WO 2025/036272 PCT/CN2024/110938

CAPPED MRNA AND METHOD OF PREPARATION THEREOF

FIELD
[0001] The present disclosure relates in some aspects to methods to produce modified

RNA molecules with enhanced stability.

REFERENCE TO AN ELECTRONIC SEQUENCE LISTING
[0002] The contents of the electronic sequence listing (P2024TC2948.xml; Size:
133,721 bytes; and Date of Creation: July 23, 2024) are herein incorporated by reference in

their entirety.

BACKGROUND
[0003] RNA molecules produced by in vitro transcription offer the potential for
valuable and much needed pharmaceutical compositions by allowing the delivery of genetic
material to patient cells capable of being translated into proteins of interest. In some aspects,
existing methods are limited by the immunostimulation of in vitro transcribed RNA
molecules, resulting in inefficient expression of the protein of interest within transfected

cells. Provided herein are methods and compositions that address such and other needs.

SUMMARY

[0004] In some aspects, provided herein is a modified RNA molecule, wherein the
modified RNA molecule comprises a 5° cap, wherein the RNA molecule is not self-
replicable, and wherein at least one uridine in the molecule is a modified uridine except for
the first 5 uridine in the molecule.

[0005] In some embodiments, the 5’ end of the modified RNA molecule has the
sequence of NlpppN2pU or NlvpppN2pU, wherein U is an unmodified uridine, and
wherein each of N1 and N2 is independently a modified or unmodified nucleotide other
than a modified or unmodified uridine.

[0006] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of N1pppN2pU or N1vpppN2pU, wherein U is an unmodified uridine,
wherein each of N1 and N2 is independently a modified or unmodified nucleotide other
than a modified or unmodified uridine, and wherein at least one uridine in the molecule is

a modified uridine except for the first 5” uridine.
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[0007] In some embodiments, at least about 50% of the uridines other than the first 5°
uridine in the molecule are modified. In some embodiments, all of the uridines in the
molecule are modified except for the first 5° uridine.

[0008] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of N1pppN2pU or N1vpppN2pU, wherein U is an unmodified uridine,
wherein each of N1 and N2 is independently a modified or unmodified nucleotide other
than a modified or unmodified uridine, and wherein all of the uridines in the molecule are
modified except for the first 5° uridine.

[0009] In some embodiments, the 5’ end of the moditfied RNA molecule has the
sequence of GpppApU or GvpppApU, wherein A is modified or unmodified. In some
embodiments, the 5° end of the modified RNA molecule has the sequence of m’GpppApU
or m’GvpppApU. In some embodiments, the A is modified, preferably 2’-O-methylated.
[0010] In some embodiments, at least about 50% of the uridines other than the first 5°
uridine in the molecule are m1¥ (1-methyl-Pseudouridine). In some embodiments, all of
the uridines in the molecule are m1¥ except for the first 5 uridine.

[0011] In some embodiments, the modified RNA molecule comprises an open reading
frame comprising a coding sequence.

[0012] In some embodiments, the coding sequence encodes a therapeutic payload,
which comprises a compound capable of eliciting immunity against one or more target
conditions or diseases. In some embodiments, the target condition is related to or caused by
infection by a pathogen, such as a coronavirus (e.g., 2019-nCoV), influenza, measles,
human papillomavirus (HPV), rabies, meningitis, whooping cough, tetanus, plague,
hepatitis, and tuberculosis. In some embodiments, the coding sequence encodes a
pathogenic protein characteristic for the pathogen, or an antigenic fragment or epitope
thereof. In some embodiments, the target condition is related to or caused by neoplastic
growth of cells, such as a cancer. In some embodiments, the coding sequence encodes a
tumor-associated antigen (TAA) characteristic for the cancer, or an antigenic fragment or
epitope thereof.

[0013] In some embodiments, the coding sequence encodes eGFP. In some
embodiments, the coding sequence encodes SARS-COV-2 BA.4/BA.5 RBD. In some
embodiments, the coding sequence encodes a rabies virus antigen. In some embodiments,
the coding sequence encodes a respiratory syncytial virus antigen. In some embodiments,

the coding sequence encodes a varicella-zoster virus antigen.
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[0014] In some embodiments, the molecule further comprises at least one modified G,
C,or A.
[0015] In some embodiments, the molecule has a modified backbone. In some

embodiments, the modified backbone comprising at least one phosphorothioate linkage.
[0016] In other aspects, provided herein is a pharmaceutical composition comprising
the modified RNA disclosed herein, further comprising a pharmaceutically acceptable
carrier. In some embodiments, the pharmaceutically acceptable carrier is an LNP. In some
embodiments, the LNP comprises a cationic lipid.

[0017] In some embodiments, the LNP comprises: 1) between about 30 to 55 mol
percent of a cationic lipid; ii) between about 5 to 40 mol percent of a phospholipid; iii)
between about 20 to 50 mol percent of a sterol; and iv) a polymer conjugated lipid.

[0018] In other aspects, provided herein is a method of in vitro transcribing a DNA
molecule to a modified RNA molecule, comprising combining the DNA molecule with an
in vitro transcription mix comprising a DNA-dependent RNA polymerase, modified and/or
unmodified nucleotides, and a 5’ cap, wherein the modified RNA molecule is non-self-
replicable, wherein the 5 cap has the sequence of N1pppN2pU or N1vpppN2pU, wherein
U is an unmoditfied uridine, and wherein each of N1 and N2 is independently a modified or
unmodified nucleotide other than a modified or unmodified uridine.

[0019] In some embodiments, the in vitro transcription mix comprises modified
uridines.

[0020] In some embodiments, at least one uridine in the modified RNA molecule is a
modified uridine except for the first 5 uridine.

[0021] In some embodiments, the method comprises combining the DNA molecule
with an in vitro transcription mix comprising a DNA-dependent RNA polymerase,
modified and/or unmodified nucleotides, and a 5° cap, wherein the modified RNA molecule
is non-self-replicable, wherein the 5’ cap has the sequence of N1pppN2pU or N1vpppN2pU,
wherein U is an unmodified uridine, wherein each of N1 and N2 is independently a modified
or unmodified nucleotide other than a modified or unmodified uridine, wherein the in vitro
transcription mix comprises modified uridines, and wherein at least one uridine in the
modified RNA molecule is a modified uridine except for the first 5” uridine.

[0022] In some embodiments, all of the uridines in the molecule are modified except
for the first 5’ uridine.

[0023] In some embodiments, the method comprises combining the DNA molecule

with an in vifro transcription mix comprising a DNA-dependent RNA polymerase,
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modified and/or unmodified nucleotides, and a 5° cap, wherein the modified RNA molecule
is non-self-replicable, wherein the 5° cap has the sequence of N1pppN2pU or N1vpppN2pU,
wherein U is an unmodified uridine, wherein each of N1 and N2 is independently a modified
or unmodified nucleotide other than a modified or unmodified uridine, wherein the in vitro
transcription mix comprises modified uridines, and wherein all of the uridines in the
molecule are modified except for the first 5° uridine.

[0024] In some embodiments, the modified uridines are m1¥. In some embodiments,
all of the uridines in the modified RNA molecule are m1¥ except for the first 5° uridine.
[0025] In some embodiments, the 5” cap has the sequence of GpppApU or GvpppApU,
wherein A is modified or unmodified. In some embodiments, the 5 cap has the sequence
of m’GpppApU or m’GvpppApU. In some embodiments, the A is modified, preferably 2°-
O-methylated. In some embodiments, the 5° cap has the sequence of m’GpppAmpU or
m’GvpppAmpU.

[0026] In some embodiments, the DNA-dependent RNA polymerase is a T7 RNA
polymerase or the variant thereof.

[0027] In some embodiments, the method further comprises isolating the modified
RNA molecule.

[0028] In other aspects, provided herein is a modified RNA molecule produced by the
method disclosed herein.

[0029] In other aspects, provided herein is a kit comprising: 1) a DNA-dependent RNA
polymerase; 2) modified and/or unmodified nucleotides, and 3) a 5° cap, and 4) an
instruction for carrying out the method disclosed herein, wherein the 5’ cap has the sequence
of N1pppN2pU or N1vpppN2pU, wherein U is an unmodified uridine, and wherein each of
N1 and N2 is independently a modified or unmodified nucleotide other than a modified or
unmodified uridine.

[0030] In other aspects, provided herein is a method of lowering the innate immune
stimulation of a RNA molecule, comprising using a 5’ cap having the sequence of
NlpppN2pU or N1vpppN2pU and modifying at least one uridine in the RNA molecule
except for the first 5 uridine to produce the RNA molecule, wherein the RNA molecule is
not self-replicable, wherein U is an unmodified uridine, wherein each of N1 and N2 is
independently a modified or unmodified nucleotide other than a modified or unmodified
uridine.

[0031] In some embodiments, the 5° cap has the sequence of GpppApU or GvpppApU,

wherein A is modified or unmodified. In some embodiments, the 5 cap has the sequence
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of m’GpppApU or m’GvpppApU. In some embodiments, the 5° cap has the sequence of
m’GpppAmpU or m’GvpppAmpU. In some embodiments, the method comprises modifying
all of the uridines in the RNA molecule except for the first 5’ uridine. In some embodiments,
the method comprises modifying all of the uridines in the RNA molecule to m1¥ except

for the first 5° uridine.

BRIEF DESCRIPTION OF DRAWINGS
[0032] FIG. 1 shows the expression of mRNAs encoding eGFP protein synthesized with
(G™yppp(A™)G and (G™")ppp(A™)U respectively in BHK-21 cell-line.
[0033] FIG. 2 shows in vitro expression of mRNA synthesized by (G™)ppp(A™)U and
(G™yvppp(A™)U in HEK-293T cells.
[0034] FIG. 3 shows in vitro expression of mRNA synthesized by (G*")ppp(A™4)U and
(G"Yppp(A™HU in A549 cells.

DETAILED DESCRIPTION

[0035] All publications, comprising patent documents, scientific articles and databases,
referred to in this application are incorporated by reference in their entirety for all purposes
to the same extent as if each individual publication were individually incorporated by
reference. If a definition set forth herein is contrary to or otherwise inconsistent with a
definition set forth in the patents, applications, published applications and other publications
that are herein incorporated by reference, the definition set forth herein prevails over the
definition that is incorporated herein by reference.

[0036] The section headings used herein are for organizational purposes only and are

not to be construed as limiting the subject matter described.

OVERVIEW

[0037] Provided herein in some aspects are modified RNA molecules, wherein the
modified RNA molecules comprise a 5’ cap, and wherein at least one uridine in the
molecule is a modified uridine except for the first 5’ uridine in the molecule. In some
embodiments, the modified RNA molecules are not self-replicable.

[0038] Also provided are methods of in vitro transcribing a DNA molecule to a
modified RNA molecule, comprising combining the DNA molecule with an in vitro
transcription mix comprising a DNA dependent RNA polymerase, modified and/or
unmodified nucleotides, and a 5’ cap, wherein the modified RNA molecule is non-self-

replicable, and wherein the 5’ cap has the sequence of NlpppN2pU or NlvpppN2pU,



WO 2025/036272 PCT/CN2024/110938

wherein U is an unmodified uridine, and wherein each of N1 and N2 is independently a
modified or unmodified nucleotide other than a modified or unmodified uridine. Also
provided are compositions, formulations, and kits for use in accordance with the provided
methods.

[0039] Currently, RNA molecules produced via in vitro transcription and transfected
into cells often stimulate innate immune receptors such as endosomal and cytosolic pattern
recognition receptors (PRRs) including toll-like receptors 3, 7, and 8 (Ma, X., and Hur, S.
Drug Metabolism Pharmacokinet. 2022. 44, 100450). These toll-like receptors sense single
and double stranded RNA and generate immune responses through intracellular signaling
cascades. Activation of immune responses in cells transfected with in vitro transcribed RNA
molecules is a significant limitation to current gene therapy approaches.

[0040] The invention of the present application provides novel methods of in vifro
mRNA synthesis using a specific uridine-containing cap, for example, m’GpppAmpU cap,
m’GvpppAmpU cap, and mRNAs produced by such methods. m’GpppAmpU cap was
traditionally used for self-replicating RNAs based on their functions in positive sense strand
RNA viruses such as Venezuelan equine encephalitis virus (VEEV), Semliki forest virus
(SFV), and Sindbis virus (SIN). The inventors have for the first time used such cap structure
for in vitro transcription of non-replicable mRNA. It was surprising discovered that,
compared to mRNAs synthesis methods using a m’GpppAmpG cap, one-step synthesis
using a m’GpppAmpU cap allows higher capping rate. The non-replicable mRNAs produced
thereby, which may be fully uridine modified except for the first uridine, led to lower innate
immune stimulation when delivered to a cell.

[0041] Accordingly, the present invention in one aspect provides a method of in vitro
transcribing a DNA molecule to a modified RNA molecule, comprising combining the
DNA molecule with an in vitro transcription mix comprising a DNA-dependent RNA
polymerase, modified and/or unmodified nucleotides, and a 5° cap, wherein the modified
RNA molecule is non-self-replicable, wherein the 5° cap has the sequence of m’GpppAmpU
or m’GvpppAmpU, wherein U is an unmodified uridine, wherein the in vitro transcription
mix comprises modified uridines and wherein all of the uridines in the modified RNA
molecule are modified except for the first 5” uridine.

[0042] In another aspect, there is provided a modified RNA molecule, wherein the
modified RNA molecule comprises a 5° cap, wherein the RNA molecule is not self-
replicable, and wherein at least one uridine in the molecule is a modified uridine except for

the first 5” uridine in the molecule.
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[0043] Also provided are kits for carrying out the methods described herein and
compositions (such as pharmaceutical compositions) comprising the modified RNA
molecules.

[0044] In other aspects, provided herein is a method of lowering the innate immune
stimulation of a RNA molecule, comprising using a 5’ cap having the sequence of
NlpppN2pU or N1vpppN2pU and modifying at least one uridine in the RNA molecule
except for the first 5° uridine to produce the RNA molecule, wherein the RNA molecule is
not self-replicable, wherein U is an unmodified uridine, wherein each of N1 and N2 is
independently a modified or unmodified nucleotide other than a modified or unmodified

uridine.

DEFINITIONS

[0045] For purposes of interpreting this specification, the following definitions will
apply and whenever appropriate, terms used in the singular will also include the plural and
vice versa. In the event that any definition set forth below conflicts with any document
incorporated herein by reference, the definition set forth shall control.

[0046] The term "about" as used herein refers to the usual error range for the respective
value readily known to the skilled person in this technical field. Reference to "about" a
value or parameter herein includes (and describes) embodiments that are directed to that
value or parameter per se.

[0047] Throughout this disclosure, various aspects of the claimed subject matter are
presented in a range format. It should be understood that the description in range format is
merely for convenience and brevity and should not be construed as an inflexible limitation
on the scope of the claimed subject matter. Accordingly, the description of a range should
be considered to have specifically disclosed all the possible sub-ranges as well as individual
numerical values within that range. For example, where a range of values is provided, it is
understood that each intervening value, between the upper and lower limit of that range and
any other stated or intervening value in that stated range is encompassed within the claimed
subject matter. The upper and lower limits of these smaller ranges may independently be
included in the smaller ranges, and are also encompassed within the claimed subject matter,
subject to any specifically excluded limit in the stated range. Where the stated range
includes one or both of the limits, ranges excluding either or both of those included limits
are also included in the claimed subject matter. This applies regardless of the breadth of the

range.
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[0048] As used herein, “cap” refers to a non-extendible trinucleotide that facilitates
translation or localization, and/or prevents degradation of an RNA transcript when
incorporated at the 5' end of an RNA transcript.

[0049] As used herein, the term “nucleobase” refers to a nitrogen containing
heterocyclic moiety nucleobase. Non-limiting examples of suitable nucleobases include:
adenine, cytosine, guanine, thymine, uracil, or analogs thereof, e.g., 5-propynyl-uracil, 2-
thio-5-propynyl-uracil, 5-methylcytosine, pseudoisocytosine, 2-thiouracil, 2-thiothymine,
2-aminopurine, N9-(2-amino-6-chloropurine), N9-(2,6-diaminopurine), hypoxanthine, N9-
(7-deaza-guanine), N9-(7-deaza-8-aza-guanine) and N8-(8-aza-7-deazaadenine).

[0050] As used herein, the terms, “ribonucleotide” or “nucleotide” refer to a compound
consisting of a nucleobase linked to the C- carbon of a ribose sugar or analog thereof. The
ribose or analog may be substituted or unsubstituted.

[0051] As used herein, a “nucleotide triphosphate” refers to a nucleotide with a
triphosphate ester group at the 5° position.

[0052] As used here, the terms, “polynucleotide”, “oligonucleotide”, and “nucleic acid”
refer to single stranded or double stranded polymers of nucleotide monomers, including
ribonucleotides (RNA) and 2’-deoxyribonucleitdes (DNA) linked by internucleotide
phosphodiester bond linkages. A polynucleotide may be composed entirely of
deoxyribonucleotides, entirely of ribonucleotides, or a chimeric mixture thercof.

[0053] As used herein, a “self-replicable” RNA refers to an RNA molecule that, when
delivered to a vertebrate cell, leads to the production of multiple daughter RNAs by
transcription from itself via an antisense copy which it generates from itself. A self-
replicating RNA molecule is typically a +-strand molecule which can be directly translated
after delivery to a cell, thereby providing an RNA-dependent RNA polymerase a template
to produce both antisense and sense transcripts from the delivered RNA.

[0054] As used herein, by “pharmaceutically acceptable” or “pharmacologically
compatible” is meant a material that is not biologically or otherwise undesirable, e.g., the
material may be incorporated into a pharmaceutical composition administered to a patient
without causing any significant undesirable biological effects or interacting in a deleterious
manner with any of the other components of the composition in which it is contained.
Pharmaceutically acceptable carriers or excipients have preferably met the required
standards of toxicological and manufacturing testing and/or are included on the Inactive

Ingredient Guide prepared by the U.S. Food and Drug administration.
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[0055] As used herein, “a pharmaceutically acceptable carrier” refers to a
pharmaceutically acceptable substrate, composition or vehicle used in the process of drug
delivery, which may have one or more ingredients including, but not limited to, excipient(s),
binder(s), diluent(s), solvent(s), filler(s), and/or stabilizer(s).

[0056] As used herein, the term “lipid” refers to a group of compounds including,
without limitation, fats, sterols, waxes, fat-soluble vitamins, monoglycerides, diglycerides,
sphingolipids, and phospholipids. In the context of the present disclosure, phospholipids,
ionizable lipids, polymer conjugated lipids, and lipid stabilizers are considered lipids.
[0057] As used herein, the term “ionizable lipid” refers to a lipid that has a non-zero net
electric charge at physiological pH. The term is inclusive with respect to cationic lipids,
including lipids that have a partial positive charge at physiological pH. The term is also
inclusive with respect to mixtures of ionizable lipids, which could contain two or more
ionizable lipids. In every case where an embodiment is contemplated with the term

<

“ionizable lipid,” it is likewise contemplated with a “cationic lipid,” as though all
embodiments were specifically and individually listed with both ionizable and cationic
lipids.

[0058] As used herein, the term “polymer conjugated lipid” refers to a lipid comprising
a polymer moiety. The term is inclusive with respect to PEGylated lipids, including
PEGylated phosphatidylethanolamines, PEGylated phosphatidic acids, PEGylated
ceramides, PEGylated dialkylamines, PEGylated diacylglycerols, and PEGylated
dialkylglycerols. The term is also inclusive with respect to mixture of polymer conjugated
lipids, which may contain two or more polymer conjugated lipids. In every case where an
embodiment is contemplated with the term “polymer conjugated lipid,” it is likewise
contemplated with a “PEGylated lipid,” as though all embodiments were specifically and
individually listed with both polymer conjugated and PEGylated lipids.

[0059] As used herein, the term “lipid stabilizer” refers to a component of the lipid
nanoparticle that thought to help stabilize the LNP structure. Without being bound by theory,
it is believed that the lipid stabilizer component of LNPs helps favor the liquid-ordered
phase of the lipid membrane in LNPs. See, for example, section 3.3.1 of Albertsen, H. C.;
et al., “The role of lipid components in lipid nanoparticles for vaccines and gene therapy.”
Adv Drug Deliv Rev. 2022 Sep; 188:114416. Compounds that can serve as lipid stabilizers
include sterols, corticosteroids, vitamins, and other compounds comprising a steroid core.
[0060] As used herein, the term “alkyl” refers to a chain of carbon atoms wherein all

bonds between the carbon atoms in the alkyl group are single bonds. The term is inclusive
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with respect to straight and branched chains (e.g., the term includes both n-propyl and
isopropyl groups).

[0061] As used herein, the term “Cx-Cy alkyl” refers to an alkyl substituent with at least
x carbon atoms and no more than y carbon atoms in the alkyl chain. For example, the term
“C1-C3 alkyl” includes, without limitation, methyl, ethyl, n-propyl, and isopropyl
substituents.

[0062] As used herein, the term “alkylene” refers to an alkyl chain that connects in at
least two locations to other chemical groups. “Cx-Cy alkylene” refers to an alkylene
substituent with at least x carbon atoms and no more than y carbon atoms in the alkylene
chain. For example, the term “C1-C3 alkylene” includes, without limitation, methylene,
ethylene, n-propylene, and iso-propylene.

[0063] As used herein, the term “alkenyl” refers to a chain of carbon atoms with at least
one double bond between two carbon atoms in the chain. The term is inclusive with respect
to straight and branched chains (e.g., the term includes both 1-propenyl and iso-propenyl
groups).

[0064] As used herein, the term “Cx-Cy alkenyl” refers to an alkenyl substituent with
at least X carbon atoms and no more than y carbon atoms in the alkenyl chain. For example,
the term “C2-C4 alkenyl” includes, without limitation, vinyl and 1-propenyl.

[0065] As used herein, the term “alkenylene” refers to an alkenyl chain that connects in
at least two locations to other chemical groups.”Cx-Cy alkenylene” refers to an alkenylene
substituent with at least x carbon atoms and no more than y carbon atoms.

[0066] As used herein, the term “alkynyl” refers to a chain of carbon atoms with at least
one triple bond between two carbon atoms in the chain. The term is inclusive with respect
to straight and branched chains (e.g., the term includes both 1-propynyl and iso-propynyl
groups).

[0067] As used herein, the term “Cx-Cy alkynyl” refers to an alkynyl substituent with
at least x carbon atoms and no more than y carbon atoms in the alkynyl chain.

[0068] As used herein, the term “cycloalkyl” refers to a cyclic group of carbon atoms
wherein all the bonds between the carbon atoms are single bonds. The term “Cx-Cy
cycloalkyl” refers to a cycloalkyl substituent with at least x carbon atoms and no more than
y carbon atoms. For example, the term “C6-C10 cycloalkyl” includes, without limitation,
cyclohexyl and cyclo-octyl. The term “cycloalkylene™ has the same meaning as cycloalkyl,

except that the cycloalkylene substituent connects to at least two other chemical groups.
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[0069] As used herein, the term “cycloalkenyl” refers to a cyclic group of carbon atoms
where at least one bond between two carbon atoms in the cycloalkenyl group is a double
bond. The term “Cx-Cy cycloalkenyl” refers to a cycloalkenyl substituent with at least x
carbon atoms and no more than y carbon atoms.

[0070] As used herein, the term “aryl” refers to a cyclic group of carbon atoms with at
least one double bond. The term “Cx-Cy aryl” refers to an arylene substituent with at least
x carbon atoms and no more than y carbon atoms. For example, the term “C6-C10 aryl”
includes, without limitation, phenyl and naphthyl. The term “arylene” has the same meaning
as aryl, except that the arylene substituent connects to at least two other chemical groups.
[0071] As used herein, the term “heterocycloalkyl” refers to a cyclic group of atoms
wherein all the bonds between the atoms in the ring are single bonds. The term “Cx-Cy
heterocycloalkyl” refers to a heterocycloalkyl substituent with at least x atoms and no more
than y atoms. For example, the term “C5-C6 heterocycloalkyl” includes, without limitation,
pyrrolidinyl and 1,4-dioxanyl. The term “heterocycloalkylene” has the same meaning as
heterocycloalkyl, except that the heterocycloalkylene substituent connects to at least two
other chemical groups.

[0072] As used herein, the term “heteroaryl” refers to a cyclic group of atoms with at
least one double bond. The term “x- to y-membered heteroaryl” refers to a cyclic group of
atoms with at least x atoms and no more than y atoms. For example, 5- or 6-membered
heteroaryl includes, without limitation, pyridinyl and furanyl.

[0073] As used herein, the term “carbocycle” refers to a substituent that can be a
cycloalkyl or an aryl group. Likewise, the term “heterocycle” refers to a substituent that can
be a heterocycloalkyl or a heteroaryl group.

[0074] Possible atoms that make up the ring in heterocycloalkyl and heteroaryl groups,
as well as derivatives thereof, include, without limitation, carbon, nitrogen, oxygen, and
sulfur.

[0075] As used herein, the term “optionally substituted” means the indicated substituent
may be substituted or unsubstituted. The term substituted refers to another chemical moiety
that decorates the indicated substituent by replacement of one H atom. For example, ethanol
is an example of ethane substituted with OH. In some embodiments, a group that is
optionally substituted is optionally substituted by chloro, fluoro, bromo, C1-C6 alkyl, C2-
C6 alkenyl, C2-C6 alkynyl, C3-C7 cycloalkyl, C6-C10 aryl, or 5- or 6-membered heteroaryl.
[0076] The terms “individual,” “subject,” and “patient” are used interchangeably herein

to describe a mammal, including humans. In some embodiments, the individual is in need
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of treatment, for example, the individual may have been diagnosed with, or is suspected of
having, a cancer.

[0077] It is understood that embodiments of the invention described herein include
“consisting” and/or “consisting essentially of”” embodiments.

[0078] Reference to "about" a value or parameter herein includes (and describes)
variations that are directed to that value or parameter per se. For example, description
referring to "about X" includes description of "X". In some embodiments, the term “about”
a value or parameter means a range within 20%, in either direction, of the value or parameter
recited.

[0079] As used herein, reference to "not" a value or parameter generally means and
describes "other than" a value or parameter.

[0080] As used herein and in the appended claims, the singular forms "a," "an," and

"the" include plural referents unless the context clearly dictates otherwise.

III. METHODS OF PREPARATION
[0081] Provided herein are methods of preparation of the modified RNA molecules

disclosed herein.

A. in vitro Transcription

[0082] The modified RNA described herein can be synthesized through in vifro
transcription of an appropriate DNA template. The promoter for controlling transcription
can be any promoter for any RNA polymerase. A DNA template for in vitro transcription
can be obtained, for example, by cloning of a nucleic acid, in particular ¢cDNA, and
introducing it into an appropriate vector for in vitro transcription. In some embodiments,
the RNA may have modified nucleosides, including, for example, pseudouridine, and/or 1-
methylpseudouridine.

[0083] In some embodiments, the appropriate DNA template for in vitro transcription
comprises linearized plasmid DNA, PCR products, or synthetic DNA oligonucleotides. In
some embodiments, the purity of the template DNA affects transcription yield and the
integrity of RNA synthesized. In some embodiments, the template DNA has a purity of
greater than about 90%, greater than about 95%, or greater than about 99%. Plasmid
purification methods are commonly known in the art and include miniprep, midiprep, and
maxiprep plasmid isolation. In some embodiments, the plasmid DNA is mostly in a

supercoiled form, and is free from contaminating RNase, protein, RNA and salts.
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[0084] In some embodiments, the DNA template for in vitro transcription comprises
plasmid DNA that is completely linearized. In some embodiments, plasmid linearization is
achieved through the action of a restriction enzyme downstream of the DNA template to be
transcribed. In some embodiments the restriction enzyme generates blunt ends or 5°-
overhangs. In some embodiments, following plasmid DNA linearization, the template DNA
is further purified by phenol/chloroform extraction.

[0085] In some embodiments, the DNA template comprises a double-stranded T7
promoter region upstream of the sequence to be transcribed. In some embodiments, the
promoter comprises an SP6, T7, or T3 promoter region. In some embodiments, the promoter
is a phage polymerase promoter.

[0086] In some embodiments, described herein is a method of in vitro transcribing a
DNA molecule to a modified RNA molecule, comprising combining the DNA molecule
with an in vitro transcription mix comprising a DNA-dependent RNA polymerase,
modified and/or unmodified nucleotides, and a 5° cap, wherein the modified RNA molecule
is non-self-replicable, and wherein the 5” cap has the sequence of N1pppN2pU, wherein U
is an unmodified uridine, and wherein each of N1 and N2 is independently a modified or
unmodified nucleotide other than a modified or unmodified uridine.

[0087] In some embodiments, described herein is a method of in vitro transcribing a
DNA molecule to a modified RNA molecule, comprising combining the DNA molecule
with an in vitro transcription mix comprising a DNA-dependent RNA polymerase, modified
and/or unmodified nucleotides, and a 5’ cap, wherein the modified RNA molecule is non-
self-replicable, and wherein the 5 cap has the sequence of N1vpppN2pU, wherein U is an
unmodified uridine, and wherein each of N1 and N2 is independently a modified or
unmodified nucleotide other than a modified or unmodified uridine.

[0088] In some embodiments, the in vitro transcription mix comprises a reaction buffer,
modified and/or unmodified nucleotides (for example, modified and/or unmodified
adenosines, guanosines, cytidines or uridines), a 5° cap, template DNA, a DNA-dependent
RNA polymerase, and nuclease-free water. 1X Reaction buffer can include, for example,
[40 mM Tris-HCI (pH 7.9-8.0), 10 mM DTT, 2 mM spermidine, 0.002% Triton X-100, 27
mM Magnesium Acetate]. In some embodiments, the reaction buffer comprises Tris-HCI
(pH 7.9-8.0) at a concentration of between about 10mM and about 80 mM. In some
embodiments, the reaction buffer comprises Tris-HCI (pH 7.9-8.0) at a concentration of
about 10 mM, about 20 mM, about 30 mM, about 40 mM, about 50 mM, about 60 mM,

about 70 mM, or about 80 mM. In some embodiments, the reaction buffer comprises Tris-
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HCI (pH 7.9-8.0) at a concentration of about 40 mM. In some embodiments, the reaction
buffer comprises DTT at a concentration of between about ImM and about 30 mM. In some
embodiments, the reaction buffer comprises DTT at a concentration of about 1mM, about
5 mM, about 10 mM, about 20 mM, or about 30 mM. In some embodiments, the reaction
buffer comprises DTT at a concentration of about 10 mM. In some embodiments, the
reaction buffer comprises spermidine at a concentration of between about 0.5 mM and about
10 mM. In some embodiments, the reaction buffer comprises spermidine at a concentration
of about 0.5 mM, about 1 mM, about 2 mM, about 3 mM, about 5 mM, or about 10 mM. In
some embodiments, the reaction buffer comprises spermidine at a concentration of about 2
mM. In some embodiments, the reaction bufter comprises Triton X-100 at a concentration
of between about 0.0005% and about 0.05%. In some embodiments, the reaction buffer
comprises Triton X-100 at a concentration of about 0.0005%, about 0.001%, about 0.002%,
about 0.003%, about 0.004%, about 0.005%, about 0.006%, about 0.007%, about 0.008%,
about 0.009%, about 0.01%, about 0.02%, about 0.03%, about 0.04% or about 0.05%. In
some embodiments, the reaction buffer comprises Triton X-100 at a concentration of
between about 0.0005% and about 0.005%. In some embodiments, the reaction buffer
comprises Triton X-100 at a concentration of about 0.0005%, about 0.001%, about 0.002%,
about 0.003%, about 0.004%, or about 0.005%. In some embodiments, the reaction buffer
comprises Triton X-100 at a concentration of about 0.002%. In some embodiments, the
reaction buffer comprises Magnesium Acetate at a concentration of between about 5 mM
and about 100 mM. In some embodiments, the reaction buffer comprises Magnesium
Acetate at a concentration of about 5 mM, about 10 mM, about 20 mM, about 27 mM, about
30 mM, about 40 mM, about 50 mM, about 75 mM, or about 100 mM. In some
embodiments, the reaction buffer comprises Magnesium Acetate at a concentration of about
27 mM. Magnesium Chloride (MgCl2) can be used instead of Magnesium Acetate. A
similar effect can be achieved by adjusting the concentration of Magnesium Chloride.

[0089] In some embodiments, the final concentration of the modified and/or unmodified
nucleotides in the in vitro transcription mix is between about 1 mM and about 100 mM. In
some embodiments, the final concentration of the modified and/or unmodified nucleotides
in the in vitro transcription mix is about 1 mM, about 5 mM, about 10 mM, about 30 mM,
about 40 mM, about 50 mM, about 60 mM, about 70 mM, about 80 mM, about 90 mM or
about 100 mM. In some embodiments, the final concentration of the modified and/or
unmodified nucleotides in the in vitro transcription mix is between about 1 mM and about

50 mM. In some embodiments, the final concentration of the modified and/or unmodified
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nucleotides in the in vitro transcription mix is about 1 mM, about 5 mM, about 10 mM,
about 12.5 mM, about 30 mM, about 40 mM, or about 50 mM. In some embodiments, the
final concentration of the modified and/or unmodified nucleotides in the in vitro
transcription mix is each about 10 mM. In some embodiments, the final concentration of
the modified and/or unmodified nucleotides in the in vitro transcription mix is each about 5
mM. In some embodiments, the final concentration of the modified and/or unmodified
nucleotides in the in vitro transcription mix is each about 12.5 mM. In some embodiments,
the modified and/or unmodified nucleotides are added to the in vitro transcription mix at an
equal ratio. In some embodiments, the 5° cap is added to the in vitro transcription mix at a
concentration of between about 1 mM and about 50 mM. In some embodiments, the 5’ cap
is added to the in vitro transcription mix at a concentration of about 1 mM, about 2 mM,
about 4 mM, about 5 mM, about 6 mM, about 7 mM, about 8 mM, about 9 mM, about 10
mM, about 12.5 mM, about 20 mM, about 30 mM, about 40 mM, or about 50 mM. In some
embodiments, the 57 cap is added to the in vitro transcription mix at a concentration of about
8 mM. In some embodiments, the 5’ cap is added to the in vifro transcription mix at a
concentration of about 4 mM. In some embodiments, the 5° cap is added to the in vitro
transcription mix at a concentration of about 12.5 mM. In some embodiments, the in vitro
transcription mix is assembled at room temperature.

