% Cholesterol | 14.7 57 |4
50% Cycloartenol:50% Cholesterol 106.4 203 |4
50% Fucosterol: 50% Cholesterol 114.1 69 |4
50% Campesterol: 50% Cholesterol 112.4 87 |4
10% A-5-avenasterol: 90% Cholesterol 76.3 18 |4
10% a.-spinasterol: 90% Cholesterol 87.3 133 |4
10% Fucosterol: 90% Cholesterol 34.4 72 |4
10% Campesterol: 90% Cholesterol 39.9 63 |4

Example 2 — IM screening GL-HEPES-E3-E12-DS-4-E10

Sterols disclosed herein were also tested with lipid GL-HEPES-E3-E12-DS-4-E10. The

lipid nanoparticles in this example were formulated using Process A of WO 2018/089801 (see,

e.g., Example 1 and Figure 1 of WO 2018/089801). After ultrafiltration and diafiltration into a

suitable diluent syster, the resulting nanoparticle saspensions were diluted to final

concentration, filtered, and stored frozen at —80°C until use. All of the lipid nanoparticle
formulations comprised hEPO mRNA and the different lipids (Cationic Lipid: DMG-PEG2000:
[Sterol Component]: DOPE) in mol % ratios of 47.5:1.5:44.5:23 for CL-0059 formulations.

Amounts of sterol components are indicated in Tables 3 and 4, below. Treatment Regimen: On

Day 1, animals were dosed via intramuscular injection while under light isoflurane anesthesia.

Animals were injected with Test articles in the right leg only.
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Species / Sex | Mouse / Female

Strain BALB/cJ (JAX #000651)
Number N = 4/group

Age 6 — 8 weeks

Terminal Procedures: Euthanasia: On Day 1, 6 hours post dose (+5%), all animals were
euthanized by CO- asphyxiation followed by thoracotomy and terminal blood collection.

Terminal Blood Collections: Whole blood was collected via cardiac puncture into serum

separator tube, allowed to clot at room temperature for at least 10 minutes, centrifuged at
ambient temperature at minimum 1000xg for 10 minutes and the serum was extracted. Serum
samples were stored at nominally -70°C until analyzed for hEPO. hEPO levels were measured in

the blood serum of the mice using an ELISA assay according to the manufacture’s protocol.

Table 3. Generic LNP Formulation with GL-HEPES-E3-E12-DS-4-E10

DMG-PEG-2k | GL-HEPES-E3-E12-DS-4-E10 | Cholesterol | Sterol X | DOPE

1.5 47.5 36—x% X% 15

Table 4. EPO Expression for Cholesterol/Sterol Formulations of Generic LNP of Table 3

Cholesterol/Sterol X Formulation hEPO (ng/mL) | SD | N
100% cholesterol 333 19 | 4
10% B-amyrin: 90% Cholesterol 87.3 133 4
50% B -amyrin: 50% Cholesterol 72.5 172 | 4
50% Taraxasterol: 50% Cholesterol 46.6 1554
50% P -boswellic acid: 50% Cholesterol 239 24 |4
50% Steviol:50% Cholesterol 21.2 6.7 |4
50% vy -oryzanol:50% Cholesterol 73.5 19.6 | 4
50% Yamogenin:50% Cholesterol 10.3 3 4
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50% 7-o.-hydroxycholesterol:50% Cholesterol | 18.9 9 4
50% Cycloartenol:50% Cholesterol 53 65 |4
50% Fucosterol: 50% Cholesterol 78.8 88 |4
50% Campesterol: 50% Cholesterol 78 6.1 |4
10% A-5-avenasterol: 90% Cholesterol 61.5 6.7 |4
10% a.-spinasterol: 90% Cholesterol 54.5 6.8 |4
10% Fucosterol: 90% Cholesterol 25.7 103 |4
10% Campesterol: 90% Cholesterol 323 84 |4

Example 3. Delivery of Firefly Luciferase (FF'L) mRNA by intranasal administration

This example demonstrates the ability of formulations disclosed herein to delivery
mRNA by intranasal administration. Lipid nanoparticle formulations were prepared as described
above comprising FFL. mRNA, cationic lipid 5¥-3-E14-DMAPr, DMG-PEG2000, sterols, and
DOPE according to the following ratios:

Table 5. Generic LNP Formulation with 8¥Y-3-E{4-DMAPr

DMG-PEG-2k | SY-3-E14-DMAPr | Cholesterol | Sterol X | DOPE

5 40 25-x% X% 15

The formulations were administered in mice via pipetting at 2ug/Animal and 10 or 15pul
per nostril. On Day 2, 24 hours post dose (+5%), all animals underwent a luminescent imaging
session using IVIS with separate ROIs on the nose and lungs. Whole body imaging was
performed 10-15 minutes following D-Luciferin administration. All animals were dosed with 0.2
mL of 15 mg/mL D-luciferin solution via intraperitoneal (IP) injection. Anesthesia was
performed by isoflurane during the procedure and animals were placed sternal recumbency (face-
down). An intranasal vaccine drug product may be administered via nasal spray. Exemplary data
are provided in the tables below, which describe the average radiance in p/s/cm2/sr (the number

of photons per second that leave a square centimeter of tissue and radiate into a solid angle of
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one steradian (sr)). Several formulations provided luciferase expression equivalent to or in some

cases significantly greater than that obtained with cholesterol alone.

Table 6. Replacement of cholesterol with alternate sterols (30 ul dose)

(50:50)

Formulation Mean SD
Cholesterol 211600 -
B-Sitosterol 604700 197000
A-5-Avenasterol 253600 191800
a-Spinasterol 596500 331100
y-Oryzanol 22970 9750
Diosgenin 582700 259800
Yamogenin 474500 56000
Cholesterol/Yamogenin (75:25) | 549700 465200
Cholesterol/Yamogenin (50:50) 1025300 163100
Cholesterol/Yamogenin (25:75) | 687700 293900
Cholesterol/a-Spinasterol 696100 307900
(75:25)

Cholesterol/a-Spinasterol 723500 300200
(50:50)

Cholesterol/a-Spinasterol 477700 173100
(25:75)

Yamogenin/Diosgenin (50:50) 1566000 139400
Yamogenin/a-Spinasterol 1165000 473100
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Formulation Mean SD

Cholesterol 714600 -
Cholesterol/A5-Avenasterol (75:25) 2276000 | 1242500
Cholesterol/A5-Avenasterol (50:50) 1644000 | 906100
Cholesterol/A5-Avenasterol (25:75) 1394000 | 780700
Cholesterol/Diosgenin(75:25) 922300 | 333600
Cholesterol/Diosgenin (50:50) 1535000 | 561600
Cholesterol/Diosgenin (25:75) 1245000 | 357200
Ganoderic acid B 509400 | 508000
Cholesterol/Ganoderic acid B (50:50) 916100 | 308700
Ganoderic acid F 615000 | 243900
Cholesterol/Ganoderic acid F (50:50) 759200 | 493400
Ganoderic acid D 165000 | 125200
Cholesterol/ Ganoderic acid D (50:50) 220500 | 113800
Ganoderic acid A 1043000 | 405900
Beta-Boswellic acid 149800 79700
Cholesterol/Beta-Boswellic acid (50:50) 511000 | 244900
Senegenin 4321 1281

Cholesterol/ Senegenin (50:50) 119500 33090
Arjungenin 98000 69800
Cholesterol/Arjungenin (50:50) 956300 | 422500
Beta-amyrin 1222000 | 368200
Cholesterol/Beta-amyrin (50:50) 1620000 269000
a-Boswellic acid 416500 292100
Cholesterol/a-Boswellic acid (50:50) 518900 | 362000
Madecassic acid 397900 | 126600
Cycloartenol 60390 12790

PCT/1B2024/000353
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Table 8. Partial replacement of cholesterol with beta-sitosterol (20 ul dose)

Formulation Mean SD
Cholesterol 205200 | 215900
Cholesterol/B-Sitosterol (75:25) 373400 467200
Cholesterol/B-Sitosterol (50:50) 362300 263500

Table 9. Partial replacement of cholesterol with Cycloastragenol (30 ul dose)

Formulation Mean SD
Cholesterol 151700 83710
Cholesterol/Cycloastragenol (50:50) 180000 177600

f

Table 10. Partial replacement of cholesterol with Gitogenin (20 ul dose)