[0090] In some embodiments, the enzymatic capping step can occur co-
transcriptionally. In some embodiments, the capping step occurs during the in vitro
transcription of the modified RNA molecule. In some embodiments, the RNA cap is
incorporated at the 5° end by RNA polymerases with relaxed substrate specificity thereby
directly yielding the respective 5’-capped RNA. In some embodiments, the 5° cap included
in this enzymatic capping step has the sequence of NlpppN2pU, wherein U is an
unmodified uridine, and wherein each of N1 and N2 is independently a modified or
unmodified nucleotide other than a modified or unmodified uridine. In some embodiments,
the 5 cap included in this enzymatic capping step has the sequence of N1vpppN2pU,
wherein U is an unmodified uridine, and wherein each of N1 and N2 is independently a
modified or unmodified nucleotide other than a modified or unmodified uridine. In some
embodiments, the 5 cap included in this enzymatic capping step has the sequence of
GpppApU, wherein A is modified or unmodified. In some embodiments, the 5° cap included
in this enzymatic capping step has the sequence of GvpppApU, wherein A is modified or
unmodified. In some embodiments, the 5’ cap included in this enzymatic capping step has

the sequence of m’GpppApU, wherein A is modified or unmodified. In some embodiments,
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the 5> cap included in this enzymatic capping step has the sequence of m’GvpppApU,
wherein A is modified or unmodified. In some embodiments, the 5° cap included in this
enzymatic capping step has the sequence of m’GpppApU, wherein the A is 2°-O-methylated.
In some embodiments, the 5° cap included in this enzymatic capping step has the sequence
of m’GpppAmpU. In some embodiments, the 5 cap included in this enzymatic capping step
has the sequence of m’GvpppApU, wherein the A is 2’-O-methylated. In some
embodiments, the 5 cap included in this enzymatic capping step has the sequence of
m’GvpppAmpU.

[0091] In some embodiments, the in vitro transcription of modified RNAs comprises a
capping step to produce the modified RNA comprising a 5’ cap has the sequence of
NlpppN2pU, wherein U is an unmodified uridine, and wherein each of N1 and N2 is
independently a modified or unmodified nucleotide other than a modified or unmodified
uridine. In some embodiments the capping step is enzymatic or synthetic. In some
embodiments, the 5° cap has the sequence of GpppApU, wherein A is modified or
unmodified. In some embodiments, the 5° cap has the sequence of m’GpppApU. In some
embodiments, the A is modified, preferably 2°-O-methylated. In some embodiments, the 5’
cap has the sequence of m’GpppAmpU.

[0092] In some embodiments, the in vitro transcription of modified RNAs comprises a
capping step to produce the modified RNA comprising a 5° cap has the sequence of
N1vpppN2pU, wherein U is an unmodified uridine, and wherein each of N1 and N2 is
independently a modified or unmodified nucleotide other than a modified or unmodified
uridine. In some embodiments the capping step is enzymatic or synthetic. In some
embodiments, the 5° cap has the sequence of GvpppApU, wherein A is modified or
unmodified. In some embodiments, the 5° cap has the sequence of m’GvpppApU. In some
embodiments, the A is modified, preferably 2’-O-methylated. In some embodiments, the 5’
cap has the sequence of m’GvpppAmpU.

[0093] In some embodiments, the in vitro transcription mix comprises modified
adenosines, guanosines, cytidines or uridines. In some embodiments, the in vitro
transcription mix comprises unmodified adenosines, guanosines, cytidines or uridines. In
some embodiments, the in vitro transcription mix comprises modified adenosines,
guanosines, cytidines and uridines. In some embodiments, the in vitro transcription mix
comprises unmodified adenosines, guanosines, cytidines and uridines. In some
embodiments, the in vifro transcription mix comprises unmodified adenosines, guanosines,

and cytidines. In some embodiments, the in vitro transcription mix comprises modified
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uridines. In some embodiments, the modified uridine comprises ¥ or m1¥. In some
embodiments, the modified uridine is m1V.

[0094] In some embodiments, between about 1% and about 99% of the uridine bases in
the modified RNA molecule are modified. In some embodiments, about 5%, about 10%,
about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about
90%, or about 99% of the uridines in the RNA molecule are modified. In some embodiments,
at least one uridine in the modified RNA molecule is a modified uridine except for the first
5’ uridine. In some embodiments, at least about 50% of the uridines other than the first 5’
uridine in the molecule are modified. In some embodiments, at least about 90% of the
uridines other than the first 5° uridine in the molecule are modified. In some embodiments,
at least about 95% of the uridines other than the first 5° uridine in the molecule are modified.
In some embodiments, at least about 99% of the uridines other than the first 5° uridine in
the molecule are modified.

[0095] In some embodiments, all of the uridines in the molecule are modified except
for the first 5 uridine.

[0096] In some embodiments, all of the uridines in the molecule are m1'¥ except for the
first 5” uridine.

[0097] In some embodiments, the method of in vitro transcribing a DNA molecule to a
modified RNA molecule comprises combining the DNA molecule with an in vifro
transcription mix comprising a DNA-dependent RNA polymerase, modified and/or
unmodified nucleotides, and a 5’ cap, wherein the modified RNA molecule is non-self-
replicable, wherein the 5° cap has the sequence of N1pppN2pU or N1vpppN2pU, wherein
U is an unmodified uridine, wherein each of N1 and N2 is independently a modified or
unmodified nucleotide other than a modified or unmodified uridine, wherein the in vitro
transcription mix comprises modified uridines (preferably m1¥), and wherein at least one
uridine in the modified RNA molecule is a modified uridine except for the first 5* uridine.

[0098] In some embodiments, the method of in vitro transcribing a DNA molecule to a
modified RNA molecule comprises combining the DNA molecule with an in vifro
transcription mix comprising a DNA-dependent RNA polymerase, modified and/or
unmodified nucleotides, and a 5’ cap, wherein the modified RNA molecule is non-self-
replicable, wherein the 5” cap has the sequence of N1pppN2pU or N1vpppN2pU, wherein
U is an unmodified uridine, wherein each of N1 and N2 is independently a modified or

unmodified nucleotide other than a modified or unmodified uridine, wherein the in vitro
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transcription mix comprises modified uridines (preferably m1¥), and wherein all of the
uridines in the molecule are modified except for the first 5° uridine.

[0099] In a preferred embodiment, the method of in vitro transcribing a DNA molecule
to a modified RNA molecule comprises combining the DNA molecule with an in vitro
transcription mix comprising a DNA-dependent RNA polymerase, modified and/or
unmodified nucleotides, and a 5’ cap, wherein the modified RNA molecule is non-self-
replicable, wherein the 5° cap has the sequence of GpppApU or GvpppApU, wherein U is

an unmodified uridine, wherein the in vitro transcription mix comprises modified uridines

(preferably m1¥), and wherein at least one uridine in the modified RNA molecule is a
modified uridine except for the first 5 uridine.

[0100] In a preferred embodiment, the method of in vitro transcribing a DNA molecule
to a modified RNA molecule comprises combining the DNA molecule with an in vitro
transcription mix comprising a DNA-dependent RNA polymerase, modified and/or
unmodified nucleotides, and a 5’ cap, wherein the modified RNA molecule is non-self-
replicable, wherein the 5° cap has the sequence of GpppApU or GvpppApU, wherein U is
an unmodified uridine, wherein the in vitro transcription mix comprises modified uridines
(preferably m1¥), and wherein all of the uridines in the molecule are modified except for
the first 5’ uridine.

[0101] In a preferred embodiment, the method of in vitro transcribing a DNA molecule
to a modified RNA molecule comprises combining the DNA molecule with an in vitro
transcription mix comprising a DNA-dependent RNA polymerase, modified and/or
unmodified nucleotides, and a 5’ cap, wherein the modified RNA molecule is non-self-
replicable, wherein the 5° cap has the sequence of m’GpppApU or m’GvpppApU, wherein
U is an unmodified uridine, wherein the in vitro transcription mix comprises modified
uridines (preferably m1W¥), and wherein at least one uridine in the modified RNA molecule
is a modified uridine except for the first 5” uridine.

[0102] In a preferred embodiment, the method of in vitro transcribing a DNA molecule
to a modified RNA molecule comprises combining the DNA molecule with an in vitro
transcription mix comprising a DNA-dependent RNA polymerase, modified and/or
unmodified nucleotides, and a 5’ cap, wherein the modified RNA molecule is non-self-
replicable, wherein the 5° cap has the sequence of m’GpppApU or m’GvpppApU, wherein

U is an unmodified uridine, wherein the in vitro transcription mix comprises modified
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uridines (preferably m1¥), and wherein all of the uridines in the molecule are modified
except for the first 5° uridine.

[0103] In a more preferred embodiment, the method of in vitro transcribing a DNA
molecule to a modified RNA molecule comprises combining the DNA molecule with an in
vitro transcription mix comprising a DNA-dependent RNA polymerase, modified and/or
unmodified nucleotides, and a 5’ cap, wherein the modified RNA molecule is non-self-
replicable, wherein the 5’ cap has the sequence of m’GpppAmpU or m’GvpppAmpU,
wherein U is an unmodified uridine, wherein the in vitro transcription mix comprises
modified uridines (preferably m1¥), and wherein at least one uridine in the modified RNA
molecule is a moditied uridine except for the first 5’ uridine.

[0104] In a more preferred embodiment, the method of in vitro transcribing a DNA
molecule to a modified RNA molecule comprises combining the DNA molecule with an in
vitro transcription mix comprising a DNA-dependent RNA polymerase, modified and/or
unmodified nucleotides, and a 5’ cap, wherein the modified RNA molecule is non-self-
replicable, wherein the 5° cap has the sequence of m’GpppAmpU or m’GvpppAmpU,
wherein U is an unmodified uridine, wherein the in vitro transcription mix comprises
modified uridines (preferably m1¥), and wherein all of the uridines in the molecule are
modified except for the first 5° uridine.

[0105] In some embodiments, the in vitro transcription mix comprises a DNA-
dependent RNA polymerase. In some embodiments, the DNA-dependent RNA polymerase
is a T7 RNA polymerase, an SP3 RNA polymerase, an SP6 RNA polymerase, a VSW-3
RNA polymerase, or variants thereof. In some embodiments, the DNA-dependent RNA
polymerase is a T7 RNA polymerase or the variant thereof. In some embodiments, the
DNA-dependent RNA polymerase is a T7 RNA polymerase.

[0106] In some embodiments, the in vitro transcription reaction comprises an
incubation step. In some embodiments, the incubation time is between about 5 minutes and
about 360 minutes. In some embodiments, the incubation time is about 20 minutes, about
40 minutes, about 60 minutes, about 80 minutes, about 100 minutes, about 120 minutes,
about 140 minutes, about 150 min, about 160 minutes, about 180 minutes, about 200
minutes, about 220 minutes, about 240 minutes, about 260 minutes, about 280 minutes,
about 300 minutes, about 320 minutes, about 340 minutes, or about 360 minutes. In some
embodiments, the incubation time is greater than about 360 minutes. In some embodiments,
the incubation time is between about 5 minutes and about 140 minutes. In some

embodiments, the incubation time is about 20minutes, about 40 minutes, about 60 minutes,
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about 80 minutes, about 100 minutes, about 120 minutes, or about 140 minutes. In some
embodiments, the incubation time is greater than about 140 minutes. In some embodiments,
the incubation is performed at a temperature of between about 30°C and about 42°C. In
some embodiments, the incubation is performed at about 30°C, about 31°C, about 32°C,
about 33°C, about 34°C, about 35°C, about 36°C, about 37°C, about 38°C, about 39°C, about
40°C, about 41°C, or about 42°C. In some embodiments, the incubation is performed at a
temperature of between about 35°C and about 40°C. In some embodiments, the incubation
is performed at about 35°C, about 36°C, about 37°C, about 38°C, about 39°C, or about 40°C.
In some embodiments, the incubation step comprises a 2 hour incubation at 37°C. In some
embodiments, the incubation is performed in a water bath, heating block, dry air incubator,
or PCR instrument.

[0107] In some embodiments, the products of the in vitro transcription reaction are
evaluated to detect RNA purity and capping efficiency. In some embodiments, RNA
concentration is quantified by UV light absorbance. In some embodiments, RNA
concentration is determined by measuring the ultraviolet light absorbance at 260 nm
wavelength. In some embodiments, free nucleotides from the transcription reaction are
removed before quantifying RNA concentration by ultraviolet light absorbance. In some
embodiments, the transcription products of the in vitro transcription reaction are analyzed
by gel electrophoresis. In some embodiments, transcript length, integrity, and/or quantity is
analyzed by running an aliquot of the transcription reaction on an appropriate denaturing
agarose gel or polyacrylamide gel. In some embodiments, transcripts larger than 0.3 kb can
be run on agarose gels. In some embodiments, transcripts smaller than about 0.3 kb are run
on denaturing polyacrylamide gels. In some embodiments, the percent polyacrylamide in
the polyacrylamide gel is between about 5% and about 15%.

[0108] Also provided herein are methods to isolate the modified RNA molecule. In
some embodiments, the modified RNA molecule is isolated by chemical-, column-, and/or
gel-based approaches. Alternatively, in some embodiments, the modified RNA molecule is
isolated by bead-based methods. In some embodiments, the bead-based methods isolate the
modified RNA molecule through binding of the poly (A) tail. In some embodiments, the
methods to isolate the modified RNA molecules described herein are used to clean up and
separate the RNA from components such as DNA templates, unincorporated nucleotides,

or RNA modifying enzymes.

20



WO 2025/036272 PCT/CN2024/110938

IV. MODIFIED RNA MOLECULE
[0109] Also provided herein are RNA molecules generated by the methods described
herein. Thus, in certain aspects, provided herein are modified RNA molecules comprising
a 5’ cap, wherein at least one uridine in the molecule is a modified uridine except for the
first 5 uridine in the molecule. In some embodiments, the modified RNA molecule is not
self-replicable.
[0110] In some embodiments, the modified RNA molecule comprises the nitrogenous
bases guanine, uracil, adenine, and cytosine. In some embodiments, the modified RNA
molecule comprises modified nitrogenous bases. In some embodiments, the modified RNA
molecule comprises at least one modified G, C, or A. In some embodiments, the modified
RNA molecule comprises at least one modified U. In some embodiments the modified U
comprises ¥ (pseudouridine). In some embodiments the modified U comprises m1¥ (1-
methyl-pseudouridine).
[0111] In some embodiments, the 5’ end of the modified RNA molecule has the
sequence of N1pppN2pU, wherein U is an unmodified uridine, and wherein each of N1 and
N2 is independently a modified or unmodified nucleotide other than a modified or
unmodified uridine. In some embodiments, between about 1% and about 99% of the uridine
bases in the modified RNA molecule are modified. In some embodiments, about 5%, about
10%, about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%,
about 90%, or about 99% of the uridines in the RNA molecule are modified. In some
embodiments, at least about 50% of the uridines other than the first 5° uridine in the
molecule are modified. In some embodiments, at least about 90% of the uridines other than
the first 5° uridine in the molecule are modified. In some embodiments, at least about 95%
of the uridines other than the first 5° uridine in the molecule are modified. In some
embodiments, at least about 99% of the uridines other than the first 5° uridine in the
molecule are modified. In some embodiments, all of the uridines other than the first 5’
uridine in the molecule are modified.
[0112] In some embodiments, the 5’ end of the modified RNA molecule has the
sequence of N1pppN2pU, wherein U is an unmodified uridine, and wherein each of N1 and
N2 is independently a modified or unmodified nucleotide other than a modified or
unmodified uridine. In some embodiments, between about 1% and about 99% of the uridine
bases in the modified RNA molecule are . In some embodiments, about 5%, about 10%,
about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about

90%, or about 99% of the uridines in the RNA molecule are V. In some embodiments, at
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least about 50% of the uridines other than the first 5° uridine in the molecule are V. In some
embodiments, at least about 90% of the uridines other than the first 5° uridine in the
molecule are . In some embodiments, at least about 95% of the uridines other than the
first 5 uridine in the molecule are W. In some embodiments, at least about 99% of the
uridines other than the first 5° uridine in the molecule are . In some embodiments, all of
the uridines other than the first 5* uridine in the molecule are V.

[0113] In some embodiments, the 5’ end of the modified RNA molecule has the
sequence of N1pppN2pU, wherein U is an unmodified uridine, and wherein each of N1 and
N2 is independently a modified or unmodified nucleotide other than a modified or
unmodified uridine. In some embodiments, between about 1% and about 99% of the uridine
bases in the modified RNA molecule are m1¥. In some embodiments, about 5%, about 10%,
about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about
90%, or about 99% of the uridines in the RNA molecule are m1¥. In some embodiments,
at least about 50% of the uridines other than the first 5° uridine in the molecule are m1¥. In
some embodiments, at least about 90% of the uridines other than the first 5° uridine in the
molecule are m1¥. In some embodiments, at least about 95% of the uridines other than the
first 5° uridine in the molecule are m1¥. In some embodiments, at least about 99% of the
uridines other than the first 5° uridine in the molecule are m1¥. In some embodiments, all
of the uridines other than the first 5’ uridine in the molecule are m1¥.

[0114] In some embodiments, the 5’ end of the modified RNA molecule has the
sequence of N1vpppN2pU, wherein U is an unmodified uridine, and wherein each of N1
and N2 is independently a modified or unmodified nucleotide other than a modified or
unmodified uridine. In some embodiments, between about 1% and about 99% of the uridine
bases in the modified RNA molecule are modified. In some embodiments, about 5%, about
10%, about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%,
about 90%, or about 99% of the uridines in the RNA molecule are modified. In some
embodiments, at least about 50% of the uridines other than the first 5° uridine in the
molecule are modified. In some embodiments, at least about 90% of the uridines other than
the first 5° uridine in the molecule are modified. In some embodiments, at least about 95%
of the uridines other than the first 5° uridine in the molecule are modified. In some
embodiments, at least about 99% of the uridines other than the first 5 uridine in the
molecule are modified. In some embodiments, all of the uridines other than the first 5°

uridine in the molecule are modified.
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[0115] In some embodiments, the 5’ end of the modified RNA molecule has the
sequence of N1vpppN2pU, wherein U is an unmodified uridine, and wherein each of N1
and N2 is independently a modified or unmodified nucleotide other than a modified or
unmodified uridine. In some embodiments, between about 1% and about 99% of the uridine
bases in the modified RNA molecule are W. In some embodiments, about 5%, about 10%,
about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about
90%, or about 99% of the uridines in the RNA molecule are W. In some embodiments, at
least about 50% of the uridines other than the first 5° uridine in the molecule are V. In some
embodiments, at least about 90% of the uridines other than the first 5° uridine in the
molecule are . In some embodiments, at least about 95% of the uridines other than the
first 5’ uridine in the molecule are W. In some embodiments, at least about 99% of the
uridines other than the first 5° uridine in the molecule are ¥. In some embodiments, all of
the uridines other than the first 5° uridine in the molecule are V.

[0116] In some embodiments, the 5° end of the modified RNA molecule has the
sequence of N1vpppN2pU, wherein U is an unmodified uridine, and wherein each of N1
and N2 is independently a modified or unmodified nucleotide other than a modified or
unmodified uridine. In some embodiments, between about 1% and about 99% of the uridine
bases in the modified RNA molecule are m1¥. In some embodiments, about 5%, about 10%,
about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about
90%, or about 99% of the uridines in the RNA molecule are m1W¥. In some embodiments,
at least about 50% of the uridines other than the first 5° uridine in the molecule are m1¥. In
some embodiments, at least about 90% of the uridines other than the first 5° uridine in the
molecule are m1¥. In some embodiments, at least about 95% of the uridines other than the
first 5° uridine in the molecule are m1¥. In some embodiments, at least about 99% of the
uridines other than the first 5 uridine in the molecule are m1W. In some embodiments, all
of the uridines other than the first 5 uridine in the molecule are m1'P.

[0117] The triphosphate linkage of the N1vpppN2pU is vinyl-modified compared to
that of the NlpppN2pU. For example, N1vpppN2pU contains the vinyl-modified

triphosphate linkage, comprising the following moiety.
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[0118] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of N1pppN2pU, wherein U is an unmodified uridine, wherein each of N1
and N2 is independently a modified or unmodified nucleotide other than a modified or
unmodified uridine, and wherein at least one uridine in the molecule is a modified uridine
except for the first 5° uridine.

[0119] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5’ end of the modified RNA molecule
has the sequence of N1pppN2pU, wherein U is an unmodified uridine, wherein each of N1
and N2 is independently a modified or unmodified nucleotide other than a modified or
unmodified uridine, and wherein all of the uridines in the molecule are modified except for
the first 5” uridine.

[0120] In some embodiments, the modified RNA molecule comprises a 5” cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of N1vpppN2pU, wherein U is an unmodified uridine, wherein each of
N1 and N2 is independently a modified or unmodified nucleotide other than a modified or
unmodified uridine, and wherein at least one uridine in the molecule is a modified uridine
except for the first 5° uridine.

[0121] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of N1vpppN2pU, wherein U is an unmodified uridine, wherein each of
N1 and N2 is independently a modified or unmodified nucleotide other than a modified or
unmodified uridine, and wherein all of the uridines in the molecule are modified except for
the first 5’ uridine.

[0122] In some embodiments the modified RNA molecule is involved in protein
synthesis. In some embodiments the modified RNA molecule is an mRNA. In some
embodiments, the modified RNA molecule comprises a protein coding open reading frame
(ORF).

[0123] In some embodiments, the length of the modified RNA molecule is at least 20
nucleotides. In some embodiments, the length of the modified RNA molecule is between
about 20 nucleotides and about 8000 nucleotides. In some embodiments, the length of the
RNA molecule is at least about 20 nucleotides, about 50 nucleotides, about 100 nucleotides,
about 200 nucleotides, about 300 nucleotides, about 400 nucleotides, about 500 nucleotides,

about 750 nucleotides, about 1000 nucleotides, about 1500 nucleotides, about 2000

24



WO 2025/036272 PCT/CN2024/110938

nucleotides, about 3000 nucleotides, about 4000 nucleotides, about 6000 nucleotides, about
7000 nucleotides, or about 8000 nucleotides.

[0124] In some embodiments, the modified RNA molecule comprises non-coding
elements. In some embodiments the non-coding elements comprise a 5° 7-methyl-GTP cap,
a 5’ untranslated region (UTR), and a 3° UTR. In some embodiments, the mRNA comprises
a 57 UTR. The 5’ UTRs provided herein may be recognized by the ribosome, thereby
allowing the ribosome to bind and initiate translation of the mRNA (e.g., translation of the
coding sequence and/or nucleic acid encoding a signal peptide of the mRNA). In some
embodiments, the 5 UTR is upstream from the coding sequence of the mRNA. In some
embodiments, the 5° UTR is between about 5 and 1400 nucleotides long. In some
embodiments, the 5> UTR is between about 5 to about 20, about 20 to about 40, about 40 to
about 60, about 60 to about 80, about 80 to about 100, about 100 to about 150, about 150 to
about 200, about 200 to about 250, about 250 to about 300, about 300 to about 400, or about
400 to about 500 nucleotides long. In some embodiments the 5 UTR is about 66 nucleotides
long.

[0125] In some embodiments, the mRNA comprises a 5> UTR and a 3> UTR, such as
any of the 5 UTRs and 3° UTRs provided herein. In some embodiments, the 5° UTR and
the 3’ UTR are derived from the same species. In some embodiments, the 5 UTR and the
3’ UTR are not derived from the same species. In some embodiments, the 5 UTR is
synthetic, and the 3° UTR is not synthetic. In some embodiments, the 5° UTR is not
synthetic, and the 3> UTR is synthetic.

[0126] In some embodiments, the mRNA comprises a poly (A) sequence (e.g, a
polyadenylation sequence). Poly (A) sequences consist of multiple adenosine
monophosphates in succession. In some embodiments, the poly (A) sequence is crucial for
translation of the mRNA. In some embodiments, the poly (A) sequence is downstream of
the coding sequence of the mRNA. In some embodiments, the poly (A) sequence is
downstream of a 3° UTR of the mRNA. In some embodiments, the poly(A) sequence has a
length of about 50 nucleotides or longer, such as about 60 nucleotides, 70 nucleotides, 80
nucleotides, 90 nucleotides, 100 nucleotides, 150 nucleotides, or longer. In some
embodiments, the poly(A) sequence has a length of about 150 nucleotides or shorter, such
as about 100 nucleotides, 90 nucleotides, 80 nucleotides, 70 nucleotides, 50 nucleotides, or
shorter. In some embodiments, the poly(A) sequence has a length of about 105 nucleotides.
[0127] In some embodiments, the modified RNA molecule is not self-replicable. In

some embodiments, the modified RNA molecule degrades over time in cells. In some
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embodiments degradation of the mRNA in cells occurs through mRNA decay, AU-rich
elements (AREs) in the 3° UTR, destabilizing elements in protein-coding regions, nonsense-
mediated mRNA decay (NMD), and/or microRNAs (miRNAs). In some embodiments, the
modified RNA molecule has a measurable half-life in cells. In some embodiments, the half-
life of the modified RNA molecule in cells is between about 0 hours and about 24 hours. In
some embodiments, the half-life of the modified RNA molecule in cells is between about 0
hours to 1 hour, about 1 hour to 2 hours, about 2 hours to about 3 hours, about 3 hours to
about 4 hours, about 5 hours to about 7 hours, about 7 hours to about 9 hours, about 9 hours
to about 11 hours, about 11 hours to about 15 hours, about 15 hours to about 20 hours, about
20 hours to about 24 hours. In some embodiments, the half-life of the modified RNA
molecule in cells is about 10 hours.

[0128] In some embodiments, the modified RNA molecule can be transfected into a cell
to be translated intracellularly. Methods of transfection are known to those of skill in the art
and include microinjection, chemical treatments, and electroporation. In some embodiments
the cell to be transfected comprises any patient cell for which it is desired to express a
protein of interest. In some embodiments, the cell to be transfected includes vascular
endothelial cells, epidermal cells, bronchial endothelial cells, adipocytes, dermal fibroblasts,
muscle cells, and hematopoietic cells (e.g., T cells, B cells, dendritic cells, macrophages,

etc.), germ cells, or tissue culture cells.

5’ Cap

[0129] In some embodiments, the modified RNA molecule comprises a 5° cap.

[0130] In some embodiments, the 5’ end of the modified RNA molecule has the
sequence of N1pppN2pU, wherein U is an unmodified uridine, and wherein each of N1 and
N2 is independently a modified or unmodified nucleotide other than a modified or
unmodified uridine.

[0131] In some embodiments, the 5’ end of the modified RNA molecule has the
sequence of GpppApU, wherein A is modified or unmodified. In some embodiments, the A
is 2’-O-methylated. In some embodiments, the 5* end of the modified RNA molecule has
the sequence of m’GpppApU. In some embodiments, the 5> end of the modified RNA
molecule has the sequence of m’GpppApU, wherein the A is modified or unmodified. In
some embodiments, the A is 2’-O-methylated. In some embodiments, the 5 end of the
modified RNA molecule has the sequence of m’GpppAmpU. In some embodiments, the 5’

end of the modified RNA molecule comprises a nucleic acid sequence set forth in any one
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of SEQ ID NOs: 2, 4, 6, or 8. In some embodiments, the 5° end of the modified RNA
molecule comprise a nucleic acid sequence set forth in any one of SEQ ID NOs: 9, 12, 15,
18, 22, 25, 28 or 31. In some embodiments, the 5’ end of the modified RNA molecule
comprise a nucleic acid sequence set forth in any one of SEQ ID NOs: 2,4, 6, 8,9, 12, 15,
18,22,25,28 or 31.

[0132] In some embodiments, m’GpppAmpU has the following formula,

NH,
AN
N
<
NTN
OH OH o  ‘p—o
\'\3 O,\\P\—O \OH 0 o]
0 \OH OH ? 0\ f‘\NH
HN_No 0=P-OH PN
Uy | No
HN NA o) °
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OH OH

[0133] In some embodiments, a modified RNA molecule comprising a 5° cap
comprising the sequence of m’GpppAmpU displays increased RNA stability compared with
an unmodified RNA.

[0134] In some embodiments, the 5’ end of the modified RNA molecule has the
sequence of N1vpppN2pU, wherein U is an unmodified uridine, and wherein each of N1
and N2 is independently a modified or unmodified nucleotide other than a modified or
unmodified uridine.

[0135] In some embodiments, the 5’ end of the modified RNA molecule has the
sequence of GvpppApU, wherein A is modified or unmodified. The triphosphate linkage of
the GvpppApU is vinyl-modified compared to that of the GpppApU. In some embodiments,
the A is 2’-O-methylated. In some embodiments, the 5’ end of the modified RNA molecule
has the sequence of m’GvpppApU. The triphosphate linkage of the m’GvpppApU is vinyl-
modified compared to that of the m’GpppApU. In some embodiments, the 5’ end of the
modified RNA molecule has the sequence of m’GvpppApU, wherein the A is modified or
unmodified. In some embodiments, the A is 2’-O-methylated. In some embodiments, the 5’
end of the modified RNA molecule has the sequence of m’GvpppAmpU. The triphosphate
linkage of the m’GvpppAmpU is vinyl-modified compared to that of the m’GpppAmpU. In
some embodiments, the 5° end of the modified RNA molecule comprises a nucleic acid
sequence set forth in any one of SEQ ID NOs: 21 or 34.

[0136] In some embodiments, a modified RNA molecule comprising a 5’ cap
comprising the sequence of m’GvpppAmpU displays increased RNA stability compared
with an unmodified RNA. Additionally, the double bond structure makes the molecule
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conformation more stable and makes it more difficult for nucleases to identify and

hydrolyze.
[0137] In some embodiments, m’GvpppAmpU has the following formula,
NH,
¢TI )
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[0138] In some embodiments, the modified RNA molecule comprises a 5* cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of GpppApU, wherein U is an unmodified uridine, and wherein at least
one uridine in the molecule is a modified uridine except for the first 5° uridine.

[0139] In some embodiments, the modified RNA molecule comprises a 5* cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of GpppApU, wherein U is an unmodified uridine, and wherein all of the
uridines in the molecule are modified except for the first 5° uridine.

[0140] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of GpppApU, wherein U is an unmoditied uridine, and wherein all of the
uridines in the molecule are ¥ except for the first 5’ uridine.

[0141] In some embodiments, the modified RNA molecule comprises a 5* cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of GpppApU, wherein U is an unmoditied uridine, and wherein all of the
uridines in the molecule are m1¥ except for the first 5° uridine.

[0142] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of m’GpppApU, wherein U is an unmodified uridine, and wherein at least
one uridine in the molecule is a modified uridine except for the first 5° uridine.

[0143] In some embodiments, the modified RNA molecule comprises a 5 cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of m’GpppApU, wherein U is an unmodified uridine, and wherein all of

the uridines in the molecule are modified except for the first 5” uridine.
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[0144] In some embodiments, the modified RNA molecule comprises a 5* cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of m’GpppApU, wherein U is an unmodified uridine, and wherein all of
the uridines in the molecule are W except for the first 5” uridine.

[0145] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5’ end of the modified RNA molecule
has the sequence of m’GpppApU, wherein U is an unmodified uridine, and wherein all of
the uridines in the molecule are m1W except for the first 5° uridine.

[0146] In some embodiments, the modified RNA molecule comprises a 5* cap, wherein
the RNA molecule is not self-replicable, wherein the 5’ end of the modified RNA molecule
has the sequence of m’GpppAmpU, wherein U is an unmodified uridine, and wherein at
least one uridine in the molecule is a modified uridine except for the first 5’ uridine.

[0147] In some embodiments, the modified RNA molecule comprises a 5” cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of m’GpppAmpU, wherein U is an unmodified uridine, and wherein all of
the uridines in the molecule are modified except for the first 5° uridine.

[0148] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of m’GpppAmpU, wherein U is an unmodified uridine, and wherein all of
the uridines in the molecule are ¥ except for the first 5° uridine.

[0149] In some embodiments, the modified RNA molecule comprises a 5* cap, wherein
the RNA molecule is not self-replicable, wherein the 5” end of the modified RNA molecule
has the sequence of m’GpppAmpU, wherein U is an unmodified uridine, and wherein all of
the uridines in the molecule are m1¥ except for the first 5° uridine.

[0150] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of GvpppApU, wherein U is an unmodified uridine, and wherein at least
one uridine in the molecule is a modified uridine except for the first 5” uridine.

[0151] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of GvpppApU, wherein U is an unmodified uridine, and wherein all of the
uridines in the molecule are modified except for the first 5° uridine.

[0152] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein

the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
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has the sequence of GvpppApU, wherein U is an unmodified uridine, and wherein all of the
uridines in the molecule are W except for the first 5” uridine.

[0153] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of GvpppApU, wherein U is an unmodified uridine, and wherein all of the
uridines in the molecule are m1Y¥ except for the first 5’ uridine.

[0154] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5’ end of the modified RNA molecule
has the sequence of m’GvpppApU, wherein U is an unmodified uridine, and wherein at
least one uridine in the molecule is a modified uridine except for the first 5’ uridine.

[0155] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of m’GvpppApU, wherein U is an unmodified uridine, and wherein all of
the uridines in the molecule are modified except for the first 5° uridine.

[0156] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5’ end of the modified RNA molecule
has the sequence of m’GvpppApU, wherein U is an unmodified uridine, and wherein all of
the uridines in the molecule are W except for the first 5’ uridine.

[0157] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of m’GvpppApU, wherein U is an unmodified uridine, and wherein all of
the uridines in the molecule are m1¥ except for the first 5° uridine.

[0158] In some embodiments, the modified RNA molecule comprises a 5* cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of m’GvpppAmpU, wherein U is an unmodified uridine, and wherein at
least one uridine in the molecule is a modified uridine except for the first 5” uridine.

[0159] In some embodiments, the modified RNA molecule comprises a 5* cap, wherein
the RNA molecule is not self-replicable, wherein the 5’ end of the modified RNA molecule
has the sequence of m’GvpppAmpU, wherein U is an unmodified uridine, and wherein all
of the uridines in the molecule are modified except for the first 5* uridine.

[0160] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5’ end of the modified RNA molecule
has the sequence of m’GvpppAmpU, wherein U is an unmodified uridine, and wherein all

of the uridines in the molecule are W except for the first 5° uridine.
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[0161] In some embodiments, the modified RNA molecule comprises a 5° cap, wherein
the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA molecule
has the sequence of m’GvpppAmpU, wherein U is an unmodified uridine, and wherein all
of the uridines in the molecule are m1¥ except for the first 5° uridine.

[0162] In some embodiments, a modified RNA molecule comprising a 5’ cap that is
significantly less immunostimulative than an unmodified RNA molecule. In some
embodiments, the modified RNA molecule is at least 2-fold less immunostimulative than
an unmodified RNA molecule, or a modified RNA molecule containing a different 5° cap,
e.g., a 5’ cap not containing an unmodified uridine. In some embodiments, the modified
RNA molecule is between about 2-fold to 20-fold less immunostimulative than an
unmodified RNA molecule, or a modified RNA molecule containing a different 5° cap, e.g.,
a 5’ cap not containing an unmodified uridine. In some embodiments, the modified RNA
molecule is about 1.2-fold, about 1.4-fold, about 1.5-fold, about 1.6-fold, about 1.7-fold,
about 1.8-fold, about 1.9-fold, about 2-fold, about 3-fold, about 4-fold, about 5-fold, about
10-fold, or about 20-fold less immunostimulative than an unmodified RNA molecule, or a
modified RNA molecule containing a different 5° cap, e.g., a 5° cap not containing an
unmodified uridine. In some embodiments, the modified RNA molecule is about 1.4-fold
less immunostimulative than an unmodified RNA molecule, or a modified RNA molecule
containing a different 5° cap, e.g., a 5’ cap not containing an unmodified uridine. In some
embodiments, the modified RNA molecule is about 1.9-fold less immunostimulative than
an unmodified RNA molecule, or a modified RNA molecule containing a different 5° cap,
e.g., a 5’ cap not containing an unmodified uridine.