Formulation Mean SD
Cholesterol 172300 101800
Gitogenin 83930 47670
Cholesterol/Gitogenin (50:50) 399200 146600
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CLAIMS

1. A composition comprising a lipid nanoparticle (LNP), wherein the LNP comprises:

(I) an ionizable lipid;

(II) a structural lipid selected from the group consisting of a-amyrin, B-amyrin, a-
boswellic acid, f-boswellic acid, 11-keto-B-boswellic acid, 3-O-acetyl-11-keto-p-boswellic acid,
taraxasterol, senegenin, arjungenin, cycloastrogenol, B-elemonic acid, ganoderic acid A,
ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H, yamogenin, steviol,
brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin, erythrodiol, guggulsterone Z,
corosolic acid, soyasapogenol B, gitogenin, or a combination thereof;

(IIT) optionally, cholesterol;

(IV) a helper lipid; and

(V) a stealth lipid.

2. The composition of claim 1, wherein the LNP comprises:

(I) an ionizable lipid;

(ID) a structural lipid selected from the group consisting of a-amyrin, f-amyrin, o-
boswellic acid, B-boswellic acid, 11-keto-f-boswellic acid, taraxasterol, senegenin, arjungenin,
cycloastrogenol, B-elemonic acid, ganoderic acid B, ganoderic acid D, ganoderic acid H,
yamogenin, steviol, brusatol, y-oryzanol, or a combination thereof;

(IIT) optionally, cholesterol;

(IV) a helper lipid; and

(V) a stealth lipid.

3. A composition comprising a lipid nanoparticle (LNP), wherein the LNP comprises:
(D an ionizable lipid, wherein:

(a) the ionizable lipid has a structure according to Formula CAT-I:
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RG R7
\N 7
re [ L
N
@) O
Ré -
N—t/ | e
R’ L _p
(CAT-),

or a pharmaceutically acceptable salt thereof,

wherein:

pis an integer of between 1 and 9, juclosive;

each instance of R*is independently hvdrogen or optionally substituted Cie alkyl:

each fnstance of L is independently an optionally substituted aliovlene, optionally
substituted alkenviene, optionally substituted alloynyiene, optionally substituted heteroalkylene,
optionally substituted hetercalkenylene, optionally substituted heteroalkynylene, optionally
substituied carbocyclyiene, optionally substitiited heterocyelylene, optionally substituted arviens,
or optionally substituted heteroarylene, or combination thereof;

each instance of R%and R’ is independently a group of formula (1), (i), or (i)

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

Rl
R _»—YRP
~

®,

(i1),
RL
(iii),
wherein:

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

5 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

10 substinsted allynyl, optionally sebstituted carbocycelyl, optionally substitnted heterocyelyl,
optionally substituted aryl, optionally substituted heteroaryl, an oxygen protecting group when
attached {0 an oxygen atom, a sulfur protecting group when attached to a sulfur atom, ora
nitrogen protecting group when attached to a nitrogen atom; and

RE is optionaily substituted Crose alkyl, optionally substituted Cose alkenyl, optionally

15 substituted Coso alkynyl, optionally substitated heteroCiso alkyl, optionally substituted hetero{Cz.
so alkenyi, optionally substituted heteroCzse alkynyl, or a polymer; or

(b) the ionizable lipid has a structure according to Formula CAT-II:

HO_ _R'B
\[OH (\NHBT(/%NJ/
N /Haw ~N \) K(OH
HO R
e
(CAT-I),

20 or a pharmaceutically acceptable salt thereof,

wherein:

O O
S
Al is selected from ?J\O%, 3"4)1\8}{", and 3{ \S%, wherein the igft hand side

of each depicted structure is bound o the -(CHada-
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O O
S
~
Z! is selected from ?{ O)J}{, ;i S)J\ff, and E{ S}i , wherein the right hand side

of each depicted structure is bound to the -{CH:a-;

R’ and R'® are each independently selected from optionally substituted alkyl, optionally
substitoted alkenyl, optionally substituted alkynyl, optionally substituted acyl, and -WiX1- ¥,

each W' is independently selected from optionally substituted alloyl and optionally
substituted alkenyl;

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

each Y' is independently selected from hydrogen, -*O-(C=0)-optionally substituted
alkyl, -(*C=0)-O-optionally substituted alkyl, -*0-(C=0)-optionally substituted alkeoyl, and -
{(*C=03-O-optionally substituted alkenyl, wherein the atom marked with a * is connected to X';

bist 2,3, 4, 0r5; and

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

(II) a structural lipid, wherein said structural lipid is a sterol or sterol analog other than
cholesterol;

(IIT) optionally, cholesterol;

(IV) a helper lipid; and

(V) a stealth lipid.

4, The composition of claim 3, wherein the LNP comprises:
(I) an ionizable lipid, wherein:
(a) the ionizable lipid has a structure according to Formula CAT-I; or
(b) the ionizable lipid has a structure according to Formula CAT-II;
(II) a structural lipid, wherein:

(a) the structural lipid has a structure according to Formula STR-I or STR-II:
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Rséb Rssa
Rs7b Rs7b
RS7a Rs7a
Rséb Rs6b
Rssa Rssb Rs6a
Rs3a
RS1
(STR-II),
wherein:
R*! is H, optionally substituted Ci.6 alkyl, or COOH;
5 R*2 and R*?® are each, independently, optionally substituted Ci-¢ alkyl or COOH;

R*3* and R**® are each, independently, H, OH, or optionally substituted Ci alkyl;
R** and R** are each, independently H, optionally substituted C.¢ alkyl, or R*** and R**®
are taken together with the carbon atom to which they are attached to form C=0;
R*° is H, optionally substituted C.¢ alkyl, or COOH;
10 R and R*® are each, independently, H, optionally substituted Cj.¢ alkyl, or COOH;
R*7* and R*"° are each, independently, H, OH, or optionally substituted Ci alkyl;
R*% and R*%® are each, independently, H, OH, optionally substituted Ci.6 alkyl, or R®?
and R are taken together with the carbon atom to which they are attached to form C=CH>; and

R*% and R*® are each, independently, H, OH, or optionally substituted Ci- alkyl;

15 (b) the structural lipid has a structure according to Formula STR-III, STR-1V, or
STR-V:

Rs1 4 RS13 Rs1 4

HO Rstia
Rs10a s10a

(STR-III) (STR-1V) (STR-V)
wherein:

20 R*1%2 and R5!% are each, independently, H or optionally substituted C.¢ alkyl;
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R*!1% is H, and R*!!® is OH, or R*!!# and R*!'® are taken together with the carbon atom to
which they are attached to form C=0;
R*!%2is H, and R*'?* is OH, or R*!** and R*!?" are taken together with the carbon atom to
which they are attached to form C=0;
R*B is H or OC(0)C\. alkyl;
psi4a

Rsl4 " ?\Rs14b .

k)

R i optionally substituted Ci.¢ alkyl, optionally substituted C-¢ alkenyl, or COOH;
and

R*!* is optionally substituted C7-10 alkyl, optionally substituted Cs.-10 alkenyl; optionally
substituted C7.10 alkynyl; or Ci-5 alkyl-C(O)-Ci-s alkyl-COOH; or

(c) the structural lipid is selected from the group consisting of cycloastrogenol, -

elemonic acid, diosgenin, yamogenin, steviol, brusatol, and y-oryzanol;

(IIT) optionally, cholesterol;

(IV) a helper lipid; and

(V) a stealth lipid.

5. The composition of claim 3, wherein the LNP comprises:

(D) an ionizable lipid, wherein:

(a) the ionizable lipid has a structure according to Formula CAT-I; or

(b) the ionizable lipid has a structure according to Formula CAT-II;
(I) a structural lipid, wherein:

(a) the structural lipid has a structure according to Formula STR-I or STR-II;

(b) the structural lipid has a structure according to Formula STR-III, STR-IV, or
STR-V; or

(c) the structural lipid is selected from the group consisting of 3-O-acetyl-11-keto-
B-boswellic acid, cycloastrogenol, B-elemonic acid, ganoderic acid A, diosgenin,
yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin,
guggulsterone Z, corosolic acid, and soyasapogenol B;
(IIT) optionally, cholesterol;
(IV) a helper lipid; and
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(V) a stealth lipid.
6. The composition of any one of claims 1-5, wherein the ionizable lipid has a structure
according to Formula CAT-Ib:
R R’
\N/
k
HN
0 o
R6 H
M)
¢ q
5 a
(CAT-Ib),
or a pharmaceutically acceptable salt thereof, wherein q is an integer between 1 and 10,
inclusive.
10 7. The composition of any one of claims 1-5, wherein the ionizable lipid has a structure

according to Formula CAT-Ila:

R1B

R1A ’)\OH

s
?ﬁxowﬁ %

(CAT-TIa),

15 or a pharmaceutically acceptable salt thereof.