[0163] In some embodiments, "significantly less immunostimulative" refers to a
detectable decrease in immunostimulation. In another embodiment, the term refers to a fold
decrease in immunostimulation. In some embodiments, “significantly less
immunostimulative" refers to a decrease such that an effective amount of the modified RNA
molecule can be administered to cells without triggering a detectable immune response. In
some embodiments, the term refers to a decrease such that the modified RNA molecule can
be repeatedly administered without eliciting an immune response sufficient to detectably
reduce expression of the recombinant protein. In another embodiment, the decrease is such
that the modified RNA molecule can be repeatedly administered without eliciting an
immune response sufficient to eliminate detectable expression of the recombinant protein.
Methods of determining immunostimulation are well known in the art, and include, e.g.

measuring secretion of cytokines (e.g. IL-12, IFN-a, TNF-a, RANTES, MIP-1a or 3, IL-6,

31



WO 2025/036272 PCT/CN2024/110938

IFN-B, or IL-8), measuring expression of DC activation markers (e.g. CD83, HLA-DR,
CD80 and CD86), or measuring the ability to act as an adjuvant for an adaptive immune
response. In some embodiments, the immunostimulation of the modified RNA molecule is

measured by a RIG-I activation assay.

Modifications

[0164] Other than the first uridine (¢.g., the uridine introduced by the 5’ cap), the RNA
molecule can comprise one or more modifications. In some embodiments, the modification
comprises modified nucleosides. In some embodiments, the modified nucleoside is uridine
(U). In some embodiments, the modified nucleoside is adenine (A). In some embodiments,
the modified nucleoside is cytidine (C). In some embodiments, the modified nucleoside is
guanine (G). In some embodiments, the nucleoside is a non-canonical nucleoside such as,
for example, inosine.

[0165] In some embodiments, the modified RNA molecule may comprise moditied
base forms. In some embodiments, purines and pyrimidines other than those normally found
in nature may be utilized. In some embodiments, the modified base is selected from the
group consisting of m°C (5-methylcytidine), m*U (5- methyluridine), m°A (N6-
methyladenosine), S?U (2-thiouridine), ¥ (pseudouridine), Um (2'- O-methyluridine), Hi'A
(1-methyladenosine), Hi’A (2- methyladenosine), Am (2'-O-methyladenosine), ms*m®A (2-
methylthio-N6-methyladenosine), i°’A (N6- isopentenyladenosine), ms?i®A (2-methylthio-
N6isopentenyladenosine), i0o’A (N6-(cis- hydroxyisopentenyl)adenosine), ms®io’A (2-
methylthio-N6-(cis-hydroxyisopentenyl) adenosine), g’A (N6-
glycinylcarbamoyladenosine), t°A  (Né-threonylcarbamoyladenosine), ms*t°A  (2-
methylthio-N6-threonyl carbamoyladenosine), mStSA (N6-methyl-N6-
threonylcarbamoyladenosine), Im6A(N6- hydroxy norvalylcarbamoyladenosine), ms?hn®
A (2-methylthio-N6-hydroxynorvalyl carbamoyladenosine), Ar(p) (2'-O-ribosyladenosine
(phosphate)), I (inosine), Hi'l (1-methylinosine), Hi'Im (1,2'-O-dimethylinosine), m*C (3-
methylcytidine), Cm (2'-O-methylcytidine), S>C (2- thiocytidine), ac*C (N4-acetylcytidine),
£C  (5-formylcytidine), m’Cm  (5,2'-O-dimethylcytidine), ac*Cm  (N4-acetyl-2'-O-
methylcytidine), k*C (lysidine), Hi'G (1-methylguanosine), m*G (N2- methylguanosine),
m’G (7-methylguanosine), Gm (2'-O-methylguanosine), m*G (N2,N2-
dimethylguanosine), m*Gm  (N2,2'-O-dimethylguanosine), m?*Gm  (N2,N2,2'-O-
trimethylguanosine), Gr(p) (2'-O-ribosylguanosine (phosphate)), YW (wybutosine), o’yW
(peroxywybutosine), OHyW (hydroxy wybutosine), OHyW* (undermodified
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hydroxywybutosine), imG (wyosine), mimG (methyl wyosine), Q (queuosine), 0Q
(epoxyqueuosine), galQ (galactosyl-queuosine), manQ (mannosyl- queuosine), preQO0 (7-
cyano-7-deazaguanosine), preQi (7-aminomethyl-7-deazaguanosine), G+ (archaeosine), D
(dihydrouridine), m5Um (5,2'-O-dimethyluridine), S*U (4-thiouridine), m>s*U (5- methyl-
2-thiouridine), S?Um (2-thio-2'-O-methyluridine), acp’U (3-(3-amino-3-
carboxypropyl)uridine), ho’U (5-hydroxyuridine), mo5U (5-methoxyuridine), cmo’U
(uridine S-oxyacetic acid), memo5U (uridine 5-oxyacetic acid methyl ester), chm®U (5-
(carboxyhydroxymethyl)uridine)), mchm®U (5- (carboxyhydroxymethyl)uridine methyl
ester), mem°U (5-methoxycarbonylmethyluridine), mem5Um (5-methoxycarbonylmethyl-
2-O-metliyluridine), mem’s?U  (5-methoxycarbonylmethyl-2-thiouridine), nmVU (5-
aminomethyl-2-thiouridine), mnm5U  (5-methylaminomethyluridine), mnm°s*U  (5-
methylaminomethyl-2-thiouridine), mnm®se’U (5-methylaminomethyl-2-selenouridine),
nem’U (5- carbamoylmethyluridine), nem®Um (5-carbamoylmethyl-2'-O-methyluridine),
cmnm’U (5- carboxy methylaminomethyluridine), cmnm’Um (5-
carboxymethylaminomethyl-2'-0-methyluridine), ecmnm’s*U (5-
carboxymethylaminomethyl-2-thiouridine), m°2A (N6,N6-dimethyladenosine), Im (2'-O-
methylinosine), m*C (N4-methylcytidine), m*Cm (N4,2'-O-dimethylcytidine), hm>C (5-
hydroxymethylcytidine), m*U (3-methyluridine), Cm®U (5-carboxymethyluridine), m®Am
(N5,2'-O- dimethyladenosine), m*®2Am (N6,N6,0-2t-trimethyladenosine), m*>’G (N2,7-
dimethylguanosine), ~ m**’G ~ (N2,N2,7-trimethylguanosine), =~ m?Um  (3,2'-O-
dimethyluridine), m’D (5-methyldihydrouridine), f°Cm (5-formyl-2'-O-methylcytidine),
Hi!Gm (1,2'-O-dimethylguanosine), m'Am (1,2'-O-dimethyladenosine), ™m°U (5-
taurinomethyluriding);  tm’s?U  (5-taurinomethyl-2-thiouridine)),  imG-14  (4-
demethylwyosine), imG? (isowyosine), and ac’A (N6-acetyladenosine).

[0166] In some embodiments, the modified base comprises pseudouridine (5-
ribosyluracil) (). In some embodiments, pseudouridine alters base-pairing interactions
thereby affecting RNA secondary structures and mRNA coding. In some embodiments, the
modified nucleoside is N1-methyl-pseudouridine (m1¥). In some embodiments, ¥ and
ml¥, when present in an in vitro transcribed mRNA within a host cell, reduce
immunostimulation of the modified RNA.

[0167] In some embodiments, between about 0.5% and 99% of the uridines in the
modified RNA molecule are modified. In some embodiments, between about 0.5% to about
10%, about 10% to about 20%, about 20% to about 30%, about 30% to about 40%, about
40% to about 50%, about 50% to about 60%, about 60% to about 70%, about 70% to about
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80%, about 80% to about 90%, or about 90% to about 99% of the uridines in the modified
RNA molecule are modified. In some embodiment, at least one uridine in the molecule is a
modified uridine except for the first 5° uridine. In some embodiments, at least about 50%
of the uridines other than the first 5 uridine in the molecule are modified. In some
embodiments, at least about 50% of the uridines other than the first 5° uridine in the
molecule are . In some embodiments, at least about 50% of the uridines other than the
first 5” uridine in the molecule are m1'P.

[0168] In some embodiments, all of the uridines in the molecule are modified except
for the first 5”7 uridine. In some embodiments, all of the uridines in the molecule are ¥
modified except for the first 5° uridine. In some embodiments, all of the uridines in the
molecule are m1'¥ except for the first 5 uridine.

[0169] In some embodiments, the modified RNA molecule comprises one or more
modifications to the phosphate backbone and/or modifications to the sugars. In some
embodiments, the modification is selected from the group consisting of MOE, 2'-OMe,
LNA, GalNAc, 5’ methylcytosine, a phosphorothioate bond, an alkylphosphonate bond, a

phosphoroamidate bond, a boranophosphate bond, and/or a morpholino ring.

Coding Sequence

[0170] In some embodiments, the modified RNA molecule comprises an open reading
frame comprising a coding sequence. In some embodiments, the open reading frame
encodes a recombinant protein. In some embodiments, the open reading frame encodes one
or more recombinant proteins. In some embodiments, the open reading frame encodes a
protein of interest. In some embodiments, the protein of interest is the only protein encoded
in the coding sequence.

[0171] In some embodiments, the open reading frame encodes any known amino acid.
In some embodiments, the open reading frame encodes amino acids selected from the group
consisting of alanine, arginine, asparagine, aspartate, cysteine, glutamine, glutamate,
glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine,
threonine, tryptophan, tyrosine, valine, selenocysteine, and pyrrolysine.

[0172] In some embodiments, the open reading frame encodes a recombinant protein.
In some embodiments, the recombinant protein is selected from the group consisting of
enzymes, structural proteins, transport proteins, receptors, hormones, antibodies,
transcription factors, growth factors, cytokines, motor proteins, structural proteins, and

chaperones. In some embodiments, the enzyme is selected from the group consisting of
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oxidoreductases, transferases, hydrolases, lyases, isomerases, ligases, polymerases, kinases,
phosphatases, proteases, lipases and amylases.

[0173] In some embodiments, the open reading frame encodes a therapeutic payload,
which comprises a compound capable of eliciting immunity against one or more target
conditions or diseases. In some embodiments, the target condition is related to or caused by
infection by a pathogen, such as a coronavirus (e.g., 2019-nCoV), influenza, measles,
human papillomavirus (HPV), rabies, meningitis, whooping cough, tetanus, plague,
hepatitis, and tuberculosis. In some embodiments, the open reading frame encodes a
pathogenic protein characteristic for the pathogen, or an antigenic fragment or epitope
thereof. In some embodiments, the target condition is related to or caused by neoplastic
growth of cells, such as a cancer. In some embodiments, the open reading frame encodes a
tumor-associated antigen (TAA) characteristic for the cancer, or an antigenic fragment or
epitope thereof.

[0174] In some embodiments, the open reading frame encodes a reporter protein. In
some embodiments, the reporter protein is a fluorescent protein. In some embodiments, the
reporter protein is eGFP. In some embodiments, the open reading frame encoding a reporter
protein comprises a sequence set forth in SEQ ID NOs: 1-2. In some embodiments, the open
reading frame encoding a reporter protein comprises a sequence set forth in SEQ ID NOs:
18-21 or 31-34.

[0175] In some embodiments, the open reading frame encodes a viral protein. In some
embodiments, the open reading frame encodes a protein from the SARS-COV-2 genome.
In some embodiments, the open reading frame encodes a SARS-COV-2 Omicron BA.4 and
BA.5 receptor-binding domain (RBD). In some embodiments, the open reading frame
encoding a SARS-COV-2 BA.4/BA.5 RBD comprises a sequence set forth in SEQ ID NOs:
3-4.

[0176] In some embodiments, the open reading frame encodes a rabies virus (RABV)
antigen. In some embodiments, the open reading frame encoding a rabies virus antigen
comprises a sequence set forth in SEQ ID NOs: 5-6. In some embodiments, the open reading
frame encoding a rabies virus antigen comprises a sequence set forth in SEQ ID NOs: 15-
17 or 28-30.

[0177] In some embodiments, the open reading frame encodes a respiratory syncytial
virus (RSV) antigen. In some embodiments, the open reading frame encoding a respiratory

syncytial virus antigen comprises a sequence set forth in SEQ ID NOs: 7-8. In some
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embodiments, the open reading frame encoding a respiratory syncytial virus antigen
comprises a sequence set forth in SEQ ID NOs: 9-11 or 22-24.

[0178] In some embodiments, the open reading frame encodes a varicella-zoster virus
(VZV) antigen. In some embodiments, the open reading frame encoding a respiratory
syncytial virus antigen comprises a sequence set forth in SEQ ID NOs: 12-14 or 25-27.
[0179] In some embodiments, the open reading frame comprises a coding sequence
comprising modifications to the ribose backbone and/or the nitrogenous bases. In some
embodiments, the coding sequence further comprises at least one modified G, C, or A. In
some embodiments, the modified RNA molecule comprises a modified backbone. In some
embodiments, the modified backbone comprises at least one phosphorothioate linkage.
[0180] In some embodiments, the present invention provides a method of inducing a
mammalian cell to translate a recombinant protein comprising contacting the mammalian
cell with an in vitro transcribed RNA molecule encoding the recombinant protein thereby

producing the recombinant protein in the transfected cell.

PHARMACEUTICAL COMPOSITIONS
[0181] In some embodiments, the modified RNA molecule is formulated within a
pharmaceutical composition. In some embodiments, the pharmaceutical composition
comprises a pharmaceutically acceptable carrier. In some embodiments, the
pharmaceutically acceptable carrier comprises any vehicle capable of delivering modified
RNA molecules into cells. In some embodiments, the pharmaceutically acceptable carrier
comprises a lipid nanoparticle (LNP), a lipoplex, or a liposome. In some embodiments, a
lipoplex is a nano-sized lipid based material formed by spontancous self-assembly of
cationic liposomes and nucleic acids. In some embodiments, a liposome is an artificial

vesicle having at least one lipid bilayer.

Lipid Nanoparticles (LNPs)
[0182] In some embodiments, the pharmaceutical composition comprises a LNP. In
some embodiments, the modified RNA is formulated in the LNP, such as those described
in International Publication No. WO2012170930, herein incorporated by reference in its
entirety. In some embodiments, the particle size of the LNP may be increased and/or

decreased. The change in particle size may be able to help counter biological reaction such
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as, but not limited to, inflammation or may increase the biological effect of the mRNA when
administered to an individual.

[0183] In some embodiments, the LNP comprises between about 30 molar percent to
about 55 molar percent of a cationic lipid. In some embodiments, the LNP comprises greater
than about 30 molar percent of a cationic lipid, such as greater than any of about 35 molar
percent, 40 molar percent, 45 molar percent, 50 molar percent, 55 molar percent, or greater,
of a cationic lipid. In some embodiments, the LNP comprises less than about 55 molar
percent of a cationic lipid, such as less than any of about 50 molar percent, 45 molar percent,
40 molar percent, 35 molar percent, 30 molar percent, or less, of a cationic lipid.

[0184] In some embodiments, the LNP comprises between about 5 molar percent to
about 40 molar percent of a phospholipid. In some embodiments, the LNP comprises greater
than about 5 molar percent of a phospholipid, such as greater than any of about 10 molar
percent, 15 molar percent, 20 molar percent, 25 molar percent, 30 molar percent, 35 molar
percent, 40 molar percent, or greater, of a phospholipid. In some embodiments, the LNP
comprises less than about 40 molar percent of a phospholipid, such as less than any of about
35 molar percent, 30 molar percent, 25 molar percent, 20 molar percent, 15 molar percent,
10 molar percent, 5 molar percent, or less, of a phospholipid.

[0185] In some embodiments, the LNP comprises between about 20 molar percent to
about 50 molar percent of a sterol. In some embodiments, the LNP comprises greater than
about 20 molar percent of a sterol, such as greater than any of about 25 molar percent, 30
molar percent, 35 molar percent, 40 molar percent, 45 molar percent, 50 molar percent, or
greater, of a sterol. In some embodiments, the LNP comprises less than about 50 molar
percent of a sterol, such as less than any of about 45 molar percent, 40 molar percent, 35
molar percent, 30 molar percent, 25 molar percent, 20 molar percent, or less, of a sterol.
[0186] In some embodiments, the LNP comprises a cationic lipid, a phospholipid, a
sterol, and a polymer conjugated lipid, such as any of the cationic lipids, phospholipids,
sterols, and polymer conjugated lipids described herein. In some embodiments, the LNP
comprises 1) between about 30 molar percent to about 55 molar percent of a cationic lipid,
i1) between about 5 molar percent to about 40 molar percent of a phospholipid

[0187] In some embodiments, the LNP comprises a total lipid to modified RNA weight
ratio of about 10:1 to about 30:1, such as any of about 10:1 to about 20:1, about 15:1 to
about 25:1, and about 20:1 to about 30:1. In some embodiments, the LNP comprises a total
lipid to modified RNA weight ratio of greater than about 10:1, such as greater than any of

about 15:1, 20:1, 25:1, 30:1, or greater. In some embodiments, the LNP comprises a total
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lipid to modified RNA weight ratio of less than about 30:1, such as less than any of about
25:1, 20:1, 15:1, 10:1, or less. In some embodiments, the total lipid to mRNA weight ratio
may be adjusted depending on the other components of the pharmaceutical composition,
the individual to be administered, and/or the route of administration. The amount of mRNA
in an LNP, for example, be measured using absorption spectroscopy (e.g., ultraviolet-visible
spectroscopy).

[0188] In some embodiments, the LNPs disclosed herein further comprise a therapeutic
payload. The payload can be any substance or compound that has a therapeutic or
prophylactic effect. In some embodiments, the therapeutic payload is a small molecule, a
cytotoxin, a radioactive ion, a chemotherapeutic compound, a vaccine, or a compound that
elicits an immune response.

[0189] In some embodiments, the LNPs disclosed herein comprise a nucleic acid. In
some embodiments, the nucleic acid is a DNA. In some embodiments, the DNA is catalytic
DNA, plasmid DNA, aptamer, or complementary DNA (cDNA). In some embodiments, the
nucleic acid is an RNA. In some embodiments, the RNA is a messenger RNA (mRNA),
antisense oligonucleotide, microRNA (miRNA), miRNA inhibitor (e.g., antagomir or
antimir), messenger-RNA-interfering complementary RNA (micRNA), multivalent RNA,
dicer substrate RNA (dsRNA), small hairpin RNA (shRNA), antisense RNA, transfer RNA
(tRNA), asymmetrical interfering RNA (aiRNA), a ribozyme, an aptamer, or a vector. In
some embodiments, the RNA is an mRNA hybrid. In some embodiments, the nucleic acid
is an mRNA. In some embodiments, the mRNA encodes a protein. In some embodiments,
the protein is an antibody. In some embodiments, the antibody is a bispecific antibody. In

some embodiments, the LNPs comprise an RNAi agent or RNAi-inducing agent.

Cationic Lipids
[0190] In one embodiment, the cationic lipid contained in the compositions,
nanoparticle compositions, or nanoparticles described herein is a cationic lipid described in
International Patent Publication No. W02021204175, the entirety of which is incorporated
herein by reference.
[0191] In one embodiment, the cationic lipid is a compound of Formula (01-I):

R3
\GS

L! L2

N
\G1/ \GZ/
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[0192] or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein:
[0193] Gl and G2 are each independently a bond, C2-C12 alkylene, or C2-
C12 alkenylene, wherein one or more -CH2- in the alkylene or alkenylene is optionally
replaced by -O-;

[0194] L1 is —OC(=0)R1, -C(=0)ORI, -OC(=0)OR1, -C(=0)R1, -OR1, -S(O)xR1, -
S-SR1, -C(=0)SR1, -SC(=O)R1, -NRaC(=O)R1, -C(=O)NRbRc, -NRaC(=O)NRbRec, -
OC(=0)NRDbRc, -NRaC(=0)OR1, -SC(=S)R1, -C(=S)SR1, -C(=S)R1, -CH(OH)RI, -
P(=0)(ORDb)(ORc), -(C6-C10 arylene)-R1, -(6- to 10-membered heteroarylene)-R1, or R1;
[0195] L2 is —OC(=0)R2, -C(=0)OR2, -OC(=0)OR2, -C(=0O)R2, -OR2, -S(O)xR2, -
S-SR2, -C(=0)SR2, -SC(=0)R2, -NRAC(=0)R2, -C(=0)NReRf, -NRAC(=O)NReRf, -
OC(=0O)NReRf, -NRAC(=0)OR2, -SC(=S)R2, -C(=S)SR2, -C(=S)R2, -CH(OH)R2, -
P(=0O)(ORe)(ORY), -(C6-C10 arylene)-R2, -(6- to 10-membered heteroarylene)-R2, or R2;
[0196] R1 and R2 are each independently C6-C32 alkyl or C6-C32 alkenyl;

[0197] Ra, Rb, Rd, and Re are each independently H, C1-C24 alkyl, or C2-C24 alkenyl,
[0198] Rc and Rf are each independently C1-C32 alkyl or C2-C32 alkenyl;

[0199] G3is C2-C24 alkylene, C2-C24 alkenylene, C3-C8 cycloalkylene, or C3-
C8 cycloalkenylene;

[0200] R3 is -N(R4)RS5;

[0201] R4 is C3-C8 cycloalkyl, C3-C8 cycloalkenyl, 4- to 8-membered heterocyclyl, or
C6-C10 aryl; or R4, G3 or part of G3, together with the nitrogen to which they are attached
form a cyclic moiety;

[0202] R5 is C1-C12 alkyl or C3-C8 cycloalkyl; or R4, RS, together with the nitrogen
to which they are attached form a cyclic moiety;

[0203] xis 0, 1 or 2; and

[0204] wherein each alkyl, alkenyl, cycloalkyl, cycloalkenyl, heterocyclyl, aryl,
alkylene, alkenylene, cycloalkylene, cycloalkenylene, arylene, heteroarylene, and cyclic
moiety is independently optionally substituted.

[0205] In one embodiment, the cationic lipid is a compound of Formula (01-1I):

R3

G4

L']
e G2/

(01-10),
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[0206] or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein:
[0207] ------ is a single bond or a double bond;

[0208] Gl and G2 are each independently a bond, C2-C12 alkylene, or C2-
C12 alkenylene, wherein one or more -CH2- in the alkylene or alkenylene is optionally
replaced by -O-;

[0209] L1 is “OC(=0)R1, -C(=0)OR1, -OC(=0)OR1, -C(=0)R1, -OR1, -S(O)xR1, -
S-SR1, -C(=0)SR1, -SC(=0)R1, -NRaC(=O)R1, -C(=O)NRbRc, -NRaC(=O)NRbRc, -
OC(=0O)NRbRc, -NRaC(=0)OR1, -SC(=S)RI, -C(=S)SR1, -C(=S)R1, -CH(OH)RI, -
P(=0)(ORb)(ORc), -(C6-C10 arylene)-R1, -(6- to 10-membered heteroarylene)-R1, or R1;
[0210] L2 is —OC(=0)R2, -C(=0)OR2, -OC(=0)OR2, -C(=0)R2, -OR2, -S(O)xR2, -
S-SR2, -C(=0)SR2, -SC(=0)R2, -NRAC(=0O)R2, -C(=O)NReRf, -NRAC(=O)NReRf, -
OC(=0O)NReRf, -NRAC(=0)OR2, -SC(=S)R2, -C(=S)SR2, -C(=S)R2, -CH(OH)R2, -
P(=0)(ORe)(ORY), -(C6-C10 arylene)-R2, -(6- to 10-membered heteroarylene)-R2, or R2;
[0211] R1 and R2 are each independently C6-C32 alkyl or C6-C32 alkenyl;

[0212] Ra, Rb, Rd, and Re are each independently H, C1-C24 alkyl, or C2-C24 alkenyl,
[0213] Rc and Rf are each independently C1-C32 alkyl or C2-C32 alkenyl;

[0214] G4 is a bond, C1-C23 alkylene, C2-C23 alkenylene, C3-C8 cycloalkylene, or
C3-C8 cycloalkenylene;

[0215] R3 is -N(R4)RS5;

[0216] R4 is C1-C12 alkyl, C3-C8 cycloalkyl, C3-C8 cycloalkenyl, 4- to 8-membered
heterocyclyl, or C6-C10 aryl; or R4, G3 or part of G3, together with the nitrogen to which
they are attached form a cyclic moiety;

[0217] RS is C1-C12 alkyl or C3-C8 cycloalkyl; or R4, RS, together with the nitrogen
to which they are attached form a cyclic moiety;

[0218] xis 0, 1 or 2; and

[0219] wherein each alkyl, alkenyl, cycloalkyl, cycloalkenyl, heterocyclyl, aryl,
alkylene, alkenylene, cycloalkylene, cycloalkenylene, arylene, heteroarylene, and cyclic
moiety is independently optionally substituted.

[0220] In one embodiment, the compound is a compound of Formula (01-1-B), (01-I-
B’), (01-I-B™), (01-I-C), (01-I-D), or (01-I-E):
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[0221] or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof.
[0222] In one embodiment, G1 and G2 are each independently C3-C7 alkylene. In one
embodiment, G1 and G2 are each independently C5 alkylene. In one embodiment, G3 is
C2-C4 alkylene. In one embodiment, G3is C2 alkylene. In one embodiment, G3 is
C4 alkylene.

[0223] In one embodiment, R3 has one of the following structures:

HO -~ HO_~ ™

HO_~ Ho\/\g Ho\/\&aﬁ

o~y HO HO

L <>, G i)
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In one embodiment, R1, R2, Rc and Rf are each independently branched C6-

(32 alkyl or branched C6-C32 alkenyl. In one embodiment, R1, R2, Rc¢ and Rf are cach
independently branched C6-C24 alkyl or branched C6-C24 alkenyl. In one embodiment,
R1,R2, Rc and Rf are each independently -R7-CH(R8)(R9), wherein R7 is CO-C5 alkylene,
and R8 and R9 are independently C2-C10 alkyl. In one embodiment, R1, R2, Rc and Rf are
each independently -R7-CH(R8)(R9), wherein R7 is CO-C1 alkylene, and R8 and R9 are

independently C4-C8 alkyl.

[0225] In one embodiment,

pharmaceutically acceptable salt, prodrug or stereoisomer thereof.

Table 1:
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[0226] In one embodiment, the cationic lipid contained in the compositions,
nanoparticle compositions, or nanoparticles provided herein is a cationic lipid described in
International Patent Publication No. WO 2023/138611, the entirety of which is incorporated

herein by reference. In one embodiment, the cationic lipid is a compound of Formula (02-

I):

(02-T),

[0227] or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein:
[0228] G1 and G2 are each independently C2-C12 alkylene or C2-C12 alkenylene,
wherein one or more -CH2- in G1 and G2 is optionally replaced by -O-, -C(=0)O-, or -
OC(=0)-;

[0229] each L1 is independently —OC(=0O)R1, -C(=0)OR1, -OC(=0)ORI, -C(=O)R1,
-OR1, -S(O)xR1, -S-SR1, -C(=0)SR1, -SC(=0O)R1, -NRaC(=O)R1, -C(=O)NRbRc, -
NRaC(=0)NRbRc, -OC(=0)NRbRc, -NRaC(=0)OR1, -SC(=S)R1, -C(=S)SR1, -C(=S)R1,
-CH(OH)R1, -P(=0)(ORb){(ORc), -NRaP(=0)(ORb)(ORc);

[0230] each L2 is independently -OC(=0)R2, -C(=0)OR2, -OC(=0)OR2, -C(=O)R2,
-OR2, -S(O)xR2, -S-SR2, -C(=0)SR2, -SC(=0)R2, -NRdAC(=0O)R2, -C(=O)NReRf, -
NRAC(=O)NReRf{, -OC(=O)NReRf, -NRAC(=0)OR2, -SC(=S)R2, -C(=S)SR2, -C(=S)R2,
-CH(OH)R2, -P(=0)(ORe)(ORf), -NRdAP(=O)(ORe)(OR);

[0231] R1 and R2 are each independently C6-C24 alkyl or C6-C24 alkenyl;

[0232] Ra, Rb, Rd, and Re are each independently H, C1-C24 alkyl, or C2-C24 alkenyl;
[0233] Rc and Rf are each independently C1-C24 alkyl or C2-C24 alkenyl;

[0234] G3 is C2-C12 alkylene or C2-C12 alkenylene, wherein part or all of alkylene or
alkenylene is optionally replaced by a C3-C8 cycloalkylene or C3-C8 cycloalkenylene;
[0235] R3 is -N(R4)RS5, -ORG6, or -SR6;
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[0236] R4 is C1-C12 alkyl, C2-C12 alkenyl, C3-C8 cycloalkyl, C3-C8 cycloalkenyl,
C6-C10 aryl, or 4- to 8-membered heterocycloalkyl;

[0237] RS is H, C1-C12 alkyl, C3-C8 cycloalkyl, C3-C8 cycloalkenyl, C6-C10 aryl, or
4- to 8-membered heterocycloalkyl;

[0238] R6 is hydrogen, C1-C12 alkyl, C3-C8 cycloalkyl, C3-C8 cycloalkenyl, or C6-
C10 aryl;

[0239] x1is 0, 1, or 2; and

[0240] wherein each alkyl, alkenyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, aryl,
alkylene, alkenylene, cycloalkylene, and cycloalkenylene is independently optionally
substituted.

[0241] In one embodiment, the cationic lipid is a compound of Formula (02-11):

(02-1D),

[0242] or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein:
[0243] G1 and G2 are each independently C2-C12 alkylene or C2-C12 alkenylene,
wherein one or more -CH2- in G1 and G2 is optionally replaced by -O-, -C(=0)O-, or -
OC(=0)-;

[0244] each L1 is independently —OC(=O)R1, -C(=0)OR1, -OC(=0)OR1, -C(=0O)R1,
-OR1, -S(O)xR1, -S-SR1, -C(=0)SR1, -SC(=O)R1, -NRaC(=O)R1, -C(=O)NRDbRc, -
NRaC(=0)NRbRc, -OC(=0)NRbRc, -NRaC(=0)OR1, -SC(=S)R1, -C(=S)SR1, -C(=S)R1,
-CH(OH)R1, -P(=0)(ORb)(ORc), -NRaP(=0)(ORb)(ORc);

[0245] each L2 is independently —OC(=0)R2, -C(=0)OR2, -OC(=0)OR2, -C(=O)R2,
-OR2, -S(O)xR2, -S-SR2, -C(=0)SR2, -SC(=0)R2, -NRdAC(=0O)R2, -C(=O)NReRf, -
NRAC(=0O)NReRf, -OC(=0)NReRf, -NRAC(=0)OR2, -SC(=S)R2, -C(=S)SR2, -C(=S)R2,
-CH(OH)R2, -P(=0)(ORe)(ORf), -NRdAP(=O)(ORe)(OR);

[0246] R1 and R2 are each independently C6-C24 alkyl or C6-C24 alkenyl;

[0247] Ra, Rb, Rd, and Re are each independently H, C1-C24 alkyl, or C2-C24 alkenyl;
[0248] Rc and Rf are each independently C1-C24 alkyl or C2-C24 alkenyl;

[0249] G3 is C2-C12 alkylene or C2-C12 alkenylene, wherein part or all of alkylene or
alkenylene is optionally replaced by a C3-C8 cycloalkylene or C3-C8 cycloalkenylene;
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[0250] R3 is -N(R4)RS, -OR6, or -SR6;

[0251] R4 is C1-Cl12 alkyl, C2-C12 alkenyl, C3-C8 cycloalkyl, C3-C8 cycloalkenyl,
C6-C10 aryl, or 4- to 8-membered heterocycloalkyl;

[0252] R5 is H, C1-C12 alkyl, C3-C8 cycloalkyl, C3-C8 cycloalkenyl, C6-C10 aryl, or
4- to 8-membered heterocycloalkyl;

[0253] R6 is hydrogen, C1-C12 alkyl, C3-C8 cycloalkyl, C3-C8 cycloalkenyl, or C6-
C10 aryl;

[0254] xis 0, 1, or2; and

[0255] wherein each alkyl, alkenyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, aryl,
alkylene, alkenylene, cycloalkylene, and cycloalkenylene is independently optionally
substituted.

[0256] In one embodiment, the compound is a compound of Formula (02-V-A), (02-V-
B), (02-V-C), (02-V-D), (02-V-E), (02-V-F):
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[0257] wherein z is an integer from 2 to 12,

[0258] x0 is an integer from 1 to 11;

[0259] y0 is an integer from 1 to 11;

[0260] x1 is an integer from 0 to 9;

[0261] y1 is an integer from 0 to 9;

[0262] x2 is an integer from 2 to 5;

[0263] x3 is an integer from 1 to 5;

[0264] x4 is an integer from O to 3;

[0265] y2 is an integer from 2 to 5;

[0266] y3 is an integer from 1 to 5; and

[0267] v4 is an integer from O to 3;

[0268] or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof.

[0269] In one embodiment, z is an integer from 2 to 6. In one embodiment, z is 2, 4, or
5. In one embodiment, X0 and y0 are independently 2 to 6. In one embodiment, x0 and y0
arc independently 4 or 5. In one embodiment, x1 and yl are independently 2 to 6. In one
embodiment, x1 and yl are independently 4 or 5. In one embodiment, x2 and y2 are
independently an integer from 2 to 5. In one embodiment, x2 and y2 are independently 3 or
5. In one embodiment, x3 and y3 are both 1. In one embodiment, x4 and y4 are
independently 0 or 1.

[0270] In one embodiment, each L1 is independently -OR 1, -OC(=O)R1 or -C(=0)OR1,
and each L2 is independently —OR2, -OC(=0O)R2 or -C(=0)OR2. In one embodiment, R1
and R2 are independently straight C6-C10 alkyl, or -R7-CH(R8)(R9), wherein R7 is CO-
C5 alkylene, and R8 and R9 are independently C2-C10 alkyl or C2-C10 alkenyl.

[0271] In one embodiment, the compound is a compound of formula (02-VI-A), (02-
VI-B), (02-VI-C), (02-VI-D), (02-VI-E), or (02-VI-F):

RS R3

), ),
t:>\®;<11\9y/|_2 IL:}\@/\E\%/LZ
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(02-VI-A), (02-VI-B),
R® R3

\(1)2 ),
L' 0 N L2 L' 0 N L2
(02-VI-C), (02-VI-D),

RS R®

i \Wz 9 \(1)2
L C N L2 1 c N L
e L
>y oA e N N
(02-VI-E), or (02-VI-F),
[0272] wherein z is an integer from 2 to 12;

2

[0273] y is an integer from 2 to 12;

[0274] x0 is an integer from 1 to 11;

[0275] x1 is an integer from 0 to 9;

[0276] x2 is an integer from 2 to 5;

[0277] x3 is an integer from 1 to 5; and

[0278] x4 is an integer from O to 3;

[0279] or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof.

[0280] In one embodiment, z is an integer from 2 to 6. In one embodiment, z is 2, 4 or
5. In one embodiment, x0 is 4 or 5. In one embodiment, x1 is 4 or 5. In one embodiment,
x2 is an integer from 2 to 5. In one embodiment, X2 is 3 or 5. In one embodiment, x3 is 0 or
1. In one embodiment, y is an integer from 2 to 6. In one embodiment, y is 5.

[0281] In one embodiment, each L1 is independently -OR 1, -OC(=O)R1 or -C(=O)ORI1,
and L2 is -OC(=0O)R2 or -C(=0)OR2, -NRAC(=0)R2, or -C(=O)NReRf. In one
embodiment, R1 is straight C6-C10 alkyl or -R7-CH(R8)(R9), wherein R7 is CO-
C5 alkylene, and R8 and R9 are independently C2-C10 alkyl or C2-C10 alkenyl. In one
embodiment, R2 and Rf are each independently straight C6-C18 alkyl, C6-C18 alkenyl, or
-R7-CH(R8)RY), wherein R7 is C0-C5 alkylene, and R8 and R9 are independently C2-
C10 alkyl or C2-C10 alkenyl. In one embodiment, Rd and Re are each independently H.
[0282] In one embodiment, the compound is a compound in Table 2, or a

pharmaceutically acceptable salt, prodrug or stereoisomer thereof.
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[0283] In one embodiment, the cationic lipid contained in the compositions,
nanoparticle compositions, or nanoparticles described herein is a cationic lipid described in
International Patent Publication No. W02022152109, the entirety of which is incorporated
herein by reference.
[0284] In one embodiment, the cationic lipid is a compound of Formula (03-I):
R4

n<L*>—G1—r|v—G3—rlv~Gz—<L2)m

R3
(03-I),
[0285] or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein:
[0286] Gl and G2 are each independently a bond, C2-C12 alkylene, or C2-
C12 alkenylene, wherein one or more -CH2- in G1 and G2 is optionally replaced by -O-;
[0287] each L1 is independently —OC(=O)R1, -C(=0)OR1, -OC(=0)OR1, -C(=O)R1,
-OR1, -S(O)xR1, -S-SR1, -C(=0)SR1, -SC(=0O)R1, -NRaC(=O)R1, -C{=O)NRbRc, -
NRaC(=0)NRbRc, -OC(=0)NRbRc, -NRaC(=0)OR1, -SC(=S)R1, -C(=S)SR1, -C(=S)R1,
-CH(OH)R1, -P(=0)(ORDb)(ORc), -NRaP(=0O)(ORDb)(ORc), -(C6-C10 arylene)-R1, -(6- to
10-membered heteroarylene)-R1, -(4- to §-membered heterocyclylene)-R1, or R1;
[0288] each L2 is independently —OC(=0)R2, -C(=0)OR2, -OC(=0)OR2, -C(=0O)R2,
-OR2, -S(O)xR2, -S-SR2, -C(=0)SR2, -SC(=0)R2, -NRdC(=0)R2, -C(=O)NReRf, -
NRAC(=0O)NReRf{, -OC(=0)NReRf, -NRAC(=0)OR2, -SC(=S)R2, -C(=S)SR2, -C(=S)R2,
-CH(OH)R2, -P(=0)(ORe)(ORf), -NRdAP(=0)(ORe)(ORf), -(C6-C10 arylene)-R2, -(6- to
10-membered heteroarylene)-R2, -(4- to 8-membered heterocyclylene)-R2, or R2;
[0289] R1 and R2 are each independently C6-C24 alkyl or C6-C24 alkenyl;
[0290] Ra, Rb, Rd, and Re are each independently H, C1-C24 alkyl, or C2-C24 alkenyl,
[0291] Rc and Rf are each independently C1-C24 alkyl or C2-C24 alkenyl;
[0292] G3 is C2-C12 alkylene or C2-C12 alkenylene, wherein part or all of alkylene or
alkenylene is optionally replaced by C3-C8 cycloalkylene, C3-C8 cycloalkenylene, C3-
C8 cycloalkynylene, 4- to 8-membered heterocyclylene, C6-C10 arylene, or 5- to 10-
membered heteroarylene;
[0293] R3is hydrogen, CI1-Cl12alkyl, C2-C12 alkenyl, C2-C12 alkynyl, C3-
C8 cycloalkyl, C3-C8 cycloalkenyl, C3-C8 cycloalkynyl, 4- to 8-membered heterocyclyl,
C6-C10 aryl, or 5- to 10-membered heteroaryl; or R3, G1 or part of G1, together with the
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nitrogen to which they are attached form a cyclic moiety; or R3, G3 or part of G3, together
with the nitrogen to which they are attached form a cyclic moiety;
[0294] R4 is C1-C12 alkyl or C3-C8 cycloalkyl;
[0295] xis 0, 1, or 2;
[0296] nis 1 or2;
[0297] mis 1 or2; and
[0298] wherein each alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkynyl,
heterocyclyl, aryl, heteroaryl, alkylene, alkenylene, cycloalkylene, cycloalkenylene,
cycloalkynylene, heterocyclylene, arylene, heteroarylene, and cyclic moiety is
independently optionally substituted.
[0299] In one embodiment, the compound is a compound of Formula (03-11-A):
R4
L1—G‘—h|1—e3—|\‘1~GZ—L2
R3
(03-1I-A),
[0300] or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof.

[0301] In one embodiment, the compound is a compound of Formula (03-11-B):

R4
|_1\ |
_G'—N—G*—N-—G2—L?
L' !
R3
(03-11-B),
[0302] or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof.
[0303] In one embodiment, the compound is a compound of Formula (03-1I-C):
4
Tox
L'—G'—N—G*—N-—@?
| s G\ L2
R
(03-1I-C),
[0304] or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof.

[0305] In one embodiment, the compound is a compound of Formula (03-11-D):

R4

Lt l L
>G1—N-G3—N\G2
L | ™~ 2
R? L
(03-11-D),

[0306] or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof.
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[0307] In one embodiment, G1 and G2 are each independently C2-C12 alkylene. In one
embodiment, G1 and G2 are each independently C5 alkylene. In one embodiment, G3 is
C2-C6 alkylene.

[0308] In one embodiment, R3 is C1-C12 alkyl, C2-C12 alkenyl, or C3-C8 cycloalkyl.
In one embodiment, R3 is C3-C8 cycloalkyl. In one embodiment, R3 is unsubstituted. In
one embodiment, R4 is substituted C1-C12 alkyl. In one embodiment, R4 is -CH2CH2OH.
[0309] In one embodiment, L1is —OC(=0O)R1, -C(=0)ORI1, -NRaC(=0O)RI1, or -
C(=0O)NRbRc; and L2 is —OC(=0)R2, -C(=0)OR2, -NRAC(=0)R2, or -C(=O)NReRf. In
one embodiment, R1, R2, Re, and Rf are each independently straight C6-C18 alkyl, straight
C6-C18 alkenyl, or -R7-CH(R8)(R9), wherein R7 is C0-C5 alkylene, and R8 and R9 are
independently C2-C10 alkyl or C2-C10 alkenyl. In one embodiment, R1, R2, Re, and Rf
are each independently straight C7-C15 alkyl, straight C7-C15 alkenyl, or -R7-CH(R8)R9),
wherein R7 is C0-C1 alkylene, and R8 and R9 are independently C4-C8 alkyl or C6-
C10 alkenyl. In one embodiment, Ra, Rb, Rd, and Re are each independently H.

[0310] In one embodiment, the compound is a compound in Table 3, or a

pharmaceutically acceptable salt, prodrug or stereoisomer thereof.

Table 3:
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[0311] In one embodiment, the cationic lipid contained in the particles or compositions
provided herein is a cationic lipid described in International Patent Application No.
W02022247755A1, the entirety of which is incorporated herein by reference.

[0312] In one embodiment, the cationic lipid is a compound of Formula (04-I):

PPN

(04-1),

[0313] or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein:
[0314] Gl and G2 are each independently a bond, C2-C12 alkylene, or C2-
C12 alkenylene;
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[0315] L1 is “OC(=0)R1, -C(=0O)ORI, -OC(=0)OR1, -C(=O)R1, -OR1, -S(O)xR1, -
S-SR1, -C(=0)SR1, -SC(=O)R1, -NRaC(=0O)R1, -C(=O)NRbRc, -NRaC(=O)NRbRec, -
OC(=0O)NRDBRc, -NRaC(=0)OR1, -SC(=S)R1, -C(=S)SR1, -C(=S)R1, -CH(OH)RI, -
P(=0)(ORDb)(ORc), -(C6-C10 arylene)-R1, -(6- to 10-membered heteroarylene)-R1, or R1;
[0316] L2 is ~OC(=0)R2, -C(=0)OR2, -OC(=0)OR2, -C(=0)R2, -OR2, -S(O)xR2, -
S-SR2, -C(=0)SR2, -SC(=0)R2, -NRAC(=0O)R2, -C(=O)NReRf, -NRdAC(=O)NReRf, -
OC(=0)NReRf, -NRAC(=0)OR2, -SC(=S)R2, -C(=S)SR2, -C(=S)R2, -CH(OH)R2, -
P(=0)(ORe)(ORf{), -(C6-C10 arylene)-R2, -(6- to 10-membered heteroarylene)-R2, or R2;
[0317] R1 and R2 are each independently C5-C32 alkyl or C5-C32 alkenyl;

[0318] Ra, Rb, Rd, and Re are each independently H, C1-C24 alkyl, or C2-C24 alkenyl;
[0319] Rc and Rf are each independently C1-C32 alkyl or C2-C32 alkenyl;

[0320] RO is C1-C12 alkyl, C2-C12 alkenyl, C3-C8 cycloalkyl, C3-C8 cycloalkenyl,
C6-C10 aryl, or 4- to 8-membered heterocycloalkyl,

[0321] G3 is C2-C12 alkylene or C2-C12 alkenylene;

[0322] R4 is C1-C12 alkyl, C2-C12 alkenyl, C3-C8 cycloalkyl, C3-C8 cycloalkenyl,
C6-C10 aryl, or 4- to §-membered heterocycloalkyl;

[0323] R5 is C1-C12 alkyl, C3-C8 cycloalkyl, C3-C8 cycloalkenyl, C6-C10 aryl, or 4-
to 8-membered heterocycloalkyl;

[0324] xis 0,1, or2;

[0325] sis0or 1; and

[0326] wherein each alkyl, alkenyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, aryl,
alkylene, alkenylene, arylene, and heteroarylene, is independently optionally substituted.
[0327] In one embodiment, the cationic lipid is a compound of Formula (04-111):

R2

(04-111),

[0328] or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof, wherein:
[0329] R1 and R2 are each independently C5-C32 alkyl or C5-C32 alkenyl;

[0330] RO is C1-C12 alkyl, C2-C12 alkenyl, C3-C8 cycloalkyl, C3-C8 cycloalkenyl,
C6-C10 aryl, or 4- to 8-membered heterocycloalkyl;

[0331] G3 is C2-C12 alkylene or C2-C12 alkenylene;
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[0332] G4 is C2-C12 alkylene or C2-C12 alkenylene;

[0333] R3 is -N(R4)RS5 or -OR6;

[0334] R4 is C1-C12 alkyl, C2-C12 alkenyl, C3-C8 cycloalkyl, C3-C8 cycloalkenyl,
C6-C10 aryl, or 4- to 8-membered heterocycloalkyl;

[0335] R5 is C1-C12 alkyl, C3-C8 cycloalkyl, C3-C8 cycloalkenyl, C6-C10 aryl, or 4-
to 8-membered heterocycloalkyl; or R4, RS, together with the nitrogen to which they are
attached form a cyclic moiety;

[0336] R6 is hydrogen, C1-C12 alkyl, C3-C8 cycloalkyl, C3-C8 cycloalkenyl, or C6-
C10 aryl; and

[0337] wherein each alkyl, alkenyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, aryl,
alkylene, alkenylene, and cyclic moiety is independently optionally substituted.

[0338] In one embodiment, the compound is a compound of Formula (04-IV):

2
LZ/G\O 'T4
L'I\G1/O\)\/N\R5
(04-1V),

[0339] or a pharmaceutically acceptable salt, prodrug or stereoisomer thereof.

[0340] In one embodiment, G3 is C2-C4 alkylene. In one embodiment, G4 is C2-C4
alkylene.

[0341] In one embodiment, RO is C1-C6 alkyl. In one embodiment, R3 is -OH. In one
embodiment, R3 is -N(R4)RS. In one embodiment, R4 is C3-C8 cycloalkyl. In one
embodiment, R4 is unsubstituted. In one embodiment, R5 is -CH2CH2OH.

[0342] In one embodiment, L1 is —OC(=0)R1, -C(=0)OR1, -C(=0)R1, -C(=O)NRbRc,
or R1; and L2 is —OC(=0)R2, -C(=0)OR2, -C(=O)R2, -C(=O)NReRf, or R2. In one
embodiment, R1 and R2 are each independently branched C6-C24 alkyl or branched C6-
C24 alkenyl. In one embodiment, R1 and R2 are each independently -R7-CH(R8)(R9),
wherein R7 is C1-C5 alkylene, and R8 and R9 are independently C2-C10 alkyl or C2-
C10 alkenyl. In one embodiment, R1 is straight C6-C24 alkyl and R2 is branched C6-
C24 alkyl. In one embodiment, R1 is straight C6-C24 alkyl and R2 is -R7-CH(R8)(R9),
wherein R7 is C1-C5 alkylene, and R8 and R9 are independently C2-C10 alkyl.

[0343] In one embodiment, the compound is a compound in Table 4, or a

pharmaceutically acceptable salt, prodrug or stereoisomer thereof.
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o

Compound 04-1

/\/\/\/\/\/?LO
0\&?\/\0,4

Compound 04-2

OH
(j\/o
\T/\/N\/\/l
0

Compound 04-7

O/\C\/\/i\/\
OH
O

Compound 04-8
o, Mﬁm

Compound ()4 65
IOV
| 0
R ShaasVossd
& °

Compound 04-66
T
N o
SIS
& °

Compound 04-67

M

TS e

Compound 04-68

56

PCT/CN2024/110938



WO 2025/036272 PCT/CN2024/110938
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Kits
[0344] The present disclosure includes kits comprising the components for in vitro
transcription of the modified RNAs disclosed herein. In some embodiments, the kit
comprises 1) a DNA-dependent RNA polymerase; 2) modified and/or unmodified
nucleotides (for example, modified and/or unmodified adenosines, guanosines, cytidines or
uridines), and 3) a 5’ cap, and 4) instructions for carrying out the method disclosed herein.
In some embodiments, the kit further comprises a 5° cap, wherein the 5° cap has the
sequence of N1pppN2pU, wherein U is an unmodified uridine, and wherein each of N1 and
N2 is independently a modified or unmodified nucleotide other than a modified or
unmodified uridine. In some embodiments, the kit further comprises a 5’ cap, wherein the
5 cap has the sequence, m’GpppApU, wherein A is modified or unmodified. In some
embodiments, the kit further comprises a 5’ cap, wherein the 5’ cap has the sequence,
m’GpppApU, wherein the A is 2’-O-methylated. In some embodiments, the kit further
comprises a 5’ cap, wherein the 5’ cap has the sequence of m’GpppAm. In some

embodiments, the kit further comprises a 5° cap, wherein the 5 cap has the sequence of

57



WO 2025/036272 PCT/CN2024/110938

Nl1vpppN2pU, wherein U is an unmodified uridine, and wherein each of N1 and N2 is
independently a modified or unmodified nucleotide other than a modified or unmodified
uridine. In some embodiments, the kit further comprises a 5 cap, wherein the 5 cap has
the sequence, m’GvpppApU, wherein A is modified or unmodified. In some embodiments,
the kit further comprises a 5> cap, wherein the 5> cap has the sequence, m’GvpppApU,
wherein the A is 2’-O-methylated. In some embodiments, the kit further comprises a 5” cap,

wherein the 5° cap has the sequence of m’GvpppAmpU.

[0345] In some embodiments, the kit further comprises modified nucleotides. In some
embodiments, the kit further comprises at least one modified G, C, or A. In some
embodiments, the kit further comprises a modified uridine. In some embodiments, the kit
further comprises a modified uridine, wherein the modified uridine comprises ¥. In some
embodiments, the kit further comprises a modified uridine, wherein the modified uridine

comprises m1¥.

VL METHODS OF LOWING THE INNATE IMMUNE STIMULATION

[0346] Provided herein are methods of lowing the innate immune stimulation of a RNA

molecule.

[0347] In some embodiments, described herein is a method of lowering the innate
immune stimulation of a RNA molecule, comprising using a 5’ cap having the sequence of
NlpppN2pU and modifying at least one uridine in the RNA molecule except for the first 5’
uridine to produce the RNA molecule, wherein the RNA molecule is not self-replicable,
wherein U is an unmodified uridine, wherein each of N1 and N2 is independently a modified

or unmodified nucleotide other than a modified or unmodified uridine.

[0348] In some embodiments, the 5° cap has the sequence of GpppApU, wherein A is
modified or unmodified. In some embodiments, the A is 2’-O-methylated. In some
embodiments, the 5’ cap has the sequence of m’GpppApU. In some embodiments, the 5°
cap has the sequence of m’GpppApU, wherein the A is modified or unmodified. In some
embodiments, the A is 2’-O-methylated. In some embodiments, the 5’ cap has the sequence
of m’GpppAmpU. In some embodiments, the 5° cap comprises a nucleic acid sequence set
forth in any one of SEQ ID NOs: 2, 4, 6, or 8. In some embodiments, the 5’ cap comprise a
nucleic acid sequence set forth in any one of SEQ ID NOs: 9, 12, 15, 18, 22, 25, 28 or 31.
In some embodiments, the 5° cap comprise a nucleic acid sequence set forth in any one of

SEQ ID NOs: 2,4, 6, 8,9, 12, 15, 18, 22, 25, 28 or 31.
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[0349] In some embodiments, m’GpppAmpU has the following formula,

NH,
<1y
0 N N/)
OH OH o p—o
N o
Y ,\P\—O “oH o
(e} o o OH 0 o\ f‘\NH
0O=P-OH
HzNj//N N> l N™ ~0O
HN % o °
o |
OH OH

[0350] In some embodiments, described herein is a method of lowering the innate
immune stimulation of a RNA molecule, comprising using a 5’ cap having the sequence of
N1vpppN2pU and modifying at least one uridine in the RNA molecule except for the first
5’ uridine to produce the RNA molecule, wherein the RNA molecule is not self-replicable,
wherein U is an unmodified uridine, wherein each of N1 and N2 is independently a moditied

or unmodified nucleotide other than a modified or unmodified uridine.

[0351] In some embodiments, the 5° cap has the sequence of GvpppApU, wherein A is
modified or unmodified. In some embodiments, the A is 2’-O-methylated. In some
embodiments, the 5° cap has the sequence of m’GvpppApU. In some embodiments, the 5’
cap has the sequence of m’GvpppApU, wherein the A is modified or unmodified. In some
embodiments, the A is 2’-O-methylated. In some embodiments, the 5° cap has the sequence
of m’GvpppAmpU. In some embodiments, the 5> cap comprises a nucleic acid sequence set
forth in any one of SEQ ID NOs: 21 or 34.

[0352] In some embodiments, m’GvpppAmpU has the following formula,

NH,
¢TI )
OH OH o, N N/)
<
—o0
W N o]
o \ QF:_ /P\—O OH e}
v on 0 0 NH
H,N 1 \ |l
Uy 0=P-OH A
HN 7 | N™ "0
o | %7 o
OH OH

[0353] In some embodiments, the method comprises modifying between about 1% and
about 99% of the uridine bases in the RNA molecule. In some embodiments, the method
comprises modifying about 5%, about 10%, about 20%, about 30%, about 40%, about 50%,
about 60%, about 70%, about 80%, about 90%, or about 99% of the uridines in the RNA
molecule. In some embodiments, the method comprises modifying at least about 50% of

the uridines other than the first 5’ uridine in the RNA molecule. In some embodiments, the
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method comprises modifying at least about 90% of the uridines other than the first 5° uridine
in the RNA molecule. In some embodiments, the method comprises modifying at least about
95% of the uridines other than the first 5° uridine in the RNA molecule. In some
embodiments, the method comprises modifying at least about 99% of the uridines other
than the first 5° uridine in the RNA molecule.

[0354] In some embodiments, the method comprises modifying all of the uridines in the
RNA molecule except for the first 5 uridine.

[0355] In some embodiments, the method comprises modifying between about 1% and
about 99% of the uridine bases in the RNA molecule to W. In some embodiments, the
method comprises moditying about 5%, about 10%, about 20%, about 30%, about 40%,
about 50%, about 60%, about 70%, about 80%, about 90%, or about 99% of the uridines in
the RNA molecule to . In some embodiments, the method comprises modifying at least
about 50% of the uridines other than the first 5” uridine in the RNA molecule to . In some
embodiments, the method comprises modifying at least about 90% of the uridines other
than the first 5 uridine in the RNA molecule to ¥. In some embodiments, the method
comprises modifying at least about 95% of the uridines other than the first 5’ uridine in the
RNA molecule to V. In some embodiments, the method comprises modifying at least about
99% of the uridines other than the first 5’ uridine in the RNA molecule to ¥. In some
embodiments, the method comprises modifying all of the uridines other than the first 5°
uridine in the RNA molecule to V.

[0356] In some embodiments, the method comprises modifying between about 1% and
about 99% of the uridine bases in the RNA molecule to m1¥. In some embodiments, the
method comprises modifying about 5%, about 10%, about 20%, about 30%, about 40%,
about 50%, about 60%, about 70%, about 80%, about 90%, or about 99% of the uridines in
the RNA molecule to m1'¥. In some embodiments, the method comprises modifying at least
about 50% of the uridines other than the first 5° uridine in the RNA molecule to m1'W. In
some embodiments, the method comprises modifying at least about 90% of the uridines
other than the first 5’ uridine in the RNA molecule to mI¥. In some embodiments, the
method comprises modifying at least about 95% of the uridines other than the first 5° uridine
in the RNA molecule to m1¥. In some embodiments, the method comprises modifying at
least about 99% of the uridines other than the first 5* uridine in the RNA molecule to m1'P.
In some embodiments, the method comprises modifying all of the uridines other than the

first 5° uridine in the RNA molecule to mI1P.
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[0357] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5 cap having the sequence of GpppApU and
modifying at least one uridine in the RNA molecule except for the first 5’ uridine to produce
the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein U is an
unmodified uridine.

[0358] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5’ cap having the sequence of GpppApU and
modifying all of the uridines in the RNA molecule except for the first 5° uridine to produce
the RNA molecule, wherein the RNA molecule is not selt-replicable, and wherein U is an
unmodified uridine.

[0359] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5’ cap having the sequence of GpppApU and
modifying all of the uridines in the RNA molecule to ¥ except for the first 5° uridine to
produce the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein
U is an unmodified uridine.

[0360] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5’ cap having the sequence of GpppApU and
modifying all of the uridines in the RNA molecule to m1¥ except for the first 5 uridine to
produce the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein
U is an unmodified uridine.

[0361] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5° cap having the sequence of m’GpppApU and
modifying at least one uridine in the RNA molecule except for the first 5” uridine to produce
the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein U is an
unmodified uridine.

[0362] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5° cap having the sequence of m’GpppApU and
modifying all of the uridines in the RNA molecule except for the first 5* uridine to produce
the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein U is an
unmodified uridine.

[0363] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5° cap having the sequence of m’GpppApU and

modifying all of the uridines in the RNA molecule to ¥ except for the first 5° uridine to
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produce the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein
U is an unmodified uridine.

[0364] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5° cap having the sequence of m’GpppApU and
modifying all of the uridines in the RNA molecule to m1¥ except for the first 5° uridine to
produce the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein
U is an unmodified uridine.

[0365] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5’ cap having the sequence of m’GpppAmpU and
modifying at least one uridine in the RNA molecule except for the first 5’ uridine to produce
the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein U is an
unmodified uridine.

[0366] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5> cap having the sequence of m’GpppAmpU and
moditying all of the uridines in the RNA molecule except for the first 5’ uridine to produce
the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein U is an
unmodified uridine.

[0367] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5° cap having the sequence of m’GpppAmpU and
modifying all of the uridines in the RNA molecule to ¥ except for the first 5° uridine to
produce the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein
U is an unmodified uridine.

[0368] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5° cap having the sequence of m’GpppAmpU and
modifying all of the uridines in the RNA molecule to m1¥ except for the first 5° uridine to
produce the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein
U is an unmodified uridine.

[0369] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5> cap having the sequence of GvpppApU and
modifying at least one uridine in the RNA molecule except for the first 5’ uridine to produce
the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein U is an
unmodified uridine.

[0370] In some embodiments, the method of lowering the innate immune stimulation

of a RNA molecule comprises using a 5° cap having the sequence of GvpppApU and
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modifying all of the uridines in the RNA molecule except for the first 5° uridine to produce
the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein U is an
unmodified uridine.

[0371] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5° cap having the sequence of GvpppApU and
modifying all of the uridines in the RNA molecule to ¥ except for the first 5’ uridine to
produce the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein
U is an unmodified uridine.

[0372] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5° cap having the sequence of GvpppApU and
moditying all of the uridines in the RNA molecule to m1'¥ except for the first 5 uridine to
produce the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein
U is an unmodified uridine.

[0373] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5° cap having the sequence of m’GvpppApU and
moditying at least one uridine in the RNA molecule except for the first 5° uridine to produce
the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein U is an
unmodified uridine.

[0374] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5° cap having the sequence of m’GvpppApU and
modifying all of the uridines in the RNA molecule except for the first 5’ uridine to produce
the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein U is an
unmodified uridine.

[0375] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5> cap having the sequence of m’GvpppApU and
modifying all of the uridines in the RNA molecule to ¥ except for the first 5° uridine to
produce the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein
U is an unmodified uridine.

[0376] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5° cap having the sequence of m’GvpppApU and
modifying all of the uridines in the RNA molecule to m1¥ except for the first 5* uridine to
produce the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein

U is an unmodified uridine.
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[0377] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5° cap having the sequence of m’GvpppAmpU and
modifying at least one uridine in the RNA molecule except for the first 5’ uridine to produce
the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein U is an
unmodified uridine.

[0378] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5’ cap having the sequence of m’GvpppAmpU and
modifying all of the uridines in the RNA molecule except for the first 5° uridine to produce
the RNA molecule, wherein the RNA molecule is not selt-replicable, and wherein U is an
unmodified uridine.

[0379] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5° cap having the sequence of m’GvpppAmpU and
modifying all of the uridines in the RNA molecule to ¥ except for the first 5° uridine to
produce the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein
U is an unmodified uridine.

[0380] In some embodiments, the method of lowering the innate immune stimulation
of a RNA molecule comprises using a 5° cap having the sequence of m’GvpppAmpU and
modifying all of the uridines in the RNA molecule to m1¥ except for the first 5 uridine to
produce the RNA molecule, wherein the RNA molecule is not self-replicable, and wherein
U is an unmodified uridine.

[0381] In some embodiments, the production method of RNA molecule for lowering
the innate immune stimulation of a RNA molecule as described above comprises the method
of in vitro transcribing a DNA molecule to a modified RNA molecule disclosed herein.
[0382] In other aspects, provided is the use of the modified RNA molecule, the
pharmaceutical composition, the method, the modified RNA molecule or the kit disclosed

herein in lowering the innate immune stimulation of RNA delivery.

[0383] It is understood that any embodiment of the compounds provided herein, as set
forth above, and any specific substituent and/or variable in the compound provided herein,
as set forth above, may be independently combined with other embodiments and/or
substituents and/or variables of the compounds to form embodiments not specifically set
forth above. In addition, in the event that a list of substituents and/or variables is listed for
any particular group or variable, it is understood that each individual substituent and/or

variable may be deleted from the particular embodiment and/or claim and that the remaining
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list of substituents and/or variables will be considered to be within the scope of
embodiments provided herein.

[0384] It is understood that in the present description, combinations of substituents
and/or variables of the depicted formulae are permissible only if such contributions result

in stable compounds.

Beneficial Effects

[0385] In one aspect, the application of the modified RNA molecule, the pharmaceutical
composition thereof, the moditied RNA molecule produced by the method and the kit herein
will achieve at least one of the following:

(1) the capping efficiency will be enhanced;

(2) the RIG-I activation will be reduced, i.¢., significantly less immunostimulation, leading
to lower innate immune stimulation when delivered to a cell.;

(3) the low toxicity, high yield and high purity will be achieved;

(4) the antigen-specific IgG titer will be enhanced.

EXAMPLES
[0386] The following examples are included for illustrative purposes only and are not

intended to limit the scope of the present disclosure.

Example 1: In vitro transcriptional preparation of mRNA and detection of each index
[0387] The present disclosure is not intended to be limited in scope to the particular
disclosed embodiments, which are provided, for example, to illustrate various aspects of the
present disclosure. Various modifications to the compositions and methods described will
become apparent from the description and teachings herein. Such variations may be
practiced without departing from the true scope and spirit of the disclosure and are intended
to fall within the scope of the present disclosure.

[0388] This example describes the in vitro transcription of modified RNA molecules
and the analysis of mRNA purity, 5’ capping efficiency, immunostimulation.

[0389] Plasmid linearization: DNA plasmid template containing DNA encoding eGFP,
SARS-COV-2 Omicron BA.4/5 RBD, was linearized using restriction endonuclease.
Purified by adding 1/10 volume of 3M sodium acetate (pH 5 .5) and 2.5 times the volume

of ethanol, washed twice with 70% ethanol and resuspended in nuclease-free water.

In vitro transcription:

65



WO 2025/036272 PCT/CN2024/110938

[0390] The purified linear plasmid was used as a template for the in vitro transcription
reaction using T7 RNA polymerase. In vitro transcription was performed by addition of
m’GpppAmpU or m’GpppAmpG, respectively, to synthesize mRNA with a Capl "cap"

structure, and the mRNAs were synthesized with m1Y instead of uridine.

[0391] For the m7GpppAmpU, ATP/GTP/CTP/m1Y¥ each were at a concentration of 5
mM; m7GpppAmpU was at a concentration of 4 mM; 10X Reaction buffer [400 mM Tris-
HCI (pH 7.9), 100 mM DTT, 20 mM spermidine, 0.02% Triton X-100, 270 mM Magnesium
Acetate] was at a concentration of 1X; DNA template was at a concentration of 50 pg/mL;
Murine RNase inhibitor was at a concentration of 1 unit/uL; Yeast Inorganic
Pyrophosphatase was at a concentration of 0.002 unit/puL; T7 RNA Polymerase was at a
concentration of 5 unit/pL. For the m7GpppAmpG, ATP/GTP/CTP/m1Y¥ each were at a
concentration of 5 mM; m7GpppAmpG was at a concentration of 4 mM; 10X Reaction
buffer [400 mM Tris-HCI (pH 7.9), 100 mM DTT, 20 mM spermidine, 0.02% Triton X-
100, 270 mM Magnesium Acetate] was at a concentration of 1X; DNA template was at a
concentration of 50 pg/mL; Murine RNase inhibitor was at a concentration of 1 unit/pL;
Yeast Inorganic Pyrophosphatase was at a concentration of 0.002 unit/uL; T7 RNA

Polymerase was at a concentration of 5 unit/pL.

[0392] The reactions took 2.5h, followed by DNase I digestion(DNase I with a final
concentration of 2 units/pL. was added to the IVT reaction and incubated at 37°C for 30
minutes). The mRNA was then purified using the Monarch® RNA Cleanup Kit (NEB,
#T2050S) immediately, quantified by UV using NanoDrop One, analyzed for purity using
Fragment Analyzer, and detected for cap rate using LC-MS.

[0393] Results: As shown in Table 5, the cap rates of the mRNAs synthesized based on
m’GpppAmpU were all higher than those based on m’GpppAmpG, and the purity was

basically the same.

Table S:
mRNA
No. | mRNA name GOI | Cap analog Uridine | purity Cap1 (%)
(%)
mRNA1 7
1 (SEQ ID NO: 1) m’'GpppAmpG mlY¥ 93.1 94.57
mRNA2 cGEP
7
2 (SEQ ID NO-2) m’'GpppAmpU ml¥ 91.7 98.04
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mRNA3
SEO D NO3) | B | WOPPPAGG ml¥ 907 92.77
Egg% NOH) 5| W GpppAmpU ml¥ | 973 97.38

RIG-I activation studies using mRNA synthesized by two cap analogues:

[0394] A reporter cell line overexpressing RIG-I was used to detect the difference in
mRNA secretion of RIG-I. HEK Lucia RIG-I cells were purchased from Invivogen (catalog
# hkl-hrigi) and cells were cultured at 37°C in 5% CO2 in DMEM medium supplemented
with 10% fetal bovine serum. Prior to transfection, cells were inoculated at a density of
20,000 cells per well (in 100 pl of medium) in 96-well plates until cell fusion reached 80%
or more for transfection, and 250 ng mRNA was transfected using Lipofectamine 2000
(Invitrogen, catalog # 11668-019). 50 uL of cell supernatant was taken 24 h after
transfection. Cell supernatant was collected into a new 96-well plate, and 10 uL of detection
reagent QUANTI-Luc™ was added to each well. The OD at 560 nm was read by Molecular
Devices plate reader and analyzed for data.

[0395] Results: As shown in Table 6, the RIG-I activation of the mRNA synthesized
based on m’GpppApU was lower than that of m’GpppAmpG.

Table 6:
NO. | mRNA name Sample | Uridine Cap analog RIG-I activation
(RLU)

mRNAI eGFP | ml¥ m’GpppAmpG 9572
(SEQ ID NO:1)

mRNA2 ml¥ m’GpppAmpU 4947
(SEQ ID NO:2)

mRNA3 BA. 4/5 | m1¥ m’GpppAmpG 4044
(SEQ ID NO:3)

mRNA4 ml¥ m’GpppAmpU 2948
(SEQ ID NO:4)

/ Mock | N/A N/A 284

Cytotoxicity study using mRNA synthesized by two cap analogues:

[0396] HEK-293T and A549 cells were cultured in DMEM medium supplemented with
10% fetal bovine serum at 37°C, 5% CO2, and inoculated with 100 pl of cell suspension
per well (5000 cells/well) in 96-well plates. The plates are pre-incubated in a humidified
incubator for 24 hr (37°C, 5% CO2) and 10 pl of each mRNA is added to the wells. The
plates are incubated in the incubator for 24 hr, 10 pl of CCK-8 solution (Catalog No.:
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RMO02823, abclonal) is added to each well of the plates and the plates are incubated in the
incubator for 1-4 hr on a shaker. Mix gently. The absorbance at 450 nm was then measured
using an enzyme marker.