8. A composition comprising a lipid nanoparticle (LNP), wherein the LNP comprises:

(D) an ionizable lipid having a structure according to Formula CAT-V:
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R1
Ly X
\’( \R‘s
o}
RS

RY (CAT-V),
or a pharmaceutically acceptable salt thereof,
wherein L1 is a bond, (C1-Ce) alkylene or (C>-Cs) alkenylene;
wherein X is O or S;

5 wherein R!, R R3, R* and R? are each independently selected from H, OH, optionally
substituted (C1-Cs) alkyl, optionally substituted (C»-Cs) alkenyl, optionally substituted (C»-Cs)
alkynyl, optionally substituted (C1-Cs) alkoxy and -OC(O)R’;

wherein at least one of R!, R?, R?, R* or R’ is -OC(O)R’;
wherein each R’ is independently selected from

Ry
l
N

}:\9/ Sy
m .

wherein R® is

10

)7
/

R N,
= \tv 7 e

R >
wherein m and p are each independently 0, 1, 2, 3,4 or 5;
wherein each R” is independently selected from H, optionally substituted (Ci-Ce) alkyl,
15  optionally substituted (C2-Cs) alkenyl, optionally substituted (C2-C¢) alkynyl, optionally
substituted (C1-Cs) acyl, —(CH2)iR* or -(CH2)xCH(OR!)R*;
wherein each R® is independently selected from H, optionally substituted (Ci-Cs) alkyl,
optionally substituted (C»-Ce) alkenyl, optionally substituted (C»-Cs) alkynyl, optionally

substituted (C1-Cs) acyl, —(CH2)»R® or -(CH,)sCH(OR'?)RE;



10

15

20

25

30

WO 2025/003760 PCT/1B2024/000353
177

wherein R” is selected from H, optionally substituted (Ci-Ce) alkyl, optionally substituted
(C2-Ce) alkenyl, optionally substituted (C2-Ce) alkynyl, optionally substituted (C1-Cs) acyl, -
(CH2)qRC or -(CH,){CH(OR*)RE;

wherein R!? is selected from H, optionally substituted (C1-Cs) alkyl, optionally
substituted (C2-Cs) alkenyl, optionally substituted (C2-Cs) alkynyl, optionally substituted (Ci-
Ce)acyl, -(CH2)RP or -(CH>),CH(OR'¥)RP;

wherein k, n, q and r are each independently 1,2,3,4 or 5;

or wherein (i) R” and R® or (ii) R” and R!° together form an optionally substituted 5- or
6- membered heterocycloalkyl or heteroaryl wherein the heterocycloalkyl or heteroaryl
comprises 1 to 3 heteroatoms selected from N, O and S;

wherein R!!, R'2, R!3 and R' are each independently selected from H, methyl, ethyl or
propyl;

wherein R®, RB, R® and RP are each independently selected from optionally substituted
(Cs-Cao) alkyl, optionally substituted (Cs-C2o) alkenyl, optionally substituted (Cs-Cao) alkynyl,
optionally substituted (Cs-Ca20) acyl, optionally substituted —OC(O) alkyl, optionally substituted —
OC(O) alkenyl, optionally substituted (C1-Cs) monoalkylamino, optionally substituted (C1-Ce)
dialkylamino, optionally substituted (C1-Cs) alkoxy, -OH, -NHb;

wherein at least one of R7, R%, R?, R!% comprises a R*, R, R® or R moiety respectively
wherein that R*, RB, R® or R is independently selected from optionally substituted (Cs-Cao)
alkyl, optionally substituted (Cs-C20) alkenyl, optionally substituted (Cs-Cao) alkynyl, optionally
substituted (Cs-C20) acyl, optionally substituted —OC(0O)(Ces-C20) alkyl or optionally substituted —
OC(0)(Cs-Cao) alkenyl.