[0397] RESULTS: As shown in Table 7, there was no significant toxicity difference

between the two mRNAs for both cell lines.

Table 7:
NO. | mRNA name Sample | Cap analog HEK-293T A549 Cell
Cell Viability Viability
mRNAI m’GpppAmpG 96.2% 96.2%
(SEQ ID NO:1) <GFP
mRNA2 m’GpppAmpU | 95.5% 95.5%
(SEQ ID NO:2)
/ PBS N/A 100.0% 100.0%

Example 2: Example of a rabies virus-based mRNA vaccine

[0398] This example describes the in vitro transcription of a rabies virus-based mRNA
vaccine.

[0399] According to the method of Example 1, mRNA encoding rabies virus antigen
(named mRNAS (SEQ ID NO: 5), mRNA6 (SEQ ID NO: 6), respectively) was prepared
using m’GpppAmpG and m’GpppAmpU, respectively, and both of them were synthesized
with m1W instead of uridine. Then, by dissolving a lipid mixture, including 1,2-distearoyl-
sn-glycero-3-phosphocholine (DSPC), ionizable lipids, PEG-lipids and cholesterol in
ethanol and then mixed with mRNA solution in a T-mixer. The preparations are then
concentrated to the desired concentration by tangential flow filtration (TFF) membranes
and filtered through 0.22 pum filters to become finished products (named LNP1, LNP2,
respectively), which are stored at 2-8°C until use. Using the finished products for
experimental animals, BALB/c mice were injected with each preparation (0.1 pg/50
pL/mouse) on day 0 in a single spot intramuscularly in the right hind limb, 10 animals in
each group (except for the PBS group with 5 animals), and whole blood was taken 13 days
after administration to measure serum levels of RABV-specific IgG titer.

Results:

[0400] As shown in Table 8, LNP2 group had higher IgG titer level than the LNP1
group.

68



WO 2025/036272 PCT/CN2024/110938

Table 8:
NO RABYV-specific IgG titer

) PBS LNP1 LNP2
l 12 757 2957
2 7 2342 1056
3 14 181 2307
4 8 104 404
5 7 1505 932
6 / 2404 7541
7 / 2369 3541
8 / 195 5200
9 / 3719 1171
10 / 831 5001

Example 3: Example of a respiratory syncytial virus-based mRNA vaccine
[0401] This example describes the in vitro transcription of a respiratory syncytial virus-
based mRNA vaccine.
[0402] According to the method of Example 1, mRNA encoding respiratory syncytial
virus antigen (named mRNA7 (SEQ ID NO: 7), mRNAS (SEQ ID NO: 8), respectively)
was prepared using m’GpppAnpG and m’GpppAnpU, respectively, and both of them were
synthesized with m1W instead of uridine. Then, by dissolving lipid mixtures, including 1,2-
distearoyl-sn-glycero-3-phosphocholine (DSPC), ionizable lipids, PEG-lipids and
cholesterol in ethanol and then mixed with mRNA solution in a T-mixer. The preparations
were then concentrated to the desired concentration by tangential flow filtration (TFF)
membranes and filtered through 0.22 um filters to become finished products (named LNP3,
LNP4, respectively), which were stored at 2-8°C until use. Using the finished products for
experimental animals, BALB/c mice were injected with each preparation (0.1 pg/50
pL/mouse) on day 0 in a single spot intramuscularly in the right hind limb, 5 animals for
PBS, 6 animals for LNP3, and 10 animals for LNP4.Whole blood was taken 13 days after
administration to measure serum levels of RSV -specific Ig G.
[0403] Results: As shown in Table 9, the LNP4 group had a higher IgG titer level than
the LNP3 group.

Table 9:
NO RSV-specific IgG titer
i PBS LNP3 LNP4
1 45* 271.9201 1039.993
2 45%* 435411 1089.876
3 45* 463.083 1595.512
4 45* 1036.854 3036.083
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5 45% 1036.007 3072.362
6 / 897.9293 3129.047
7 / / 1414.118
8 / / 2791.373
9 / / 7564.132
10 / / 8130.887

* Lower than detection limit

Example 4: Expression in BHK-21 cell-line
[0404] According to the method of Example 1, mRNAs encoding the eGFP protein were
synthesized with (G™)ppp(A™)G and (G™)ppp(A™)U respectively, and both of them were
synthesized with m1¥ instead of uridine (i.e., mRNA1 (SEQ ID NO: 1), mRNA2 (SEQ ID
NO: 2), respectively). BHK-21 cells were cultured in RPMI 1640 containing 10% fetal
bovine serum (FBS; Fisher Scientific, Inc.), 100 U/ml penicillin, and 100 mg/ml
streptomycin at 37°C with 5% CO2. BHK-21 cells were seeded in 96-well plates at a density
01 10,000 cells per well (in 100 pL. medium) 24h before transfection. 25 ng of mRNA were
transfected with TransIT (Mirus bio, catalog # MIR 2250) and cells were collected and
resuspended in PBS 24 h later. The value at 488/507 nm was read by Molecular Devices
plate reader for detection, and the data were analyzed by Graphpad prism 9. The results
were shown in FIG. 1, which indicated that the expression levels of eGFP in BHK-21 were

similar in both mRNA and there was no significant difference between the groups.

Example 5: In vitro transcriptional preparation of mRNA with similar cap structure

and detection of each mRNA
[0405] The purified linear plasmids encoding the RSV, RABV, VZV antigens and the
eGFP protein were used as the templates for the in vitro transcription reaction using T7
RNA polymerase, respectively. The linear templates were prepared and purified as
described in Example 1. In vitro transcription was performed by addition of
(G™ppp(A™)U,  (G™"FM)ppp(A™)U,  (G™)ppp(A™)m1¥  or (G™)vppp(A™)U,
respectively, to synthesize mRNA with a Capl "cap” structure. Meanwhile, the mRNAs
were synthesized with m1'¥ or uridine.
[0406] ATP/GTP/CTP/m1¥ each were at a concentration of 12.5 mM; (G™)ppp(A™)U
or (G"7OMeHK(AMYU  or (G ppp(A™)mI¥ or (G™)yvppp(A™)U were at a
concentration of 12.5 mM; 10X Reaction buffer [400 mM Tris-HCI (pH 7.9), 100 mM DTT,
20 mM spermidine, 0.02% Triton X-100, 270 mM Magnesium Acetate] was at a

concentration of 1X; DNA template was at a concentration of 50 pg/mL; Murine RNase
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inhibitor was at a concentration of 1 unit/pL; Yeast Inorganic Pyrophosphatase was at a
concentration of 0.0005 unit/puL; T7 RNA Polymerase was at a concentration of 5 unit/pL.
[0407]  The IVT reactions took 2.5 h, followed by DNase I digestion (DNase I with a
final concentration of 2 units/uL. was added to the IVT reaction and incubated at 37°C for
30 minutes). Table 11 provided the specific information about the mRNAs, such as
structures of the different cap analogs. The cap analog products such as (G™)ppp(A™)U,
(G MYEA™HYU, (G ppp(A™)mI¥ or (G™)vppp(A™)U are commercially
available, and their methods of preparation are known in the art. For example,
(G™)yvppp(A™)U can be prepared according to CN116143855A or is available from
Jiangsu Synthgene Biotechnology Co., Ltd.. The mRNA was then purified using the
Monarch® RNA Cleanup Kit (NEB, #T2050S) immediately, quantified by UV using
NanoDrop One, analyzed for purity using Fragment Analyzer, detected for cap rate using
LC-MS and analyzed for RIG-I activation with HEK Lucia RIG-I cells purchased from
Invivogen (catalog # hkl-hrigi).

[0408] Results analyzed from Table 10:

(1) Yield: The yield of the mRNAs synthesized based on (G™)ppp(A™)U was
higher than that based on(G™*°M)ppp(A™)U or (G")ppp(A™)mI1¥, with good
consistency between four groups of different mRNA samples. And the yield of mRNA
based on (G™)ppp(A™)U was basically the same as that based on (G™ )vppp(A™)U when
encoding eGFP.

2) Purity: The purity of the mRNAs synthesized based on (G™)ppp(A™)U was
higher than that based on (G™¥Mppp(A™)U or (G™)ppp(A™)m1¥, with good
consistency between four groups of different mRNA samples. The purity of eGFP-coding
mRNA synthesized based on (G™)ppp(A™)U was basically the same as that based on
(G™")vppp(A™2)U when using either uridine or m1¥ modification.

3) Capping rate: The capping rates of the mRNAs synthesized based on all those
cap analogs were equally high, up to 100%.

4) RIG-T activation: When replacing uridine with m1¥, the RIG-I activation of
mRNAs based on (G™)ppp(A™)U was lower than that based on (G™* “M)ppp(A™)U or
(G™)ppp(A™)m 1P, with good consistency between four groups of different samples. The
RIG-I activation of eGFP-coding mRNA synthesized based on (G™)ppp(A™)U was
basically the same as that based on (G™)vppp(A™)U when using either uridine or m1¥

modification.
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Table 10:
NO. mRNA name Uridine | Sample Cap analog (u‘g{/ile;g“) Pzt;“i)ty Car]:ft);ng ac];LEEiLn
%) | ®LU)
1 (SEISJTSQ%Q) (G™)ppp(A™)U 219.86 926 99.67 15111
) (SEfSl?ggl(;’:m) RSV [(GM3OMepnn(A™)U | 151.24 89 99.83 11570
3 (SEI(SII{]I;L;TIOI:II) (GMppp(A™)mIW | 207.57 87.7 100 8960
N (s£§g’§ﬁlz) (Gppp(AT™U B 94 o oY
5 (SEgﬂ}ggﬁ:B) VZV  [(GEIIOMeypnAmU | 175,37 924 99.97 5933
6 (SEB‘g;‘(;‘:M) (G™)ppp(A™)m1¥ | 184.68 89.4 100 5423
3 (SEISI}II\)L;BG:M) RABV | (G™3OM)npa(A™YT | 162.13 90.5 99.27 12012
9 (SEféﬂgiIg:m (G™)ppp(A™)m1¥ | 21135 85.7 99.28 7421
10 (SEKSI:II\)L; 13: %) (G")ppp(A™)U 192.5 922 99.97 11800
| s m N0 e |G AU | 9663 oL | 9996 | 17178
12 (SEISI;B‘?%)QO) ) (G™ppp(A™)mI¥ | 159.09 90.2 99.98 11090
13 (SEKSI;II\)L;ZOI:ZI) (G™)vppp(A™)U 199.21 95.5 99.9 7070
14 (sﬁgﬁzz) (G™\ppp(A™)U 197.58 90 99.72 1099
s (SE]S}?BI?IZS:B) RSV | (GR13OMeyspp(Am2) | 127.93 90.5 99.95 1140
6 (SE‘(’;‘?E 1’:%4: 2 (G Tppp(ARmIY | 16112 [ 90.0 | 99.64 /
7 | seo1p No28 L s W M
19 (SEB?E?%;N) (G™)ppp(A™)m1¥ | 18143 84.6 100 618
2 (SEZ‘}EQZS:%) mlP (G™yppp(AP2)U 223.06 93.6 99.95 1634
21 (SEgﬂ}gﬁrgzs’) RABV | (GPI¥OMppn(AmU | 125.78 90.8 100 1952
2 (SE‘(ﬁg‘;ﬁ’ﬁo) (G™ppp(A™)mIP | 158.91 89.8 99.98 1816
23 (SEfggﬁ;m) (G™)ppp(APHU 179.56 926 | 9991 2442
24 (SEg}g%ﬁn) - (GMFOMYpa (AP | 78.24 90.7 99.87 3790
25 (SEgﬁg;ﬁm) ) (G ppp(A™)m1¥ | 109.01 87.7 100 /
26 <s£lg§ﬁ34) (Gvppp(A™HU oo ” o o
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Table 11:
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Example 6: In vitro expression of mRNA synthesized by (G™)ppp(A™)U and
(G™T)vppp(A™)U
[0300]  The mRNAs synthesized based on (G™")ppp(A™)U and (G™")vppp(A™)U and

with either uridine or m1%¥ modification were prepared as described in Example 5. HEK-
293T and A549 cells were cultured in DMEM medium supplemented with 10% fetal bovine
serum at 37°C, 5% CO2, and inoculated with 100 pl of cell suspension per well (5000
cells/well) in 96-well plates. The plates were pre-incubated in a humidified incubator for 24
hr (37°C, 5% CO2) and 100 ng of each mRNA was added to the wells. Cells were collected
partially at 24 hr and 48 hr respectively, and were washed with PBS for three times. eGFP
protein expression level was evaluated with Flow cytometer. As shown in FIG. 2-3, mRNAs
synthesized based on (G™)ppp(A™)U and (G™)vppp(A™)U had basically the same

expression level when using either uridine or m1'%¥ modification.
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SEQUENCES

In the following sequences, “¥” denotes “ml1¥Y (1-methyl-pseudouridine)” unless
otherwise indicated. The abbreviation is for the clarity of the sequences. The other
abbreviations are as shown below,

“m’G” and “G™”” = 7-methylguanosine (can also be abbreviated as “m7G™);
“Am”and “A™” = 2'-O-methyladenosine ;

“ppp” = triphosphate linkage ;

“vppp” = vinyl-modified triphosphate linkage;

«Gn73OMe» — 31_().methylated m7G.

SEQID NO:1(MRNA 1)
m’GpppAmpGGAAAYAAGGAYCCYYGYYCYYYYYGCAGAAGCYCAGAAYAAACGCYCAACYY
YGGCGCCGCCACCAYGGYGAGCAAGGGCGAGGAGCYGYYCACCGGGGYGGYGCCCAYCCYGGY
CGAGCYGGACGGCGACGYAAACGGCCACAAGYYCAGCGYGYCCGGCGAGGGCGAGGGCGAYGCC
ACCYACGGCAAGCYGACCCYGAAGYYCAYCYGCACCACCGGCAAGCYGCCCGYGCCCYGGCCCA
CCCYCGYGACCACCCYGACCYACGGCGYGCAGYGCYYCAGCCGCYACCCCGACCACAYGAAGCA
GCACGACYYCYYCAAGYCCGCCAYGCCCGAAGGCYACGYCCAGGAGCGCACCAYCYYCYYCAAG
GACGACGGCAACYACAAGACCCGCGCCGAGGYGAAGYYCGAGGGCGACACCCYGGYGAACCGCA
YCGAGCYGAAGGGCAYCGACYYCAAGGAGGACGGCAACAYCCYGGGGCACAAGCYGGAGYACA
ACYACAACAGCCACAACGYCYAYAYCAYGGCCGACAAGCAGAAGAACGGCAYCAAGGYGAACY
YCAAGAYCCGCCACAACAYCGAGGACGGCAGCGYGCAGCYCGCCGACCACYACCAGCAGAACAC
CCCCAYCGGCGACGGCCCCGYGCYGCYGCCCGACAACCACYACCYGAGCACCCAGYCCGCCCYG
AGCAAAGACCCCAACGAGAAGCGCGAYCACAYGGYCCYGCYGGAGYYCGYGACCGCCGCCGGGA
YCACYCYCGGCAYGGACGAGCYGYACAAGYGAYAAGAAYYCYAGGCYGGAGCCYCGGYGGCCA
YGCYYCYYGCCCCHYYGGGCCYCCCCCCAGCCCCYCCYCCCCYYCCYGCACCCGYACCCCCGYGGY
CYYYGAAYAAAGYCYGAGYGGGCGGCACYAGYAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 2 (MRNA 2)
m’GpppAnpUGAAAYAAGGAYCCPYGYPCYYFYYGCAGAAGCYCAGAAYAAACGCYCAACYY
¥GGCGCCGCCACCAYGGYGAGCAAGGGCGAGGAGCYGPYCACCGGGGYGGYGCCCAYCCYGGY
CGAGCYGGACGGCGACGYAAACGGCCACAAGYYCAGCGYGYCCGGCGAGGGCGAGGGCGAYGCC
ACCYACGGCAAGCYGACCCYGAAGYYCAYCYGCACCACCGGCAAGCYGCCCGYGCCCYGGCCCA
CCCYCGYGACCACCCYGACCYACGGCGPGCAGYGCHPCAGCCGCYACCCCGACCACAYGAAGCA
GCACGACYYCPPCAAGPYCCGCCAYGCCCGAAGGCYACGYCCAGGAGCGCACCAYCHPFCHYCAAG
GACGACGGCAACYACAAGACCCGCGCCGAGGYGAAGYYCGAGGGCGACACCCYGGYGAACCGCA
PCGAGCYGAAGGGCAYCGACYYCAAGGAGGACGGCAACAYCCYGGGGCACAAGCYGGAGYACA
ACYACAACAGCCACAACGYCYAYAYCAYGGCCGACAAGCAGAAGAACGGCAYCAAGGPGAACY
WCAAGAYCCGCCACAACAYCGAGGACGGCAGCGYGCAGCYCGCCGACCACYACCAGCAGAACAC
CCCCAYCGGCGACGGCCCCGYGCYGCYGCCCGACAACCACYACCYGAGCACCCAGYCCGCCCYG
AGCAAAGACCCCAACGAGAAGCGCGAYCACAYGGYCCYGCYGGAGYYCGYGACCGCCGCCGGGA
YCACYCYCGGCAYGGACGAGCYGYACAAGYGAYAAGAAYYCYAGGCYGGAGCCYCGGYGGCCA
YGCYYCHYGCCCOPYGGGCCYCCCCCCAGCCCCYCCYCCCCYYCCYGCACCCGYACCCCCGYGGY
CYPPGAAPAAAGYCYGAGYGGGCGGCACYAGYAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 3 (MRNA 3)

m’GpppAnpGGAAAPAAGGAYCCPYGYPCPYYYYYGCAGAAGCYCAGAAYAAACGCYCAACYY
¥GGCGCCGCCACCAYGGACYGGACCYGGAYACYGYYCCYGGYGGCCGCCGCCACCAGAGYGCA
CAGCCGGGYCCAGCCAACCGAGAGCAYCGYGAGAYPYCCCCAACAYAACAAACCYGYGCCCCYYC
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GACGAGGYGYYCAACGCCACCAGAYYCGCCAGCGYGYACGCCYGGAACAGAAAAAGAAYCAGC
AACYGCGYGGCCGACYACAGCGYGCYGYACAACYYCGCCCCCYYCYYCGCCYYCAAAYGCYACG
GCGYGAGCCCAACCAAACYGAACGACCYGYGCYYCACCAACGYGYACGCCGACAGCYYCGYGAY
CAGAGGCAACGAGGYGAGCCAGAYCGCCCCAGGCCAGACCGGAAACAYCGCCGACYACAACYAC
AAACYGCCCGACGACYYCACCGGCYGCGYGAYCGCCYGGAACAGCAACAAACYGGACAGCAAAG
YGGGAGGCAACYACAACYACAGAYACAGACYGYYCAGAAAAAGCAACCYGAAACCCYYCGAGC
GAGACAYCAGCACCGAAAYCYACCAGGCCGGCAACAAACCCYGCAACGGCGYGGCCGGGGYGAA
CYGCYACYYCCCCCYGCAGAGCYACGGAYYCAGACCCACCYACGGCGYGGGGCACCAGCCCYAC
CGGGYGGYGGYCCYGAGCYPCGAGCYGCYGCACGCCCCCGCAACCGYGYGCGGCCCCAAAAAAY
CGACCAACCYGGYGAAAAACAAAYGCGYGAACYYCYGAYAAGAAYYCYAGGCYGGAGCCYCGG
YGGCCAYGCYYCYYGCCCCYYGGGCCYCCCCCCAGCCCCYCCYCCCCYYCCYGCACCCGYACCCC
COYGGYCYYYGAAYAAAGYCYGAGYGGGCCGGCACYAGYAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 4 (MRNA 4)
m’GpppAmpUGAAAYAAGGAYCCYYGYYCYYYYYGCAGAAGCYCAGAAYAAACGCYCAACYY

YGGCGCCGCCACCAYGGACYGGACCYGGAYACYGYYCCYGGYGGCCGCCGCCACCAGAGYGCA
CAGCCGGGYCCAGCCAACCGAGAGCAYCGYGAGATYPYCCCCAACAYAACAAACCYGYGCCCCYYC
GACGAGGYGYYCAACGCCACCAGAYYCGCCAGCGYGYACGCCYGGAACAGAAAAAGAAYCAGC
AACYGCGYGGCCGACYACAGCGYGCYGYACAACYYCGCCCCCYYCYYCGCCYYCAAAYGCYACG
GCGYGAGCCCAACCAAACYGAACGACCYGYGCYYCACCAACGYGYACGCCGACAGCYYCGYGAY
CAGAGGCAACGAGGYGAGCCAGAYCGCCCCAGGCCAGACCGGAAACAYCGCCGACYACAACYAC
AAACYGCCCGACGACYYCACCGGCYGCGYGAYCGCCYGGAACAGCAACAAACYGGACAGCAAAG
YGGGAGGCAACYACAACYACAGATYACAGACYGYYCAGAAAAAGCAACCYGAAACCCYYCGAGC
GAGACAYCAGCACCGAAAYCYACCAGGCCGGCAACAAACCCYGCAACGGCGYGGCCGGGGYGAA
CYGCYACYYCCCCCYGCAGAGCYACGGAYYCAGACCCACCYACGGCGYGGGGCACCAGCCCYAC
CGGGYGGYGGYCCYGAGCYYCGAGCYGCYGCACGCCCCCGCAACCGYGYGCGGCCCCAAAAAAY
CGACCAACCYGGYGAAAAACAAAYGCGYGAACYYCYGAYAAGAAYYCYAGGCYGGAGCCYCGG
YGGCCAYGCYYCPYGCCCCYYCGGCCYCCCCCCAGCCCCYCCYCCCCYYCCYGCACCCGYACCCC
CGYGGYCYYYGAAYAAAGYCYGAGYGGGCGGCACYAGYAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 5 (MRNA 5)
m’GpppAnpGGGGGAYCCAAGCYYAGCYYGCYYGYYCYYPYPYGCAGAAGCYCAGAAYAAAC
GCYCAACYYYGGCGCCGCCACCAYGGYGCCCCAAGCCCYGCYGYYCGYGCCCCYGCYGGGOYY
CAGCCYGYGCYYCGGCAAGYYCCCCAYCFACACCAYCCCCGACGAGCYGGGCCCCYGGAGCCCC
APCGACAYCCACCACCYGAGCPYGCCCCAACAACCYGGYGGYCGAGGAYGAAGGCYGCACCAACC
YGAGCGAGYPCAGCYACAYGGAGCYGAAGGYGGGCYACAYCAGCGCCAYCAAGGYGAACGGCY
PCACCPYGCACCGGCGYGGYGACCGAGGCCGAAACCYACACCAACYYCGYGGGCYACGYGACCAC
AACCYWCAAGAGAAAGCACYYCAGACCCACCCCCGACGCCYGCAGAGCCGCCYACAACYGGAAG
AYGGCCGGCGACCCYAGAYACGAGGAGAGCCYGCAYAACCCYYACCCCGACYACCACYGGCYGA
GAACCGPGAGAACCACCAAGGAGAGCCPYGAYCAYFAYCAGCCCYAGCGPGACCGACCYGGACCC
CYACGACAAAYCCCYGCACAGCAGAGYGYYCCCCGGCGGCAAGYGCAGCGGCAYCACCGYGAGC
AGCACCYACYGCAGCACCAACCACGACYACACCAYCYGGAYGCCCGAGAACCCYAGACCYAGAA
CCCCCYGCGACAVYCYYCACCAACAGCAGAGGCAAGAGAGCYAGCAAGGGCAACAAGACCYGCGG
CYYCGYGGACGAGAGAGGCCYGYACAAGAGCCYGAAGGGCGCCYGCAGACYGAAGCYGYGCGG
CGYGCYGGGCCYGAGACYGAYGGACGGCACCYGGGYGGCCAYGCAGACAAGCGACGAAACCAA
GPGGYGCCCCCCCGAYCAGCYGGYGAACCYGCACGACYYCAGAAGCGACGAGAYCGAGCACCYG
GYGGYGGAGGAGCYGGYGAAGAAGAGAGAGGAGPGCCYGGACGCCCYGGAGAGCAYCAYGACC
ACCAAGAGCGYGYCCPFCAGAAGACYGAGCCACCYGAGAAAGCPYGGYGCCCGGCYYCGGCAAG
GCCYACACCAYCYYCAACAAGACCCYGAYGGAGGCCGACGCCCACYACAAAAGCGYGAGAACCY
GGAACGAGAYCAPCCCYAGCAAGGGCYGCCPGAAGGPGGGCGGCAGAYGCCACCCCCAYGEGA
ACGGCGYGYYCYPCAACGGCAVYCAYCCYGGGCCCCGACGGCCACGYGCYGAYCCCCGAGAYGCA
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GAGCAGCCYGCYGCAGCAGCACAYGGAGCYGCYGAAGAGCAGCGYGAYCCCCCYGAYGCACCCC
CYGGCCGACCCYAGCACCGYGYYCAAGGAGGGCGACGAGGCCGAGGACYYCGYGGAGGYGCACC
YGCCCGACGYGYACAAGCAGAYCAGCGGCGYGGACCYGGGCCYGCCCAACYGGGGCAAGYACGY
GCYGAYGACCGCCGGCGCCAYGAYCGGCCYGGYGCYGAYCYYCAGCCYGAYGACCYGGYGCAG
AAGAGCCAACAGACCCGAGAGCAAGCAGCGGAGCYYCGGCGGCACCGGCAGAAACGYGAGCGYG
ACAAGCCAAAGCGGCAAGGYGAYCCCYAGCYGGGAGAGCYACAAGAGCGGCGGGCAGACAAGA
CYGYGAYAAGAAYYCYAGGCYGGAGCCYCGGYGGCCAYGCYYCYYGCCCCYYGGGCCYCCCCCC
AGCCCCYCCYCCCCPYYCCYGCACCCGYACCCCCGYGGYCYPYGAAYAAAGYCYGAGYGGGCGGC
ACYAGYAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 6 (MRNA 6)
m’GpppAnpUGGGGAYCCAAGCYYAGCYYGCYYGYPCYPYPPYGCAGAAGCYCAGAAYAAACG

CYCAACYYYGGCGCCGCCACCAYGGYGCCCCAAGCCCYGCYGYYCGYGCCCCYGCYGGGCYYC
AGCCYGYGCYYCGGCAAGYYCCCCAYCYACACCAYCCCCGACGAGCYGGGCCCCYGGAGCCCCA
YCGACAYCCACCACCYGAGCYGCCCCAACAACCYGGYGGYCGAGGAYGAAGGCYGCACCAACCY
GAGCGAGYYCAGCYACAYGGAGCYGAAGGYGGGCYACAYCAGCGCCAYCAAGGYGAACGGCYY
CACCYGCACCGGCGYGGYGACCGAGGCCGAAACCYACACCAACYYCGYGGGCYACGYGACCACA
ACCYYCAAGAGAAAGCACYYCAGACCCACCCCCGACGCCYGCAGAGCCGCCYACAACYGGAAGA
YGGCCGGCGACCCYAGAYACGAGGAGAGCCYGCAYAACCCYYACCCCGACYACCACYGGCYGAG
AACCGYGAGAACCACCAAGGAGAGCCYGAYCAYYAYCAGCCCYAGCGYGACCGACCYGGACCCC
YACGACAAAYCCCYGCACAGCAGAGYGYYCCCCGGCGGCAAGYGCAGCGGCAYCACCGYGAGCA
GCACCYACYGCAGCACCAACCACGACYACACCAYCYGGAYGCCCGAGAACCCYAGACCYAGAAC
CCCCYGCGACAYCYYCACCAACAGCAGAGGCAAGAGAGCYAGCAAGGGCAACAAGACCYGCGGC
YYCGYGGACGAGAGAGGCCYGYACAAGAGCCYGAAGGGCGCCYGCAGACYGAAGCYGYGCGGC
GYGCYGGGCCYGAGACYGAYGGACGGCACCYGGGYGGCCAYGCAGACAAGCGACGAAACCAAG
YGGYGCCCCCCCGAYCAGCYGGYGAACCYGCACGACYYCAGAAGCGACGAGAYCGAGCACCYGG
YGGYGGAGGAGCYGGYGAAGAAGAGAGAGGAGYGCCYGGACGCCCYGGAGAGCAYCAYGACCA
CCAAGAGCGYGYCCYYCAGAAGACYGAGCCACCYGAGAAAGCYGGYGCCCGGCYYCGGCAAGGC
CYACACCAYCYYCAACAAGACCCYGAYGGAGGCCGACGCCCACYACAAAAGCGYGAGAACCYGG
AACGAGAYCAYCCCYAGCAAGGGCYGCCYGAAGGYGGGCGGCAGAYGCCACCCCCAYGYGAACG
GCGYGYYCYYCAACGGCAYCAYCCYGGGCCCCGACGGCCACGYGCYGAYCCCCGAGAYGCAGAG
CAGCCYGCYGCAGCAGCACAYGGAGCYGCYGAAGAGCAGCGYGAYCCCCCYGAYGCACCCCCYG
GCCGACCCYAGCACCGYGYYCAAGGAGGGCGACGAGGCCGAGGACYYCGYGGAGGYGCACCYGC
CCGACGYGYACAAGCAGAYCAGCGGCGYGGACCYGGGCCYGCCCAACYGGGGCAAGYACGYGCY
GAYGACCGCCGGCGCCAYGAYCGGCCYGGYGCYGAYCYYCAGCCYGAYGACCYGGYGCAGAAG
AGCCAACAGACCCGAGAGCAAGCAGCGGAGCYYCGGCGGCACCGGCAGAAACGYGAGCGYGACA
AGCCAAAGCGGCAAGGYGAYCCCYAGCYGGGAGAGCYACAAGAGCGGCGGGCAGACAAGACYG
YGAYAAGAAYYCYAGGCYGGAGCCYCGGYGGCCAYGCYYCYYGCCCCYYGGGCCYCCCCCCAGC
CCCYCCYCCCCYYCCYGCACCCGYACCCCCGYGGYCYYYGAAYAAAGYCYGAGYGGGCGGCACY
AGYAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 7 (MRNA 7)

m?GpppAnpGGGCGGAYCCAAGCYYAGCYYGCYYGYYCYYPYYYGCAGAAGCYCAGAAYAAAC
GCYCAACYYYGGCGCCGCCACCAYGGAGCYGCYGAYCCYGAAGGCYAAYGCCAYYACCACCA

PYYCYGACCGCCGYGACAYYCYGCYYCGCGAGCGGGCAGAACAYCACCGAGGAGYYCYACCAGA
GCACCYGYYCYGCCGYCAGCAAGGGGYACCYGYCCGCCCYGCGGACAGGAYGGYAYACCYCAGY
GAPYCACAAPYGAGCYGYCCAAYAYPAAGGAGAAYAAGYGCAAYGGGACYGACGCCAAGGYGAA
GCYGAYCAAGCAGGAGCYGGACAAGYACAAGAACGCCGYGACAGAGCYGCAGCYGCYCAYGCA
GAGCACCCCCGCCACCGGGAGYGGCAGCGCCAYCYGCAGCGGCGYGGCCGYCYGCAAGGYGCYG
CACCYCGAGGGCGAGGYGAAYAAGAYCAAGAGYGCYCYGCYGAGCACYAACAAGGCYGYCGYG
YCYCYGYCCAACGGCGYGYCYGYGCYGACCYYCAAGGYCCYGGACCYGAAGAAYYACAYYGAC
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AAGCAGCYCCYGCCCAYCCYGAACAAGCAGAGCYGYYCYAYCYCCAAYAYYGAGACAGYYAYC
GAGYYYCAGCAGAAGAACAACAGGCYGCYYGAGAYCACACGGGAGYYCAGCGYGAACGCYGGG
GYGACCACYCCCGYGYCCACYYACAYGCYGACCAACYCAGAGCYGCYGYCCCYGAYCAACGACA
YGCCYAYYACAAACGACCAGAAGAAGYYGAYGAGCAACAACGYGCAGAYCGYGAGACAGCAGY
CYPACAGCAYCAYGYGCAYCAYCAAGGAGGAGGYGCYGGCGYACGYGGYGCAGCYGCCCCYGY
AYGGGGYCAYCGACACCCCYYGPYYGGAAGCYGCACACYYCYCCCCPYGYGCACGACCAAYACGAA
GGAGGGCAGCAACAYCYGYCYGACCCGGACAGAYCGGGGCYGGYAYYGCGACAAYGCCGGCYC
CGYGYCCYYCYPYCCCCCAGGCYGAGACYYGCAAGGYGCAGAGYAACCGGGYGPYYCYGCGACACC
AYGAACYCCCGGACYCYGCCCYCCGAGGYGAACCYGYGCAACGYGGACAYPYPYCAACCCCAAGY
ACGAYYGCAAGAYCAYGACYAGCAAGACCGACGYGYCYYCYAGCGYGAYYACCAGCCYGGGGG
CGAYYGYGYCGYGCYACGGGAAGACGAAGYGYACAGCYYCCAACAAGAACAGGGGCAYCAYCA
AGACCYYCYCYAAYGGGYGCGACYACGYCAGCAAYAAGGGCGYCGACACCGYCAGCGYGGGGA
ACACCYYGYACYGCGYGAACAAGCAGGAGGGCAAGAGCCYGYACGYGAAGGGGGAGCCCAYYA
YCAACYPYCYACGACCCCCYGGYGYYCCCCAGCGACGAGYYCGACGCCYCYAYCAGCCAGGYGAA
CGAGAAGAYCAAYCAGYCCCYGGCCYYCAYYAGGAAGYCYGAYGAGCYGCYGCACAACGYGAA
CGCCGGGAAGAGCACYACGAAYAYCAYGAYCACGACGAYCAYCAYCGYGAYCAYYGYGAYCCY
GCYCAGCCYGAYCGCCGYGGGGCYGCYCCYGYACYGCAAGGCCAGGAGCACCCCCGYGACCCYG
YCCAAGGAYCAGCYGAGCGGGAYCAACAAYAYCGCYYYCAGCAACYGAYAAGAAYYCYAGGCY
GGAGCCYCGGYGGCCAYGCYYCYYGCCCCYYGGGCCYCCCCCCAGCCCCYCCYCCCCYYCCYGC
ACCCGYACCCCCGYGGYCYYYGAAYAAAGYCYGAGYGGGCGGCACYAGYAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAA

SEQ ID NO: 8 (MRNA 8)
m’GpppAnpUGGGGAYCCAAGCYYAGCYYGCYYGYYCYYYYYGCAGAAGCYCAGAAYAAACG
CYCAACYYYGGCGCCGCCACCAYGGAGCYGCYGAYCCYGAAGGCYAAYGCCAYYACCACCAY
YCYGACCGCCGYGACAYYCYGCYYCGCGAGCGGGCAGAACAYCACCGAGGAGPYCYACCAGAGC
ACCYGYYCYGCCGYCAGCAAGGGGYACCYGYCCGCCCYGCGGACAGGAYGGYAYACCYCAGYG
AYCACAAYYGAGCYGYCCAAYAYYAAGGAGAAYAAGYGCAAYGGGACYGACGCCAAGGYGAAG
CYGAYCAAGCAGGAGCYGGACAAGYACAAGAACGCCGYGACAGAGCYGCAGCYGCYCAYGCAG
AGCACCCCCGCCACCGGGAGYGGCAGCGCCAYCYGCAGCGGCGYGGCCGYCYGCAAGGYGCYGC
ACCYCGAGGGCGAGGYGAAYAAGAYCAAGAGYGCYCYGCYGAGCACYAACAAGGCYGYCGYGY
CYCYGYCCAACGGCGYGYCYGYGCYGACCYYCAAGGYCCYGGACCYGAAGAAYYACAYYGACA
AGCAGCYCCYGCCCAYCCYGAACAAGCAGAGCYGPYCYAYCYCCAAYAPYGAGACAGYYAYCG
AGYYYCAGCAGAAGAACAACAGGCYGCYYGAGAYCACACGGGAGYYCAGCGYGAACGCYGGGG
YGACCACYCCCGYGYCCACYYACAYGCYGACCAACYCAGAGCYGCYGYCCCYGAYCAACGACAY
GCCYAYYACAAACGACCAGAAGAAGYYGAYGAGCAACAACGYGCAGAYCGYGAGACAGCAGYC
PYACAGCAYCAYGYGCAYCAYCAAGGAGGAGGYGCYGGCGYACGYGGYGCAGCYGCCCCYGYA
YGGGGYCAYCGACACCCCYYGYYGGAAGCYGCACACYYCYCCCCYGYGCACGACCAAYACGAAG
GAGGGCAGCAACAYCYGYCYGACCCGGACAGAYCGGGGCYGGYAYYGCGACAAYGCCGGCYCC
GYGYCCYYCYYCCCCCAGGCYGAGACYYGCAAGGYGCAGAGYAACCGGGYGYYCYGCGACACC
AYGAACYCCCGGACYCYGCCCYCCGAGGYGAACCYGYGCAACGYGGACAYYYYCAACCCCAAGY
ACGAYYGCAAGAYCAYGACYAGCAAGACCGACGYGYCYYCYAGCGYGAYYACCAGCCYGGGGG
CGAYYGYGYCGYGCPYACGGGAAGACGAAGYGYACAGCYYCCAACAAGAACAGGGGCAYCAYCA
AGACCYYCYCPYAAYGGGYGCGACYACGYCAGCAAPYAAGGGCGYCGACACCGYCAGCGYGGGGA
ACACCYYGYACYGCGYGAACAAGCAGGAGGGCAAGAGCCYGYACGYGAAGGGGGAGCCCAYYA
YCAACYYCYACGACCCCCYGGYGYYCCCCAGCGACGAGYYCGACGCCYCYAYCAGCCAGGYGAA
CGAGAAGAYCAAYCAGYCCCYGGCCYYCAYYAGGAAGYCYGAYGAGCYGCYGCACAACGYGAA
CGCCGGGAAGAGCACYACGAAYAYCAYGAYCACGACGAYCAYCAYCGYGAYCAYYGYGAYCCY
GCYCAGCCYGAYCGCCGYGGGGCYGCYCCYGYACYGCAAGGCCAGGAGCACCCCCGYGACCCYG
YCCAAGGAYCAGCYGAGCGGGAYCAACAAYAYCGCYYYCAGCAACYGAYAAGAAVYYCYAGGCY
GGAGCCYCGGYGGCCAYGCYYCYYGCCCCYYGGGCCYCCCCCCAGCCCCYCCYCCCCYYCCYGC
ACCCGYACCCCCGYGGYCYYYGAAYAAAGYCYGAGYGGCGCGGCACYAGYAAAAAAAAAAAAAAAAA

77



WO 2025/036272 PCT/CN2024/110938

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAA

SEQ TD NO: 9 (MRNA 9)
(G™)ppp(A™)UGGGGAUCCGCUGGUUUUGGUGAUUUUUGUCUGAUUGCAGCCACCAUGGAGCUGC

UGAUCCUCAAGGCCAACGCCAUCACCACCAUUCUGACAGCCGUGACGUUCUGUUUUGCCAGCGG
GCAGAACAUCACCGAGGAGUUCUACCAGAGCACCUGUUCUGCCGUGUCCAAGGGCUACCUGGGC
GCCCUGCGCACCGGGUGGUACACCUCCGUGAUCACCAUCGAGCUGUCUAACAUCAAGGAGAUUA
AGUGCAACGGCACUGACGCCAAGGUGAAGCUGAUCAAGCAGGAGCUGGACAAGUACAAGAACG
CCGUGACUGACCUGCAGCUGCUCAUGCAGAGCACCCCCGCCACCGGGAGUGGCAGCGCCAUCUG
CAGCGGCGUGGCCGUCUGCAAGGUGCUGCACCUCGAGGGCGAGGUGAAUAAGAUCAAGAGUGC
UCUGCUGAGCACUAACAAGGCUGUGGUCAGUCUGUCAAAUGGGGUGAGCGUGCUGACCUUCAA
GGUGCUGGACCUGAAGAAUUACAUUGACAAGCAGCUGCUGCCUAUUCUGAAUAAGCAGAGCUG
CAGCAUCCCCAACAUUGAGACAGUUAUCGAGUUUCAGCAGAAGAACAACAGGCUGCUUGAGAUC
ACACGGGAGUUCAGCGUGAACGCUGGGGUGACCACUCCCGUGUCCACUUACAUGCUGACCAACU
CAGAGCUGCUGUCCCUGAUCAACGACAUGCCUAUUACAAACGACCAGAAGAAGUUGAUGAGCAA
CAACGUGCAGAUCGUGAGACAGCAGUCUUACAGCAUCAUGUGCAUCAUCAAGGAGGAGGUGCU
GGCGUACGUGGUGCAGCUGCCCCUGUAUGGGGUCAUCGACACCCCUUGUUGGAAGCUGCACACU
UCUCCCCUGUGCACGACCAAUACGAAGGAGGGCAGCAACAUCUGUCUGACCCGGACAGAUCGGG
GCUGGUAUUGCGACAAUGCCGGCUCCGUGUCCUUCUUCCCCCAGGCUGAGACUUGCAAGGUGCA
GAGUAACCGGGUGUCUGCGACACCAUGAACUCCCGGACUCUGCCCUCCGAGGUGAACCUGUGCA
ACGUGGACAUUUUCAACCCCAAGUACGAUUGCAAGAUCAUGACUAGCAAGACCGACGUGUCUUC
UAGCGUGAUUACCAGCCUGGGGGCGAUUGUGUCGUGCUACGGGAAGACGAAGUGUACAGCUUC
CAACAAGAACAGGGGCAUCAUCAAGACCUUCUCUAAUGGGUGCGACUACGUCAGCAAUAAGGGC
GUCGACACCGUCAGCGUGGGGAACACCUUGUACUGCGUGAACAAGCAGGAGGGGCAGAGCCUGU
ACGUGAAGGGGGAGCCCAUUAUCAACUUCUACGACCCCCUGGUGUUCCCCAGCGACGAGUUCGA
CGCCUCUAUCAGCCAGGUGAACGAGAAGAUCAAUCAGUCCCUGGCCUUCAUUAGGAAGUCUGAU
GAGCUGCUGCACAACGUGAACGCCGGGAAGAGCACUACGAAUAUCAUGAUCACGACGAUCAUCA
UCGUGAUCAUUGUGAUCCUGCUCAGCCUGAUCGCCGUGGGGCUGCUCCUGUACUGCAAGGCCAG
GAGCACCCCCGUGACCCUGUCCAAGGAUCAGCUGAGCGGGAUCAACAAUAUCGCUUUCAGCAAC
UGAUAAGAAUUCGUGCAAACUCGAUCACUAGCUCUGCGUGAUGUGGCAGAAGCGAAGGGAACC
AGGUUUGCAAAAGUAACUGUGGUGAUGGAAAUGUGUUAGCCUCAGACACUACUGAGGUGGUUC
UUUCUAUCCUAGUACAGUCACUAGUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 10 (MRNA 10)
(G™73 OMY P (AM2)UGGGGAUCCGCUGGUUUUGGUGAUUUUUGUCUGAUUGCAGCCACCAUGGAGC

UGCUGAUCCUCAAGGCCAACGCCAUCACCACCAUUCUGACAGCCGUGACGUUCUGUUUUGCCAG
CGGGCAGAACAUCACCGAGGAGUUCUACCAGAGCACCUGUUCUGCCGUGUCCAAGGGCUACCUG
GGCGCCCUGCGCACCGGGUGGUACACCUCCGUGAUCACCAUCGAGCUGUCUAACAUCAAGGAGA
UUAAGUGCAACGGCACUGACGCCAAGGUGAAGCUGAUCAAGCAGGAGCUGGACAAGUACAAGA
ACGCCGUGACUGACCUGCAGCUGCUCAUGCAGAGCACCCCCGCCACCGGGAGUGGCAGCGCCAU
CUGCAGCGGCGUGGCCGUCUGCAAGGUGCUGCACCUCGAGGGCGAGGUGAAUAAGAUCAAGAG
UGCUCUGCUGAGCACUAACAAGGCUGUGGUCAGUCUGUCAAAUGGGGUGAGCGUGCUGACCUU
CAAGGUGCUGGACCUGAAGAAUUACAUUGACAAGCAGCUGCUGCCUAUUCUGAAUAAGCAGAG
CUGCAGCAUCCCCAACAUUGAGACAGUUAUCGAGUUUCAGCAGAAGAACAACAGGCUGCUUGAG
AUCACACGGGAGUUCAGCGUGAACGCUGGGGUGACCACUCCCGUGUCCACUUACAUGCUGACCA
ACUCAGAGCUGCUGUCCCUGAUCAACGACAUGCCUAUUACAAACGACCAGAAGAAGUUGAUGAG
CAACAACGUGCAGAUCGUGAGACAGCAGUCUUACAGCAUCAUGUGCAUCAUCAAGGAGGAGGU
GCUGGCGUACGUGGUGCAGCUGCCCCUGUAUGGGGUCAUCGACACCCCUUGUUGGAAGCUGCAC
ACUUCUCCCCUGUGCACGACCAAUACGAAGGAGGGCAGCAACAUCUGUCUGACCCGGACAGAUC
GGGGCUGGUAUUGCGACAAUGCCGGCUCCGUGUCCUUCUUCCCCCAGGCUGAGACUUGCAAGGU
GCAGAGUAACCGGGUGUCUGCGACACCAUGAACUCCCGGACUCUGCCCUCCGAGGUGAACCUGU

78
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GCAACGUGGACAUUUUCAACCCCAAGUACGAUUGCAAGAUCAUGACUAGCAAGACCGACGUGUC
UUCUAGCGUGAUUACCAGCCUGGGGGCGAUUGUGUCGUGCUACGGGAAGACGAAGUGUACAGC
UUCCAACAAGAACAGGGGCAUCAUCAAGACCUUCUCUAAUGGGUGCGACUACGUCAGCAAUAAG
GGCGUCGACACCGUCAGCGUGGGGAACACCUUGUACUGCGUGAACAAGCAGGAGGGGCAGAGCC
UGUACGUGAAGGGGGAGCCCAUUAUCAACUUCUACGACCCCCUGGUGUUCCCCAGCGACGAGUU
CGACGCCUCUAUCAGCCAGGUGAACGAGAAGAUCAAUCAGUCCCUGGCCUUCAUUAGGAAGUCU
GAUGAGCUGCUGCACAACGUGAACGCCGGGAAGAGCACUACGAAUAUCAUGAUCACGACGAUCA
UCAUCGUGAUCAUUGUGAUCCUGCUCAGCCUGAUCGCCGUGGGGCUGCUCCUGUACUGCAAGGC
CAGGAGCACCCCCGUGACCCUGUCCAAGGAUCAGCUGAGCGGGAUCAACAAUAUCGCUUUCAGC
AACUGAUAAGAAUUCGUGCAAACUCGAUCACUAGCUCUGCGUGAUGUGGCAGAAGCGAAGGGA
ACCAGGUUUGCAAAAGUAACUGUGGUGAUGGAAAUGUGUUAGCCUCAGACACUACUGAGGUGG
UUCUUUCUAUCCUAGUACAGUCACUAGUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 11 (MRNA 11)
(G ppp(A"HPGGGGAUCCGCUGGUUUUGGUGAUUUUUGUCUGAUUGCAGCCACCAUGGAGCUG

CUGAUCCUCAAGGCCAACGCCAUCACCACCAUUCUGACAGCCGUGACGUUCUGUUUUGCCAGCG
GGCAGAACAUCACCGAGGAGUUCUACCAGAGCACCUGUUCUGCCGUGUCCAAGGGCUACCUGGG
CGCCCUGCGCACCGGGUGGUACACCUCCGUGAUCACCAUCGAGCUGUCUAACAUCAAGGAGAUU
AAGUGCAACGGCACUGACGCCAAGGUGAAGCUGAUCAAGCAGGAGCUGGACAAGUACAAGAAC
GCCGUGACUGACCUGCAGCUGCUCAUGCAGAGCACCCCCGCCACCGGGAGUGGCAGCGCCAUCU
GCAGCGGCGUGGCCGUCUGCAAGGUGCUGCACCUCGAGGGCGAGGUGAAUAAGAUCAAGAGUG
CUCUGCUGAGCACUAACAAGGCUGUGGUCAGUCUGUCAAAUGGGGUGAGCGUGCUGACCUUCA
AGGUGCUGGACCUGAAGAAUUACAUUGACAAGCAGCUGCUGCCUAUUCUGAAUAAGCAGAGCU
GCAGCAUCCCCAACAUUGAGACAGUUAUCGAGUUUCAGCAGAAGAACAACAGGCUGCUUGAGA
UCACACGGGAGUUCAGCGUGAACGCUGGGGUGACCACUCCCGUGUCCACUUACAUGCUGACCAA
CUCAGAGCUGCUGUCCCUGAUCAACGACAUGCCUAUUACAAACGACCAGAAGAAGUUGAUGAGC
AACAACGUGCAGAUCGUGAGACAGCAGUCUUACAGCAUCAUGUGCAUCAUCAAGGAGGAGGUG
CUGGCGUACGUGGUGCAGCUGCCCCUGUAUGGGGUCAUCGACACCCCUUGUUGGAAGCUGCACA
CUUCUCCCCUGUGCACGACCAAUACGAAGGAGGGCAGCAACAUCUGUCUGACCCGGACAGAUCG
GGGCUGGUAUUGCGACAAUGCCGGCUCCGUGUCCUUCUUCCCCCAGGCUGAGACUUGCAAGGUG
CAGAGUAACCGGGUGUCUGCGACACCAUGAACUCCCGGACUCUGCCCUCCGAGGUGAACCUGUG
CAACGUGGACAUUUUCAACCCCAAGUACGAUUGCAAGAUCAUGACUAGCAAGACCGACGUGUCU
UCUAGCGUGAUUACCAGCCUGGGGGCGAUUGUGUCGUGCUACGGGAAGACGAAGUGUACAGCU
UCCAACAAGAACAGGGGCAUCAUCAAGACCUUCUCUAAUGGGUGCGACUACGUCAGCAAUAAGG
GCGUCGACACCGUCAGCGUGGGGAACACCUUGUACUGCGUGAACAAGCAGGAGGGGCAGAGCCU
GUACGUGAAGGGGGAGCCCAUUAUCAACUUCUACGACCCCCUGGUGUUCCCCAGCGACGAGUUC
GACGCCUCUAUCAGCCAGGUGAACGAGAAGAUCAAUCAGUCCCUGGCCUUCAUUAGGAAGUCUG
AUGAGCUGCUGCACAACGUGAACGCCGGGAAGAGCACUACGAAUAUCAUGAUCACGACGAUCAU
CAUCGUGAUCAUUGUGAUCCUGCUCAGCCUGAUCGCCGUGGGGCUGCUCCUGUACUGCAAGGCC
AGGAGCACCCCCGUGACCCUGUCCAAGGAUCAGCUGAGCGGGAUCAACAAUAUCGCUUUCAGCA
ACUGAUAAGAAUUCGUGCAAACUCGAUCACUAGCUCUGCGUGAUGUGGCAGAAGCGAAGGGAA
CCAGGUUUGCAAAAGUAACUGUGGUGAUGGAAAUGUGUUAGCCUCAGACACUACUGAGGUGGU
UCUUUCUAUCCUAGUACAGUCACUAGUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO:12 (MRNA 12)
(G™ppp(A™)UGGGGAUCCCUGAACUGGGUUAGGUGCCGCUGUUGCUGCUCGUGUUGAAUCUAGA

ACCGUAGCCAGACGCCACCAUGGACUGGACCUGGAUUCUGUUCCUGGUGGCCGCCGCCACCAGG
GUGCACAGCUCUGUCCUGAGGUACGACGACUUCCACAUCGAUGAGGACAAGCUGGACACCAACA
GCGUGUACGAGCCCUACUACCACAGCGACCACGCCGAGUCCUCCUGGGUGAAUAGGGGCGAGUC
UUCCAGGAAGGCCUAUGACCACAAUAGCCCCUACAUCUGGCCCCGGAACGACUACGACGGCUUC

79
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CUGGAGAACGCCCACGAGCACCACGGGGUGUACAACCAGGGCCGCGGGAUCGAUUCCGGGGAGA
GGCUGAUGCAGCCUACCCAGAUGUCCGCCCAGGAGGACCUGGGCGACGAUACCGGCAUUCACGU
GAUCCCCACCCUGAAUGGGGACGAUCGGCACAAGAUCGUGAAUGUGGAUCAGCGCCAGUACGGC
GAUGUGUUCAAGGGCGACCUGAAUCCCAAGCCCCAGGGCCAGCGGCUGAUCGAGGUGAGCGUGG
AGGAGAAUCACCCUUUUACCCUGCGGGCCCCCAUUCAGAGGAUCUACGGGGUGCGGUACACCGA
AACCUGGAGCUUCCUGCCCAGCCUGACCUGUACCGGCGACGCCGCCCCCGCCAUCCAGCACAUCU
GCCUGAAGCAUACCACCUGCUUCCAGGACGUGGUGGUGGACGUGGACUGCGCCGAGAAUACCAA
GGAGGAUCAGCUGGCAGAGAUCAGCUACCGGUUUCAGGGGAAGAAGGAGGCCGACCAGCCUUG
GAUCGUGGUGAACACCAGCACCCUGUUCGACGAGCUGGAGCUGGACCCUCCCGAGAUCGAGCCC
GGCGUGCUGAAGGUGCUGAGGACCGAGAAGCAGUACCUGGGGGUGUACAUCUGGAACAUGCGG
GGGAGCGAUGGCACCAGCACAUACGCCACCUUCCUGGUGACCUGGAAGGGGGACGAGAAGACUC
GGAACCCCACCCCUGCUGUGACCCCACAGCCCAGGGGCGCUGAGUUCCACAUGUGGAACUACCA
UAGCCACGUGUUCAGCGUGGGGGACACCUUCUCCCUGGCUAUGCACCUGCAGUACAAGAUCCAC
GAGGCCCCCUUUGAUCUGCUGCUGGAGUGGCUGUACGUGCCCAUCGACCCCACCUGUCAGCCUA
UGAGGCUGUACAGCACCUGCCUGUACCACCCCAACGCCCCACAGUGCCUGUCCCACAUGAACAG
CGGGUGCACCUUCACCAGCCCCCACCUGGCCCAGAGGGUGGCCUCCACCGUGUACCAGAAUUGC
GAGCACGCCGACAAUUACACCGCCUACUGUCUGGGGAUCAGCCACAUGGAGCCCAGCUUCGGGC
UGAUCCUGCACGACGGGGGGACCACCCUGAAGUUCGUGGACACCCCUGAGAGCCUGAGCGGGCU
GUACGUGUUCGUGGUGUACUUUAACGGGCACGUGGAGGCCGUGGCCUACACCGUGGUGUCCACC
GUGGACCACUUCGUGAACGCCAUCGAGGAGAGGGGCUUCCCUCCUACCGCCGGGCAGCCCCCUG
CCACCACCAAGCCCAAGGAGAUCACCCCCGUGAACCCCGGCACCAGCCCCCUGAUCCGGUACGCC
GCCUGGACAGGCGGGCUGGCUGCCGUGGUGCUGCUGUGCCUGGUGAUCUUCCUGAUCUGCACCG
CCAAGCGGAUGCGGGUGAAGGCCGCCAGGGUGGACAAGAGCCCCUACAAUCAGAGCAUGUACGG
GGCUGGGCUGCCCUGAUAAGAAUUCUAGGCUGGAGCCUCGGUGGCCAUGCUUCUUGCCCCUUGG
GCCUCCCCCCAGCCCCUCCUCCCCUUCCUGCACCCGUACCCCCGUGGUCUUUGAAUAAAGUCUGA
GUGGGCGGCACUAGUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 13 (MRNA 13)
(G™3OMe)y (A" UGGGGAUCCCUGAACUGGGUUAGGUGCCGCUGUUGCUGCUCGUGUUGAAUCU

AGAACCGUAGCCAGACGCCACCAUGGACUGGACCUGGAUUCUGUUCCUGGUGGCCGCCGCCACC
AGGGUGCACAGCUCUGUCCUGAGGUACGACGACUUCCACAUCGAUGAGGACAAGCUGGACACCA
ACAGCGUGUACGAGCCCUACUACCACAGCGACCACGCCGAGUCCUCCUGGGUGAAUAGGGGCGA
GUCUUCCAGGAAGGCCUAUGACCACAAUAGCCCCUACAUCUGGCCCCGGAACGACUACGACGGC
UUCCUGGAGAACGCCCACGAGCACCACGGGGUGUACAACCAGGGCCGCGGGAUCGAUUCCGGGG
AGAGGCUGAUGCAGCCUACCCAGAUGUCCGCCCAGGAGGACCUGGGCGACGAUACCGGCAUUCA
CGUGAUCCCCACCCUGAAUGGGGACGAUCGGCACAAGAUCGUGAAUGUGGAUCAGCGCCAGUAC
GGCGAUGUGUUCAAGGGCGACCUGAAUCCCAAGCCCCAGGGCCAGCGGCUGAUCGAGGUGAGCG
UGGAGGAGAAUCACCCUUUUACCCUGCGGGCCCCCAUUCAGAGGAUCUACGGGGUGCGGUACAC
CGAAACCUGGAGCUUCCUGCCCAGCCUGACCUGUACCGGCGACGCCGCCCCCGCCAUCCAGCACA
UCUGCCUGAAGCAUACCACCUGCUUCCAGGACGUGGUGGUGGACGUGGACUGCGCCGAGAAUAC
CAAGGAGGAUCAGCUGGCAGAGAUCAGCUACCGGUUUCAGGGGAAGAAGGAGGCCGACCAGCC
UUGGAUCGUGGUGAACACCAGCACCCUGUUCGACGAGCUGGAGCUGGACCCUCCCGAGAUCGAG
CCCGGCGUGCUGAAGGUGCUGAGGACCGAGAAGCAGUACCUGGGGGUGUACAUCUGGAACAUG
CGGGGGAGCGAUGGCACCAGCACAUACGCCACCUUCCUGGUGACCUGGAAGGGGGACGAGAAGA
CUCGGAACCCCACCCCUGCUGUGACCCCACAGCCCAGGGGCGCUGAGUUCCACAUGUGGAACUA
CCAUAGCCACGUGUUCAGCGUGGGGGACACCUUCUCCCUGGCUAUGCACCUGCAGUACAAGAUC
CACGAGGCCCCCUUUGAUCUGCUGCUGGAGUGGCUGUACGUGCCCAUCGACCCCACCUGUCAGC
CUAUGAGGCUGUACAGCACCUGCCUGUACCACCCCAACGCCCCACAGUGCCUGUCCCACAUGAA
CAGCGGGUGCACCUUCACCAGCCCCCACCUGGCCCAGAGGGUGGCCUCCACCGUGUACCAGAAU
UGCGAGCACGCCGACAAUUACACCGCCUACUGUCUGGGGAUCAGCCACAUGGAGCCCAGCUUCG
GGCUGAUCCUGCACGACGGGGGGACCACCCUGAAGUUCGUGGACACCCCUGAGAGCCUGAGCGG
GCUGUACGUGUUCGUGGUGUACUUUAACGGGCACGUGGAGGCCGUGGCCUACACCGUGGUGUCC
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ACCGUGGACCACUUCGUGAACGCCAUCGAGGAGAGGGGCUUCCCUCCUACCGCCGGGCAGCCCC
CUGCCACCACCAAGCCCAAGGAGAUCACCCCCGUGAACCCCGGCACCAGCCCCCUGAUCCGGUAC
GCCGCCUGGACAGGCGGGCUGGCUGCCGUGGUGCUGCUGUGCCUGGUGAUCUUCCUGAUCUGCA
CCGCCAAGCGGAUGCGGGUGAAGGCCGCCAGGGUGGACAAGAGCCCCUACAAUCAGAGCAUGUA
CGGGGCUGGGCUGCCCUGAUAAGAAUUCUAGGCUGGAGCCUCGGUGGCCAUGCUUCUUGCCCCU
UGGGCCUCCCCCCAGCCCCUCCUCCCCUUCCUGCACCCGUACCCCCGUGGUCUUUGAAUAAAGUC
UGAGUGGGCGGCACUAGUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 14 (MRNA 14)
(G™pppA™)PGGGGAUCCCUGAACUGGGUUAGGUGCCGCUGUUGCUGCUCGUGUUGAAUCUAG
AACCGUAGCCAGACGCCACCAUGGACUGGACCUGGAUUCUGUUCCUGGUGGCCGCCGCCACCAG
GGUGCACAGCUCUGUCCUGAGGUACGACGACUUCCACAUCGAUGAGGACAAGCUGGACACCAAC
AGCGUGUACGAGCCCUACUACCACAGCGACCACGCCGAGUCCUCCUGGGUGAAUAGGGGCGAGU
CUUCCAGGAAGGCCUAUGACCACAAUAGCCCCUACAUCUGGCCCCGGAACGACUACGACGGCUU
CCUGGAGAACGCCCACGAGCACCACGGGGUGUACAACCAGGGCCGCGGGAUCGAUUCCGGGGAG
AGGCUGAUGCAGCCUACCCAGAUGUCCGCCCAGGAGGACCUGGGCGACGAUACCGGCAUUCACG
UGAUCCCCACCCUGAAUGGGGACGAUCGGCACAAGAUCGUGAAUGUGGAUCAGCGCCAGUACGG
CGAUGUGUUCAAGGGCGACCUGAAUCCCAAGCCCCAGGGCCAGCGGCUGAUCGAGGUGAGCGUG
GAGGAGAAUCACCCUUUUACCCUGCGGGCCCCCAUUCAGAGGAUCUACGGGGUGCGGUACACCG
AAACCUGGAGCUUCCUGCCCAGCCUGACCUGUACCGGCGACGCCGCCCCCGCCAUCCAGCACAUC
UGCCUGAAGCAUACCACCUGCUUCCAGGACGUGGUGGUGGACGUGGACUGCGCCGAGAAUACCA
AGGAGGAUCAGCUGGCAGAGAUCAGCUACCGGUUUCAGGGGAAGAAGGAGGCCGACCAGCCUU
GGAUCGUGGUGAACACCAGCACCCUGUUCGACGAGCUGGAGCUGGACCCUCCCGAGAUCGAGCC
CGGCGUGCUGAAGGUGCUGAGGACCGAGAAGCAGUACCUGGGGGUGUACAUCUGGAACAUGCG
GGGGAGCGAUGGCACCAGCACAUACGCCACCUUCCUGGUGACCUGGAAGGGGGACGAGAAGACU
CGGAACCCCACCCCUGCUGUGACCCCACAGCCCAGGGGCGCUGAGUUCCACAUGUGGAACUACC
AUAGCCACGUGUUCAGCGUGGGGGACACCUUCUCCCUGGCUAUGCACCUGCAGUACAAGAUCCA
CGAGGCCCCCUUUGAUCUGCUGCUGGAGUGGCUGUACGUGCCCAUCGACCCCACCUGUCAGCCU
AUGAGGCUGUACAGCACCUGCCUGUACCACCCCAACGCCCCACAGUGCCUGUCCCACAUGAACA
GCGGGUGCACCUUCACCAGCCCCCACCUGGCCCAGAGGGUGGCCUCCACCGUGUACCAGAAUUG
CGAGCACGCCGACAAUUACACCGCCUACUGUCUGGGGAUCAGCCACAUGGAGCCCAGCUUCGGG
CUGAUCCUGCACGACGGGGGGACCACCCUGAAGUUCGUGGACACCCCUGAGAGCCUGAGCGGGC
UGUACGUGUUCGUGGUGUACUUUAACGGGCACGUGGAGGCCGUGGCCUACACCGUGGUGUCCAC
CGUGGACCACUUCGUGAACGCCAUCGAGGAGAGGGGCUUCCCUCCUACCGCCGGGCAGCCCCCU
GCCACCACCAAGCCCAAGGAGAUCACCCCCGUGAACCCCGGCACCAGCCCCCUGAUCCGGUACGC
CGCCUGGACAGGCGGGCUGGCUGCCGUGGUGCUGCUGUGCCUGGUGAUCUUCCUGAUCUGCACC
GCCAAGCGGAUGCGGGUGAAGGCCGCCAGGGUGGACAAGAGCCCCUACAAUCAGAGCAUGUACG
GGGCUGGGCUGCCCUGAUAAGAAUUCUAGGCUGGAGCCUCGGUGGCCAUGCUUCUUGCCCCUUG
GGCCUCCCCCCAGCCCCUCCUCCCCUUCCUGCACCCGUACCCCCGUGGUCUUUGAAUAAAGUCUG
AGUGGGCGGCACUAGUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 15 (MRNA 15)
(G™)ppp(A™)UGGGGAUCCAAGCUUAGCUUGCUUGUUCUUUUUGCAGAAGCUCAGAAUAAACGCU

CAACUUUGGCGCCGCCACCAUGGUGCCCCAAGCCCUGCUGUUCGUGCCCCUGCUGGGCUUCAGC
CUGUGCUUCGGCAAGUUCCCCAUCUACACCAUCCCCGACGAGCUGGGCCCCUGGAGCCCCAUCG
ACAUCCACCACCUGAGCUGCCCCAACAACCUGGUGGUCGAGGAUGAAGGCUGCACCAACCUGAG
CGAGUUCAGCUACAUGGAGCUGAAGGUGGGCUACAUCAGCGCCAUCAAGGUGAACGGCUUCACC
UGCACCGGCGUGGUGACCGAGGCCGAAACCUACACCAACUUCGUGGGCUACGUGACCACAACCU
UCAAGAGAAAGCACUUCAGACCCACCCCCGACGCCUGCAGAGCCGCCUACAACUGGAAGAUGGC
CGGCGACCCUAGAUACGAGGAGAGCCUGCAUAACCCUUACCCCGACUACCACUGGCUGAGAACC
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GUGAGAACCACCAAGGAGAGCCUGAUCAUUAUCAGCCCUAGCGUGACCGACCUGGACCCCUACG
ACAAAUCCCUGCACAGCAGAGUGUUCCCCGGCGGCAAGUGCAGCGGCAUCACCGUGAGCAGCAC
CUACUGCAGCACCAACCACGACUACACCAUCUGGAUGCCCGAGAACCCUAGACCUAGAACCCCC
UGCGACAUCUUCACCAACAGCAGAGGCAAGAGAGCUAGCAAGGGCAACAAGACCUGCGGCUUCG
UGGACGAGAGAGGCCUGUACAAGAGCCUGAAGGGCGCCUGCAGACUGAAGCUGUGCGGCGUGC
UGGGCCUGAGACUGAUGGACGGCACCUGGGUGGCCAUGCAGACAAGCGACGAAACCAAGUGGU
GCCCCCCCGAUCAGCUGGUGAACCUGCACGACUUCAGAAGCGACGAGAUCGAGCACCUGGUGGU
GGAGGAGCUGGUGAAGAAGAGAGAGGAGUGCCUGGACGCCCUGGAGAGCAUCAUGACCACCAA
GAGCGUGUCCUUCAGAAGACUGAGCCACCUGAGAAAGCUGGUGCCCGGCUUCGGCAAGGCCUAC
ACCAUCUUCAACAAGACCCUGAUGGAGGCCGACGCCCACUACAAAAGCGUGAGAACCUGGAACG
AGAUCAUCCCUAGCAAGGGCUGCCUGAAGGUGGGCGGCAGAUGCCACCCCCAUGUGAACGGCGU
GUUCUUCAACGGCAUCAUCCUGGGCCCCGACGGCCACGUGCUGAUCCCCGAGAUGCAGAGCAGC
CUGCUGCAGCAGCACAUGGAGCUGCUGAAGAGCAGCGUGAUCCCCCUGAUGCACCCCCUGGCCG
ACCCUAGCACCGUGUUCAAGGAGGGCGACGAGGCCGAGGACUUCGUGGAGGUGCACCUGCCCGA
CGUGUACAAGCAGAUCAGCGGCGUGGACCUGGGCCUGCCCAACUGGGGCAAGUACGUGCUGAUG
ACCGCCGGCGCCAUGAUCGGCCUGGUGCUGAUCUUCAGCCUGAUGACCUGGUGCAGAAGAGCCA
ACAGACCCGAGAGCAAGCAGCGGAGCUUCGGCGGCACCGGCAGAAACGUGAGCGUGACAAGCCA
AAGCGGCAAGGUGAUCCCUAGCUGGGAGAGCUACAAGAGCGGCGGGCAGACAAGACUGUGAUA
AGAAUUCUAGGCUGGAGCCUCGGUGGCCAUGCUUCUUGCCCCUUGGGCCUCCCCCCAGCCCCUC
CUCCCCUUCCUGCACCCGUACCCCCGUGGUCUUUGAAUAAAGUCUGAGUGGGCGGCACUAGUAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 16 (MRNA 16)