(II) a structural lipid, wherein said structural lipid is a sterol or sterol analog other than
cholesterol;

(IIT) optionally, cholesterol;

(IV) a helper lipid; and

(V) a stealth lipid.

0. The composition of claim 8, wherein the LNP comprises:
(I) an ionizable lipid having a structure according to Formula CAT-V;

(IT) a structural lipid, wherein:
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(a) the structural lipid has a structure according to Formula STR-I or STR-II;

(b) the structural lipid has a structure according to Formula STR-III, STR-1V, or
STR-V; or

(c) the structural lipid is selected from the group consisting of 3-O-acetyl-11-keto-

5 B-boswellic acid, cycloastrogenol, -elemonic acid, ganoderic acid A, diosgenin,
yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin,
guggulsterone Z, corosolic acid, and soyasapogenol B;
(IIT) optionally, cholesterol;
(IV) a helper lipid; and
10 (V) a stealth lipid.

10. The composition of claim 8 or claim 9, wherein the ionizable lipid has a structure

according to Formula CAT-Vd

o)\g ~

15  ora pharmaceutically acceptable salt thereof.

(CAT-Vd)

11. The composition of any one of claims §-10, wherein the ionizable lipid has the following

structure:
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OH

| O é) 0] M\/M

or a pharmaceutically acceptable salt thereof.

12. The composition of any one of claims 3-11, wherein the structural lipid is a-amyrin, -
amyrin, a-boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, 3-O-acetyl-11-keto-B-
boswellic acid, taraxasterol, senegenin, arjungenin, f-sitosterol, campesterol, fucosterol, A-5-
avenasterol, A-7-avenasterol, a-spinasterol, cycloartenol, cycloastrogenol, B-elemonic acid,
ganoderic acid A, ganoderic acid B, ganoderic acid D, ganoderic acid F, ganoderic acid H,
diosgenin, yamogenin, steviol, brusatol, y-oryzanol, phytolaccagenin, hecogenin, pristimerin,
erythrodiol, guggulsterone Z, corosolic acid, soyasapogenol B, madecassic acid, asiatic acid,

gitogenin, or a combination thereof.

13.  The composition of claim 12, wherein the structural lipid is a-amyrin, B-amyrin, -
boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol, arjungenin, B-sitosterol,
A-5-avenasterol, A-7-avenasterol, a-spinasterol, ganoderic acid A, ganoderic acid B, ganoderic
acid D, ganoderic acid F, ganoderic acid H, diosgenin, yamogenin, y-oryzanol, soyasapogenol B,

or a combination thereof.

14. The composition of any one of claims 3-11, wherein the structural lipid is a-amyrin, -
amyrin, a-boswellic acid, B-boswellic acid, 11-keto-B-boswellic acid, taraxasterol, senegenin,

arjungenin, B-sitosterol, campesterol, fucosterol, A-5-avenasterol, a-spinasterol, cycloartenol,

cycloastrogenol, B-elemonic acid, ganoderic acid B, ganoderic acid D, ganoderic acid H,

diosgenin, yamogenin, steviol, brusatol, v-oryzanol, or a combination thereof, preferably the
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structural lipid is B-amyrin, B-boswellic acid, taraxasterol, B-sitosterol, campesterol, fucosterol,
a-spinasterol, cycloartenol, diosgenin, yamogenin, y~oryzanol, or a combination thereof, more
preferably the structural lipid is f-amyrin, f-boswellic acid, taraxasterol, a-spinasterol,

cycloartenol, diosgenin, yamogenin, y-oryzanol, or a combination thereof.