(GR73OMY (A UGGGGAUCCAAGCUUAGCUUGCUUGUUCUUUUUGCAGAAGCUCAGAAUAAAC
GCUCAACUUUGGCGCCGCCACCAUGGUGCCCCAAGCCCUGCUGUUCGUGCCCCUGCUGGGCUUC

AGCCUGUGCUUCGGCAAGUUCCCCAUCUACACCAUCCCCGACGAGCUGGGCCCCUGGAGCCCCA

UCGACAUCCACCACCUGAGCUGCCCCAACAACCUGGUGGUCGAGGAUGAAGGCUGCACCAACCU
GAGCGAGUUCAGCUACAUGGAGCUGAAGGUGGGCUACAUCAGCGCCAUCAAGGUGAACGGCUU

CACCUGCACCGGCGUGGUGACCGAGGCCGAAACCUACACCAACUUCGUGGGCUACGUGACCACA
ACCUUCAAGAGAAAGCACUUCAGACCCACCCCCGACGCCUGCAGAGCCGCCUACAACUGGAAGA

UGGCCGGCGACCCUAGAUACGAGGAGAGCCUGCAUAACCCUUACCCCGACUACCACUGGCUGAG
AACCGUGAGAACCACCAAGGAGAGCCUGAUCAUUAUCAGCCCUAGCGUGACCGACCUGGACCCC
UACGACAAAUCCCUGCACAGCAGAGUGUUCCCCGGCGGCAAGUGCAGCGGCAUCACCGUGAGCA
GCACCUACUGCAGCACCAACCACGACUACACCAUCUGGAUGCCCGAGAACCCUAGACCUAGAAC

CCCCUGCGACAUCUUCACCAACAGCAGAGGCAAGAGAGCUAGCAAGGGCAACAAGACCUGCGGC
UUCGUGGACGAGAGAGGCCUGUACAAGAGCCUGAAGGGCGCCUGCAGACUGAAGCUGUGCGGC

GUGCUGGGCCUGAGACUGAUGGACGGCACCUGGGUGGCCAUGCAGACAAGCGACGAAACCAAGU
GGUGCCCCCCCGAUCAGCUGGUGAACCUGCACGACUUCAGAAGCGACGAGAUCGAGCACCUGGU
GGUGGAGGAGCUGGUGAAGAAGAGAGAGGAGUGCCUGGACGCCCUGGAGAGCAUCAUGACCAC

CAAGAGCGUGUCCUUCAGAAGACUGAGCCACCUGAGAAAGCUGGUGCCCGGCUUCGGCAAGGCC
UACACCAUCUUCAACAAGACCCUGAUGGAGGCCGACGCCCACUACAAAAGCGUGAGAACCUGGA
ACGAGAUCAUCCCUAGCAAGGGCUGCCUGAAGGUGGGCGGCAGAUGCCACCCCCAUGUGAACGG
CGUGUUCUUCAACGGCAUCAUCCUGGGCCCCGACGGCCACGUGCUGAUCCCCGAGAUGCAGAGC
AGCCUGCUGCAGCAGCACAUGGAGCUGCUGAAGAGCAGCGUGAUCCCCCUGAUGCACCCCCUGG
CCGACCCUAGCACCGUGUUCAAGGAGGGCGACGAGGCCGAGGACUUCGUGGAGGUGCACCUGCC
CGACGUGUACAAGCAGAUCAGCGGCGUGGACCUGGGCCUGCCCAACUGGGGCAAGUACGUGCUG
AUGACCGCCGGCGCCAUGAUCGGCCUGGUGCUGAUCUUCAGCCUGAUGACCUGGUGCAGAAGAG
CCAACAGACCCGAGAGCAAGCAGCGGAGCUUCGGCGGCACCGGCAGAAACGUGAGCGUGACAAG
CCAAAGCGGCAAGGUGAUCCCUAGCUGGGAGAGCUACAAGAGCGGCGGGCAGACAAGACUGUG

AUAAGAAUUCUAGGCUGGAGCCUCGGUGGCCAUGCUUCUUGCCCCUUGGGCCUCCCCCCAGCCC

CUCCUCCCCUUCCUGCACCCGUACCCCCGUGGUCUUUGAAUAAAGUCUGAGUGGGCGGCACUAG
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VAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 17 (MRNA 17)
(G™)ppp(A™)PGGGGAUCCAAGCUUAGCUUGCUUGUUCUUUUUGCAGAAGCUCAGAAUAAACGC

UCAACUUUGGCGCCGCCACCAUGGUGCCCCAAGCCCUGCUGUUCGUGCCCCUGCUGGGCUUCAG
CCUGUGCUUCGGCAAGUUCCCCAUCUACACCAUCCCCGACGAGCUGGGCCCCUGGAGCCCCAUC
GACAUCCACCACCUGAGCUGCCCCAACAACCUGGUGGUCGAGGAUGAAGGCUGCACCAACCUGA
GCGAGUUCAGCUACAUGGAGCUGAAGGUGGGCUACAUCAGCGCCAUCAAGGUGAACGGCUUCAC
CUGCACCGGCGUGGUGACCGAGGCCGAAACCUACACCAACUUCGUGGGCUACGUGACCACAACC
UUCAAGAGAAAGCACUUCAGACCCACCCCCGACGCCUGCAGAGCCGCCUACAACUGGAAGAUGG
CCGGCGACCCUAGAUACGAGGAGAGCCUGCAUAACCCUUACCCCGACUACCACUGGCUGAGAAC
CGUGAGAACCACCAAGGAGAGCCUGAUCAUUAUCAGCCCUAGCGUGACCGACCUGGACCCCUAC
GACAAAUCCCUGCACAGCAGAGUGUUCCCCGGCGGCAAGUGCAGCGGCAUCACCGUGAGCAGCA
CCUACUGCAGCACCAACCACGACUACACCAUCUGGAUGCCCGAGAACCCUAGACCUAGAACCCC
CUGCGACAUCUUCACCAACAGCAGAGGCAAGAGAGCUAGCAAGGGCAACAAGACCUGCGGCUUC
GUGGACGAGAGAGGCCUGUACAAGAGCCUGAAGGGCGCCUGCAGACUGAAGCUGUGCGGCGUG
CUGGGCCUGAGACUGAUGGACGGCACCUGGGUGGCCAUGCAGACAAGCGACGAAACCAAGUGGU
GCCCCCCCGAUCAGCUGGUGAACCUGCACGACUUCAGAAGCGACGAGAUCGAGCACCUGGUGGU
GGAGGAGCUGGUGAAGAAGAGAGAGGAGUGCCUGGACGCCCUGGAGAGCAUCAUGACCACCAA
GAGCGUGUCCUUCAGAAGACUGAGCCACCUGAGAAAGCUGGUGCCCGGCUUCGGCAAGGCCUAC
ACCAUCUUCAACAAGACCCUGAUGGAGGCCGACGCCCACUACAAAAGCGUGAGAACCUGGAACG
AGAUCAUCCCUAGCAAGGGCUGCCUGAAGGUGGGCGGCAGAUGCCACCCCCAUGUGAACGGCGU
GUUCUUCAACGGCAUCAUCCUGGGCCCCGACGGCCACGUGCUGAUCCCCGAGAUGCAGAGCAGC
CUGCUGCAGCAGCACAUGGAGCUGCUGAAGAGCAGCGUGAUCCCCCUGAUGCACCCCCUGGCCG
ACCCUAGCACCGUGUUCAAGGAGGGCGACGAGGCCGAGGACUUCGUGGAGGUGCACCUGCCCGA
CGUGUACAAGCAGAUCAGCGGCGUGGACCUGGGCCUGCCCAACUGGGGCAAGUACGUGCUGAUG
ACCGCCGGCGCCAUGAUCGGCCUGGUGCUGAUCUUCAGCCUGAUGACCUGGUGCAGAAGAGCCA
ACAGACCCGAGAGCAAGCAGCGGAGCUUCGGCGGCACCGGCAGAAACGUGAGCGUGACAAGCCA
AAGCGGCAAGGUGAUCCCUAGCUGGGAGAGCUACAAGAGCGGCGGGCAGACAAGACUGUGAUA
AGAAUUCUAGGCUGGAGCCUCGGUGGCCAUGCUUCUUGCCCCUUGGGCCUCCCCCCAGCCCCUC
CUCCCCUUCCUGCACCCGUACCCCCGUGGUCUUUGAAUAAAGUCUGAGUGGGCGGCACUAGUAA4
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 18 (MRNA 18)
(G=)ppp(A"HUGGGGAUCCAAGCUUAGCUUGCUUGUUCUUUUUGCAGAAGCUCAGAAUAAACGCU

CAACUUUGGCGCCGCCACCAUGGUGAGCAAGGGCGAGGAGCUGUUCACCGGGGUGGUGCCCAUC
CUGGUCGAGCUGGACGGCGACGUAAACGGCCACAAGUUCAGCGUGUCCGGCGAGGGCGAGGGCG
AUGCCACCUACGGCAAGCUGACCCUGAAGUUCAUCUGCACCACCGGCAAGCUGCCCGUGCCCUG
GCCCACCCUCGUGACCACCCUGACCUACGGCGUGCAGUGCUUCAGCCGCUACCCCGACCACAUGA
AGCAGCACGACUUCUUCAAGUCCGCCAUGCCCGAAGGCUACGUCCAGGAGCGCACCAUCUUCUU
CAAGGACGACGGCAACUACAAGACCCGCGCCGAGGUGAAGUUCGAGGGCGACACCCUGGUGAAC
CGCAUCGAGCUGAAGGGCAUCGACUUCAAGGAGGACGGCAACAUCCUGGGGCACAAGCUGGAGU
ACAACUACAACAGCCACAACGUCUAUAUCAUGGCCGACAAGCAGAAGAACGGCAUCAAGGUGAA
CUUCAAGAUCCGCCACAACAUCGAGGACGGCAGCGUGCAGCUCGCCGACCACUACCAGCAGAAC
ACCCCCAUCGGCGACGGCCCCGUGCUGCUGCCCGACAACCACUACCUGAGCACCCAGUCCGCCCU
GAGCAAAGACCCCAACGAGAAGCGCGAUCACAUGGUCCUGCUGGAGUUCGUGACCGCCGCCGGG
AUCACUCUCGGCAUGGACGAGCUGUACAAGUGAUAAGAAUUCUAGGCUGGAGCCUCGGUGGCC
AUGCUUCUUGCCCCUUGGGCCUCCCCCCAGCCCCUCCUCCCCUUCCUGCACCCGUACCCCCGUGG
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UCUUUGAAUAAAGUCUGAGUGGGCGGCACUAGUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 19 (MRNA 19)
(G™¥OMY (A" UGGGGAUCCAAGCUUAGCUUGCUUGUUCUUUUUGCAGAAGCUCAGAAUAAAC

GCUCAACUUUGGCGCCGCCACCAUGGUGAGCAAGGGCGAGGAGCUGUUCACCGGGGUGGEUGCCC
AUCCUGGUCGAGCUGGACGGCGACGUAAACGGCCACAAGUUCAGCGUGUCCGGCGAGGGCGAGG
GCGAUGCCACCUACGGCAAGCUGACCCUGAAGUUCAUCUGCACCACCGGCAAGCUGCCCGUGCC
CUGGCCCACCCUCGUGACCACCCUGACCUACGGCGUGCAGUGCUUCAGCCGCUACCCCGACCACA
UGAAGCAGCACGACUUCUUCAAGUCCGCCAUGCCCGAAGGCUACGUCCAGGAGCGCACCAUCUU
CUUCAAGGACGACGGCAACUACAAGACCCGCGCCGAGGUGAAGUUCGAGGGCGACACCCUGGUG
AACCGCAUCGAGCUGAAGGGCAUCGACUUCAAGGAGGACGGCAACAUCCUGGGGCACAAGCUGG
AGUACAACUACAACAGCCACAACGUCUAUAUCAUGGCCGACAAGCAGAAGAACGGCAUCAAGGU
GAACUUCAAGAUCCGCCACAACAUCGAGGACGGCAGCGUGCAGCUCGCCGACCACUACCAGCAG
AACACCCCCAUCGGCGACGGCCCCGUGCUGCUGCCCGACAACCACUACCUGAGCACCCAGUCCGC
CCUGAGCAAAGACCCCAACGAGAAGCGCGAUCACAUGGUCCUGCUGGAGUUCGUGACCGCCGCC
GGGAUCACUCUCGGCAUGGACGAGCUGUACAAGUGAUAAGAAUUCUAGGCUGGAGCCUCGGUG
GCCAUGCUUCUUGCCCCUUGGGCCUCCCCCCAGCCCCUCCUCCCCUUCCUGCACCCGUACCCCCG
UGGUCUUUGAAUAAAGUCUGAGUGGGCGGCACUAGUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 20 (MRNA 20)
(G™)ppp(A™)PGGGGAUCCAAGCUUAGCUUGCUUGUUCUUUUUGCAGAAGCUCAGAAUAAACGC
UCAACUUUGGCGCCGCCACCAUGGUGAGCAAGGGCGAGGAGCUGUUCACCGGGGUGGUGCCCAU
CCUGGUCGAGCUGGACGGCGACGUAAACGGCCACAAGUUCAGCGUGUCCGGCGAGGGCGAGGGC
GAUGCCACCUACGGCAAGCUGACCCUGAAGUUCAUCUGCACCACCGGCAAGCUGCCCGUGCCCU
GGCCCACCCUCGUGACCACCCUGACCUACGGCGUGCAGUGCUUCAGCCGCUACCCCGACCACAUG
AAGCAGCACGACUUCUUCAAGUCCGCCAUGCCCGAAGGCUACGUCCAGGAGCGCACCAUCUUCU
UCAAGGACGACGGCAACUACAAGACCCGCGCCGAGGUGAAGUUCGAGGGCGACACCCUGGUGAA
CCGCAUCGAGCUGAAGGGCAUCGACUUCAAGGAGGACGGCAACAUCCUGGGGCACAAGCUGGAG
UACAACUACAACAGCCACAACGUCUAUAUCAUGGCCGACAAGCAGAAGAACGGCAUCAAGGUGA
ACUUCAAGAUCCGCCACAACAUCGAGGACGGCAGCGUGCAGCUCGCCGACCACUACCAGCAGAA
CACCCCCAUCGGCGACGGCCCCGUGCUGCUGCCCGACAACCACUACCUGAGCACCCAGUCCGCCC
UGAGCAAAGACCCCAACGAGAAGCGCGAUCACAUGGUCCUGCUGGAGUUCGUGACCGCCGCCGG
GAUCACUCUCGGCAUGGACGAGCUGUACAAGUGAUAAGAAUUCUAGGCUGGAGCCUCGGUGGC
CAUGCUUCUUGCCCCUUGGGCCUCCCCCCAGCCCCUCCUCCCCUUCCUGCACCCGUACCCCCGUG
GUCUUUGAAUAAAGUCUGAGUGGGCGGCACUAGUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 21 (MRNA 21)
(G™vppp(A™)UGGGGAUCCAAGCUUAGCUUGCUUGUUCUUUUUGCAGAAGCUCAGAAUAAACGC

UCAACUUUGGCGCCGCCACCAUGGUGAGCAAGGGCGAGGAGCUGUUCACCGGGGUGGUGCCCAU
CCUGGUCGAGCUGGACGGCGACGUAAACGGCCACAAGUUCAGCGUGUCCGGCGAGGGCGAGGGC
GAUGCCACCUACGGCAAGCUGACCCUGAAGUUCAUCUGCACCACCGGCAAGCUGCCCGUGCCCU
GGCCCACCCUCGUGACCACCCUGACCUACGGCGUGCAGUGCUUCAGCCGCUACCCCGACCACAUG
AAGCAGCACGACUUCUUCAAGUCCGCCAUGCCCGAAGGCUACGUCCAGGAGCGCACCAUCUUCU
UCAAGGACGACGGCAACUACAAGACCCGCGCCGAGGUGAAGUUCGAGGGCGACACCCUGGUGAA
CCGCAUCGAGCUGAAGGGCAUCGACUUCAAGGAGGACGGCAACAUCCUGGGGCACAAGCUGGAG
UACAACUACAACAGCCACAACGUCUAUAUCAUGGCCGACAAGCAGAAGAACGGCAUCAAGGUGA
ACUUCAAGAUCCGCCACAACAUCGAGGACGGCAGCGUGCAGCUCGCCGACCACUACCAGCAGAA
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CACCCCCAUCGGCGACGGCCCCGUGCUGCUGCCCGACAACCACUACCUGAGCACCCAGUCCGCCC
UGAGCAAAGACCCCAACGAGAAGCGCGAUCACAUGGUCCUGCUGGAGUUCGUGACCGCCGCCGG
GAUCACUCUCGGCAUGGACGAGCUGUACAAGUGAUAAGAAUUCUAGGCUGGAGCCUCGGUGGC
CAUGCUUCUUGCCCCUUGGGCCUCCCCCCAGCCCCUCCUCCCCUUCCUGCACCCGUACCCCCGUG
GUCUUUGAAUAAAGUCUGAGUGGGCGGCACUAGUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 22 (MRNA 22)
(G™)ppp(A™)UGGGGAYCCGCYGGPPYPGGYGAYPPYYGYCPGAYYGCAGCCACCAYGGAGCYG

CYGAYCCYCAAGGCCAACGCCAYCACCACCAYYCYGACAGCCGYGACGYYCYGYPYYYGCCAGCG
GGCAGAACAYCACCGAGGAGYYCYACCAGAGCACCYGYYCYGCCGYGYCCAAGGGCYACCYGG
GCGCCCYGCGCACCGGGYGGYACACCYCCGYGAYCACCAYCGAGCYGYCYAACAYCAAGGAGAY
PYAAGYGCAACGGCACYGACGCCAAGGYGAAGCYGAYCAAGCAGGAGCYGGACAAGYACAAGAA
CGCCGYGACYGACCYGCAGCYGCYCAYGCAGAGCACCCCCGCCACCGGGAGYGGCAGCGCCAYC
YGCAGCGGCGYGGCCGYCYGCAAGGYGCYGCACCYCGAGGGCGAGGYGAAYAAGAYCAAGAGY
GCYCYGCYGAGCACYAACAAGGCYGYGGYCAGYCYGYCAAAYGGGGYGAGCGYGCYGACCYYC
AAGGYGCYGGACCYGAAGAAYYACAYYGACAAGCAGCYGCYGCCYAYYCYGAAYAAGCAGAGC
YGCAGCAYCCCCAACAYYGAGACAGYYAYCGAGYYYCAGCAGAAGAACAACAGGCYGCYYGAG
AYCACACGGGAGYYCAGCGYGAACGCYGGGGYGACCACYCCCGYGYCCACYYACAYGCYGACCA
ACYCAGAGCYGCYGYCCCYGAYCAACGACAYGCCYAYYACAAACGACCAGAAGAAGYYGAYGA
GCAACAACGYGCAGAYCGYGAGACAGCAGYCYYACAGCAYCAYGYGCAYCAYCAAGGAGGAGG
YGCYGGCGYACGYGGYGCAGCYGCCCCYGYAYGGGGYCAYCGACACCCCYYGYYGGAAGCYGC
ACACYYCYCCCCYGYGCACGACCAAYACGAAGGAGGGCAGCAACAYCYGYCYGACCCGGACAGA
YCGGGGCYGGYAYYGCGACAAYGCCGGCYCCGYGYCCYYCYYCCCCCAGGCYGAGACYYGCAA
GGYGCAGAGYAACCGGGYGYCYGCGACACCAYGAACYCCCGGACYCYGCCCYCCGAGGYGAACC
YGYGCAACGYGGACAYYYPYCAACCCCAAGYACGAYYGCAAGAYCAYGACYAGCAAGACCGACG
YGYCPYYCYAGCGYGAYYACCAGCCYGGGGGCCGAYYGYGYCGYGCYACGGGAAGACGAAGYGYA
CAGCYYCCAACAAGAACAGGGGCAYCAYCAAGACCYYCYCYAAYGGGYGCGACYACGYCAGCA
AYAAGGGCGYCGACACCGYCAGCGYGGGGAACACCYYGYACYGCGYGAACAAGCAGGAGGGGC
AGAGCCYGYACGYGAAGGGGGAGCCCAYYAYCAACYYCYACGACCCCCYGGYGYYCCCCAGCGA
CGAGYYCGACGCCYCYAYCAGCCAGGYGAACGAGAAGAYCAAYCAGYCCCYGGCCYYCAYYAG
GAAGYCYGAYGAGCYGCYGCACAACGYGAACGCCGGGAAGAGCACYACGAAYAYCAYGAYCAC
GACGAYCAYCAYCGYGAYCAYYGYGAYCCYGCYCAGCCYGAYCGCCGYGGGGCYGCYCCYGYA
CYGCAAGGCCAGGAGCACCCCCGYGACCCYGYCCAAGGAYCAGCYGAGCGGGAYCAACAAYAYC
GCYYYCAGCAACYGATYAAGAAYYCGYGCAAACYCGAYCACYAGCYCYGCGYGAYGYGGCAGAA
GCGAAGGGAACCAGGPYYYGCAAAAGYAACYGYGGYGAYGGAAAYGYGYYAGCCYCAGACACYA
CYGAGGYGGYYCYYYCYAYCCYAGYACAGYCACYAGYAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 23 (MRNA 23)

(G OMYHH(A™)UGGGGAYCCGCYGGYYYYGGYGAYYYYYGYCYGAYPYGCAGCCACCAYGGAG
CYGCYGAYCCYCAAGGCCAACGCCAYCACCACCAYYCYGACAGCCGYGACGYYCYGYYYYGCCA
GCGGGCAGAACAYCACCGAGGAGYYCYACCAGAGCACCYGYYCYGCCGYGYCCAAGGGCYACCY
GGGCGCCCYGCGCACCGGGYGGYACACCYCCGYGAYCACCAYCGAGCYGYCYAACAYCAAGGAG
AYPYAAGYGCAACGGCACYGACGCCAAGGYGAAGCYGAYCAAGCAGGAGCYGGACAAGYACAAG
AACGCCGYGACYGACCYGCAGCYGCYCAYGCAGAGCACCCCCGCCACCGGGAGYGGCAGCGCCA
YCYGCAGCGGCGYGGCCGYCYGCAAGGYGCYGCACCYCGAGGGCGAGGYGAAYAAGAYCAAGA

GYGCYCYGCYGAGCACYAACAAGGCYGYGGYCAGYCYGYCAAAYGGGGYGAGCGYGCYGACCY
YCAAGGYGCYGGACCYGAAGAAYYACAYYGACAAGCAGCYGCYGCCYAYYCYGAAYAAGCAGA
GCYGCAGCAYCCCCAACAYYGAGACAGYYAYCGAGYYYCAGCAGAAGAACAACAGGCYGCYYG

AGAYCACACGGGAGYYCAGCGYGAACGCYGGGGYGACCACYCCCGYGYCCACYYACAYGCYGA

CCAACYCAGAGCYGCYGYCCCYGAYCAACGACAYGCCYAYYACAAACGACCAGAAGAAGYYGA
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YGAGCAACAACGYGCAGAYCGYGAGACAGCAGYCYYACAGCAYCAYGYGCAYCAYCAAGGAGG
AGGYGCYGGCGYACGYGGYGCAGCYGCCCCYGYAYGGGGYCAYCGACACCCCYYGYYGGAAGC
YGCACACYYCYCCCCYGYGCACGACCAAYACGAAGGAGGGCAGCAACAYCYGYCYGACCCGGAC
AGAYCGGGGCYGGYAYYGCGACAAYGCCGGCYCCGYGYCCYYCYYCCCCCAGGCYGAGACYYG
CAAGGYGCAGAGYAACCGGGYGYCYGCGACACCAYGAACYCCCGGACYCYGCCCYCCGAGGYGA
ACCYGYGCAACGYGGACAYYYYCAACCCCAAGYACGAYYGCAAGAYCAYGACYAGCAAGACCG
ACGYGYCYYCYAGCGYGAYYACCAGCCYGGGGGCGAYYGYGYCGYGCYACGGGAAGACGAAGY
GYACAGCYYCCAACAAGAACAGGGGCAYCAYCAAGACCYYCYCYAAYGGGYGCGACPYACGYCA
GCAAYAAGGGCGYCGACACCGYCAGCGYGGGGAACACCYYGYACYGCGYGAACAAGCAGGAGG
GGCAGAGCCYGYACGYGAAGGGGGAGCCCAYYAYCAACYYCYACGACCCCCYGGYGYYCCCCAG
CGACGAGYYCGACGCCYCYAYCAGCCAGGYGAACGAGAAGAYCAAYCAGYCCCYGGCCYYCAY
YAGGAAGYCYGAYGAGCYGCYGCACAACGYGAACGCCGGGAAGAGCACYACGAAYAYCAYGAY
CACGACGAYCAYCAYCGYGAYCAYYGYGAYCCYGCYCAGCCYGAYCGCCGYGGGGCYGCYCCY
GYACYGCAAGGCCAGGAGCACCCCCGYGACCCYGYCCAAGGAYCAGCYGAGCGGGAYCAACAAY
AYCGCYYYCAGCAACYGAYAAGAAYYCGYGCAAACYCGAYCACYAGCYCYGCGYGAYGYGGCA
GAAGCGAAGGGAACCAGGYYYGCAAAAGYAACYGYGGYGAYGGAAAYGYGYYAGCCYCAGACA
CYACYGAGGYGGYYCYYYCYAYCCYAGYACAGYCACYAGYAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 24 (MRNA 24)
(G™ppp(A"™)PGGGGAPCCGCYGGYYPYGGYGAY PP PPGYCYGAYYGCAGCCACCAYGGAGCYG
CPGAPCCYCAAGGCCAACGCCAYCACCACCAYFCYGACAGCCGYGACGYYCYGYPYYGCCAGCG
GGCAGAACAVCACCGAGGAGPYCYACCAGAGCACCYGYYCYGCCGYGPCCAAGGGCYACCYGG
GCGCCCYGCGCACCGGGYGGYACACCYCCGYGAYCACCAYCGAGCYGYCYAACAYCAAGGAGAY
PYAAGYGCAACGGCACYGACGCCAAGGYGAAGCYGAYCAAGCAGGAGCYGGACAAGYACAAGAA
CGCCGYGACYGACCYGCAGCYGCYCAPGCAGAGCACCCCCGCCACCGGGAGYGGCAGCGCCAYC
YGCAGCGGCGYGGCCGYCYGCAAGGYGCYGCACCYCGAGGGCGAGGYGAAYAAGAYCAAGAGY
GOYCYGCYGAGCACPYAACAAGGCYGYGGYCAGYCYGYCAAAYGGGGYGAGCGYGCYGACCPYC
AAGGYGCPGGACCYGAAGAATFACAYFGACAAGCAGCYGCYGCCYAPFCYGAAYAAGCAGAGC
YGCAGCAPCCCCAACAPYGAGACAGPPAYCGAGYPYCAGCAGAAGAACAACAGGCYGCPYGAG
A¥YCACACGGGAGYYCAGCGYGAACGCYGGGGYGACCACYCCCGYGYCCACYPACAFGCYGACCA
ACPYCAGAGCPGCYGYCCCYGAYCAACGACAYGCCYAYYACAAACGACCAGAAGAAGYYGAYGA
GCAACAACGYGCAGAYCGYGAGACAGCAGYCYYACAGCAYCAYGYGCAYCAYCAAGGAGGAGG
PGCPGGCGYACGYGGYGCAGCYGCCCCPYGPAYGGGGYCAVYCGACACCCCPYGYYGGAAGCPGC
ACACYYCYCCCCYGYGCACGACCAAYACGAAGGAGGGCAGCAACAYCYGYCYGACCCGGACAGA
PYCGGGGCYGGYAYYGCGACAAYGCCGGCYCCGYGYCCYYCYYCCCCCAGGCYGAGACYYGCAA
GGYGCAGAGPYAACCGGGYGYCPYGCGACACCAPYGAACYCCCGGACYCYGCCCPCCGAGGYGAACC
YGYGCAACGYGGACAYWYYYCAACCCCAAGYACGAYYGCAAGAYCAYGACYAGCAAGACCGACG
YGYCYYCYAGCGYGAYYACCAGCCYGGGGGCGAYYGYGYCGYGCYACGGGAAGACGAAGYGYA
CAGCYWCCAACAAGAACAGGGGCAYCAVYCAAGACCYPCYCYAAYGGGYGCGACYACGYCAGCA
AYAAGGGCGYCGACACCGYCAGCGYGGGGAACACCYYGYACYGCGYGAACAAGCAGGAGGGGC
AGAGCCYGYACGYGAAGGGGGAGCCCAYYAYCAACYYCYACGACCCCCYGGYGYYCCCCAGCGA
CGAGPYCGACGCCYCPYAPYCAGCCAGGYGAACGAGAAGAYCAAYCAGYCCCYGGCCYPCAPYAG
GAAGYCYGAYGAGCYGCYGCACAACGYGAACGCCGGGAAGAGCACYACGAAYAYCAYGAYCAC
GACGAYCAYCAYCGYGAYCAYYGYGAYCCYGCYCAGCCYGAYCGCCGYGGGGCYGCYCCYGYA
CPGCAAGGCCAGGAGCACCCCCGYGACCCYGPCCAAGGAPCAGCPGAGCGGGAFCAACAAYAYC
GCYYYCAGCAACYGAPAAGAAPYCGYGCAAACYCGAYCACYAGCYCYGCGYGAYGYGGCAGAA
GCGAAGGGAACCAGGYYYGCAAAAGYAACYGYGGYGAYGGAAAYGYGYYAGCCYCAGACACYA
CPYGAGGYGGPYCYYYCFAYCCYAGYACAGYCACYAGYAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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SEQ ID NO: 25 (MRNA 25)
(G™)ppp(A™)UGGGGAYCCCYGAACYGGGYYAGGYGCCGCYGYYGCYGCYCGYGYYGAAYCYAG
AACCGYAGCCAGACGCCACCAYGGACYGGACCYGGAYYCYGYYCCYGGYGGCCGCCGCCACCAG
GGYGCACAGCYCYGYCCYGAGGYACGACGACYYCCACAYCGAYGAGGACAAGCYGGACACCAAC
AGCGYGYACGAGCCCYACYACCACAGCGACCACGCCGAGYCCYCCYGGGYGAAYAGGGGCGAGY
CYWCCAGGAAGGCCYAYGACCACAAYAGCCCCYACAYCYGGCCCCGGAACGACYACGACGGCYY
CCYGGAGAACGCCCACGAGCACCACGGGGYGYACAACCAGGGCCGCGGGAYCGAYPCCGGGGAG
AGGCYGAYGCAGCCYACCCAGAYGYCCGCCCAGGAGGACCYGGGCGACGAYACCGGCAYYCACG
PGAYCCCCACCCPGAAPYGGGGACGAYCGGCACAAGAYCGYGAAYGYGGAYCAGCGCCAGYACG
GCGAYGYGYYCAAGGGCGACCYGAAYCCCAAGCCCCAGGGCCAGCGGCYGAYCGAGGYGAGCG
PGGAGGAGAAPCACCCPPPPACCCYGCGGGCCCCCAYPCAGAGGAYCYACGGGGYGCGGPACA
CCGAAACCYGGAGCYYCCYGCCCAGCCYGACCYGYACCGGCGACGCCGCCCCCGCCAYCCAGCA
CAYCYGCCYGAAGCAYACCACCYGCYPCCAGGACGYGGYGGYGGACGYGGACYGCGCCGAGAA
WACCAAGGAGGAYCAGCYGGCAGAGAYCAGCYACCGGYPPCAGGGGAAGAAGGAGGCCGACCA
GCCYYGGAYCGYGGFGAACACCAGCACCCYGPYCGACGAGCYGGAGCYGGACCCYCCCGAGAYC
GAGCCCGGCGYGCYGAAGGYGCYGAGGACCGAGAAGCAGYACCYGGGGGYGYACAPCPGGAAC
AYGCGGGGGAGCGAYGGCACCAGCACAYACGCCACCYYCCYGGYGACCYGGAAGGGGGACGAG
AAGACYCGGAACCCCACCCCYGCYGYGACCCCACAGCCCAGGGGCGCYGAGYYCCACAYGYGGA
ACYACCAYAGCCACGYGYYCAGCGYGGGGGACACCYYCYCCCYGGCYAYGCACCYGCAGYACAA
GAYCCACGAGGCCCCCYYYGAYCYGCYGCYGGAGYGGCYGYACGYGCCCAYCGACCCCACCYGY
CAGCCYAYGAGGCYGYACAGCACCYGCCYGYACCACCCCAACGCCCCACAGYGCCYGYCCCACA
PGAACAGCGGGYGCACCHPYCACCAGCCCCCACCYGGCCCAGAGGGYGGCCYCCACCGYGPYACCA
GAAPPGCGAGCACGCCGACAAYYACACCGCCYACYGYCYGGGGAYCAGCCACAPGGAGCCCAGC
PYCGGGCYGAVYCCYGCACGACGGGGGGACCACCCYGAAGYPCGYGGACACCCCYGAGAGCCYGA
GCGGGCPGPACGYGPYCGYGGYGYACYPPAACGGGCACGYGGAGGCCGPYGGCCYACACCGYGG
YGPCCACCGYGGACCACYYCGYGAACGCCAYCGAGGAGAGGGGCHFPCCCYCCYACCGCCGGGCA
GCCCCCYGCCACCACCAAGCCCAAGGAGAYCACCCCCGYGAACCCCGGCACCAGCCCCCYGAYCC
GGYACGCCGCCYGGACAGGCGGGCYGGCYGCCGYGGYGCYGCYGYGCCYGGYGAYCYYCCYGA
YCPGCACCGCCAAGCGGAYGCGGGYGAAGGCCGCCAGGGYGGACAAGAGCCCCYACAAYCAGAG
CAYGYACGGGGCYGGGCYGCCCYGAYAAGAAPYCYAGGCYGGAGCCYCGGYGGCCAYGCPYCY
YGCCCCYYGGGCCYCCCCCCAGCCCCYCCYCCCOYYCCYGCACCCGYACCCCCGYGGYCPPYGAA
PAAAGPCPGAGYGGGCGGCACYAGYAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 26 (MRNA 26)
(G™73 OMOY(A"2)UGGGGAPCCCYGAACYGGGPPAGGYGCCGCYGPYGCYGCYCGPYGPFGAAYC