5
15. The composition of any one of claims 3-11, wherein:
(a) the structural lipid has a structure according to Formula STR-I:
Rssb RsSa

wherein:

R** and R**® are each, independently, optionally substituted Ci.¢ alkyl or COOH;

R*¥ is H or C16 alkyl;

R** and R** are each, independently, H or R*** and R** are taken together with the
15 carbon atom to which they are attached to form C=0;

R is Ci alkyl or COOH;

R** and R*® are each, independently, H;

R*"® and R*"® are each, independently, H;

R*% and R**® are each, independently, H, Ci.¢ alkyl, or R*** and R**" are taken together
20 with the carbon atom to which they are attached to form C=CHa; and

R*% and R**® are each, independently, H, OH, or C. alkyl;

(b) the structural lipid has a structure according to Formula STR-II:
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Rs7b
Rs?a
Rs6b
Rsea

RS1
(STR-II),

wherein:

R*! is optionally substituted Ci- alkyl or COOH;

R*3% and R**® are each, independently, H or C alkyl;

R** and R** are each, independently H or optionally substituted Ci-6 alkyl;
R% is H;

R*% and R*%® are each, independently, Ci. alkyl or COOH;

R’ and R*® are each, independently, H, OH, or Ci.6 alkyl;

R and R*®® are each, independently, H, OH, or C.¢ alkyl; and

R*% and R*® are each, independently, H or C. alkyl;

(c) the structural lipid has a structure according to Formula STR-III:

Rs14

(STR-TID),

wherein:

R51% and R*!% are each, independently, H or optionally substituted C.¢ alkyl;
Rs14a

Rsl4 " ?\Rsmb .

’

R s optionally substituted C1.¢ alkyl, optionally substituted Ca- alkenyl, or COOH;
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R is optionally substituted C7.10 alkyl, optionally substituted Ce.10 alkenyl; optionally
substituted C7.10 alkynyl; or C15 alkyl-C(O)-C1.5 alkyl-COOH;
(d) the structural lipid has a structure according to Formula STR-IV:
Rs14

HO
Rs10a s10a

5 (STR-1V),
wherein:

R®1%2 and R5!% are each, independently, H or optionally substituted C.¢ alkyl;

R514a

R i Zg\RsMb .

bl

R i optionally substituted Ci.¢ alkyl, optionally substituted C-¢ alkenyl, or COOH;
10 and
R is optionally substituted C7-10 alkyl, optionally substituted Ce.10 alkenyl; optionally
substituted C7.10 alkynyl; or C1s alkyl-C(O)-C1-s alkyl-COOH; or
(e) the structural lipid has a structure according to Formula STR-V:

Rs13 Rs14

15 (STR-V),
wherein:
R%1% and R*!% are each, independently, H or optionally substituted C.¢ alkyl;
R*H12 is H, and R*'!® is OH, or R*!!# and R*!!® are taken together with the carbon atom to

which they are attached to form C=0;
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R*% is H, and R*'?® is OH, or R*!?* and R*!?" are taken together with the carbon atom to
which they are attached to form C=0;
R*B is H or OC(0)C- alkyl;
RS14a

R ig Eg\RsMb .

2

R s optionally substituted C1.¢ alkyl, optionally substituted Ca-6 alkenyl, or COOH;
and

R is optionally substituted C7.10 alkyl, optionally substituted Ce.10 alkenyl; optionally
substituted C7.10 alkynyl; or Cy.s alkyl-C(O)-Cy.s alkyl-COOH.

16. The composition of any one of claims 1-15, wherein the ratio of structural lipid to

cholesterol is between 1:9 and 9:1.

17. The composition of any one of claims 1-16, wherein 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-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).

18. The composition of any one of claims 1-17, wherein 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-PEG), 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).

19. The composition of any one of claims 1-18, wherein the LNP comprises:
the ionizable lipid at a molar ratio between 35% and 45%,

the structural lipid and cholesterol at a combined molar ratio between 20% and 35%,
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the stealth lipid at a molar ratio between 0.25% and 8.75%, and

the helper lipid at a molar ratio between 25% and 35%.

20. The composition of claim any one of the preceding claims, further comprising a nucleic
acid molecule, wherein the nucleic acid molecule is encapsulated in the LNP, wherein the

nucleic acid molecule is an mRNA molecule.

21. The composition of claim 20, wherein the mRNA molecule encodes an antigen,

optionally a viral antigen or a bacterial antigen.

22, Use of the composition of claim 20 or claim 21 for the manufacture of a medicament for

eliciting an immune response in a subject.

23. Use of the composition of claim 20 or claim 21 for the manufacture of a medicament for

preventing an infection or reducing one or more symptoms of an infection in a subject.

24, 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

claim 20 or claim 21.

25. 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 claim 20 or claim 21.