YAGAACCGYAGCCAGACGCCACCAYGGACYGGACCYGGAYYCYGYYCCYGGYGGCCGCCGCCAC
CAGGGYGCACAGCYCYGYCCYGAGGYACGACGACYYCCACAYCGAYGAGGACAAGCYGGACACC
AACAGCGYGYACGAGCCCYACYACCACAGCGACCACGCCGAGYCCYCCYGGGYGAAYAGGGGCG
AGYCYYCCAGGAAGGCCYAYGACCACAAYAGCCCCYACAYCYGGCCCCGGAACGACYACGACGG
CYYCCYGGAGAACGCCCACGAGCACCACGGGGYGYACAACCAGGGCCGCGGGAYCGAYYCCGGG
GAGAGGCYGAYGCAGCCYACCCAGAYGYCCGCCCAGGAGGACCYGGGCGACGAYACCGGCAYYC
ACGYGAYCCCCACCCYGAAYGGGGACGAYCGGCACAAGAYCGYGAAYGYGGAYCAGCGCCAGY
ACGGCGAYGYGYYCAAGGGCGACCYGAAYCCCAAGCCCCAGGGCCAGCGGCYGAYCGAGGYGA
GCGYGGAGGAGAAYCACCCYYYYACCCYGCGGGCCCCCAYYCAGAGGAYCYACGGGGYGCGGY
ACACCGAAACCYGGAGCYYCCYGCCCAGCCYGACCYGYACCGGCGACGCCGCCCCCGCCAYCCA
GCACAYCYGCCYGAAGCAYACCACCYGCYYCCAGGACGYGGYGGYGGACGYGGACYGCGCCGA
GAAYACCAAGGAGGAYCAGCYGGCAGAGAYCAGCYACCGGYPPYCAGGGGAAGAAGGAGGCCGA
CCAGCCYYGGAYCGYGGYGAACACCAGCACCCYGYYCGACGAGCYGGAGCYGGACCCYCCCGAG
AYCGAGCCCGGCGYGCYGAAGGYGCYGAGGACCGAGAAGCAGYACCYGGGGGYGYACAYCYGG
AACAYGCGGGGGAGCGAYGGCACCAGCACAYACGCCACCYYCCYGGYGACCYGGAAGGGGGAC
GAGAAGACYCGGAACCCCACCCCYGCYGYGACCCCACAGCCCAGGGGCGCYGAGYYCCACAYGY
GGAACYACCAYAGCCACGYGYYCAGCGYGGGGGACACCYYCYCCCYGGCYAYGCACCYGCAGYA
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CAAGAYCCACGAGGCCCCCYYYGAYCYGCYGCYGGAGYGGCYGYACGYGCCCAYCGACCCCACC
YGYCAGCCYAYGAGGCYGYACAGCACCYGCCYGYACCACCCCAACGCCCCACAGYGCCYGYCCC
ACAYGAACAGCGGGYGCACCYYCACCAGCCCCCACCYGGCCCAGAGGGYGGCCYCCACCGYGYA
CCAGAAYYGCGAGCACGCCGACAAYYACACCGCCYACYGYCYGGGGAYCAGCCACAYGGAGCCC
AGCYYCGGGCYGAYCCYGCACGACGGGGGGACCACCCYGAAGYYCGYGGACACCCCYGAGAGCC
YGAGCGGGCYGYACGYGYYCGYGGYGYACYYPAACGGGCACGYGGAGGCCGYGGCCYACACCG
YGGCYGYCCACCGYGGACCACYYCGYGAACGCCAYCGAGGAGAGGGGCYYCCCYCCYACCGCCGG
GCAGCCCCCYGCCACCACCAAGCCCAAGGAGAYCACCCCCGYGAACCCCGGCACCAGCCCCCYGA
YCCGGYACGCCGCCYGGACAGGCGGGCYGGCYGCCGYGGYGCYGCYGYGCCYGGYGAYCPYCC
YGAYCYGCACCGCCAAGCGGAYGCGGGYGAAGGCCGCCAGGGYGGACAAGAGCCCCYACAAYCA
GAGCAYGYACGGGGCYGGGCYGCCCYGAYAAGAAYYCYAGGCYGGAGCCYCGGYGGCCAYGCY
YCPYGCCCCYYGGGCCYCCCCCCAGCCCCYCCYCCCCYYCCYGCACCCGYACCCCCGYGGYCYYY
GAAYAAAGYCYGAGYGGGCGGCACYAGYAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 27 (MRNA 27)
(G™)ppp(A™)PGGGGAYCCCYGAACYGGGPPAGGYGCCGCYGYPGCPGCYCGYGYYGAAPCYAG
AACCGYAGCCAGACGCCACCAYGGACYGGACCYGGAYYCYGYYCCYGGYGGCCGCCGCCACCAG
GGYGCACAGCYCYGYCCYGAGGYACGACGACYYCCACAYCGAYGAGGACAAGCYGGACACCAAC
AGCGYGYACGAGCCCYACYACCACAGCGACCACGCCGAGYCCYCCYGGGYGAAYAGGGGCGAGY
CYYCCAGGAAGGCCYAYGACCACAAYAGCCCCYACAYCYGGCCCCGGAACGACYACGACGGCYY
CCYGGAGAACGCCCACGAGCACCACGGGGYGYACAACCAGGGCCGCGGGAYCGAYYCCGGGGAG
AGGCYGAPYGCAGCCYACCCAGAPGYCCGCCCAGGAGGACCYGGGCGACGAYACCGGCAPPCACG
YGAPCCCCACCCYGAAYGGGGACGAYCGGCACAAGAYCGYGAAYGYGGAYCAGCGCCAGYACG
GCGAYGYGPYCAAGGGCGACCYGAAYCCCAAGCCCCAGGGCCAGCGGCYGAYCGAGGYGAGCG
PGGAGGAGAAPCACCCPIFPACCCYGCGGGCCCCCAPPFCAGAGGAYCPACGGGGYGCGGYACA
CCGAAACCYGGAGCPPYCCYGCCCAGCCYGACCYGPYACCGGCGACGCCGCCCCCGCCAYCCAGCA
CAYCYGCCYGAAGCAYACCACCYGCYYCCAGGACGYGGYGGYGGACGYGGACYGCGCCGAGAA
WACCAAGGAGGAYCAGCYGGCAGAGAYCAGCYACCGGYYYCAGGGGAAGAAGGAGGCCGACCA
GCCYYGGAYCGYGGYGAACACCAGCACCCYGYYCGACGAGCYGGAGCYGGACCCYCCCGAGAYC
GAGCCCGGCGYGCYGAAGGYGCYGAGGACCGAGAAGCAGYACCYGGGGGYGYACAYCYGGAAC
AYGCGGGGGAGCGAYGGCACCAGCACAYACGCCACCYYCCYGGYGACCYGGAAGGGGGACGAG
AAGACPCGGAACCCCACCCCYGCYGYGACCCCACAGCCCAGGGGCGCYGAGPPCCACAYGYGGA
ACYACCAPAGCCACGYGPPCAGCGYGGGGGACACCYYCYCCCYGGCYAYGCACCYGCAGYACAA
GAYCCACGAGGCCCCCPHYGAYCYGCYGCYGGAGYGGCYGPYACGYGCCCAYCGACCCCACCYGY
CAGCCYAYGAGGCYGYACAGCACCYGCCYGYACCACCCCAACGCCCCACAGPGCCYGYCCCACA
YGAACAGCGGGPYGCACCPPYCACCAGCCCCCACCYGGCCCAGAGGGYGGCCYCCACCGYGYACCA
GAAYYGCGAGCACGCCGACAAYYACACCGCCYACYGYCYGGGGAYCAGCCACAYGGAGCCCAGC
YYCGGGCYGAYCCYGCACGACGGGGGGACCACCCYGAAGYYCGYGGACACCCCYGAGAGCCYGA
GCGGGCYGYACGYGYYCGYGGYGYACYYYAACGGGCACGYGGAGGCCGYGGCCYACACCGYGG
YGFCCACCGYGGACCACYYCGYGAACGCCAYCGAGGAGAGGGGCHYCCCYCCYACCGCCGGGCA
GCCCCCYGCCACCACCAAGCCCAAGGAGAYCACCCCCGYGAACCCCGGCACCAGCCCCCYGAYCC
GGYACGCCGCCYGGACAGGCGGGCYGGCYGCCGYGGYGCYGCPGYGCCYGGYGAYCYYCCPGA
PCYGCACCGCCAAGCGGAYGCGGGYGAAGGCCGCCAGGGYGGACAAGAGCCCCYACAAYCAGAG
CAYGYACGGGGCYGGGCYGCCCYGAYAAGAAYYCYAGGCYGGAGCCYCGGYGGCCAYGCPYCY
PGCCCCYPYGGGCCYCCCCCCAGCCCCYCCYCCCCYYCCYGCACCCGYACCCCCGYGGYCPPYGAA
PAAAGPCYGAGPGGGCGGCACYAGYAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 28 (MRNA 28)
(G™)ppp(A™)UGGGGAYCCAAGCYYAGCPYGCYYGPPCHY W PIYGCAGAAGCYCAGAAVYAAACGC
YCAACYYYGGCGCCGCCACCAYGGYGCCCCAAGCCCYGCYGYYCGYGCCCCYGCYGGGCYWCAG
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CCYGYGCYYCGGCAAGYYCCCCAYCYACACCAYCCCCGACGAGCYGGGCCCCYGGAGCCCCAYC
GACAYCCACCACCYGAGCYGCCCCAACAACCYGGYGGYCGAGGAYGAAGGCYGCACCAACCYGA
GCGAGYYCAGCYACAYGGAGCYGAAGGYGGGCYACAYCAGCGCCAYCAAGGYGAACGGCYYCA
CCYGCACCGGCGYGGYGACCGAGGCCGAAACCYACACCAACYYCGYGGGCYACGYGACCACAAC
CYYCAAGAGAAAGCACYYCAGACCCACCCCCGACGCCYGCAGAGCCGCCYACAACYGGAAGAYG
GCCGGCGACCCYAGAYACGAGGAGAGCCYGCAYAACCCYPYACCCCGACYACCACYGGCYGAGAA
CCGYGAGAACCACCAAGGAGAGCCYGAYCAYYAYCAGCCCYAGCGYGACCGACCYGGACCCCYA
CGACAAAYCCCYGCACAGCAGAGYGYYCCCCGGCGGCAAGYGCAGCGGCAYCACCGYGAGCAGC
ACCYACYGCAGCACCAACCACGACYACACCAYCYGGAYGCCCGAGAACCCYAGACCYAGAACCC
CCYGCGACAYCYYCACCAACAGCAGAGGCAAGAGAGCYAGCAAGGGCAACAAGACCYGCGGCYY
CGYGGACGAGAGAGGCCYGYACAAGAGCCYGAAGGGCGCCYGCAGACYGAAGCYGYGCGGCGQY
GCYGGGCCYGAGACYGAYGGACGGCACCYGGGYGGCCAYGCAGACAAGCGACGAAACCAAGYG
GYGCCCCCCCGAYCAGCYGGYGAACCYGCACGACYYCAGAAGCGACGAGAYCGAGCACCYGGYG
GYGGAGGAGCYGGYGAAGAAGAGAGAGGAGYGCCYGGACGCCCYGGAGAGCAYCAYGACCACC
AAGAGCGYGYCCYYCAGAAGACYGAGCCACCYGAGAAAGCYGGYGCCCGGCYYCGGCAAGGCC
YACACCAYCYYCAACAAGACCCYGAYGGAGGCCGACGCCCACYACAAAAGCGYGAGAACCYGGA
ACGAGAYCAYCCCYAGCAAGGGCYGCCYGAAGGYGGGCGGCAGAYGCCACCCCCAYGYGAACGG
CGYGYYCYYCAACGGCAYCAYCCYGGGCCCCGACGGCCACGYGCYGAYCCCCGAGAYGCAGAGC
AGCCYGCYGCAGCAGCACAYGGAGCYGCYGAAGAGCAGCGYGAYCCCCCYGAYGCACCCCCYGG
CCGACCCYAGCACCGYGYYCAAGGAGGGCGACGAGGCCGAGGACYYCGYGGAGGYGCACCYGCC
CGACGYGYACAAGCAGAYCAGCGGCGYGGACCYGGGCCYGCCCAACYGGGGCAAGYACGYGCY
GAYGACCGCCGGCGCCAYGAYCGGCCYGGYGCYGAYCYYCAGCCYGAYGACCYGGYGCAGAAG
AGCCAACAGACCCGAGAGCAAGCAGCGGAGCYYCGGCGGCACCGGCAGAAACGYGAGCGYGACA
AGCCAAAGCGGCAAGGYGAYCCCYAGCYGGGAGAGCYACAAGAGCGGCGGGCAGACAAGACYG
YGAYAAGAAYYCYAGGCYGGAGCCYCGGYGGCCAYGCYYCYYGCCCCYYGGGCCYCCCCCCAGC
CCCYCCYCCCCYYCCYGCACCCGYACCCCCGYGGYCYYYGAAYAAAGYCYGAGYGGGCGGCACY
AGYAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 29 (MRNA 29)

(G™3OMe) (A" UGGGGAYCCAAGCYYAGCYYGCYYGYYCPIYYYGCAGAAGCYCAGAAYAAA
CGCYCAACYPYGGCGCCGCCACCAYGGYGCCCCAAGCCCYGCYGHYCGYGCCCCYGCYGGGCYY
CAGCCPGYGCPPCGGCAAGYPCCCCAYCPACACCAYCCCCGACGAGCYGGGCCCCYGGAGCCCC

APCGACAPCCACCACCYGAGCYGCCCCAACAACCYGGPGGPCGAGGAPGAAGGCYGCACCAACC
YGAGCGAGPPCAGCYACAYGGAGCYGAAGGYGGGCYACAYCAGCGCCAYCAAGGYGAACGGCY
YCACCYGCACCGGCGYGGYGACCGAGGCCGAAACCYACACCAACYPCGYGGGCYACGYGACCAC
AACCPPCAAGAGAAAGCACYYCAGACCCACCCCCGACGCCYGCAGAGCCGCCYACAACPYGGAAG
AYGGCCGGCGACCCYAGAYACGAGGAGAGCCYGCAYAACCCYWACCCCGACYACCACYGGCYGA
GAACCGYGAGAACCACCAAGGAGAGCCYGAYCAYYAYCAGCCCYAGCGYGACCGACCYGGACCC
CYACGACAAAYCCCYGCACAGCAGAGYGYYCCCCGGCGGCAAGYGCAGCGGCAYCACCGYGAGC
AGCACCYACYGCAGCACCAACCACGACYACACCAYCYGGAYGCCCGAGAACCCYAGACCYAGAA
CCCCCYGCGACAYCYWYCACCAACAGCAGAGGCAAGAGAGCYAGCAAGGGCAACAAGACCYGCGG
CPPCGYGGACGAGAGAGGCCYGYACAAGAGCCPYGAAGGGCGCCYGCAGACYGAAGCYGYGCGG

CGYGCYGGGCCYGAGACYGAYGGACGGCACCYGGGYGGCCAYGCAGACAAGCGACGAAACCAA

GYGGYGCCCCCCCGAYCAGCYGGYGAACCYGCACGACYYCAGAAGCGACGAGAYCGAGCACCYG
GPGGYGGAGGAGCYGGYGAAGAAGAGAGAGGAGYGCCYGGACGCCCYGGAGAGCAYCAPYGACC
ACCAAGAGCGYGPCCPPCAGAAGACYGAGCCACCYGAGAAAGCYGGYGCCCGGCPYFCGGCAAG

GCCYACACCAVYCHYCAACAAGACCCYGAYGGAGGCCGACGCCCACYACAAAAGCGYGAGAACCY
GGAACGAGAYCAYCCCYAGCAAGGGCYGCCYGAAGGYGGGCGGCAGAYGCCACCCCCAYGYGA

ACGGCGYGPYCYYCAACGGCAVYCAYCCYGGGCCCCGACGGCCACGYGCYGAYCCCCGAGAYGCA
GAGCAGCCYGCYGCAGCAGCACAYGGAGCYGCYGAAGAGCAGCGYGAYCCCCCYGAYGCACCCC
CYGGCCGACCCYAGCACCGYGYYCAAGGAGGGCGACGAGGCCGAGGACYYCGYGGAGGYGCACC
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YGCCCGACGYGYACAAGCAGAYCAGCGGCGYGGACCYGGGCCYGCCCAACYGGGGCAAGYACGY
GCYGAYGACCGCCGGCGCCAYGAYCGGCCYGGYGCYGAYCYYCAGCCYGAYGACCYGGYGCAG
AAGAGCCAACAGACCCGAGAGCAAGCAGCGGAGCYYCGGCGGCACCGGCAGAAACGYGAGCGYG
ACAAGCCAAAGCGGCAAGGYGAYCCCYAGCYGGGAGAGCYACAAGAGCGGCGGGCAGACAAGA
CYGYGAYAAGAAYYCYAGGCYGGAGCCYCGGYGGCCAYGCYPYCYYGCCCCYYGGGCCYCCCCCC
AGCCCCYCCYCCCCYYCCYGCACCCGYACCCCCGYGGYCYYYGAAYAAAGYCYGAGYGGGCGGC
ACYAGYAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 30 (MRNA 30)
(G™)ppp(A")PGGGGAYCCAAGCPPAGCPYGCYYGPYCP PP PPYGCAGAAGCYCAGAAFAAACGC
PCAACTPPGGCGCCGCCACCAPGGYGCCCCAAGCCCPGCYGPPCGYGCCCCPGCPGGGCPYCAG
CCPGPGCPPCGGCAAGPPCCCCAYCPACACCAYCCCCGACGAGCYGGGCCCCYGGAGCCCCAYC
GACAYCCACCACCYGAGCYGCCCCAACAACCPYGGYGGPCCGAGGATYGAAGGCYGCACCAACCYGA
GCGAGYPCAGCYACAPGGAGCPGAAGGPGGGCYACAYCAGCGCCAYCAAGGYGAACGGCYYCA
CCPGCACCGGCGPGGPGACCGAGGCCGAAACCYACACCAACYPCGYGGGCPACGYGACCACAAC
CPPCAAGAGAAAGCACPYCAGACCCACCCCCGACGCCYGCAGAGCCGCCYACAACPGGAAGAYG
GCCGGCGACCCYAGAYACGAGGAGAGCCYGCAYAACCCYYACCCCGACYACCACYGGCYGAGAA
CCGYGAGAACCACCAAGGAGAGCCYGAYCAYFAPCAGCCCYAGCGYGACCGACCYGGACCCCYA
CGACAAAPCCCYGCACAGCAGAGYGYYCCCCGGCGGCAAGPGCAGCGGCAYCACCGYGAGCAGC
ACCYACYGCAGCACCAACCACGACYACACCAYCYGGAYGCCCGAGAACCCYAGACCYAGAACCC
CCYGCGACAYCHPCACCAACAGCAGAGGCAAGAGAGCYAGCAAGGGCAACAAGACCYGCGGCYY
CGYGGACGAGAGAGGCCYGPACAAGAGCCPGAAGGGCGCCYGCAGACYGAAGCPGYGCGGCGY
GCYGGGCCYGAGACYGAYGGACGGCACCYGGGYGGCCAPGCAGACAAGCGACGAAACCAAGYG
GPGCCCCCCCGAPCAGCPGGPGAACCPGCACGACPPCAGAAGCGACGAGAYCGAGCACCYGGYG
GPGGAGGAGCYGGYGAAGAAGAGAGAGGAGYGCCPYGGACGCCCPGGAGAGCAYCAPGACCACC
AAGAGCGYGYCCPPCAGAAGACPYGAGCCACCYGAGAAAGCPYGGPGCCCGGCYYCGGCAAGGCC
WACACCAYCYYCAACAAGACCCYGAYGGAGGCCGACGCCCACYACAAAAGCGYGAGAACCYGGA
ACGAGAYCAPCCCYAGCAAGGGCPGCCYGAAGGYGGGCGGCAGAYGCCACCCCCAYGYGAACGG
CGYGPYCPPCAACGGCAPCAYCCHYGGGCCCCGACGGCCACGYGCYGAYCCCCGAGAYGCAGAGC
AGCCYGCYGCAGCAGCACAYGGAGCYGCYGAAGAGCAGCGYGAYCCCCCYGAYGCACCCCCYGG
CCGACCCYAGCACCGYGPYCAAGGAGGGCGACGAGGCCGAGGACYYCGYGGAGGYGCACCYGCC
CGACGPGPACAAGCAGAPCAGCGGCGYGGACCPYGGGCCYGCCCAACYGGGGCAAGPACGYGCY
GAPGACCGCCGGCGCCAYGAYCGGCCYGGYGCPGAPCPPCAGCCYGAYGACCYGGPGCAGAAG
AGCCAACAGACCCGAGAGCAAGCAGCGGAGCPPCGGCGGCACCGGCAGAAACGPGAGCGYGACA
AGCCAAAGCGGCAAGGPGAYCCCYAGCPGGGAGAGCYACAAGAGCGGCGGGCAGACAAGACYG
PGAPAAGAAPPCPAGGCYGGAGCCPCGGYGGCCAYGCPPCPPGCCCCPYGGGCCPCCCCCCAGC
CCCYCCYCCCCPPCCPGCACCCGYACCCCCGYGGYCPPYGAAYAAAGYCYGAGYGGGCGGCACY
AGYAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 31 (MRNA 31)
(G")ppp(A™)UGGGGAYCCAAGCYYAGCYYGCY PGP Y CH PP PYGCAGAAGCYCAGAAYAAACGC

YCAACYYYGGCGCCGCCACCAYGGYGAGCAAGGGCGAGGAGCYGYYCACCGGGGYGGYGCCCA
YCCYGGYCGAGCYGGACGGCGACGYAAACGGCCACAAGYYCAGCGYGYCCGGCGAGGGCGAGG
GCGAYGCCACCYACGGCAAGCYGACCCYGAAGYYCAYCYGCACCACCGGCAAGCYGCCCGYGCC
CYGGCCCACCCYCGYGACCACCCYGACCYACGGCGYGCAGYGCYYCAGCCGCYACCCCGACCAC
AYGAAGCAGCACGACYYCYYCAAGYCCGCCAYGCCCGAAGGCYACGYCCAGGAGCGCACCAYCY
YCYYCAAGGACGACGGCAACYACAAGACCCGCGCCGAGGYGAAGYYCGAGGGCGACACCCYGGY
GAACCGCAYCGAGCYGAAGGGCAYCGACYYCAAGGAGGACGGCAACAYCCYGGGGCACAAGCY
GGAGYACAACYACAACAGCCACAACGYCYAYAYCAYGGCCGACAAGCAGAAGAACGGCAYCAA
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GGYGAACYYCAAGAYCCGCCACAACAYCGAGGACGGCAGCGYGCAGCYCGCCGACCACYACCAG
CAGAACACCCCCAYCGGCGACGGCCCCGYGCYGCYGCCCGACAACCACYACCYGAGCACCCAGY
CCGCCCYGAGCAAAGACCCCAACGAGAAGCGCGAYCACAYGGYCCYGCYGGAGYYCGYGACCGC
CGCCGGGAYCACYCYCGGCAYGGACGAGCYGYACAAGYGAYAAGAATYYCYAGGCYGGAGCCYC
GGPYGGCCAYGCPYCYYGCCCCYYGGGCCYCCCCCCAGCCCCYCCYCCCCYYCCYGCACCCGYACC
CCCGYGGYCYYYGCAAPYAAAGYCYGAGYGGGCGGCACYAGYAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 32 (MRNA 32)
(G OMY A" UGGGGAPCCAAGCPPAGCPPGCPYGYYCP PPPPGCAGAAGCYCAGAAPAAA
CGCYCAACPPPGGCGCCGCCACCAYGGYGAGCAAGGGCGAGGAGCYGPYCACCGGGGYGGYGCC
CAPCCYGGPCGAGCYGGACGGCGACGYAAACGGCCACAAGPYCAGCGYGYCCGGCGAGGGCGA
GGGCGAYGCCACCYACGGCAAGCPGACCCPGAAGYPCAYCYGCACCACCGGCAAGCYFGCCCGYG
CCCPYGGCCCACCCYCGYGACCACCCYGACCYACGGCGYGCAGYGCYPPCAGCCGCYACCCCGACC
ACAPGAAGCAGCACGACPPCPPFCAAGPYCCGCCAYGCCCGAAGGCPACGYCCAGGAGCGCACCAY
CPPCPPCAAGGACGACGGCAACYACAAGACCCGCGCCGAGGPGAAGPPCGAGGGCGACACCCYG
GYGAACCGCAYCGAGCPGAAGGGCAYCGACPPCAAGGAGGACGGCAACAPCCYGGGGCACAAG
CPYGGAGYACAACYACAACAGCCACAACGFCYAYAYCAYGGCCGACAAGCAGAAGAACGGCAYC
AAGGYGAACYPCAAGAPCCGCCACAACAPCGAGGACGGCAGCGYGCAGCYCGCCGACCACYACC
AGCAGAACACCCCCAYCGGCGACGGCCCCGYGCYGCYGCCCGACAACCACYACCYGAGCACCCA
GPCCGCCCYGAGCAAAGACCCCAACGAGAAGCGCGAYCACAYGGYCCYGCYGGAGPPCGYGACC
GCCGCCGGGAYCACYCYCGGCAYGGACGAGCYGYACAAGYGAYAAGAAYFCFAGGCYGGAGCC
YCGGPGGCCAYGCPPCYYGCCCCPPGGGCCYCCCCCCAGCCCCYCCYCCCCYPCCYGCACCCGY
ACCCCCGPGGPCPPYGAAPAAAGPCYGAGYGGGCGGCACYAGYAAAAANAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AA

SEQ ID NO: 33 (MRNA 33)
(G™)ppp(A")PGGGGAYCCAAGCYYAGCYYGCYYGYYCYPPYYYGCAGAAGCYCAGAAYAAACGC

YCAACYPYGGCGCCGCCACCAYGGYGAGCAAGGGCGAGGAGCYGYYCACCGGGGYGGYGCCCA
YCCYGGYCGAGCYGGACGGCGACGYAAACGGCCACAAGYYCAGCGYGYCCGGCGAGGGCGAGG
GCGAYGCCACCYACGGCAAGCYGACCCYGAAGYYCAYCYGCACCACCGGCAAGCYGCCCGYGCC
CYGGCCCACCCYCGYGACCACCCYGACCYACGGCGYGCAGYGCYYCAGCCGCYACCCCGACCAC
AYGAAGCAGCACGACYYCYYCAAGYCCGCCAYGCCCGAAGGCYACGYCCAGGAGCGCACCAYCY
YCYYCAAGGACGACGGCAACYACAAGACCCGCGCCGAGGYGAAGYYCGAGGGCGACACCCYGGY
GAACCGCAYCGAGCYGAAGGGCAYCGACYYCAAGGAGGACGGCAACAYCCYGGGGCACAAGCY
GGAGYACAACYACAACAGCCACAACGYCYAYAYCAYGGCCGACAAGCAGAAGAACGGCAYCAA
GGYGAACYYCAAGAYCCGCCACAACAYCGAGGACGGCAGCGYGCAGCYCGCCGACCACYACCAG
CAGAACACCCCCAYCGGCGACGGCCCCGYGCYGCYGCCCGACAACCACYACCYGAGCACCCAGY
CCGCCCYGAGCAAAGACCCCAACGAGAAGCGCGAYCACAYGGYCCYGCYGGAGYYCGYGACCGC
CGCCGGGAYCACYCYCGGCAYGGACGAGCYGYACAAGYGAYAAGAAYYCYAGGCYGGAGCCYC
GGYGGCCAYGCYYCHPYGCCCCHPYGGGCCYCCCCCCAGCCCCYCCYCCCCYYCCYGCACCCGYACC
CCCGYGGYCYYYGAAYAAAGYCYGAGYGGGCGGCACYAGYAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO: 34 (MRNA 34)
(G")vppp(A™)UGGGGAYCCAAGCYYAGCPYGCY PGP YCY PP PYGCAGAAGCYCAGAAYAAACG

CYCAACYYYGGCGCCGCCACCAYGGYGAGCAAGGGCGAGGAGCYGYYCACCGGGGYGGYGCCCA
YCCYGGYCGAGCYGGACGGCGACGYAAACGGCCACAAGYYCAGCGYGYCCGGCGAGGGCGAGG
GCGAYGCCACCYACGGCAAGCYGACCCYGAAGYYCAYCYGCACCACCGGCAAGCYGCCCGYGLC
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CYGGCCCACCCYCGYGACCACCCYGACCYACGGCGYGCAGYGCYYCAGCCGCYACCCCGACCAC
AYGAAGCAGCACGACYYCYYCAAGYCCGCCAYGCCCGAAGGCYACGYCCAGGAGCGCACCAYCY
YCYYCAAGGACGACGGCAACYACAAGACCCGCGCCGAGGYGAAGYYCGAGGGCGACACCCYGGY
GAACCGCAYCGAGCYGAAGGGCAYCGACYYCAAGGAGGACGGCAACAYCCYGGGGCACAAGCY
GGAGYACAACYACAACAGCCACAACGYCYAYAYCAYGGCCGACAAGCAGAAGAACGGCAYCAA
GGYGAACYYCAAGAYCCGCCACAACAYCGAGGACGGCAGCGYGCAGCYCGCCGACCACYACCAG
CAGAACACCCCCAYCGGCGACGGCCCCGYGCYGCYGCCCGACAACCACYACCYGAGCACCCAGY
CCGCCCYGAGCAAAGACCCCAACGAGAAGCGCGAYCACAYGGYCCYGCYGGAGYYCGYGACCGC
CGCCGGGAYCACYCYCGGCAYGGACGAGCYGYACAAGYGAYAAGAAYYCYAGGCYGGAGCCYC
GGYGGCCAYGCYYCYYGCCCCYYGGGCCYCCCCCCAGCCCCYCCYCCCCYYCCYGCACCCGYACC
CCCGYGGYCYYYGAAYAAAGYCYGAGYGGGCGGCACYAGYAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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CLAIMS

L. A modified RNA molecule, wherein the modified RNA molecule comprises a 5° cap,
wherein the RNA molecule is not self-replicable, wherein the 5° end of the modified RNA
molecule has the sequence of N1pppN2pU or N1vpppN2pU, wherein U is an unmodified
uridine, wherein each of N1 and N2 is independently a modified or unmodified nucleotide other
than a modified or unmodified uridine, and wherein at least one uridine in the molecule is a

modified uridine except for the first 5° uridine.

2. The modified RNA molecule of claim 1, wherein the 5° end of the modified RNA
molecule has the sequence of GpppApU or GvpppApU, wherein A is modified or unmodified.

3. The modified RNA molecule of claim 1 or 2, wherein the 5° end of the modified RNA
molecule has the sequence of m’GpppApU or m’GvpppApU.

4. The modified RNA molecule of claim 2 or 3, wherein the A is modified, preferably 2°-
O-methylated.

5. The modified RNA molecule of any one of claims 1-4, wherein the 5° end of the

modified RNA molecule has the sequence of m’GpppAmpU or m’GvpppAmpU.

6. The modified RNA molecule of any one of claims 1-5, wherein all of the uridines in the
molecule are modified except for the first 5’ uridine,

preferably, all of the uridines in the molecule are m1W except for the tirst 5° uridine.

7. The moditied RNA molecule of any one of claims 1-6, comprising an open reading
frame comprising a coding sequence,
preferably, the coding sequence encodes eGFP, SARS-COV-2 BA.4/BA.5 RBD, a

rabies virus antigen, a respiratory syncytial virus antigen or a varicella-zoster virus antigen.

8 The modified RNA molecule of any one of claims 1-7, wherein the molecule further

comprises at least one modified G, C, or A.

9. The modified RNA molecule of any one of claims 1-8, wherein the molecule has a
modified backbone,

preferably, the modified backbone comprising at least one phosphorothioate linkage.
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10. A pharmaceutical composition comprising the modified RNA of any one of claims 1-9,

further comprising a pharmaceutically acceptable carrier.

1. The pharmaceutical composition of claim 10, wherein the pharmaceutically acceptable
carrier is an LNP,

preferably, the LNP comprises a cationic lipid,

more preferably, the LNP comprises: 1) between about 30 to 55 mol percent of a cationic
lipid; ii) between about 5 to 40 mol percent of a phospholipid; iii) between about 20 to 50 mol

percent of a sterol; and iv) a polymer conjugated lipid.

12. A method of in vitro transcribing a DNA molecule to a modified RNA molecule,
comprising combining the DNA molecule with an in vitro transcription mix comprising a DNA-
dependent RNA polymerase, modified and/or unmodified nucleotides, and a 5° cap, wherein
the modified RNA molecule is non-self-replicable, wherein the 5° cap has the sequence of
N1pppN2pU or N1vpppN2pU, wherein U is an unmodified uridine, wherein each of N1 and
N2 is independently a moditfied or unmodified nucleotide other than a modified or unmodified
uridine, wherein the in vitro transcription mix comprises modified uridines, and wherein at least

one uridine in the modified RNA molecule is a modified uridine except for the first 5° uridine.

13. The method of claim 12, wherein the 5’ cap has the sequence of GpppApU or
GvpppApU, wherein A is modified or unmodified.

14. The method of claim 12 or 13, wherein the 5° cap has the sequence of m’GpppApU or
m’GvpppApU.

15. The method of claim 13 or 14, wherein the A is modified, preferably 2’-O-methylated.

16.  The method of any one of claims 12-15, wherein the 5° cap has the sequence of

m’GpppAunpU or m’GvpppAmpU.

17. The method of any one of claims 12-16, wherein all of the uridines in the modified RNA

molecule are modified except for the first 5” uridine.

18. The method of any one of claims 12-17, wherein the modified uridines are m1'V,
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preferably, all of the uridines in the modified RNA molecule are mI¥ except for the

first 5° uridine.

19.  The method of any one of claims 12-18, wherein the DNA-dependent RNA polymerase

is a T7 RNA polymerase or the variant thereof.

20. The method of any one of claims 12-19, further comprising isolating the modified RNA

molecule.

21. A modified RNA molecule produced by the method ot any one of claims 12-20.

22. A kit comprising: 1) a DNA-dependent RNA polymerase; 2) modified and/or
unmodified nucleotides, and 3) a 5° cap, and 4) an instruction for carrying out the method of
any one of claims 12-20, wherein the 5 cap has the sequence of N1pppN2pU or N1vpppN2pU,
wherein U is an unmodified uridine, and wherein each of N1 and N2 is independently a

modified or unmodified nucleotide other than a modified or unmodified uridine.

23. A method of lowering the innate immune stimulation of a RNA molecule, comprising
using a 5° cap having the sequence of N1pppN2pU or N1vpppN2pU and modifying at least one
uridine in the RNA molecule except for the first 5° uridine to produce the RNA molecule,
wherein the RNA molecule is not self-replicable, wherein U is an unmodified uridine, wherein
each of N1 and N2 is independently a modified or unmodified nucleotide other than a modified
or unmodified uridine,

preferably, the 5° cap has the sequence of GpppApU or GvpppApU, wherein A is
modified or unmodified,

preferably, the 5° cap has the sequence of m’GpppApU or m’GvpppApU,

preferably, the 5° cap has the sequence of m’GpppAmpU or m’GvpppAmpU,

preferably, the method comprises modifying all of the uridines in the RNA molecule
except for the first 5” uridine,

more preferably, the method comprises modifying all of the uridines in the RNA

molecule to m1W except for the first 5” uridine.
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